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XuÊt b¶n lÇn 1

KÕt cÊu bª t«ng vµ Bª t«ng cèt thÐp- Híng dÉn c«ng t¸c b¶o tr×

Concrete and Reinforced concrete Structures – Guide to Maintenance

PhÇn 1- Tæng qu¸t vÒ b¶o tr×

1.1 Nh÷ng vÊn ®Ò chung

1.1.1 Ph¹m vi ¸p dông

Tiªu chuÈn nµy ¸p dông cho c«ng t¸c b¶o tr× c¸c kÕt cÊu bª t«ng vµ bª t«ng cèt thÐp trong c«ng tr×nh d©n dông vµ c«ng nghiÖp, nh»m ®¶m b¶o chóng lu«n ®îc an toµn vµ lµm viÖc b×nh thêng trong qu¸ tr×nh sö dông.

§èi víi c¸c kÕt cÊu thuéc chuyªn ngµnh giao th«ng, thuû lîi vµ c¸c c«ng tr×nh chuyªn dông ®Æc biÖt kh¸c th× khi ¸p dông Tiªu chuÈn nµy cÇn tu©n thñ nh÷ng quy ®Þnh kü thuËt riªng kh¸c do c¸c ngµnh ®ã ban hµnh.

1.1.2 Tµi liÖu viÖn dÉn

Tiªu chuÈn nµy ®îc sö dông song hµnh cïng c¸c tµi liÖu kü thuËt sau ®©y: TCXD: 45:1978: Tiªu chuÈn thiÕt kÕ nÒn nhµ vµ c«ng tr×nh.

TCVN 79:1980:  Thi c«ng vµ nghiÖm thu c«ng t¸c nÒn mãng. TCVN 197-1985: Kim lo¹i - Ph¬ng ph¸p thö kÐo.

TCVN 4055: 1985: Tæ chøc thi c«ng.

TCVN 141: 1998: Xi m¨ng – ph¬ng ph¸p ph©n tÝch ho¸ häc.

TCXD 162-1987: Bª t«ng nÆng– Ph¬ng ph¸p x¸c ®Þnh cêng ®é b»ng sóng bËt nÇy.

TCXD 171-1989: Bª t«ng nÆng– Ph¬ng ph¸p kh«ng ph¸ huû sö dông kÕt hîp m¸y ®o siªu ©m vµ sóng bËt nÈy ®Ó

x¸c ®Þnh cêng ®é chÞu nÐn.

TCXD 174: 1989:  §Êt x©y dùng– Ph¬ng ph¸p thÝ nghiÖm xuyªn tÜnh. TCVN 5574: 1991: KÕt cÊu bª t«ng cèt thÐp – Tiªu chuÈn thiÕt kÕ. TCVN 5573: 1991: KÕt cÊu g¹ch ®¸ vµ g¹ch ®¸ cèt thÐp.

TCVN 2683: 1991: §Êt x©y dùng– Ph¬ng ph¸p lÊy, bao gãi, vËn chuyÓn vµ b¶o qu¶n mÉu.

TCVN 3105: 1993: Hçn hîp bª t«ng nÆng vµ bª t«ng nÆng – LÊy mÉu, chÕ t¹o vµ b¶o dìng mÉu thö. TCVN 3113: 1993: Bª t«ng nÆng – Ph¬ng ph¸p x¸c ®Þnh ®é hót níc.

TCVN 3118: 1993: Bª t«ng nÆng – Ph¬ng ph¸p x¸c ®Þnh cêng ®é nÐn.
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TCVN 5718-1993: M¸i vµ sµn BTCT trong c«ng tr×nh X©y dùng. Yªu cÇu kü thuËt chèng thÊm níc.

TCVN 5726: 1993: Bª t«ng nÆng – Ph¬ng ph¸p x¸c ®Þnh cêng ®é l¨ng trô vµ m«dul ®µn håi khi nÐn tÜnh. TCVN 4453: 1995: KÕt cÊu bª t«ng vµ bª t«ng cèt thÐp toµn khèi. Quy ph¹m thi c«ng vµ nghiÖm thu.

TCVN 4085: 1995: KÕt cÊu g¹ch ®¸. Quy ph¹m thi c«ng vµ nghiÖm thu. TCVN 2737-1995: T¶i träng vµ t¸c ®éng- Tiªu chuÈn thiÕt kÕ.

TCVN 6084-1995: B¶n vÏ nhµ vµ c«ng tr×nh – Ký hiÖu cho cèt thÐp vµ bª t«ng. TCXD 205: 1998 :  Mãng cäc – Tiªu chuÈn thiÕt kÕ.

TCXD 226: 1999: §Êt x©y dùng – Ph¬ng ph¸p xuyªn ®éng lÊy mÉu.

TCXD 239-2000: Bª t«ng nÆng–ChØ dÉn ®¸nh gi¸ cêng ®é bª t«ng cña kÕt cÊu.

TCXD 240-2000: KÕt cÊu bª t«ng cèt thÐp–Ph¬ng ph¸p ®iÖn tõ x¸c ®Þnh chiÒu dµy líp bª t«ng b¶o vÖ, vÞ trÝ vµ ®êng kÝnh cèt thÐp trong bª t«ng.

TCXD 271: 2002: §o ®é lón cña c«ng tr×nh c«ng nghiÖp vµ d©n dông b»ng ph¬ng ph¸p thuû chuÈn h×nh häc. TCXDVN 294: 2003: KÕt cÊu BTCT. Ph¬ng ph¸p ®iÖn thÕ kiÓm tra kh¶ n¨ng cèt thÐp bÞ ¨n mßn.

TCXDVN 313: 2004: KÕt cÊu bª t«ng vµ BTCT. Híng dÉn kü thuËt phßng chèng nøt díi t¸c ®éng khÝ hËu nãng

Èm ®Þa ph¬ng.

BS 1881, Part 120: 83 “Method for determination of concrete compressive strength of concrete core”. ASTM 1084: 1997 “Test method for Portland cement content of hardened hydraulic cement concrete”. ASTM C 876: 1999 “Test method for half-cell potentials of uncoated reinforcing steel in concrete”.

BS 1881-part 204: 88 “Recommendation on use of electromagnetic covermeter”.

ASTM D 5015: 95 “Test method for pH of atmospheric wet deposition samples by electrometric determination”. ASTM C 1152: 1994  “Test method for acid-soluble chloride in mortar and concrete”.

ACI 201. 2R-2002  “Guide to Durable concrete”.

ACI 224.1R-2002  “Cause, Evaluation and Repair of Crack in Concrete Structures”.

ASTM D 3963/D 3963M-93a  “Standard Specification for Epoxy-Coated reinforcing Steel”.

ACI  503.2-79   “Standard  Specification  for  bonding  plastic  concrete  to  hardened  concrete  with  a  multi-component system epoxy adhesive”.

ASTM C 1509-90  “Latex bonding agent for bonding fresh to hardened concrete”.

ASTM C 856: 88  “Standard practice for petrographic examination of hardened concrete”.

ASTM C475: 90 “Stadard test method for microscope determination of parameters of the air void system in hardened concrete”.

CHu 2.03.11- 85 ½ÖïÞèÖ çèæäèÛáòãñë àäãçèæéàìÞß äè àäææäÝÞÛ  (Phiªn b¶n  tiÕng Nga Matxc¬va 1986);

1.1.3 ThuËt ng÷ vµ ®Þnh nghÜa

Mét sè thuËt ng÷ dïng trong Tiªu chuÈn nµy ®îc hiÓu nh sau:

B¶o tr× (Maintenance): Mét lo¹t c«ng viÖc ®îc tiÕn hµnh ®Ó ®¶m b¶o cho kÕt cÊu liªn tôc gi÷ ®îc chøc n¨ng lµm viÖc cña nã trong suèt tuæi thä thiÕt kÕ.

BiÕn d¹ng (deformation): HiÖn tîng thay ®æi h×nh d¹ng vµ thÓ tÝch cña kÕt cÊu.

Cacbonat ho¸ (Carbonation): T¸c ®éng sinh ra do ph¶n øng gi÷a Hydroxid can xi  trong bª t«ng víi khÝ cacb«nic trong m«i trêng, t¹o ra mét bÒ mÆt cøng do bª t«ng bÞ cacbonat ho¸ vµ lµm gi¶m tÝnh kiÒm trong phÇn ®· xÈy ra ph¶n øng.

ChØ sè c«ng n¨ng dµi h¹n (Long-term performance index): ChØ sè x¸c ®Þnh kh¶ n¨ng cßn l¹i cña kÕt cÊu cã thÓ ®¸p øng

®îc chøc n¨ng thiÕt kÕ  trong suèt thêi gian tuæi thä thiÕt kÕ.

Chøc n¨ng (Function): Yªu cÇu mµ kÕt cÊu ®ßi hái ph¶i ®¶m ®¬ng.

Co kh« (Dry shringkage): Sù gi¶m thÓ tÝch cña bª t«ng do bÞ mÊt níc trong tr¹ng th¸i ®ãng r¾n.

C«ng n¨ng (Performance): Kh¶ n¨ng (hoÆc hiÖu qu¶) cña kÕt cÊu ®¶m nhËn c¸c chøc n¨ng thiÕt kÕ cña nã.

C«ng t¸c söa ch÷a (Remedial action): C«ng viÖc b¶o tr× ®îc thùc hiÖn víi môc ®Ých ng¨n ngõa hoÆc lµm h¹n chÕ qu¸ tr×nh xuèng cÊp cña kÕt cÊu, gi÷ v÷ng hoÆc t¨ng cêng thªm c«ng n¨ng cña nã, hoÆc ®Ó gi¶m nguy c¬ g©y h¹i cho ngêi sö dông.

ChØ sè c«ng n¨ng (Performance index): ChØ sè ®Þnh lîng cña c«ng n¨ng kÕt cÊu.
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Cêng ®é ®Æc trng (Characteristic strength): Cêng ®é ®Æc trng cña vËt liÖu lµ gi¸ trÞ cêng ®é ®îc x¸c ®Þnh víi

x¸c xuÊt ®¶m b¶o 95% (nghÜa lµ chØ cã 5% c¸c gi¸ trÞ thÝ nghiÖm kh«ng tho¶ m·n).

Dù  ®o¸n xuèng cÊp (Deterioration prediction): Sù suy ®o¸n tèc ®é suy gi¶m c«ng n¨ng trong t¬ng lai cña kÕt cÊu, dùa trªn kÕt qu¶ kiÓm tra vµ c¸c d÷ liÖu ghi chÐp ®îc trong qu¸ tr×nh thiÕt kÕ vµ thi c«ng kÕt cÊu.

Dù ®o¸n ®é bÒn l©u (Durability prediction): Dù ®o¸n vÒ møc ®é xuèng cÊp cña kÕt cÊu trong t¬ng lai, dùa trªn nh÷ng

sè liÖu ®· dïng trong thiÕt kÕ.

§é bÒn l©u (Durability): Møc thêi gian kÕt cÊu duy tr× ®îc c¸c c«ng n¨ng thiÕt kÕ.

§é xuèng cÊp (Degree of deterioration): §é suy gi¶m c«ng n¨ng hoÆc møc ®é xuèng cÊp cña c«ng tr×nh do c¸c t¸c

®éng cña m«i trêng kÓ tõ khi x©y dùng.

§é tin cËy (Reliabilitty): Kh¶ n¨ng mét kÕt cÊu cã thÓ ®¸p øng ®Çy ®ñ nh÷ng yªu cÇu cÇn thiÕt trong suèt tuæi thä thiÕt kÕ.

§é an toµn (Safety): Kh¶ n¨ng kÕt cÊu ®¶m b¶o kh«ng g©y thiÖt h¹i cho ngêi sö dông vµ ngêi ë vïng l©n cËn díi bÊt

cø t¸c ®éng nµo.

Gia cêng (Strengthening): C«ng viÖc söa ch÷a kÕt cÊu nh»m gi÷ v÷ng hoÆc n©ng cao thªm kh¶ n¨ng chÞu t¶i cña kÕt cÊu ®Õn møc b»ng hoÆc cao h¬n møc thiÕt kÕ ban ®Çu.

Hå s¬ hoµn c«ng (As- built documents and drawings): Tµi liÖu ®a vµo lu tr÷ sau khi thi c«ng c«ng tr×nh, bao gåm c¸c v¨n b¶n ph¸p lý, b¶n vÏ thiÕt kÕ, b¶n vÏ hoµn c«ng, thuyÕt minh thiÕt kÕ vµ biÖn ph¸p thi c«ng, nhËt ký thi c«ng, c¸c biªn b¶n kiÓm tra,..

Khe co (Contraction joint): Khe co d·n nhiÖt Èm kh«ng cã chuyÓn dÞch bª t«ng t¹i khe. T¹i ®©y bª t«ng cã thÓ nøt (xem khe co d·n nhiÖt Èm).

Khe co d·n nhiÖt Èm (Hot-humid deformation joint): VÞ trÝ chia c¾t kÕt cÊu thµnh c¸c phÇn nhá ®Ó kÕt cÊu bª t«ng cã thÓ co në dÔ dµng theo thêi tiÕt nãng Èm.

Khe d·n (Expansion joint): Khe co d·n nhiÖt Èm cho phÐp chuyÓn dÞch ®Çu mót bª t«ng t¹i khe (xem khe co d·n nhiÖt

Èm).

Kh¶ n¨ng söa ch÷a (Restorability/reparability): Kh¶ n¨ng mét kÕt cÊu cã thÓ söa ch÷a b»ng kü thuËt vµ kinh tÕ khi bÞ

h h¹i díi c¸c t¸c ®éng xem xÐt.

Kh¶ n¨ng sö dông b×nh thêng (Serviceability): Kh¶ n¨ng kÕt cÊu ®¸p øng ®Çy ®ñ yªu cÇu sö dông hoÆc chøc n¨ng thiÕt kÕ díi t¸c ®éng cña c¸c yÕu tè xem xÐt.

Kh¶o s¸t (Investigation): C«ng viÖc kiÓm tra kü lìng t×nh tr¹ng kÕt cÊu ®Ó x¸c lËp ®îc nh÷ng th«ng sè cÇn thiÕt vÒ

møc ®é h háng cña kÕt cÊu nh»m t×m biÖn ph¸p kh¾c phôc.

KiÓm so¸t h háng (Damage control): C¸ch tiÕn hµnh ®Ó ®¶m b¶o yªu cÇu tr¹ng th¸i giíi h¹n ®îc tho¶ m·n khi söa ch÷a vµ phôc håi kÕt cÊu.

KiÓm tra (Inspection):  Qu¸ tr×nh xem xÐt t×nh tr¹ng kÕt cÊu vµ hå s¬ c«ng tr×nh nh»m ph¸t hiÖn c¸c dÊu hiÖu xuèng cÊp hoÆc x¸c ®Þnh c¸c th«ng sè xuèng cÊp cña kÕt cÊu ®Ó cã biÖn ph¸p söa ch÷a.

Lùc c¬ häc (Mechanical forces): Lùc hoÆc nhãm lùc tËp trung hoÆc ph©n bè t¸c ®éng lªn kÕt cÊu, hoÆc lùc ph¸t sinh do c¸c biÕn d¹ng cìng bøc mµ kÕt cÊu ph¶i chÞu.

Møc xuèng cÊp (Level of deterioration): T×nh tr¹ng ®· bÞ xuèng cÊp cña kÕt cÊu.

Ph©n tÝch (Analysis / Assessment): Ph¬ng ph¸p ®îc chÊp nhËn dïng ®Ó ®¸nh gi¸ c¸c chØ sè c«ng n¨ng hoÆc ®Ó m« t¶

chuÈn x¸c mét vÊn ®Ò chuyªn m«n.

Söa ch÷a (Repair) : Ho¹t ®éng ®îc thùc hiÖn nh»m môc ®Ých ng¨n ngõa hoÆc lµm chËm qu¸ tr×nh xuèng cÊp cña kÕt cÊu, hoÆc lµm gi¶m nguy c¬ g©y h¹i cho ngêi sö dông.

T¸c ®éng (Action): Lùc c¬ häc hoÆc t¸c ®éng cña m«i trêng mµ kÕt cÊu * (hoÆc bé phËn kÕt cÊu) ph¶i g¸nh chÞu.

T¸c ®éng bÊt thêng (Accidental action): T¸c ®éng xÈy ra víi x¸c suÊt rÊt thÊp, nhng cã cêng ®é cao h¬n nhiÒu so víi c¸c t¸c ®éng th«ng thêng kh¸c.

T¸c ®éng m«i trêng (Environment actions): TËp hîp c¸c ¶nh hëng vËt lý, ho¸ häc vµ sinh häc lµm suy gi¶m chÊt lîng vËt liÖu kÕt cÊu. Sù suy gi¶m nµy cã thÓ cã t¸c ®éng bÊt lîi ®Õn kh¶ n¨ng sö dông, kh¶ n¨ng söa ch÷a vµ ®é an toµn cña kÕt cÊu.
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T¸c ®éng thay ®æi (Variable action): T¸c ®éng sinh ra do sù chuyÓn ®éng mét vËt trªn kÕt cÊu, hoÆc do mét t¶i träng

nµo ®ã lu«n thay ®æi, nh t¶i träng ®i l¹i, t¶i träng sãng, ¸p lùc níc, ¸p lùc ®Êt, vµ t¶i träng sinh ra do thay ®æi nhiÖt ®é.

T¸c ®éng  thêng xuyªn (Permanent action): Träng lîng b¶n th©n cña kÕt cÊu kÓ c¶ chi tiÕt ®i kÌm vµ c¸c ®å ®¹c, thiÕt bÞ ®Æt cè ®Þnh.

TÇm quan träng (Importance):  Møc x¸c ®Þnh cho kÕt cÊu ®Ó chØ møc ®é ph¶i gi¶i quyÕt nh÷ng h háng trong qu¸ tr×nh suy gi¶m chÊt lîng, nh»m gi÷ ®îc chøc n¨ng cña kÕt cÊu nh thiÕt kÕ ®· ®Þnh.

Theo dâi (Monitoring): ViÖc ghi chÐp liªn tôc nh÷ng d÷ liÖu vÒ sù suy gi¶m chÊt lîng hoÆc c«ng n¨ng cña kÕt cÊu b»ng nh÷ng thiÕt bÞ thÝch hîp.

ThiÕt kÕ theo ®é bÒn (Durability design): ViÖc thiÕt kÕ nh»m ®¶m b¶o r»ng kÕt cÊu cã thÓ duy tr× ®îc c¸c chøc n¨ng yªu cÇu trong suèt tuæi thä thiÕt kÕ díi c¸c t¸c ®éng cña m«i trêng.

TÝnh chÊt biÕn d¹ng (Deformability): ThuËt ng÷ chØ kh¶ n¨ng kÕt cÊu cã thÓ thay ®æi h×nh d¹ng vµ kÝch thíc.

Tr¹ng th¸i ®ãng r¾n cña bª t«ng (Hardened state of concrete): Tr¹ng th¸i bª t«ng sau khi ®¹t ®îc cêng ®é nhÊt ®Þnh.

Tr¹ng th¸i giíi h¹n (Limit state): Tr¹ng th¸i tíi h¹n ®îc ®Æc trng bëi mét chØ sè c«ng n¨ng. Khi vît qu¸ chØ sè nµy th× kÕt cÊu kh«ng cßn ®¸p øng ®îc yªu cÇu c«ng n¨ng thiÕt kÕ n÷a.

Tr¹ng th¸i giíi h¹n cùc h¹n (Ultimate limit state): Tr¹ng th¸i giíi h¹n cña sù an toµn.

Tèc ®é xuèng cÊp (Rate of deterioration): Møc xuèng cÊp cña kÕt cÊu theo mét ®¬n vÞ thêi gian.

Tuæi thä hiÖn cßn (Remaining service life): Qu·ng thêi gian tÝnh tõ thêi ®iÓm kiÓm tra tíi khi kÕt cÊu ®îc xem nh

kh«ng cßn sö dông ®îc n÷a, hoÆc cho tíi khi nã kh«ng ®¸p øng ®îc chøc n¨ng ®· x¸c ®Þnh tõ khi thiÕt kÕ.

Tuæi thä thiÕt kÕ (Design service life): Thêi gian dù ®Þnh mµ kÕt cÊu hoµn toµn ®¸p øng ®îc môc ®Ých vµ chøc n¨ng cña nã, mÆc dï cã dù tÝnh tríc yªu cÇu b¶o tr×, nhng kh«ng cÇn thiÕt ph¶i söa ch÷a lín.

Tuæi thä sö dông (Service life): §é dµi thêi gian tõ khi x©y dùng xong kÕt cÊu cho tíi lóc nã kh«ng sö dông ®îc n÷a v×

kh«ng ®¸p øng ®îc chøc n¨ng thiÕt kÕ.

V÷a b¬m (Grout): Hçn hîp cã ®é ch¶y lín gåm cèt liÖu, xi m¨ng víi níc, cã hoÆc kh«ng cã phô gia, ®îc thi c«ng b»ng b¬m  ¸p lùc.

1.2. Nh÷ng vÊn ®Ò c¬ b¶n cña b¶o tr×

1.2.1 Yªu cÇu chung

Mäi kÕt cÊu cÇn ®îc thùc hiÖn chÕ ®é b¶o tr× ®óng møc trong suèt tuæi thä thiÕt kÕ. C¸c kÕt cÊu míi x©y dùng cÇn

®îc thùc hiÖn b¶o tr× tõ ngay khi ®a vµo sö dông. C¸c kÕt cÊu söa ch÷a ®îc b¾t ®Çu c«ng t¸c b¶o tr× ngay sau khi söa ch÷a xong.

C¸c kÕt cÊu ®ang sö dông, nÕu cha thùc hiÖn b¶o tr×, th× cÇn b¾t ®Çu ngay c«ng t¸c b¶o tr×.

Chñ ®Çu t cÇn cã mét chiÕn lîc tæng thÓ vÒ b¶o tr× c«ng tr×nh bao gåm c«ng t¸c kiÓm tra, x¸c ®Þnh møc ®é vµ tèc

®é xuèng cÊp, ®¸nh gi¸ tÝnh nguyªn vÑn cña kÕt cÊu vµ thùc hiÖn c«ng viÖc söa ch÷a nÕu cÇn.

1.2.2 Néi dung b¶o tr×

C«ng t¸c b¶o tr× ®îc thùc hiÖn víi nh÷ng néi dung sau ®©y:

(1)  KiÓm tra:

KiÓm tra gåm cã c¸c lo¹i h×nh sau ®©y:

(a)   KiÓm tra ban ®Çu: Lµ qu¸ tr×nh kh¶o s¸t kÕt cÊu b»ng trùc quan (nh×n, gâ, nghe) hoÆc b»ng c¸c ph¬ng tiÖn ®¬n gi¶n vµ xem xÐt hå s¬ hoµn c«ng ®Ó ph¸t hiÖn nh÷ng sai sãt chÊt lîng sau thi c«ng so víi yªu cÇu thiÕt kÕ. Tõ ®ã tiÕn hµnh kh¾c phôc ngay ®Ó ®¶m b¶o c«ng tr×nh ®a vµo sö dông  ®óng yªu cÇu thiÕt kÕ. KiÓm tra ban ®Çu ®îc tiÕn hµnh ®èi víi c«ng tr×nh x©y míi, c«ng tr×nh ®ang tån t¹i vµ c«ng tr×nh míi söa ch÷a xong.

(b)   KiÓm tra thêng xuyªn: Lµ qu¸ tr×nh thêng ngµy xem xÐt c«ng tr×nh, b»ng m¾t hoÆc b»ng c¸c ph¬ng tiÖn ®¬n gi¶n ®Ó ph¸t hiÖn kÞp thêi dÊu hiÖu xuèng cÊp. KiÓm tra thêng xuyªn lµ b¾t buéc ®èi víi mäi c«ng tr×nh.

(c)   KiÓm tra ®Þnh kú: Lµ qu¸ tr×nh kh¶o s¸t c«ng tr×nh theo chu kú ®Ó ph¸t hiÖn c¸c dÊu hiÖu xuèng cÊp cÇn kh¾c phôc sãm.
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KiÓm tra ®Þnh kú ®îc thùc hiÖn víi mäi c«ng tr×nh trong ®ã chu kú kiÓm tra ®îc chñ c«ng tr×nh quy

®Þnh tuú theo tÇm quan träng, tuæi thä thiÕt kÕ vµ ®iÒu kiÖn m«i trêng lµm viÖc cña c«ng tr×nh.

(d)   KiÓm tra bÊt thêng: Lµ qu¸ tr×nh kh¶o s¸t ®¸nh gi¸ c«ng tr×nh khi cã h háng ®ét xuÊt (nh c«ng tr×nh

bÞ h háng do giã b·o, lò lôt, ®éng ®Êt, va ®Ëp, ch¸y, vv..). KiÓm tra bÊt thêng th«ng thêng ®i liÒn víi kiÓm tra chi tiÕt.

(e) Theo dâi: Lµ qu¸ tr×nh ghi chÐp thêng xuyªn vÒ t×nh tr¹ng kÕt cÊu b»ng hÖ thèng theo dâi ®· ®Æt s½n tõ lóc thi c«ng. HÖ thèng theo dâi thêng ®îc ®Æt cho c¸c c«ng tr×nh thuéc nhãm b¶o tr× A vµ B (b¶ng 1).

(f)
KiÓm tra chi tiÕt: Lµ qu¸ tr×nh kh¶o s¸t, ®¸nh gi¸ møc ®é h háng c«ng tr×nh nh»m ®¸p øng yªu cÇu cña c¸c lo¹i h×nh kiÓm tra trªn. KiÓm tra chi tiÕt cÇn ®i liÒn víi viÖc x¸c ®Þnh c¬ chÕ xuèng cÊp, ®¸nh gi¸ møc ®é xuèng cÊp vµ

®i ®Õn gi¶i ph¸p söa ch÷a cô thÓ.

Chi tiÕt vÒ c¸c lo¹i h×nh kiÓm tra xem ë PhÇn 2.

Quan hÖ gi÷a c¸c qu¸ tr×nh kiÓm tra vµ söa ch÷a ®îc thÓ hiÖn trªn s¬ ®å h×nh 1.1.

(2) Ph©n tÝch c¬ chÕ xuèng cÊp: Trªn c¬ së c¸c sè liÖu kiÓm tra, cÇn x¸c ®Þnh xem xuèng cÊp ®ang xÈy ra theo c¬ chÕ

nµo. Tõ ®ã x¸c ®Þnh híng gi¶i quyÕt kh¾c phôc.

(3) §¸nh gi¸ møc ®é vµ tèc ®é xuèng cÊp: Sau khi ph©n tÝch ®îc c¬ chÕ xuèng cÊp th× ®¸nh gi¸ xem møc ®é vµ

tèc ®é xuèng cÊp ®· ®Õn ®©u vµ yªu cÇu ®ßi hái ph¶i söa ch÷a ®Õn møc nµo, hoÆc cã thÓ sÏ ph¶i ph¸ dì. C¬ së

®Ó ®¸nh gi¸ møc ®é xuèng cÊp lµ c¸c c«ng n¨ng hiÖn cã cña kÕt cÊu.

(4) X¸c ®Þnh gi¶i ph¸p söa ch÷a: XuÊt ph¸t tõ møc yªu cÇu ph¶i söa ch÷a ®Ó thiÕt kÕ gi¶i ph¸p söa ch÷a cô thÓ.

(5)  Söa ch÷a: Bao gåm qu¸ tr×nh thùc thi thiÕt kÕ vµ thi c«ng söa ch÷a hoÆc gia cêng kÕt cÊu.

Tuú theo møc ®é, yªu cÇu cña c«ng t¸c b¶o tr×, chñ c«ng tr×nh cã thÓ tù thùc hiÖn nh÷ng néi dung b¶o tr× nªu trªn hoÆc thuª mét ®¬n vÞ chuyªn ngµnh thiÕt kÕ hoÆc thi c«ng thùc hiÖn.

1.2.3 Ph©n lo¹i b¶o tr×

C«ng t¸c b¶o tr× ®îc ph©n theo c¸c nhãm A, B, C, D tuú theo tÇm quan träng cu¶ kÕt cÊu, ®Æc ®iÓm kÕt cÊu, tuæi thä thiÕt kÕ, ®iÒu kiÖn m«i trêng, møc ®é t¸c ®éng tíi xung quanh, ®é dÔ b¶o tr× vµ gi¸ b¶o tr×. C¸c nhãm b¶o tr×

vµ yªu cÇu b¶o tr× t¬ng øng ®îc quy ®Þnh trong b¶ng 1.1.

B¶ng 1.1. Ph©n lo¹i b¶o tr× theo c¸c nhãm

	N0
	Nhãm b¶o tr×
	Lo¹i c«ng tr×nh
	Yªu cÇu thùc hiÖn b¶o tr×

	1
	Nhãm A-

B¶o  tr×  phßng ngõa
	-C«ng   tr×nh   ®Æc   biÖt   quan träng,   cã   liªn   quan   tíi   an toµn  quèc  gia,  phßng  chèng ch¸y næ vµ m«i trêng;

-C«ng  tr×nh  thêng  xuyªn  cã

rÊt nhiÒu ngêi lµm viÖc hoÆc qua l¹i

-C«ng  tr×nh  kh«ng  cã  ®iÒu kiÖn dÔ söa ch÷a

-C«ng  tr×nh  cã  tuæi  thä  thiÕt kÕ ®Õn 100 n¨m hoÆc l©u h¬n
	-Thùc hiÖn tÊt c¶ c¸c néi dung b¶o tr× ë môc 1.2.2.

-§Æt thiÕt bÞ theo dâi c«ng tr×nh l©u dµi.

-Thùc hiÖn c¸c biÖn ph¸p phßng ngõa ngay tõ giai ®o¹n thiÕt kÕ, thi c«ng (nh b¶o vÖ bÒ mÆt, ®Æt cat«t b¶o vÖ).

	2
	Nhãm B-

B¶o   tr×   th«ng thêng
	C¸c  c«ng  tr×nh  d©n  dông  vµ c«ng nghiÖp th«ng thêng, cã tuæi   thä   thiÕt   kÕ   díi   100 n¨m  vµ  cã  thÓ  söa  ch÷a  khi cÇn
	-Thùc hiÖn tÊt c¶ c¸c néi dung b¶o tr× ë môc 1.2.2.

-Cã thÓ ®Æt hÖ thèng thiÕt bÞ theo dâi l©u dµi.

-KiÓm tra ban ®Çu, thêng xuyªn, ®Þnh kú ®îc thùc hiÖn chñ yÕu b»ng m¾t vµ c¸c ph¬ng tiÖn ®¬n gi¶n.

	3
	Nhãm C-

B¶o    tr×    quan s¸t
	C«ng  tr×nh  t¹m,  cã  niªn  h¹n sö dông díi 20 n¨m
	-B¶o  tr×  chñ  yÕu  b»ng  quan  s¸t  thêng  xuyªn.  Kh«ng cÇn kh¶o s¸t chi tiÕt. Khi c«ng tr×nh cã dÊu hiÖu xuèng cÊp th× hoÆc lµ tiÕn hµnh söa ch÷a ®¬n gi¶n, hoÆc lµ ph¸ dì.

	4
	Nhãm D-

B¶o  tr×  kh«ng quan s¸t
	C«ng  tr×nh  dµn  khoan  ngoµi kh¬i,  c«ng  tr×nh  ngÇm  díi

®Êt, c«ng tr×nh díi níc
	-Kh«ng tiÕn hµnh kiÓm tra thêng xuyªn vµ ®Þnh kú ®èi víi c¸c chi tiÕt khuÊt. KiÓm tra chi tiÕt vµ kiÓm tra ®ét xuÊt

®îc tiÕn hµnh khi dÊu hiÖu h háng cho thÊy cÇn ph¶i söa
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	ch÷a.

-Cã  thÓ  thùc  hiÖn  biÖn  ph¸p  phßng  ngõa  ngay  trong giai ®o¹n thiÕt kÕ vµ thi c«ng (nh b¶o vÖ bÒ mÆt, ®Æt cat«t b¶o vÖ)


C«ng tr×nh b¾t ®Çu ®a vµo sö dông

KiÓm tra ban ®Çu

DÊu hiÖu sai sãt


Söa

cã
ch÷a

kh«ng


KiÓm tra

chi tiÕt




KiÓm tra chi tiÕt

KiÓm tra thêng xuyªn

KiÓm tra ®Þnh kú

Söa

ch÷a

DÊu hiÖu xuèng cÊp

kh«ng


cã

KiÓm

tra    chi tiÕt

KiÓm tra bÊt thêng


Söa

ch÷a

H×nh 1.1. Quan hÖ c¸c qu¸ tr×nh kiÓm tra vµ söa ch÷a kÕt cÊu

1.2.4
C¸c d¹ng h háng cña kÕt cÊu

(1) Tiªu chuÈn nµy xem xÐt c¸c d¹ng h háng th«ng thêng sau ®©y cña kÕt cÊu:

(a)
H háng do sai sãt thuéc vÒ thiÕt kÕ, thi c«ng, sö dông c«ng tr×nh;
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(b)  H háng do nguyªn nh©n lón nÒn mãng;

(c)   H háng do t¸c ®éng cña c¸c yÕu tè khÝ hËu nãng Èm;

(d)   H háng do cabonat ho¸ bª t«ng;

(e)   H háng do t¸c ®éng cña m«i trêng vïng biÓn;

(f)
H háng do t¸c ®éng cña m«i trêng x©m thùc c«ng nghiÖp; ViÖc nhËn biÕt c¸c lo¹i h×nh h háng trªn ®îc chØ dÉn ë phÇn 3.

(2) Tõ mçi lo¹i h×nh h háng nhËn biÕt ®îc, chñ c«ng tr×nh vµ ngêi thiÕt kÕt cÇn cã ch¬ng tr×nh cô thÓ cho c«ng t¸c b¶o tr×, bao gåm tõ kh©u kiÓm tra, ®¸nh gi¸ mc ®é h háng ®Õn viÖc söa ch÷a, gia cêng, n©ng cÊp hoÆc ph¸ dì c«ng tr×nh.

1.2.5  KiÓm tra c«ng n¨ng cña kÕt cÊu trong qu¸ tr×nh b¶o tr×

(1)  C«ng n¨ng cña kÕt cÊu cÇn ®îc ®¸nh gi¸ l¹i tríc vµ sau khi söa ch÷a. C¸c c«ng n¨ng sau ®©y cÇn ®îc ®¸nh gi¸:

(a)   §é an toµn (kh¶ n¨ng chÞu t¶i);

(b)  Kh¶ n¨ng lµm viÖc b×nh thêng;

ViÖc ®¸nh gi¸ c«ng n¨ng ®îc thùc hiÖn th«ng qua c¸c chØ sè c«ng n¨ng yªu cÇu (Pyc) vµ chØ sè c«ng n¨ng thùc tÕ

mµ kÕt cÊu ®¹t ®îc (Ptt). Tuú theo lo¹i h×nh vµ møc ®é h háng cña kÕt cÊu, cã thÓ x¸c ®Þnh mét hoÆc mét sè chØ

sè c«ng n¨ng cho mçi lo¹i h×nh c«ng n¨ng kiÓm tra.

(2) KÕt cÊu ®îc coi lµ ®¶m b¶o c«ng n¨ng khi:

Ptt  Pyc  hoÆc  Pyc   Ptt  , tuú theo chØ sè c«ng n¨ng cô thÓ.

Trong ®ã:

°
Ptt   lµ chØ sè c«ng n¨ng thùc tÕ ®¹t ®îc, x¸c ®Þnh theo thùc tÕ kh¶o s¸t kÕt cÊu hoÆc theo gi¸ trÞ tÝnh to¸n;

°
Pyc: ChØ sè c«ng n¨ng yªu cÇu, x¸c ®Þnh theo c¸c tiªu chuÈn quy ph¹m hiÖn hµnh hoÆc theo yªu cÇu cña ngêi thiÕt kÕ hay chñ c«ng tr×nh.

(3) C¸c chØ sè c«ng n¨ng cÇn ®¸nh gi¸ ®îc chØ râ trong b¶ng 1.2.

B¶ng 1.2. C¸c chØ sè c«ng n¨ng cÇn ®¸nh gi¸ tríc vµ sau khi söa ch÷a kÕt cÊu

	C«ng n¨ng kiÓm tra
	ChØ sè c«ng n¨ng
	Lo¹i h×nh kÕt cÊu

¸p dông

	§é an toµn

(kh¶ n¨ng chÞu t¶i)
	M«men uèn; Lùc c¾t;

Lùc däc. Lùc xo¾n;

Lùc g©y sËp ®æ hoÆc mÊt æn ®Þnh kÕt cÊu
	Mäi kÕt cÊu  víi c¸c d¹ng h háng kh¸c nhau

	Kh¶ n¨ng lµm viÖc b×nh thêng
	+Theo chøc n¨ng kÕt cÊu:

-Chèng thÊm (Lîng níc thÊm qua kÕt cÊu, mËt ®é thÊm Èm);

-C¸ch nhiÖt (Møc truyÒn nhiÖt qua kÕt cÊu);

-Chèng ch¸y (Møc chÞu löa cña k/c khi cã ch¸y);

-Chèng ån; bôi (Møc ån, bôi);

-Mü quan bªn ngoµi (MËt ®é rªu mèc);

-Mïi (do rªu mèc).
	-KÕt  cÊu  cã  c¸c  yªu  cÇu theo chøc n¨ng kiÓm tra;

-KÕt cÊu cã yªu cÇu thÈm mü

	
	+Theo tiÖn nghi cho ngêi sö dông:

-Nghiªng lÖch, vâng, lón.

-VÕt nøt (MËt ®é vµ bÒ réng vÕt nøt).

-ChÊn rung
	Mäi kÕt cÊu  víi c¸c d¹ng h háng kh¸c nhau.
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+Theo t¸c ®éng xÊu ®Õn m«i trêng xung quanh:

-Kh¶ n¨ng bong r¬i líp b¶o vÖ cèt thÐp;

-Møc t¸c ®éng xÊu ®Õn m«i trêng;

-¶nh hëng ®Õn c«ng tr×nh l©n cËn.


C¸c    kÕt  cÊu  cã  nguy  c¬

¨n mßn, han rØ cèt thÐp.

KÕt cÊu thêng xuyªn tiÕp xóc víi chÊt th¶i.

KÕt cÊu bÞ lón.

§èi víi c¸c kÕt cÊu chÞu t¸c ®éng ¨n mßn hoÆc t¸c ®éng cña khÝ hËu nãng Èm th× ngoµi kiÓm tra c«ng n¨ng cßn cÇn ph¶i kiÓm tra kh¶ n¨ng kÕt cÊu gi÷ ®îc ®é bÒn l©u theo yªu cÇu thiÕt kÕ. Cô thÓ, c¸c yÕu tè sau ®©y cÇn ph¶i ë díi møc cho phÐp.


Nång ®é ion Cl-  hoÆc ho¸ chÊt thÈm thÊu;


ChiÒu dµy møc thÊm ion Cl-  hoÆc ho¸ chÊt;


ChiÒu dµy cacbonat; ®é pH;


BÒ réng vÕt nøt; 
Møc rØ cèt thÐp; 
§é rçng bª t«ng;


Tæn thÊt cêng ®é hoÆc trong lîng bª t«ng.

1.2.6  Qu¶n lý kü thuËt c«ng t¸c b¶o tr×

(1) CÇn ph¶i cã mét chiÕn lîc b¶o tr× ngay tõ khi quyÕt ®Þnh ®Çu t x©y dùng c«ng tr×nh. ChiÕn lîc nµy cÇn ®îc so¹n th¶o dùa trªn c¸c v¨n b¶n ph¸p quy hiÖn hµnh do Nhµ níc ViÖt Nam, Bé X©y dùng ban hµnh vµ c¸c tiªu chuÈn kü thuËt cÇn thiÕt kh¸c.

(2) Sau khi x©y dùng xong c«ng tr×nh, cÇn tiÕn hµnh ngay viÖc kiÓm tra ban ®Çu ®Ó ph¸t hiÖn c¸c dÊu hiÖu khuyÕt

tËt lµm ¶nh hëng xÊu ®Õn c«ng n¨ng kÕt cÊu. C¸c khuyÕt tËt nµy cÇn ®îc kh¾c phôc ngay tríc khi ®a c«ng tr×nh vµo sö dông.

(3) Trong suèt thêi gian lµm viÖc cña c«ng tr×nh, c«ng t¸c b¶o tr× cÇn ®îc duy tr× theo néi dung nªu ë c¸c ®iÒu

1.2.2, 1.2.3, vµ 1.2.4. Trong trêng hîp ph¸t hiÖn thÊy kÕt cÊu bÞ h háng ®Õn møc ph¶i söa ch÷a th× cÇn tiÕn hµnh ngay c«ng t¸c kiÓm tra, ®¸nh gi¸ møc ®é h háng vµ ®Ò ra biÖn ph¸p söa ch÷a.

(4) ViÖc kiÓm tra, x¸c ®Þnh c¬ chÕ xuèng cÊp, ®¸nh gi¸ møc ®é h háng vµ ®Ò ra gi¶i ph¸p söa ch÷a kÕt cÊu ph¶i

do c¸c ®¬n vÞ vµ chuyªn gia chuyªn ngµnh cã n¨ng lùc phï hîp thùc hiÖn. C¸c gi¶i ph¸p söa ch÷a cÇn ®îc x¸c ®Þnh trªn c¬ së c¸c sè liÖu kiÓm tra tríc ®ã vµ cã sö dông c¸c b¶n vÏ thiÕt kÕ, b¶n vÏ hoµn c«ng, c¸c kÕt qu¶ kiÓm tra chÊt lîng, vËt liÖu ®· sö dông, c¸c biªn b¶n vµ sæ nhËt ký thi c«ng cña c«ng tr×nh. ViÖc thi c«ng söa ch÷a, gia cêng, n©ng cÊp, hoÆc ph¸ dì kÕt cÊu ®· bÞ h háng cÇn ph¶i ®îc c¸c ®¬n vÞ thi c«ng cã n¨ng lùc chuyªn m«n phï hîp thùc hiÖn.

(5) Mäi diÔn biÕn cña c«ng t¸c b¶o tr× cÇn ®îc ghi chÐp vµ lu gi÷ ®Ó sö dông l©u dµi. Chñ c«ng tr×nh sÏ lu gi÷

c¸c ghi chÐp nµy cïng víi c¸c b¶n vÏ vµ c¸c tµi liÖu kü thuËt kh¸c liªn quan ®Õn viÖc b¶o tr×.
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PhÇn 2. C«ng t¸c kiÓm tra

2.1 Nguyªn t¾c chung

KiÓm tra lµ c«ng viÖc ®îc thùc hiÖn ®èi víi mäi c«ng tr×nh nh»m ph¸t hiÖn kÞp thêi sù xuèng cÊp hoÆc thay ®æi c«ng n¨ng kÕt cÊu.

ViÖc kiÓm tra cÇn ®îc duy tr× trong suèt thêi gian sö dông c«ng tr×nh.

2.2 Tay nghÒ vµ c«ng cô kiÓm tra

ViÖc kiÓm tra ph¶i do ®¬n vÞ vµ c¸c c¸ nh©n cã tr×nh ®é chuyªn m«n phï hîp thùc hiÖn. Th«ng thêng chñ c«ng tr×nh cã thÓ mêi ®¬n vÞ vµ chuyªn gia t vÊn ®· thiÕt kÕ vµ gi¸m s¸t chÊt lîng thùc hiÖn c«ng t¸c kiÓm tra. C«ng

cô kiÓm tra cã thÓ lµ b»ng trùc quan (nh×n nghe), hoÆc b»ng nh÷ng c«ng cô th«ng thêng nh thíc mÐt, bóa gâ, kÝnh phãng ®¹i, vv.. Khi cÇn cã thÓ dïng c¸c thiÕt bÞ nh m¸y kinh vÜ, thiÕt bÞ thö nghiÖm kh«ng ph¸ ho¹i hoÆc c¸c thiÕt bÞ thö nghiÖm trong phßng kh¸c.

Díi ®©y lµ híng dÉn cô thÓ cho mçi lo¹i h×nh kiÓm tra:

2.3 KiÓm tra ban ®Çu

2.3.1 Nguyªn t¾c chung

(1) KiÓm tra ban ®Çu ®îc thùc hiÖn ngay sau khi c«ng tr×nh ®îc thi c«ng xong vµ b¾t ®Çu ®a vµo sö dông. §èi

víi c«ng tr×nh söa ch÷a vµ gia cêng th× kiÓm tra ban ®Çu ®îc thùc hiÖn ngay sau khi söa ch· vµ gia cêng xong.

§èi víi nh÷ng c«ng tr×nh ®ang tån t¹i mµ cha cã kiÓm tra ban ®Çu th× bÊt kú lÇn kiÓm tra ®Çu tiªn nµo còng

cã thÓ coi lµ kiÓm tra ban ®Çu.

(2) Yªu cÇu cña kiÓm tra ban ®Çu lµ thiÕt lËp c¸c sè liÖu ®o ®Çu tiªn cña kÕt cÊu, ph¸t hiÖn kÞp thêi nh÷ng sai sãt ban ®Çu cña kÕt cÊu vµ kh¾c phôc ngay ®Ó ®a kÕt cÊu vµo sö dông. Th«ng qua kiÓm tra ban ®Çu ®Ó suy ®o¸n kh¶ n¨ng cã thÓ xuèng cÊp c«ng tr×nh theo tuæi thä thiÕt kÕ ®· dù kiÕn.

(3) KiÓm tra ban ®Çu do chñ ®Çu t cïng víi c¸c ®¬n vÞ thiÕt kÕ, thi c«ng vµ gi¸m s¸t chÊt lîng thùc hiÖn.

2.3.2 BiÖn ph¸p kiÓm tra ban ®Çu

KiÓm tra ban ®Çu ®îc tiÕn hµnh trªn toµn bé kÕt cÊu c«ng tr×nh hoÆc mét bé phËn cña kÕt cÊu.

Ph¬ng ph¸p kiÓm tra chñ yÕu lµ b»ng trùc quan, kÕt hîp víi xem xÐt c¸c b¶n vÏ thiÕt kÕ, b¶n vÏ hoµn c«ng vµ hå s¬ thi c«ng (sæ nhËt ký c«ng tr×nh, c¸c biªn b¶n kiÓm tra ®· cã).

2.3.3 Néi dung kiÓm tra ban ®Çu

KiÓm tra ban ®Çu gåm cã nh÷ng c«ng viÖc sau ®©y:

(1) Kh¶o s¸t kÕt cÊu ®Ó thu thËp sè liÖu vÒ nh÷ng vÊn ®Ò sau ®©y:

(a)   Sai lÖch h×nh häc cña kÕt cÊu;

(b)  §é nghiªng, lón, biÕn d¹ng cña kÕt cÊu;

(c)   XuÊt hiÖn vÕt nøt;

(d)  T×nh tr¹ng bong rép;

(e)   T×nh tr¹ng rØ cèt thÐp;

(f)   BiÕn mµu mÆt ngoµi;
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(g)  ChÊt lîng bª t«ng;

(h)  C¸c khuyÕt tËt nh×n thÊy;

(i)   Sù ®¶m b¶o vÒ c«ng n¨ng sö dông (chèng thÊm, c¸ch ©m, c¸ch nhiÖt vv...).

(j)
T×nh tr¹ng hÖ thèng theo dâi l©u dµi (nÕu cã). Sè liÖu ®o cña hÖ thèng t¹i thêi ®iÓm kiÓm tra ban ®Çu.

(2) Xem xÐt hå s¬ hoµn c«ng ®Ó ®¸nh gi¸ chÊt lîng phÇn khuÊt cña kÕt cÊu (b¶n vÏ   thiÕt kÕ, b¶n vÏ hoµn c«ng,

sæ nhËt ký c«ng tr×nh, c¸c biªn b¶n kiÓm tra).

(3) TiÕn hµnh thÝ nghiÖm bæ sung nÕu cÇn ®Ó nhËn biÕt râ h¬n t×nh tr¹ng c«ng tr×nh ®èi   víi c«ng tr×nh ®ang tån t¹i, nay míi kiÓm tra lÇn ®Çu.

(4) Xö lý c¸c khuyÕt tËt ®· ph¸t hiÖn ra. Trêng hîp nghi ngê cã sai sãt quan träng th× tiÕn hµnh thªm kiÓm tra chi tiÕt vµ ®Ò ra biÖn ph¸p xö lý.

(5) TiÕn hµnh vËn hµnh hÖ thèng theo dâi ®Ó ghi sè ®o ban ®Çu ®èi víi c¸c kÕt cÊu cã g¾n c¸c hÖ thèng theo dâi l©u dµi.

(6) Suy ®o¸n kh¶ n¨ng xuèng cÊp kÕt cÊu theo tuæi thä c«ng tr×nh.

Trªn c¬ së c¸c sè liÖu kh¶o s¸t vµ sau khi nh÷ng sai sãt kÕt cÊu ®· ®îc kh¾c phôc, cÇn suy ®o¸n kh¶ n¨ng sÏ xuÊt hiÖn c¸c khuyÕt tËt kÕt cÊu, kh¶ n¨ng bÒn m«i trêng (®èi víi m«i trêng x©m thùc vµ m«i trêng khÝ hËu nãng Èm), kh¶ n¨ng cã thÓ nghiªng lón tiÕp theo, vµ kh¶ n¨ng suy gi¶m c«ng n¨ng.

Tuú theo tÝnh chÊt vµ ®iÒu kiÖn m«i trêng lµm viÖc cña c«ng tr×nh, ngêi thùc hiÖn kiÓm tra ban ®Çu cã thÓ ®Æt träng t©m c«ng t¸c kiÓm tra vµo nh÷ng yÕu tè cã ¶nh hëng quan träng tíi ®é bÒn l©u cña c«ng tr×nh.

Môc tiªu cuèi cïng cña suy ®o¸n lµ ®Ó ®¸nh gi¸ xem kh¶ n¨ng kÕt cÊu cã thÓ d¶m b¶o tuæi thä thiÕt kÕ trong ®iÒu kiÖn sö dông b×nh thêng hay kh«ng, ®ång thêi x¸c ®Þnh gi¶i ph¸p ®¶m b¶o ®é bÒn l©u c«ng tr×nh.

2.3.4 Ghi chÐp vµ lu gi÷ hå s¬

Toµn bé kÕt qu¶ kh¶o s¸t, ®¸nh gi¸ chÊt lîng kÕt cÊu, suy ®o¸n kh¶ n¨ng lµm viÖc cña kÕt cÊu, sè ®o ban ®Çu cña

hÖ thèng theo dâi l©u dµi cÇn ®îc ghi chÐp ®Çy ®ñ vµ lu gi÷ l©u dµi cïng víi hå s¬ hoµn c«ng cña c«ng tr×nh.

Chñ c«ng tr×nh cÇn lu gi÷ hå s¬ nµy ®Ó sö dông cho nh÷ng lÇn kiÓm tra tiÕp theo.

2.4 KiÓm tra thêng xuyªn

2.4.1 Nguyªn t¾c chung

(1) KiÓm tra thêng xuyªn ®îc tiÕn hµnh nh»m theo dâi, gi¸m s¸t kÕt cÊu thêng ngµy sau kiÓm tra ban ®Çu. Chñ c«ng tr×nh cÇn cã lùc lîng chuyªn tr¸ch thêng xuyªn quan t©m ®Õn viÖc kiÓm tra thêng xuyªn.

(2) KiÓm tra thêng xuyªn ®îc thùc hiÖn trªn toµn bé kÕt cÊu ë nh÷ng chç cã thÓ quan s¸t ®îc. Môc ®Ých lµ ®Ó

n¾m ®îc kÞp thêi t×nh tr¹ng lµm viÖc cña kÕt cÊu, nh÷ng sù cè h háng cã thÓ xÈy ra (®Æc biÖt lµ ë nh÷ng vÞ

trÝ xung yÕu, quan träng) ®Ó sím cã biÖn ph¸p kh¾c phôc, tr¸nh t×nh tr¹ng ®Ó h háng kÐo dµi dÉn ®Õn ngµy cµng trÇm träng h¬n.

2.4.2 Néi dung kiÓm tra thêng xuyªn

KiÓm tra thêng xuyªn gåm c¸c c«ng viÖc sau ®©y:

(1)  TiÕn hµnh quan s¸t kÕt cÊu thêng ngµy b»ng m¾t, khi cã nghi ngê th× dïng biÖn ph¸p gâ ®Ó nghe vµ suy ®o¸n. Ngêi tiÕn hµnh kiÓm tra thêng xuyªn ph¶i cã tr×nh ®é chuyªn ngµnh x©y dùng vµ ®îc giao tr¸ch nhiÖm râ rµng.

(2) Thêng ngµy quan t©m xem xÐt nh÷ng vÞ trÝ sau ®©y cña kÕt cÊu ®Ó ph¸t hiÖn sím nh÷ng dÊu hiÖu xuèng cÊp:

(a)   VÞ trÝ cã m«men uèn vµ lùc c¾t lín; vÞ trÝ tËp trung øng suÊt

(b)  VÞ trÝ khe co d·n;

(c)   Chç liªn kÕt c¸c phÇn tö cña kÕt cÊu;

(d)  VÞ trÝ cã nguån níc thÊm, nguån nhiÖt, nguån ån, nguån bôi;

(e)   Nh÷ng chç  chÞu t¸c ®éng trùc tiÕp cña bøc x¹ mÆt trêi;

(f)
VÞ trÝ cã tiÕp xóc víi m«i trêng x©m thùc.

(3) Ph¸t hiÖn nh÷ng vÊn ®Ò sau ®©y khi tiÕn hµnh kiÓm tra thêng xuyªn:
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(a)   Sù nghiªng lón,

(b)  BiÕn d¹ng h×nh häc cña kÕt cÊu;

(c)   XuÊt hiÖn vÕt nøt; søt mÎ, gi¶m yÕu tiÕt diÖn.

(d)  XuÊt hiÖn bong rép;

(e)   XuÊt hiÖn thÊm;

(f)
RØ cèt thÐp;

(g)  BiÕn mµu mÆt ngoµi;

(h)  Sù suy gi¶m c«ng n¨ng (chèng thÊm, c¸ch ©m, c¸ch nhiÖt..)

(i)   T×nh tr¹ng hÖ thèng theo dâi l©u dµi (nÕu cã).

Chó thÝch: ®èi víi c¸c kÕt cÊu lµm viÖc trong m«i trêng x©m  thùc th× cÇn thêng xuyªn quan t©m tíi dÊu hiÖu ¨n mßn bª t«ng vµ cèt thÐp.

(4) Xö lý kÕt qu¶ kiÓm tra:

(a)   Trêng hîp ph¸t hiÖn cã sù cè, h háng nhá th× cã biÖn ph¸p kh¾c phôc ngay;

(b)
Trêng hîp ph¸t hiÖn cã sù cè, h háng nÆng bÊt thêng th× tæ chøc kiÓm tra chi tiÕt t¹i chç h háng vµ ®Ò

ra gi¶i ph¸t xö lý kÞp thêi. Trong qu¸ tr×nh ®Ò ra gi¶i ph¸p xö lý cÇn ph¶i nghiªn cøu t×nh tr¹ng kÕt cÊu trong hå s¬ kiÓm tra ban ®Çu.

2.4.3 Ghi chÐp vµ lu gi÷ hå s¬

Nh÷ng ®iÒu sau ®©y cÇn ®îc ghi chÐp ®Çy ®ñ:

(a)   Nh÷ng sù cè hoÆc h háng ®· ph¸t hiÖn, vÞ trÝ xÈy ra c¸c sè liÖu ®o nÕu cã;

(b)  BiÖn ph¸p kh¾c phôc vµ kÕt qu¶ ®· kh¾c phôc h háng xÈy ra;

(c)   Sè liÖu kiÓm tra chi tiÕt nÕu cã;

(d)  Gi¶i ph¸p vµ kÕt qu¶ söa ch÷a sau kiÓm tra chi tiÕt.

(e)   T×nh tr¹ng kÕt cÊu sau khi ®· kh¾c phôc h háng.

(f)
Nh÷ng tµi liÖu ghi chÐp nªu trªn cÇn ®îc chñ c«ng tr×nh lu gi÷ l©u dµi cïng víi hå s¬ kiÓm tra ban ®Çu

®Ó sö dông cho nh÷ng lÇn kiÓm tra sau.

2.5 KiÓm tra ®Þnh kú

2.5.1 Nguyªn t¾c chung

(1) KiÓm tra ®Þnh kú ®îc tiÕn hµnh ®èi víi mäi kÕt cÊu bª t«ng cèt thÐp.

(2) KiÓm tra ®Þnh kú nh»m ph¸t hiÖn kÞp thêi nh÷ng dÊu hiÖu h háng cña kÕt cÊu trong qu¸ tr×nh sö dông mµ viÖc kiÓm tra ban ®Çu vµ kiÓm tra thêng xuyªn khã nhËn biÕt ®îc. Tõ ®ã cã biÖn ph¸p xö lý sím nh»m duy tr× tuæi thä c«ng tr×nh.

(3) Chñ c«ng tr×nh cÇn cïng víi ngêi thiÕt kÕ x¸c ®Þnh chu kú kiÓm tra ®Þnh kú tríc khi ®a kÕt cÊu vµo sö dông. Quy m« kiÓm tra cña mçi kú sÏ tïy theo tr¹ng th¸i cô thÓ cña kÕt cÊu vµ ®iÒu kiÖn tµi chÝnh ®Ó quyÕt ®Þnh.

2.5.2 BiÖn ph¸p kiÓm tra ®Þnh kú

(1) KiÓm tra ®Þnh kú ®îc tiÕn hµnh trªn toµn bé kÕt cÊu. §èi víi c¸c kÕt cÊu qu¸ lín th× cã thÓ ph©n khu kiÓm tra

®Þnh kú, mçi khu vùc kiÓm tra mét kú.

(2) Chñ c«ng tr×nh cã thÓ mêi c¸c ®¬n vÞ vµ chuyªn gia t vÊn cã chuyªn m«n thuéc chuyªn ngµnh x©y dùng vµ cã tay nghÒ thÝch hîp ®Ó thùc hiÖn viÖc kiÓm tra ®Þnh kú.

(3) §Çu tiªn kÕt cÊu ®îc kh¶o s¸t trùc quan b»ng nh×n vµ gâ nghe. Khi nghi ngê cã h háng hoÆc suy tho¸i chÊt lîng th× cã thÓ sö dông thiÕt bÞ thö nghiÖm kh«ng ph¸ hñy hoÆc khoan lâi bª t«ng ®Ó kiÓm tra.

2.5.3 Quy ®Þnh vÒ chu kú kiÓm tra

Chu kú kiÓm tra ®Þnh kú kÕt cÊu ®îc quy ®Þnh nh sau:

(a)
C«ng tr×nh ®Æc biÖt quan träng:
2 3 n¨m;

(b)  C«ng tr×nh thêng xuyªn cã rÊt ®«ng ngêi lµm viÖc hoÆc qua l¹i:   3 5 n¨m

(c)  C«ng tr×nh c«ng nghiÖp vµ d©n dông kh¸c:
5 10 n¨m;
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(d)   C«ng tr×nh thêng xuyªn chÞu ¨n mßn khÝ hËu biÓn vµ ¨n mßn ho¸ chÊt:   12 n¨m.

2.5.4 Néi dung kiÓm tra ®Þnh kú

KiÓm tra ®Þnh kú ®îc tiÕn hµnh theo tr×nh tù néi dung gièng nh cña kiÓm tra ban ®Çu nªu trong môc 2.3.3.

2.5.5 Ghi chÐp vµ lu gi÷ hå s¬

Toµn bé kÕt qu¶ thùc hiÖn kiÓm tra ®Þnh kú cÇn ghi chÐp vµ lu gi÷ theo chØ dÉn ë môc 2.3.4.

2.6 KiÓm tra bÊt thêng

2.6.1 Nguyªn t¾c chung

(1)  KiÓm tra bÊt thêng ®îc tiÕn hµnh khi kÕt cÊu cã dÊu hiÖu h háng do t¸c ®éng ®ét ngét cña c¸c yÕu tè nh b·o,

lò lôt, ®éng ®Êt, trît lë ®Êt, va ch¹m víi tµu xe, ch¸y, v.v..

(2)   Yªu cÇu cña kiÓm tra bÊt thêng lµ n¾m b¾t ®îc hiÖn tr¹ng h háng cña kÕt cÊu, vµ ®a ra kÕt luËn vÒ yªu cÇu söa ch÷a.

(3)   Chñ c«ng tr×nh cã thÓ tù kiÓm tra bÊt thêng hoÆc thuª mét ®¬n vÞ hoÆc chuyªn gia cã n¨ng lùc phï hîp ®Ó

thùc hiÖn.

2.6.2 BiÖn ph¸p kiÓm tra bÊt thêng

(1)  KiÓm tra bÊt thêng ®îc thùc hiÖn trªn toµn bé hoÆc mét bé phËn kÕt cÊu tïy theo quy m« h háng ®· x¶y ra

vµ yªu cÇu söa ch÷a cña chñ c«ng tr×nh.

(2)   KiÓm tra bÊt thêng ®îc thùc hiÖn chñ yÕu b»ng quan s¸t trùc quan, gâ nghe. Khi cÇn cã thÓ dïng c¸c c«ng

cô ®¬n gi¶n nh thíc mÐt, qu¶ däi, v.v..

(3)   Ngêi thùc hiÖn kiÓm tra bÊt thêng cÇn ®a ra ®îc kÕt luËn cã cÇn kiÓm tra chi tiÕt hay kh«ng. NÕu kh«ng

th× ®Ò ra ngay gi¶i ph¸p söa ch÷a phôc håi kÕt cÊu. NÕu cÇn th× tiÕn hµnh kiÓm tra chi tiÕt vµ ®Ò ra gi¶i ph¸p söa ch÷a.

2.6.3 Néi dung kiÓm tra bÊt thêng

KiÓm tra bÊt thêng bao gåm nh÷ng c«ng viÖc sau ®©y:

(1)   Kh¶o s¸t b»ng trùc quan, gâ nghe vµ dïng mét sè c«ng cô ®¬n gi¶n ®Ó nhËn biÕt ban ®Çu vÒ t×nh tr¹ng h

háng cña kÕt cÊu. C¸c h háng sau ®©y cÇn ®îc nhËn biÕt:

(a)  Sai lÖch h×nh häc kÕt cÊu

(b)
Møc nghiªng lón

(c)
Møc nøt, g·y

(d)
C¸c khuyÕt tËt nh×n thÊy kh¸c

(e)  T×nh tr¹ng hÖ thèng theo dâi l©u dµi (nÕu cã).

(2)   Ph©n tÝch c¸c sè liÖu ph¶i kh¶o s¸t ®Ó ®i ®Õn kÕt luËn cã tiÕn hµnh kiÓm tra chi tiÕt hay kh«ng, quy m« kiÓm tra chi tiÕt. NÕu cÇn kiÓm tra chi tiÕt th× thùc hiÖn theo chØ dÉn ë môc 2.6. NÕu kh«ng th× ®Ò ra gi¶i ph¸p söa ch÷a ®Ó phôc håi kÕt cÊu kÞp thêi.

§èi víi nh÷ng h háng cã nguy c¬ g©y nguy hiÓm cho ngêi vµ c«ng tr×nh xung quanh th× ph¶i cã biÖn ph¸p

xö lý khÈn cÊp tríc khi tiÕn hµnh kiÓm tra chi tiÕt vµ ®Ò ra gi¶i ph¸p söa ch÷a.

(3)   Thùc hiÖn söa ch÷a

Qu¸ tr×nh söa ch÷a kÕt cÊu bÞ h háng bÊt thêng ®îc thùc hiÖn theo chØ dÉn  ë môc 2.6.3(5).

2.6.4 Ghi chÐp vµ lu gi÷ hå s¬

Mäi diÔn biÕn c«ng viÖc ghi trong môc 2.6.3 cÇn ®îc ghi chÐp vµ lu gi÷.

Hå s¬ lu tr÷ gåm cã: KÕt qu¶ kh¶o s¸t, ph©n tÝch ®¸nh gi¸, thuyÕt minh gi¶i ph¸p söa ch÷a hoÆc gia cêng, nhËt

ký thi c«ng, c¸c biªn b¶n kiÓm tra, c¸c b¶n vÏ. C¸c tµi liÖu nµy cÇn ®îc chñ c«ng tr×nh lu gi÷ l©u dµi cïng víi hå

s¬ cña c¸c ®ît kiÓm tra tríc ®©y.

2.7 Theo dâi
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2.7.1 Nguyªn t¾c chung

(1)  HÖ thèng theo dâi cÇn ®îc ®Æt cho nh÷ng c«ng tr×nh quan träng, cã ý nghÜa lín vÒ kinh tÕ, chÝnh trÞ vµ an toµn sinh m¹ng ®èi víi nhiÒu ngêi (b¶ng 1.1).

(2)  Chñ c«ng tr×nh vµ ngêi thiÕt kÕ cÇn x¸c ®Þnh møc yªu cÇu trang bÞ hÖ thèng theo dâi, lùa chän thiÕt bÞ, thiÕt

kÕ l¾p ®Æt vµ híng dÉn thi c«ng.

(3)   Tríc khi ®a c«ng tr×nh vµo ho¹t ®éng, cÇn ph¶i vËn hµnh thö hÖ thèng theo dâi ®Ó chøng tá r»ng hÖ thèng

®ang ho¹t ®éng b×nh thêng. LÇn ®o ®Çu tiªn ®îc tiÕn hµnh cµng sím cµng tèt, cã thÓ tríc thêi gian kiÓm tra ban ®Çu.

(4)   Chñ c«ng tr×nh cÇn cã lùc lîng thêng xuyªn kiÓm tra ho¹t ®éng cña hÖ thèng, theo dâi vµ qu¶n lý c¸c sè liÖu ®o.

2.7.2 §Æt hÖ thèng theo dâi

(1)  HÖ thèng theo dâi ®îc ®Æt ë nh÷ng vÞ trÝ kÕ cÊu dÔ nh¹y c¶m víi nh÷ng vÊn ®Ò mµ ngêi thiÕt kÕ yªu cÇu. Nh÷ng vÞ trÝ cÇn ®Æt c¸c chi tiÕt cña hÖ thèng theo dâi cã thÓ x¸c ®Þnh theo môc 2.4.2 (2).

(2)  C¸c chi tiÕt cña hÖ thèng theo dâi ®îc ®Æt tõ trong giai ®o¹n thi c«ng vµ ph¶i ®îc b¶o qu¶n ®Ó kh«ng bÞ h

háng do t¸c ®éng c¬ häc vµ thêi tiÕt.

2.7.3 VËn hµnh hÖ thèng theo dâi

(1)  HÖ thèng theo dâi ®îc tù ®éng ghi chÐp sè liÖu ®o theo chu kú mµ ngêi thiÕt kÕ vµ chñ c«ng tr×nh yªu cÇu.

Sù hç trî cña c¸n bé chuyªn m«n trong qu¸ tr×nh vËn hµnh hÖ thèng vµ ®o ®¹c lµ rÊt quan träng.

(2)   HÖ thèng theo dâi cÇn ®îc thêng xuyªn kiÓm tra ®Ó ®¶m b¶o lu«n ho¹t ®éng b×nh thêng. C¸c sè liÖu ®o cña hÖ thèng cÇn ®îc xö lý kÞp thêi cïng víi c¸c sè liÖu kiÓm tra thêng xuyªn vµ kiÓm tra ®Þnh kú ®Ó cã nh÷ng t¸c ®éng thÝch hîp tríc khi sù xuèng cÊp cña kÕt cÊu trë nªn nguy h¹i ®Õn sù an toµn vµ c«ng n¨ng cña kÕt cÊu.

2.7.4 Lu gi÷ sè liÖu ®o

Sè liÖu ®o cña hÖ thèng sau khi ®îc xö lý cÇn ®îc lu gi÷ l©u dµi.

Chñ c«ng tr×nh lu gi÷ c¸c sè liÖu ®o nµy cïng víi c¸c sè liÖu kiÓm tra kh¸c.

2.8 Yªu cÇu ®èi víi KiÓm tra chi tiÕt

2.8.1 Nguyªn t¾c chung

(1)   KiÓm tra chi tiÕt ®îc thùc hiÖn sau khi qua c¸c kiÓm tra ban ®Çu, kiÓm tra thêng xuyªn, kiÓm tra ®Þnh kú, kiÓm tra bÊt thêng thÊy lµ cã yªu cÇu cÇn ph¶i kiÓm tra kü kÕt cÊu ®Ó ®¸nh gi¸ møc ®é xuèng cÊp vµ ®Ò ra gi¶i ph¸p söa ch÷a.

(2)   Chñ c«ng tr×nh cã thÓ tù thùc hiÖn hoÆc thuª c¸c ®¬n vÞ vµ c¸ nh©n chuyªn gia cã n¨ng lùc phï hîp ®Ó thùc hiÖn kiÓm tra chi tiÕt.

2.8.2 BiÖn ph¸p kiÓm tra chi tiÕt

(1)  KiÓm tra chi tiÕt ®îc tiÕn  hµnh trªn toµn bé kÕt cÊu hoÆc mét bé phËn kÕt cÊu tïy theo quy m« h háng cña

kÕt cÊu vµ møc yªu cÇu ph¶i kiÓm tra.

Ngêi kiÓm tra cÇn nhËn biÕt tríc ®Æc ®iÓm næi bËt cña xuèng cÊp ®Ó cã híng träng t©m cho viÖc kiÓm tra chi tiÕt.

(2)   KiÓm tra chi tiÕt ®îc thùc hiÖn b»ng c¸c thiÕt bÞ thÝ nghiÖm chuyªn dïng ®Ó ®¸nh gi¸ lîng hãa chÊt lîng vËt liÖu sö dông vµ møc xuèng cÊp cña kÕt cÊu. Ph¬ng ph¸p thÝ nghiÖm cÇn ®îc thùc hiÖn theo c¸c tiªu chuÈn vµ quy ph¹m hiÖn hµnh.

(3)   Ngêi thùc hiÖn kiÓm tra chi tiÕt ph¶i cã ph¬ng ¸n thùc hiÖn bao gåm quy m« kiÓm tra, møc kÕt qu¶ kiÓm tra cÇn

®¹t, thêi gian vµ kinh phÝ thùc hiÖn. Ph¬ng ¸n nµy ph¶i ®îc chñ c«ng tr×nh chÊp nhËn tríc khi thùc hiÖn.

2.8.3. Néi dung kiÓm tra chi tiÕt

KiÓm tra chi tiÕt cÇn cã nh÷ng néi dung sau ®©y:

(1)  Kh¶o s¸t chi tiÕt toµn bé hoÆc bé phËn h háng cña kÕt cÊu: Yªu cÇu cña kh¶o s¸t lµ ph¶i thu ®îc c¸c sè liÖu lîng hãa vÒ t×nh tr¹ng h háng cña kÕt cÊu. Cô thÓ lµ lîng hãa b»ng sè liÖu vµ b»ng ¶nh nh÷ng vÊn ®Ò sau ®©y:
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(a)   Sai lÖch h×nh häc kÕt cÊu vµ chi tiÕt kÕt cÊu;

(b)  Møc biÕn d¹ng  kÕt cÊu;

(c)   Møc nghiªng, lón;

(d)  VÕt nøt (mËt ®é, chiÒu réng, chiÒu dµi, chiÒu s©u vµ híng vÕt nøt);

(e)   VÕt g·y (®Æc ®iÓm, vÞ trÝ, møc nguy hiÓm)

(f)
¡n mßn cèt thÐp (mËt ®é rØ, møc ®é rØ, tæn thÊt tiÕt diÖn cèt thÐp);

(g)
¡n mßn bª t«ng (¨n mßn x©m thùc, ¨n mßn c¸cb«n¸t, møc ®é ¨n mßn, chiÒu s©u x©m thùc vµo kÕt cÊu,

®é nhiÔm hãa chÊt, v.v.);

(h)  ChÊt lîng bª t«ng (cêng ®é, ®é ®Æc ch¾c, bong rép);

(i)
BiÕn mµu mÆt ngoµi;

(j)
C¸c khuyÕt tËt nh×n thÊy;

(k)  Sù ®¶m b¶o c«ng n¨ng kÕt cÊu (chèng thÊm, c¸ch ©m, c¸ch nhiÖt, v.v.);

(l)
T×nh tr¹ng lµm viÖc cña hÖ thèng theo dâi l©u dµi (nÕu cã). Sè liÖu ®o cña hÖ thèng t¹i thêi ®iÓm kiÓm tra chi tiÕt.

CHó thÝch:
C¸c sè liÖu lîng hãa nªu trªn ®Òu ph¶i ®îc x¸c ®Þnh trªn c¬ së c¸c tiªu chuÈn ph¬ng ph¸p thö hiÖn hµnh trong níc hoÆc quèc tÕ.

(2) Ph©n tÝch c¬ chÕ xuèng cÊp cña kÕt cÊu: Trªn c¬ së c¸c sè liÖu kh¶o s¸t nªu trªn vµ c¸c kÕt qu¶ kiÓm tra hå

s¬ lu tr÷ c«ng tr×nh, cÇn ph©n tÝch, x¸c ®Þnh c¬ chÕ t¹o nªn mçi lo¹i h háng. Cã thÓ quy n¹p mét sè d¹ng c¬

chÕ ®iÓn h×nh sau ®©y:

(a)   Nøt g·y kÕt cÊu:
Do vît t¶i; biÕn d¹ng nhiÖt Èm; lón; chÊt lîng bª t«ng.

(b)   Suy gi¶m cêng ®é bª t«ng:
Do ®é ®Æc ch¾c bª t«ng; b¶o dìng bª t«ng vµ t¸c ®éng m«i trêng; x©m thùc.

(c)   BiÕn d¹ng h×nh häc kÕt cÊu:
Do vît t¶i; t¸c ®éng m«i trêng; ®é cøng kÕt cÊu.

	(d)
	RØ cèt thÐp:
	Do ¨n mßn m«i trêng x©m thùc; cacb«nat hãa bÒ mÆt bª t«ng; nøt bª t«ng;

	
	
	thÊm níc.

	(e)
	BiÕn mµu bÒ mÆt:
	Do t¸c ®éng m«i trêng.

	(f)
	ThÊm níc:
	Do ®é chÆt bª t«ng, nøt kÕt cÊu, mèi nèi.


(3) §¸nh gi¸ møc ®é xuèng cÊp cña kÕt cÊu: Trªn c¬ së c¸c sè liÖu kiÓm tra vµ c¬ chÕ xuèng cÊp ®· ph©n tÝch,

cÇn ®¸nh gi¸ xem kÕt cÊu cã cÇn söa ch÷a hay kh«ng, vµ söa ch÷a ®Õn møc nµo.

C¬ së ®Ó ®¸nh gi¸ møc ®é xuèng cÊp lµ c¸c c«ng n¨ng cña kÕt cÊu ®îc xem xÐt, theo chØ dÉn ë môc 1.2.6.

(4) Lùa chän gi¶i ph¸p söa ch÷a hoÆc gia cêng: Gi¶i ph¸p söa ch÷a hoÆc gia cêng cÇn ®îc lùa chän trªn c¬

së c¬ chÕ xuèng cÊp ®· ®îc ph©n tÝch s¸ng tá. Gi¶i ph¸p söa ch÷a hoÆc gia cêng ®Ò ra ph¶i ®¹t ®îc yªu cÇu lµ kh«i phôc ®îc b»ng hoÆc cao h¬n c«ng n¨ng ban ®Çu cña kÕt cÊu vµ ng¨n ngõa viÖc tiÕp tôc h×nh thµnh c¬ chÕ xuèng cÊp sau khi söa ch÷a.

Quy m« söa ch÷a phô thuéc vµo tÇm quan träng cña kÕt cÊu, tuæi thä cßn l¹i cña c«ng tr×nh, kh¶ n¨ng tµi chÝnh vµ yªu cÇu cña chñ c«ng tr×nh.

Chi tiÕt vÒ ph¬ng ph¸p lùa chän gi¶i ph¸p söa ch÷a xem híng dÉn ë PhÇn 3.

(5) Thùc hiÖn söa ch÷a hoÆc gia cêng:

(a)
Chñ c«ng tr×nh cã thÓ tù thùc hiÖn söa ch÷a, gia cêng hoÆc chän mét ®¬n vÞ cã n¨ng lùc phï hîp ®Ó thùc hiÖn.

(b)
§¬n vÞ thùc hiÖn söa ch÷a hoÆc gia cêng cÇn cã kÕ ho¹ch chñ ®éng vÒ vËt t, nh©n lùc, tiÕn ®é vµ biÖn ph¸p thi c«ng, gÝam s¸t chÊt lîng tríc khi b¾t ®Çu thi c«ng.

(c)
ViÖc söa ch÷a hoÆc gia cêng ph¶i ®¶m b¶o ¶nh hëng Ýt nhÊt ®Õn m«i trêng xung quanh vµ ®Õn ngêi

sö dông. Nh÷ng thÝ nghiÖm kiÓm tra chÊt lîng cÇn thiÕt ph¶i ®îc thùc hiÖn trong qu¸ tr×nh thi c«ng.

(d)
Mäi diÔn biÕn cña c«ng t¸c söa ch÷a hoÆc gia cêng ph¶i ®îc ghi vµo sæ nhËt ký thi c«ng vµ lu gi÷ l©u dµi.

2.8.4 Ghi chÐp vµ lu gi÷ hå s¬
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(1) Mäi diÔn biÕn cña c«ng t¸c kiÓm tra chi tiÕt nªu trong môc 2.6.3 ®Òu ph¶i ®îc ghi chÐp ®Çy ®ñ díi d¹ng biªn

b¶n, sæ nhËt ký, b¶n vÏ ®Ó lu gi÷ l©u dµi.

(2) Chñ c«ng tr×nh lu gi÷ hå s¬ kiÓm tra chi tiÕt bao gåm: kÕt qu¶ kh¶o s¸t, ph©n tÝch ®¸nh gi¸, thuyÕt minh gi¶i ph¸p söa ch÷a hoÆc gia cêng, nhËt ký thi c«ng, c¸c b¶n vÏ, c¸c biªn b¶n kiÓm tra. C¸c hå s¬ nµy cÇn ®îc lu gi÷ l©u dµi cïng víi c¸c hå s¬ cña c¸c ®ît kiÓm tra tríc ®©y.

PhÇn 3-  Söa ch÷a kÕt cÊu

PhÇn nµy híng dÉn c«ng t¸c söa ch÷a kÕt cÊu theo quy tr×nh nªu ë PhÇn 1 vµ 2.

3.1  Söa ch÷a kÕt cÊu h háng do c¸c nguyªn nh©n thuéc vÒ thiÕt kÕ, thi c«ng vµ sö dông c«ng tr×nh

3.1.1 Nguyªn t¾c chung

Môc nµy híng dÉn ph¬ng ph¸p kiÓm tra chi tiÕt, x¸c ®Þnh c¬ chÕ vµ møc ®é xuèng cÊp, söa ch÷a vµ gia cêng c¸c kÕt cÊu bªt«ng cèt thÐp bÞ h háng do c¸c nguyªn nh©n thuéc vÒ thiÕt kÕ, thi c«ng vµ sö dông c«ng tr×nh, trong

®ã chñ yÕu ®Ò cËp tíi c¸c vÊn ®Ò nh: t¶i träng t¸c ®éng, kh¶ n¨ng chÞu lùc vµ kh¶ n¨ng sö dông b×nh thêng cña

kÕt cÊu tõ khi x©y dùng vµ trong suèt qu¸ tr×nh khai th¸c. Tríc khi söa ch÷a vµ gia cêng kÕt cÊu cÇn tiÕn hµnh kiÓm tra chi tiÕt, ®¸nh gi¸ møc ®é vµ ph©n tÝch c¬ chÕ/nguyªn nh©n g©y h háng c«ng tr×nh. T¶i träng ë ®©y chØ giíi h¹n trong c¸c t¸c ®éng th«ng thêng t¸c dông lªn c«ng tr×nh.

Cã ba lo¹i h háng c«ng tr×nh do c¸c nguyªn nh©n thuéc vÒ kÕt cÊu vµ t¶i träng bao gåm:

(1)  Nøt kÕt cÊu;

(2)  BiÕn d¹ng vît qu¸ giíi h¹n cho phÐp cña c«ng tr×nh do ®é cøng cña kÕt cÊu hoÆc
do c«ng nghÖ thi c«ng kh«ng ®¶m b¶o;

(3)  Kh¶ n¨ng chÞu lùc cña kÕt cÊu hoÆc cÊu kiÖn kh«ng ®ñ, tuy cha g©y ra nøt nghiªm träng hay ph¸ ho¹i kÕt cÊu, nhng ®Ó l¹i khuyÕt tËt bªn trong cÇn ph¶i gia cêng.
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H háng vµ söa ch÷a h háng c«ng tr×nh do lón nÒn mãng ®îc tr×nh bµy trong môc 3.2.

3.1.2 KiÓm tra chi tiÕt

KiÓm tra chi tiÕt ®îc tiÕn hµnh nh»m x¸c ®Þnh c¬ chÕ vµ møc ®é h háng kÕt cÊu tríc khi ®a ra gi¶i ph¸p söa ch÷a hoÆc gia cêng.

KiÓm tra chi tiÕt ®îc tiÕn hµnh víi nh÷ng c«ng viÖc sau ®©y:

3.1.2.1 Kh¶o s¸t hiÖn tr¹ng nøt kÕt cÊu

(1) Giíi h¹n bÒ réng khe nøt: Giíi h¹n bÒ réng khe nøt trong kÕt cÊu bªt«ng lµ mét trong c¸c chØ sè c«ng n¨ng quan träng ®Ó ®¸nh gi¸ kh¶ n¨ng sö dông b×nh thêng cña kÕt cÊu. Giíi h¹n bÒ réng khe nøt ®îc qui ®Þnh trong Tiªu chuÈn kÕt cÊu bªt«ng cèt thÐp hiÖn hµnh TCVN 5574:1991, tuú thuéc vµo ®iÒu kiÖn lµm viÖc cña kÕt cÊu vµ lo¹i cèt thÐp sö dông.

(2)  Kh¶o s¸t nøt: cÇn lµm s¸ng tá nh÷ng vÊn ®Ò sau ®©y:

(a)   VÞ trÝ, vµ ®Æc trng ph©n bè vÕt nøt;

(b)   Ph¬ng vµ h×nh d¹ng vÕt nøt;

(c)   KÝch thíc vÕt nøt (bÒ réng, chiÒu dµi vµ ®é s©u);

(d)   Thêi ®iÓm xuÊt hiÖn vÕt nøt;

(e)   Sù ph¸t triÓn cña vÕt nøt theo thêi gian; vµ

(f)    C¸c ®Æc trng kh¸c nh bª t«ng bÞ bong rép, bÞ nÐn vì v.v.

ViÖc kh¶o s¸t nøt cã thÓ ph¶i tiÕn hµnh trong thêi gian t¬ng ®èi l©u, theo chu kú ®Ó x¸c ®Þnh xem hiÖn tîng nøt cña kÕt cÊu ®· æn ®Þnh hay cßn ®ang ph¸t triÓn.

(3)
§Æc trng vµ c¬ chÕ h×nh thµnh vÕt nøt do t¶i träng:

(a) VÞ trÝ vµ ®Æc trng ph©n bè vÕt nøt: C¸c vÕt nøt thêng xuÊt hiÖn ë c¸c vïng dù  ®o¸n cã øng suÊt kÐo lín nhÊt trong kÕt cÊu/cÊu kiÖn.

§èi víi dÇm ®¬n gi¶n vµ dÇm liªn tôc, c¸c vÕt nøt vu«ng gãc víi trôc dÇm thêng ph¸t triÓn ë phÇn díi cña gi÷a nhÞp hoÆc phÇn trªn gÇn gèi ®ì. C¸c vÕt nøt xiªn ë gÇn gèi ®ì hoÆc ë gÇn ®iÓm ®Æt t¶i träng tËp trung. Trong mét sè trêng hîp, cã thÓ cã c¸c vÕt nøt xuÊt hiÖn ë vïng chÞu nÐn gÇn n¬i cã m«-men uèn lín nhÊt cña dÇm. Mét sè d¹ng

vÕt nøt ®îc thÓ hiÖn ë h×nh 3.1.1.

H×nh 3.1.1 VÕt nøt do uèn

Lùc t¸c dông




mÆt chÞu kÐo

~45°


mÆt chÞu kÐo

vÕt nøt xiªn do c¾t
vÕt nøt xiªn do c¾t

           chiÒu t¸c dông cña øng suÊt
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H×nh 3.1.2: VÕt nøt do c¾t
H×nh 3.1.3: VÕt nøt do uèn c¾t (dÇm liªn tôc)

H×nh 3.1.4: VÕt nøt do nÐn (cét, qu¸ t¶i)

(b)
H×nh d¹ng vÕt nøt: VÕt nøt do kÐo g©y ra thêng vu«ng gãc víi øng suÊt ph¸p, nh chiÒu vÕt nøt chÞu kÐo cña dÇm chÞu uèn lu«n vu«ng gãc víi trôc dÇm, phÝa díi réng, phÝa trªn nhá.

VÕt nøt do c¾t ë gÇn gèi, thêng xiªn 450 ph¸t triÓn lªn phÝa trªn vµ híng vµo gi÷a dÇm (H×nh 3.1.2 vµ 3.1.3). VÕt nøt do lùc nÐn g©y ra thêng song song víi chiÒu cña lùc nÐn, phÇn lín h×nh d¹ng cña vÕt nøt lµ hai ®Çu

nhá, ë gi÷a réng (H×nh 3.1.4).

VÕt nøt do m«-men xo¾n g©y ra cã h×nh xo¾n èc xiªn, bÒ réng cña khe nøt thêng kh«ng thay ®æi lín. VÕt nøt do xung lùc (lùc va ®Ëp) thêng ph¸t triÓn xiªn 450 víi chiÒu cña xung lùc.

VÕt nøt do lón nÒn mãng: §èi víi kÕt cÊu bª t«ng cèt thÐp, c¸c vÕt nøt do biÕn d¹ng nÒn thêng xuÊt hiÖn tËp trung ë khu vùc cã ®é cong t¬ng ®èi lín cña ®êng cong lón. ChiÒu cña vÕt nøt vu«ng gãc víi chiÒu cña øng suÊt kÐo chÝnh do biÕn d¹ng nÒn sinh ra. §èi víi dÇm vµ sµn, c¸c vÕt nøt do lón thêng lµ c¸c vÕt nøt th¼ng gãc víi trôc dÇm vµ sµn. Khi bÞ lón lÖch hay lón ¶nh hëng cña c«ng tr×nh l©n cËn, thêng xuÊt hiÖn c¸c vÕt nøt xiªn ë dÇm (gÇn liªn kÕt dÇm-cét), c¸c vÕt nøt chÐo gãc 450 (trªn mÆt b»ng sµn) ë c¸c gãc sµn.

(c)   KÝch thíc cña vÕt nøt: VÕt nøt xuÊt hiÖn trong giai ®o¹n sö dông b×nh thêng cña kÕt cÊu nãi chung bÒ réng khe nøt kh«ng lín. BÒ réng khe nøt gi¶m dÇn tõ mÆt ngoµi kÕt cÊu vµo bªn trong (chiÒu s©u) cña bªt«ng.

Khi kÕt cÊu vît t¶i nghiªm träng hoÆc ®¹t tíi tr¹ng th¸i giíi h¹n th× bÒ réng khe nøt thêng t¬ng ®èi lín, vît qu¸ giíi h¹n qui ®Þnh trong TCVN 5574:1991.

Tuy nhiªn, ®èi víi c¸c vÕt nøt do lùc nÐn däc trôc sinh ra, bÒ réng khe nøt kh«ng lín, cã thÓ nhá h¬n giíi h¹n qui ®Þnh trong TCVN 5574:1991, nhng vÉn lµ dÊu hiÖu cña kÕt cÊu tíi gÇn tr¹ng th¸i giíi h¹n, cÇn ph¶i hÕt søc chó ý khi kh¶o s¸t vµ ®¸nh gi¸.

(d) Thêi ®iÓm xuÊt hiÖn vÕt nøt: VÕt nøt thêng xuÊt hiÖn khi t¶i träng ®ét ngét t¨ng lªn, vÝ dô: khi th¸o dì cèp-pha, l¾p ®Æt thiÕt bÞ, khi cho kÕt cÊu chÞu t¶i vµ chÞu vît t¶i. Trong kÕt cÊu cã thÓ xuÊt hiÖn c¸c vÕt nøt khi bÞ lón kh«ng ®Òu vît qua giíi h¹n cho phÐp. Thêi ®iÓm xuÊt hiÖn vÕt nøt kh«ng nhÊt thiÕt lµ thêi ®iÓm sinh ra nøt.

(e)  Sù ph¸t triÓn vÕt nøt: VÕt nøt thêng ph¸t triÓn theo sù gia t¨ng cña t¶i träng vµ thêi gian t¸c ®éng kÐo dµi cña

t¶i träng còng nh sù gia t¨ng ®é lón.

(4) DÊu hiÖu nøt nguy hiÓm: C¸c dÊu hiÖu sau lµ c¸c dÊu hiÖu nøt nguy hiÓm ¶nh hëng nghiªm träng ®Õn ®é an toµn cña kÕt cÊu nÕu kh«ng cã c¸c biÖn ph¸p xö lý thÝch hîp:

(a)  §èi víi dÇm: ë gi÷a nhÞp dÇm: phÝa díi xuÊt hiÖn c¸c vÕt nøt theo ph¬ng vu«ng gãc víi trôc dÇm, ph¸t triÓn tíi h¬n 2/3 chiÒu cao dÇm; hoÆc ë phÝa trªn (vïng chÞu nÐn) xuÊt hiÖn nhiÒu vÕt nøt song song víi trôc dÇm nh×n râ b»ng m¾t thêng, líp bªt«ng b¶o vÖ bÞ bong rép, mÆt díi cã thªm c¸c vÕt nøt ®øng (theo ph¬ng vu«ng gãc víi trôc dÇm).

75

TCXDVN 318: 2004

GÇn gèi dÇm xuÊt hiÖn c¸c vÕt nøt xiªn nh×n râ, ®©y lµ c¸c vÕt nøt rÊt nguy hiÓm. Khi vÕt nøt kÐo dµi tíi

trªn 1/3 chiÒu cao dÇm, hoÆc khi ®ång thêi víi c¸c vÕt nøt xiªn, ë vïng chÞu nÐn cßn xuÊt hiÖn c¸c vÕt nøt song song víi trôc dÇm th× cã thÓ lµm cho dÇm ph¸ ho¹i v× nøt g·y. Trong trêng hîp cèt ®ai bè trÝ qu¸ Ýt,

tØ sè gi÷a kho¶ng c¸ch tõ ®iÓm ®Æt t¶i träng tËp trung ®Õn gèi tùa vµ chiÒu cao h÷u dông cña dÇm lín h¬n

3, nÕu xuÊt hiÖn c¸c vÕt nøt xiªn, øng suÊt trong cèt ®ai sÏ t¨ng nhanh ®¹t tíi cêng ®é ch¶y, vÕt nøt xiªn ph¸t triÓn rÊt nhanh lµm dÇm nøt thµnh 2 phÇn vµ bÞ ph¸ ho¹i.

PhÝa trªn gÇn gèi dÇm liªn tôc xuÊt hiÖn c¸c vÕt nøt theo ph¬ng song song víi trôc dÇm quan s¸t ®îc b»ng m¾t thêng, phÝa díi kÐo dµi tíi 1/3 chiÒu cao dÇm, hoÆc phÝa trªn xuÊt hiÖn c¸c vÕt nøt ®øng, ®ång thêi phÝa díi xuÊt hiÖn c¸c vÕt nøt ngang.

GÇn ®Çu ngµm cña c¸c c«ng-x«n cã c¸c vÕt nøt ®øng hoÆc c¸c vÕt nøt xiªn nh×n râ.

(b) §èi víi b¶n sµn: XuÊt hiÖn c¸c vÕt nøt ngang th¼ng gãc víi cèt thÐp chñ chÞu  kÐo, ®ång thêi xuyªn s©u tíi vïng chÞu nÐn.

PhÝa trªn gÇn ®Çu ngµm cña b¶n c«ng-s«n xuÊt hiÖn c¸c vÕt nøt nh×n râ, vu«ng gãc víi cèt thÐp chñ chÞu kÐo.

Xung quanh phÝa trªn cña sµn ®æ t¹i chç cã vÕt nøt râ rÖt, hoÆc phÝa díi cã nh÷ng vÕt nøt ®an nhau. DÊu hiÖu chäc thñng sµn ®èi víi sµn ph¼ng gèi lªn cét.

(c) §èi víi cét: XuÊt hiÖn vÕt nøt, mét phÇn líp bªt«ng b¶o vÖ bÞ bong rép, lé cèt thÐp chÞu lùc.

Mét bªn sinh ra vÕt nøt ngang nh×n thÊy ®îc b»ng m¾t thêng, phÝa bªn kia bªt«ng bÞ nÐn vì, lé cèt thÐp chÞu lùc.

XuÊt hiÖn c¸c vÕt nøt ®an nhau râ rÖt.

(d) §èi víi têng: ë phÇn gi÷a cña têng sinh ra c¸c vÕt nøt ®an nhau râ rÖt, hoÆc cã thªm líp b¶o vÖ bÞ bong rép.

(e) §èi víi nót khung: C¸c vÕt nøt ®øng, xiªn hoÆc c¸c vÕt nøt ®an nhau xuÊt hiÖn ë nót khung hoÆc khu vùc gÇn nót khung.

3.1.2.2 Kh¶o s¸t biÕn d¹ng cña kÕt cÊu

BiÕn d¹ng cña kÕt cÊu bao gåm ®é vâng, gãc xoay, gãc trît, biªn ®é dao ®éng. Tuy nhiªn, biÕn d¹ng kÕt cÊu cÇn ph¶i kh¶o s¸t chñ yÕu lµ ®é vâng. §é vâng cña kÕt cÊu vµ cÊu kiÖn thêng liªn quan víi sù ph¸t triÓn vÕt nøt trong kÕt cÊu vµ cÊu kiÖn.

(1)  §o ®é vâng: §èi víi c¸c kÕt cÊu nhÞp lín vµ trong mét sè trêng hîp cã yªu cÇu, cã thÓ ph¶i tiÕn hµnh ®o ®é vâng/chuyÓn vÞ khi cho kÕt cÊu chÞu t¶i (xe ch¹y qua, m¸y mãc ho¹t ®éng, si-l« chøa ®Çy xi-m¨ng, bÓ chøa

®Çy níc v.v...) hoÆc chÊt t¶i.

ViÖc chÊt t¶i th«ng thêng cã thÓ tiÕn hµnh Ýt nhÊt theo 4 cÊp t¬ng øng víi 0%, 25%, 50%, 75% vµ 100%

tæng gi¸ trÞ tiªu chuÈn cña ho¹t t¶i vµ c¸c t¶i träng kh¸c kh¶ dÜ t¸c dông lªn kÕt cÊu.

Sau mçi cÊp chÊt t¶i, gi÷ t¶i 60 phót, ®äc sè liÖu cña c¸c ®ång hå ®o ®é vâng/chuyÓn vÞ t¹i c¸c vÞ trÝ cÇn theo dâi.

Sau khi chÊt toµn bé t¶i, ®o ®é vâng/chuyÓn vÞ t¹i c¸c vÞ trÝ cÇn thiÕt trªn kÕt cÊu. Sau ®ã gi÷ t¶i tèi thiÓu trong vßng 24 giê. §o tiÕp ®é vâng/chuyÓn vÞ sau khi ®· gi÷ t¶i ®îc 24 giê.

Dì toµn bé t¶i ra khái kÕt cÊu theo 2 cÊp 50% vµ 100% t¶i, ®äc sè ®o chuyÓn vÞ. Sau 24 giê, ®äc sè ®o mét lÇn n÷a.

(2) Giíi h¹n cña biÕn d¹ng (®é vâng): Giíi h¹n cña biÕn d¹ng (®é vâng) ®îc qui ®Þnh trong TCVN 5574:1991.

Cã  thÓ  ®o  ®é  vâng  cña  kÕt  cÊu  tõ  khi b¾t  ®Çu  cho  kÕt  cÊu  chÞu  t¶i  (0%)  cho  ®Õn  khi  chÞu ®ñ  t¶i  qui  ®Þnh

(100%), ®é vâng ban ®Çu cã thÓ ngo¹i suy tõ ®é vâng ®o ®îc khi chÊt t¶i víi gi¶ thiÕt sù ®èi xö cña kÕt cÊu ë giai ®o¹n tríc khi chÊt t¶i n»m trong giai ®o¹n ®µn håi.

3.1.2.3 Kh¶o s¸t hiÖn tr¹ng kÕt cÊu

Khi cã yªu cÇu kh¶o s¸t hiÖn tr¹ng kÕt cÊu, viÖc kh¶o s¸t sÏ bao gåm:

(1)   KÝch thíc vµ bè trÝ thùc tÕ cña c¸c kÕt cÊu, cÊu kiÖn;

(2)   CÊu t¹o thùc tÕ cña c¸c liªn kÕt, gèi tùa;
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(3)   VÞ trÝ vµ kho¶ng c¸ch cèt thÐp chÞu lùc t¹i mét sè vÞ trÝ cÇn kh¶o s¸t;

(4)   ChiÒu dµy líp bª t«ng b¶o vÖ.

Trong mét sè trêng hîp ph¶i ®ôc líp bª t«ng b¶o vÖ ®Ó x¸c ®Þnh kho¶ng c¸ch, sè lîng vµ ®êng kÝnh cèt thÐp.

3.1.2.4 X¸c ®Þnh cêng ®é thùc tÕ cña bª t«ng vµ cèt thÐp trong kÕt cÊu

LÊy mÉu tiÕn hµnh thÝ nghiÖm ph¸ ho¹i trong phßng thÝ nghiÖm theo TCXD 239:2000, hoÆc kiÓm nghiÖm cêng

®é thùc tÕ cña bªt«ng b»ng c¸c ph¬ng ph¸p kiÓm tra kh«ng ph¸ ho¹i nh sóng bËt nÈy, sãng siªu ©m theo TCXD

162:1987 vµ TCXD 171:1989;

KiÓm tra chøng chØ vÒ cêng ®é cña cèt thÐp ®· sö dông khi thi c«ng phï hîp theo TCVN 197:1985.

3.1.2.5 Nghiªn cøu vµ kiÓm tra hå s¬ thiÕt kÕ

Môc ®Ých cña c«ng t¸c nµy nh»m x¸c ®Þnh hay lo¹i trõ nguyªn nh©n g©y h háng do thiÕt kÕ, hiÓu râ s¬ ®å chÞu lùc kÕt cÊu, lùa chän vµ quyÕt ®Þnh biÖn ph¸p söa ch÷a gia cêng sau nµy. C¸c néi dung bao gåm:

(1)  KiÓm tra c¸c b¶n vÏ thiÕt kÕ dïng ®Ó thi c«ng vµ b¶n vÏ hoµn c«ng c«ng tr×nh;

(2)  KiÓm tra tÝnh hîp lý cña gi¶i ph¸p thiÕt kÕ;

(3)  KiÓm tra s¬ ®å, vµ kÕt qu¶ tÝnh to¸n kÕt cÊu, cÇn thiÕt cã thÓ tÝnh to¸n l¹i kÕt cÊu.

3.1.2.6 Kh¶o s¸t t×nh h×nh thi c«ng

Trong qu¸ tr×nh kh¶o s¸t t×nh h×nh thi c«ng, ph¬ng ph¸p thi c«ng vµ lÞch tr×nh c«ng viÖc ®· sö dông ®îc nghiªn cøu kü ®Ó ph¸t hiÖn nh÷ng sai sãt thi c«ng vµ c¸c lçi kh¸c. C«ng viÖc kh¶o s¸t gåm cã:

(1)  Ph¬ng ph¸p thi c«ng;

(2)  Sù chÊp hµnh c¸c yªu cÇu, tr×nh tù vµ tiÕn ®é thi c«ng ®îc qui ®Þnh trong hå s¬ thiÕt kÕ vµ c¸c qui ph¹m thi c«ng kh¸c, sù gi¸n ®o¹n/chËm trÔ trong thi c«ng, thi c«ng nhanh bá qua qui tr×nh v.v...;

(3)  Trong mét sè trêng hîp cÇn thèng kª ph©n tÝch c¸c trÞ sè t¶i träng do thi c«ng;

(4)  Nghiªn cøu kiÓm tra c¸c biªn b¶n kiÓm tra chÊt lîng vµ chøng chØ thÝ nghiÖm vËt liÖu, bªt«ng vµ cèt thÐp.

3.1.2.7 Kh¶o s¸t t¶i träng vµ t¸c ®éng

Kh¶o s¸t, ®iÒu tra tÊt c¶ c¸c lo¹i t¶i träng vµ t¸c ®éng cã thÓ t¸c dông lªn kÕt cÊu trong suèt thêi gian thi c«ng vµ

sö dông c«ng tr×nh. Néi dung, chñ yÕu bao gåm ®iÒu tra vµ ph©n tÝch c¸c t¶i träng vµ hiÖu øng (néi lùc/øng suÊt, biÕn d¹ng/®é vâng) cña c¸c t¶i träng nµy t¸c dông lªn kÕt cÊu, vµ tæ hîp cña t¶i träng. Khi cã nghi ngê vÒ sù vît

t¶i träng, tiÕn hµnh ®o thùc tÕ trÞ sè cña t¶i träng t¸c dông lªn c«ng tr×nh.

3.1.2.8 ThÝ nghiÖm t¶i träng

Khi cã yªu cÇu, cã thÓ tiÕn hµnh thÝ nghiÖm t¶i träng hiÖn trêng b»ng ph¬ng ph¸p chÊt t¶i. ViÖc thÝ nghiÖm t¶i träng hiÖn trêng ®îc thùc hiÖn dùa vµo thiÕt kÕ hoÆc yªu cÇu sö dông, nh»m kiÓm tra søc chÞu t¶i, kh¶ n¨ng chèng nøt, biÕn d¹ng vµ ®é vâng thùc tÕ. Qui tr×nh thÝ nghiÖm t¶i träng cã thÓ tham kh¶o tiªu chuÈn bª t«ng Hoa kú: ACI 318-2002 (ch¬ng 20).

3.1.3 §¸nh gi¸ møc ®é h háng vµ lùa chän biÖn ph¸p söa ch÷a kÕt cÊu

3.1.3.1 KiÓm tra, ®¸nh gi¸ c«ng n¨ng vµ møc ®é h háng cña kÕt cÊu

(1)  KiÓm tra ®é an toµn (vÒ kh¶ n¨ng chÞu lùc): §é an toµn hay kh¶ n¨ng chÞu lùc cña kÕt cÊu ®îc xem lµ kh«ng

®¶m b¶o khi mét trong c¸c chØ tiªu sau ®©y s¶y ra:

(a) ChØ sè c«ng n¨ng vÒ an toµn (xem môc con 1.2.6) (Ptt/Pyc) lín h¬n 1 hay kh¶ n¨ng chÞu lùc cña kÕt cÊu kh«ng ®¶m b¶o theo qui ®Þnh trong tiªu chuÈn TCVN 5574:1991.

(Ptt /Pyc) > 1
(3.1)


trong ®ã:

Pyc  - gi¸ trÞ nguy hiÓm cã thÓ x¶y ra cña tõng néi lùc hoÆc do t¸c dông ®ång thêi cña mét sè néi lùc;
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Ptt  - kh¶ n¨ng chÞu lùc (øng víi t¸c dông P) cña tiÕt diÖn ®ang xÐt cña kÕt cÊu khi tiÕt diÖn chÞu lùc ®¹t tíi

tr¹ng th¸i giíi h¹n.

Gi¸ trÞ Pyc  x¸c ®Þnh theo t¶i träng (thùc tÕ hoÆc theo thiÕt kÕ) tÝnh to¸n vµ ®îc chän trong c¸c tæ hîp néi lùc øng víi c¸c trêng hîp nguy hiÓm ®èi víi sù lµm viÖc cña kÕt cÊu, xÐt c¶ vÒ trÞ sè vµ c¶ vÒ ph¬ng chiÒu cña néi lùc.

Gi¸ trÞ Ptt  ®îc x¸c ®Þnh theo ®Æc trng h×nh häc (thùc tÕ hoÆc theo thiÕt kÕ) cña tiÕt diÖn vµ ®Æc trng cêng ®é (thùc tÕ hoÆc theo thiÕt kÕ) tÝnh to¸n cña vËt liÖu. C¸c biÓu thøc tÝnh Ptt  còng nh viÖc cô thÓ ho¸

®iÒu kiÖn (3.1) ®îc tr×nh bµy trong Ch¬ng 3 cña tiªu chuÈn TCVN 5574:1991.

(b) ViÖc kh¶o s¸t, ph©n tÝch kh¼ng ®Þnh lµ cã hiÖn tîng nÐn nøt: bªt«ng bÞ nÐn vì, líp b¶o vÖ bÞ bong rép.

(c) VÕt nøt ph¸t triÓn kh«ng cã dÊu hiÖu æn ®Þnh.

(d) VÕt nøt ¶nh hëng lín ®Õn ®é cøng vµ tÝnh tæng thÓ (toµn khèi) cña kÕt cÊu.

(e) C¸c vÕt nøt nguy hiÓm nh tr×nh bµy trong kho¶n (4), môc 3.1.2.1.

(2)  KiÕm tra kh¶ n¨ng sö dông b×nh thêng: KÕt cÊu ®îc coi lµ mÊt kh¶ n¨ng sö dông b×nh thêng khi mét trong c¸c chØ tiªu sau ®©y x¶y ra:

(a) ChØ sè c«ng n¨ng vÒ nøt kÕt cÊu (att/ayc) lín h¬n 1 (hay bÒ réng khe nøt vît  qu¸ giíi h¹n qui ®Þnh trong

TCVN 5574:1991):

(att/ayc) > 1
(3.2)


trong ®ã:

att  - bÒ réng khe nøt (tÝnh to¸n theo lý thuyÕt hoÆc ®o thùc tÕ) cña bªt«ng ë vÞ trÝ ngang møc cèt thÐp chÞu kÐo,

ayc  - bÒ réng giíi h¹n cña khe nøt x¸c ®Þnh theo TCVN 5574:1991.

(b)   ChØ sè c«ng n¨ng vÒ biÕn d¹ng cña kÕt cÊu (ftt/fyc) lín h¬n 1.0 (hay biÕn d¹ng vît qu¸ giíi h¹n cho phÐp trong TCVN 5574:1991):

(ftt/fyc) > 1
(3.3)


trong ®ã:

ftt  - biÕn d¹ng cña kÕt cÊu (®é vâng, gãc xoay, gãc trît, biªn ®é dao ®éng) do t¶i träng tiªu chuÈn g©y ra,

fyc  - trÞ sè giíi h¹n cña biÕn d¹ng cho trong TCVN 5574:1991.

(c) MÊt tÝnh n¨ng chèng thÊm: Cã thÊm Èm hoÆc thÊm ch¶y dßng.

(d) MËt ®é nøt cao, g©y lo sî cho ngêi sö dông.

3.1.3.2 X¸c ®Þnh nguyªn nh©n g©y h háng kÕt cÊu

Xö lý kÕt cÊu ph¶i c¨n cø vµo c¬ chÕ hay nguyªn nh©n g©y h háng kÕt cÊu ®Ó ng¨n chÆn hay lo¹i trõ hiÖn tîng nøt, vâng qu¸ giíi h¹n cho phÐp.

C¸c nguyªn nh©n g©y nøt vµ h háng kÕt cÊu cã thÓ lµ:

(1)  Sai sãt trong thiÕt kÕ kÕt cÊu:

(a)  MÆt c¾t tiÕt diÖn kÕt cÊu/cÊu kiÖn qu¸ nhá, kh«ng khèng chÕ ®îc yªu cÇu vÒ vâng, nøt hay æn ®Þnh.

(b)  DiÖn tÝch cèt thÐp chÞu kÐo nhá, bá qua hay xem nhÑ yªu cÇu chèng nøt vµ khèng chÕ ®é vâng khi tÝnh to¸n thiÕt kÕ.

(c)  DiÖn tÝch mÆt c¾t bªt«ng bÐ, nhng bè trÝ nhiÒu cèt thÐp lµm cho vïng chÞu nÐn bÞ nøt vì khi chÞu t¶i träng cùc h¹n.

(d)  Bá qua hay kh«ng xÐt ®Õn mét sè trêng hîp t¶i träng cã kh¶ n¨ng xuÊt hiÖn trong qu¸ tr×nh sö dông c«ng tr×nh.

(e)  Xem nhÑ c¸c gi¶i ph¸p cÊu t¹o qui ®Þnh trong c¸c tiªu chuÈn thuéc lÜnh vùc bª t«ng cèt thÐp.

(2)  C«ng nghÖ thi c«ng kh«ng tèt:

(a)  ChÊt lîng vËt liÖu kh«ng ®¶m b¶o, cÊp phèi bªt«ng kh«ng ®¹t yªu cÇu.
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(b)  V¸n khu«n bÞ biÕn d¹ng, c©y chèng v¸n khu«n bÞ lón, dÉn ®Õn kÕt cÊu bÞ vâng vµ lón tríc khi chÞu t¶i.

(c)  Tr×nh tù ®æ bªt«ng kh«ng tèt, tèc ®é ®æ bªt«ng qu¸ nhanh, kh«ng xem xÐt ®Õn ®iÒu kiÖn thêi tiÕt khi thi c«ng, xuÊt hiÖn khe nøt trong khi thi c«ng nhng kh«ng xö lý, b¶o dìng kÐm (nh hiÖn tîng nøt trong c¸c bÓ chøa lo¹i lín).

(d)  Líp b¶o vÖ cèt thÐp qu¸ lín hoÆc qu¸ nhá.

(e)  Gia t¶i qu¸ sím hoÆc vît t¶i khi thi c«ng (cã thÓ sinh ra nøt hoÆc sËp ®æ kÕt cÊu).

(f)   C«ng nghÖ trît v¸n khu«n kh«ng tèt.

(g)  Sai sãt trong bè trÝ cèt thÐp theo mÆt c¾t tiÕt diÖn kÕt cÊu (vÝ dô, nhÇm tiÕt diÖn cét tÇng 6 xuèng tÇng 4).

(h)  Bª t«ng kh«ng ®¹t cêng ®é qui ®Þnh.

(i)   Vµ c¸c nguyªn nh©n kh¸c.

(3) Vît t¶i:

(a)  Vît t¶i do sö dông sai c«ng n¨ng.

(b)  Vît t¶i do c¬i níi c¶i t¹o thªm.

(c)  Vît t¶i do cã c¸c trêng hîp t¶i träng kh«ng qui ®Þnh trong tiªu chuÈn hay vît gi¸ trÞ qui ®Þnh trong tiªu chuÈn, qui ph¹m (®Æc biÖt ®èi víi c¸c c«ng tr×nh c«ng nghiÖp hay c¸c c«ng tr×nh ®Æc biÖt kh¸c).

(4) C«ng tr×nh bÞ lón kh«ng ®Òu.

3.1.3.3 Lùa chän gi¶i ph¸p söa ch÷a hoÆc gia cêng

QuyÕt ®Þnh biÖn ph¸p xö lý kÕt cÊu ph¶i b¾t ®Çu tõ ph©n tÝch, ®¸nh gi¸ møc ®é nguy hiÓm vµ nguyªn nh©n g©y nøt, vâng c«ng tr×nh. CÇn ph©n râ ranh giíi c¸c vÕt nøt cÇn ph¶i söa ch÷a gia cêng hay kh«ng cÇn ph¶i xö lý. N¾m

v÷ng nguyªn t¾c söa ch÷a, gia cêng, chän biÖn ph¸p, thêi gian, tiÕn ®é vµ gi¸ thµnh thi c«ng mét c¸ch hîp lý lµ

nh÷ng ®iÒu c¨n b¶n cña söa ch÷a, gia cêng nh»m ®¶m b¶o tuæi thä vµ c«ng n¨ng sö dông l©u dµi cña kÕt cÊu.

3.1.4 ThiÕt kÕ söa ch÷a, gia cêng kÕt cÊu

3.1.4.1 Nguyªn t¾c chung

Khi  kÕt  qu¶  kh¶o  s¸t,  ®¸nh  gi¸  kh¼ng  ®Þnh  r»ng  kÕt  cÊu  kh«ng  ®¶m  b¶o  an  toµn  hoÆc  kh¶  n¨ng  lµm  viÖc  b×nh thêng theo môc 3.1.3 th× b¾t buéc ph¶i söa ch÷a hay gia cêng kÕt cÊu.

C«ng t¸c söa ch÷a, gia cêng cã thÓ tiÕn hµnh cho toµn bé c«ng tr×nh hoÆc chØ t¹i nh÷ng vÞ trÝ hay cÊu kiÖn ®îc chØ ®Þnh, nhng ph¶i t«n träng c¸c nguyªn t¾c sau:

(1) X¸c ®Þnh ®óng møc ®é vµ nguyªn nh©n cña h háng. §èi víi c¸c h háng cha râ møc ®é vµ nguyªn nh©n, cã thÓ theo dâi vµ kh¶o s¸t thªm, sau khi x¸c ®Þnh ®óng møc ®é vµ nguyªn nh©n míi tiÕn hµnh söa ch÷a hay gia cêng.

(2) Lµm râ môc ®Ých söa ch÷a. Dùa vµo tÝnh chÊt cña vÕt nøt, vâng vµ yªu cÇu sö dông cña c«ng tr×nh ®Ó x¸c ®Þnh môc ®Ých söa ch÷a nh: (i) chØ ng¨n l¹i ®Ó b¶o vÖ hay (ii) gia cè ®Ó t¨ng cêng.

(3) §¶m b¶o an toµn cho kÕt cÊu vµ ngêi sö dông trong thêi gian kh¶o s¸t, tríc khi vµ trong lóc söa ch÷a hay gia cêng c«ng tr×nh.

(4) §¸p øng yªu cÇu sö dông.

(5) §¶m b¶o ®é bÒn l©u cña vËt liÖu: bªt«ng vµ cèt thÐp.

(6) TiÕn ®é, tÝnh kh¶ thi vµ kinh tÕ cña ph¬ng ph¸p.

(7) §¸p øng yªu cÇu thiÕt kÕ (vÒ kh¶ n¨ng chÞu lùc), tu©n theo c¸c qui ®Þnh cña tiªu chuÈn kÕt cÊu bªt«ng cèt thÐp hiÖn hµnh.

(8)  TiÕn  hµnh  kiÓm  tra  c«ng  n¨ng  (bÊt  ph¬ng  tr×nh  (3.1),  (3.2)  vµ  (3.3))  vµ  ®é  bÒn  l©u  (yªu  cÇu  cÊu  t¹o  theo

TCVN 5574:1991)) theo gi¶i ph¸p thiÕt kÕ söa ch÷a hoÆc gia cêng.

3.1.4.2 TÝnh to¸n vµ thiÕt kÕ söa ch÷a, gia cêng
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(1) ThiÕt kÕ cÇn kÕt hîp chÆt chÏ víi biÖn ph¸p thi c«ng.

(2) T¶i träng vµ t¸c ®éng t¸c dông lªn kÕt cÊu ®îc x¸c ®Þnh theo c¸c qui ®Þnh cña tiªu chuÈn t¶i träng vµ t¸c ®éng hiÖn hµnh. T¶i träng m¸y vµ c«ng nghÖ lÊy theo sè liÖu cho bëi nhµ cung cÊp thiÕt bÞ vµ c«ng nghÖ. Khi ph¶i

®o thùc tÕ t¶i träng th× gi¸ trÞ trung b×nh cña t¶i träng ®îc tÝnh trªn sè liÖu ®o t¹i Ýt nhÊt 5 vÞ trÝ, khi ®ã gi¸ trÞ

tiªu chuÈn cña t¶i träng cã thÓ lÊy b»ng 1.1 lÇn gi¸ trÞ trung b×nh nhËn ®îc.

(3) S¬ ®å tÝnh to¸n: S¬ ®å tÝnh to¸n kÕt cÊu ®îc x¸c ®Þnh c¨n cø vµo sù t¸c ®éng lªn kÕt cÊu hoÆc yªu cÇu chÞu lùc thùc tÕ. §èi víi kÕt cÊu söa ch÷a, gia cêng (bao gåm kÕt cÊu cò vµ phÇn gia cêng bæ sung), cã thÓ cã 2 tr¹ng th¸i chÞu lùc sau:

(a)  Tr¹ng th¸i 1: KÕt cÊu cò ®îc tÝnh to¸n chÞu phÇn tÜnh t¶i vµ t¶i träng thiÕt bÞ ®· cã t¸c dông lªn kÕt cÊu tríc khi söa ch÷a. C¸c t¶i träng nµy ®îc gi÷ nguyªn vµ t¸c dông lªn kÕt cÊu trong suèt qu¸ tr×nh söa ch÷a vµ sau söa ch÷a;

(b)  Tr¹ng th¸i 2: KÕt cÊu söa ch÷a, gia cêng ®îc tÝnh to¸n chÞu phÇn tÜnh t¶i thªm, ph¸t sinh do söa ch÷a, thiÕt bÞ ®Æt thªm, ho¹t t¶i vµ t¶i träng c«ng nghÖ.

Néi lùc vµ øng suÊt trong kÕt cÊu cò b»ng tæng cña 2 tr¹ng th¸i 1 vµ 2. BiÕn d¹ng vµ øng suÊt trong phÇn gia cêng bæ xung chØ do tr¹ng th¸i 2 g©y ra.

(4) TiÕt diÖn chÞu lùc cña cÊu kiÖn ph¶i lÊy thùc tÕ cã ®Ó ý ®Õn ®Æc ®iÓm chÞu lùc, biÕn d¹ng sau khi söa ch÷a, gia cêng vµ

sù lµm viÖc ®ång thêi gi÷a phÇn kÕt cÊu cò vµ míi.

(5) CÇn thiÕt ph¶i kiÓm tra l¹i kh¶ n¨ng chÞu lùc cña c¸c kÕt cÊu hoÆc bé phËn kÕt cÊu cã liªn quan vµ nÒn mãng c«ng tr×nh trong trêng hîp t¶i träng ph¸t sinh do söa ch÷a, gia cêng lµ ®¸ng kÓ.

3.1.5 C¸c ph¬ng ph¸p, kü thuËt söa ch÷a, gia cêng

Ph¬ng ph¸p söa ch÷a, gia cêng kÕt cÊu bªt«ng cèt thÐp cã thÓ lµ:

(1) Ph¬ng ph¸p söa ch÷a ®èi víi c¸c vÕt nøt ®· æn ®Þnh:

(a)  Söa ch÷a bÒ mÆt: ph¬ng ph¸p thêng dïng   lµ ®ôc xung quanh vÕt nøt råi tr¸t ph¼ng, s¬n chÊt kÕt dÝnh epoxy, phun v÷a xi m¨ng hoÆc bªt«ng ®¸ nhá, d¸n v¶i sîi thuû tinh b»ng m¸t-tit epoxy hoÆc keo epoxy, t¨ng tÝnh toµn khèi cña líp mÆt, neo nøt b»ng bu-l«ng thÐp;

(b)  Söa ch÷a côc bé: c¸c ph¬ng ph¸p sö dông lµ ph¬ng ph¸p ®¾p, ph¬ng ph¸p øng suÊt tríc, ®ôc bá mét phÇn bªt«ng ®Ó ®æ l¹i;

(c)  Phun ¸p lùc v÷a xi m¨ng: Lµ ph¬ng ph¸p phï hîp víi c¸c vÕt nøt æn ®Þnh cã bÒ réng khe nøt lín h¬n

0,5mm.

(2) Gi¶m néi lùc kÕt cÊu: ph¬ng ph¸p thêng dïng cã thÓ lµ gi¶m t¶i hoÆc khèng chÕ t¶i träng sö dông (vÝ dô: ghi

râ ho¹t t¶i cña khu vùc lµ 200 daN/m2  t¹i c¸c khu vùc sö dông), lµm kÕt cÊu gi¶m néi lùc b»ng c¸ch t¨ng thªm gèi tùa hoÆc t¨ng thanh chèng gi¶m khÈu ®é cña kÕt cÊu.

(3) T¨ng cêng kÕt cÊu: C¸c ph¬ng ph¸p thêng dïng lµ: (a) t¨ng tiÕt diÖn kÕt cÊu (lµm sµn dµy thªm, t¨ng chiÒu cao dÇm v.v.), (b) kü thuËt bäc ngoµi b»ng bªt«ng, (c) kü thuËt bäc ngoµi b»ng thÐp h×nh, (d) kü thuËt gia cêng d¸n b¶n thÐp hoÆc b¶n composite, (e) t¨ng cêng b»ng hÖ thèng øng suÊt tríc c¨ng ngoµi.

(4) C¸c ph¬ng ph¸p kh¸c: th¸o dì lµm l¹i, c¶i thiÖn ®iÒu kiÖn sö dông kÕt cÊu, th«ng qua thÝ nghiÖm hoÆc ph©n tÝch luËn chøng ®Ó kh«ng tiÕn hµnh xö lÝ.

(5)  Ph¬ng ph¸p söa ch÷a kÕt cÊu bÞ nøt vµ xuèng cÊp do lón nÒn mãng: Söa ch÷a vµ gia cè nÒn, mãng vµ gia cêng kÕt cÊu bªn trªn ®îc qui ®Þnh vµ chØ dÉn ë môc3.2. Sau khi ®· hoµn thµnh biÖn ph¸p gia cêng nÒn mãng, ®· gi¶m

®¸ng kÓ ¶nh hëng cña biÕn d¹ng nÒn ®èi víi kÕt cÊu bªn trªn, cã thÓ ¸p dông ph¬ng ph¸p (1) – ph¬ng ph¸p söa

ch÷a ®èi víi c¸c vÕt nøt ®· æn ®Þnh - ®Ó söa ch÷a kÕt cÊu bÞ nøt vµ xuèng cÊp do lón nÒn mãng. Trong mét sè trêng hîp ®Æc biÖt, khi møc ®é h háng cña kÕt cÊu lµ nguy hiÓm mÆc dï ®· ®îc xö lý nÒn mãng nhng cÇn thiÕt ph¶i t¨ng cêng kÕt cÊu th× dïng ph¬ng ph¸p (3). C¸c ph¬ng ph¸p xö lý do t vÊn thiÕt kÕ (söa ch÷a) lùa chän c¨n cø vµo hiÖn tr¹ng c«ng tr×nh, kÕt qu¶ kiÓm tra vµ yªu cÇu söa ch÷a cña chñ c«ng tr×nh.

3.1.6 Ph¬ng ph¸p gi¶m néi lùc kÕt cÊu

Cã 2 ph¬ng ph¸p gi¶m néi lùc kÕt cÊu lµ gi¶m t¶i träng t¸c dông lªn kÕt cÊu vµ t¨ng thªm gèi ®ì.

(1) Gi¶m t¶i träng:
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(a)  Gi¶m nhÑ träng lîng b¶n th©n kÕt cÊu nh: thay têng g¹ch ®Æc b»ng g¹ch rçng, m¸i b»ng bªt«ng cèt

thÐp thay b»ng khung thÐp nhÑ lîp t«n hoÆc fibro xim¨ng, hoÆc thay bª t«ng nÆng b»ng bª t«ng nhÑ,..

(b)  C¶i thiÖn ®iÒu kiÖn sö dông c«ng tr×nh nh: ng¨n ngõa tÝch níc, thêng xuyªn quÐt bôi m¸i nhµ xëng v.v.;

(c)  C¶i thiÖn c«ng dông cña c«ng tr×nh ®Ó gi¶m t¶i nh: chuyÓn phßng lu tr÷ thµnh phßng lµm viÖc, kho s¸ch thµnh phßng ®äc s¸ch;

(d)   Dì tÇng ®Ó gi¶m t¶i träng t¸c dông xuèng cét vµ mãng.

(2) T¨ng  thªm  gèi  ®ì:  Trong  c¸c  cÊu  kiÖn  chÞu  uèn  nh  dÇm,  sµn,  viÖc  t¨ng  thªm  cét  míi  (gèi  ®ì)  lµ nh»m  gi¶m  khÈu  ®é,  néi  lùc  (m«  men  uèn,  lùc  c¾t),  ®é  vâng  vµ  bÒ  réng  khe nøt trong  kÕt  cÊu.  Tuy nhiªn,  cÇn  xem  xÐt  vµ  tÝnh  to¸n  l¹i  viÖc  bè  trÝ  cèt  thÐp  theo  thiÕt  kÕ  gèc  vµ  theo  thùc  tÕ  khi  s¬  ®å tÝnh cã t¨ng thªm gèi ®ì.

3.1.7 Ph¬ng ph¸p t¨ng tiÕt diÖn kÕt cÊu

ViÖc gia cêng b»ng c¸ch t¨ng tiÕt diÖn ®îc thùc hiÖn chñ yÕu b»ng c¸ch ®Æt thªm cèt thÐp, ®æ thªm bªt«ng ®Ó

lµm t¨ng kh¶ n¨ng chÞu lùc cña kÕt cÊu, cÊu kiÖn. Lîng cèt thÐp ®Æt thªm, phÇn bªt«ng ®æ thªm cÇn ®îc x¸c

®Þnh b»ng tÝnh to¸n. CÇn cã biÖn ph¸p thi c«ng, biÖn ph¸p cÊu t¹o ®Ó ®¶m b¶o sù lµm viÖc ®ång thêi gi÷a vËt liÖu

cò vµ vËt liÖu míi.

3.1.8 Kü thuËt gia cêng bäc ngoµi b»ng bªt«ng

Kü thuËt nµy thêng dïng ®Ó gia cêng c¸c kÕt cÊu chÞu nÐn nh cét nhµ c«ng nghiÖp hay d©n dông mét hoÆc nhiÒu tÇng. Ph¬ng ph¸p nµy cã 3 lo¹i: (a) gia cêng bäc xung quanh (h×nh 3.1.5 (a)), (b) gia cêng 1 hoÆc nhiÒu mÆt (h×nh 3.1.5 (b) vµ (c)).

[image: image2.png]Q) Gia cudng boc xung quanh




H×nh 3.1.5: Gia cêng bäc ngoµi b»ng bªt«ng

(1)  TÝnh to¸n thiÕt kÕ: Gi÷a bªt«ng míi ®æ vµ cèt thÐp míi bè trÝ víi kÕt cÊu cò, tån t¹i vÊn ®Ò øng suÊt chªnh vµ

sù chªnh biÕn d¹ng (do bªt«ng cò ®· chÞu phÇn lín tÜnh t¶i vµ cã biÕn d¹ng tríc khi gia cêng), v× vËy khi tÝnh to¸n kh¶ n¨ng chÞu lùc cña kÕt cÊu, ph¶i xem xÐt t×nh h×nh cô thÓ ®Ó tÝnh gi¶m cêng ®é cña bªt«ng vµ cèt thÐp thªm vµo.

Kh¶ n¨ng chÞu lùc cùc h¹n (tíi h¹n) cña cét chÞu nÐn däc trôc sau khi gia cêng cã thÓ ®îc kiÓm tra theo c«ng thøc sau:
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trong ®ã:


N  


f c Ac


f y As


  f cm Acm


f ym Asm


(3.4)

N - gi¸ trÞ tÝnh to¸n cña lùc nÐn däc trôc t¸c dông lªn cét sau khi gia cêng;

 - hÖ sè uèn däc x¸c ®Þnh theo ®é m¶nh cña cét sau khi gia cêng;

fc, Ac  - cêng ®é tÝnh to¸n chÞu nÐn vµ diÖn tÝch tiÕt diÖn bªt«ng cò;

fy, As  - cêng ®é tÝnh to¸n vµ diÖn tÝch tiÕt diÖn cèt thÐp cò;

fcm, Acm  - cêng ®é tÝnh to¸n chÞu nÐn vµ diÖn tÝch tiÕt diÖn bªt«ng míi;

fym, Asm  - cêng ®é tÝnh to¸n vµ diÖn tÝch tiÕt diÖn cèt thÐp míi (bæ xung);

 - hÖ sè chiÕt gi¶m cêng ®é cña bªt«ng míi t¨ng thªm vµ cèt thÐp däc khi
bªt«ng cña phÇn gia cêng lµm viÖc víi cét cò.

Gi¸ trÞ cña  ®îc lÊy nh sau: (a) =0,8 khi cã biÖn ph¸p dì t¶i hoµn toµn cho kÕt cÊu/cÊu kiÖn khi söa ch÷a gia cêng (cÊu kiÖn cò vµ bªt«ng míi gÇn nh cïng chÞu mét t¶i träng), (b) trong trêng hîp chØ gi¶m t¶i mét phÇn nµo ®ã khi thi c«ng gia cêng, ph¶i lÊy gi¶m gi¸ trÞ cña , khi ®ã =0,8 N/N (N- phÇn lùc nÐn t¨ng

lªn cña phÇn t¶i träng t¸c dông lªn kÕt cÊu sau khi gia cêng).

(2) Yªu cÇu cÊu t¹o vµ thi c«ng: CÇn chó ý c¸c ®iÓm sau khi thiÕt kÕ gia cêng cét sö dông kü thuËt bäc ngoµi b»ng bªt«ng:

(a)  ChiÒu dµy nhá nhÊt cña bªt«ng míi ®æ lµ 60mm (nÕu dïng bªt«ng phun chiÒu dµy nhá nhÊt lµ 50mm);

(b)  §êng kÝnh cèt thÐp kh«ng nhá h¬n 14mm vµ kh«ng lín h¬n 25mm; ®êng kÝnh cèt ®ai khÐp kÝn kh«ng nhá h¬n 8mm;

(c)  Khi gia cêng bäc quanh (4 phÝa) cÇn ph¶i ®Æt cèt ®ai khÐp kÝn. Khi chØ gia cè mét hoÆc 2 bªn th× dïng cèt ®ai d¹ng ch÷ U hµn vµo cèt ®ai cò. §é dµi ®êng hµn lÊy b»ng 10d (nÕu hµn 1 bªn) vµ b»ng 5d (nÕu hµn 2 bªn), trong ®ã d lµ ®êng kÝnh cèt ®ai. Còng cã thÓ dïng ®inh neo ch«n vµo bª t«ng cò cña cét råi hµn liªn kÕt cèt ®ai ch÷ U vµo c¸c ®inh neo nµy. §êng kÝnh ®inh neo kh«ng nhá thua 10mm, ®é s©u neo gi÷ kh«ng ng¾n díi 10d.

(d)  Hai ®Çu cèt thÐp chÞu lùc däc trôc t¨ng thªm ph¶i uèn má. Khi gia cêng cét khung, neo cèt thÐp kh«ng chØ ngµm vµo mãng mµ cßn ph¶i cã Ýt nhÊt 50% cèt thÐp xuyªn qua sµn;

(e)  CÊp cêng ®é cña bªt«ng míi ®æ kh«ng ®îc thÊp h¬n m¸c 200, nªn cao h¬n cêng ®é thiÕt kÕ cña bªt«ng cò. Nªn dïng lo¹i bªt«ng cã cèt liÖu bÐ, ®êng kÝnh cña ®¸ sái kh«ng qu¸ 10mm;

(f)   Tríc khi thi c«ng nªn dì bít t¶i hoÆc dïng c©y chèng t¹m ®Ó gi¶m phÇn t¶i träng t¸c ®éng lªn kÕt cÊu cò, sao cho lùc däc trong cét (cò) chØ vµo kho¶ng 60% søc chÞu t¶i cña cét.

(g)  §ôc xêm bÒ mÆt cÊu kiÖn cò: ®é låi lâm cña bÒ mÆt cét kh«ng nhá h¬n 4mm. C¸ch mét kho¶ng nhÊt ®Þnh, thêng tõ 300 ®Õn 500mm, trªn bÒ mÆt cÊu kiÖn cò ®ôc r·nh lâm (®é s©u kh«ng Ýt h¬n 6mm) ®Ó t¹o thµnh lùc nªm c¾t gia bª t«ng cò vµ míi;

(h)  Lµm s¹ch bÒ mÆt tiÕp gi¸p gi÷a bªt«ng cò vµ míi tríc khi ®æ bª t«ng míi.

3.1.9 Kü thuËt gia cêng bäc ngoµi b»ng thÐp h×nh

Gia cêng bäc ngoµi b»ng thÐp h×nh cÇn ®îc sö dông ®Ó gia cêng cét bª t«ng.

Gia cêng bäc ngoµi b»ng thÐp h×nh chia lµm 2 lo¹i: gia cêng kiÓu kh« (h×nh 3.1.6a) vµ gia cêng kiÓu ít (h×nh

3.1.6b).
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2
2

3
3

1
1

4

a)
b)

1- kÕt cÊu bªt«ng hiÖn cã;
2- thÐp h×nh gia cêng

3- thanh gi»ng;
4- bª t«ng h¹t nhá hoÆc v÷a

H×nh 3.1.6: Kü thuËt gia cêng bäc ngoµi b»ng thÐp h×nh

Gia cêng kiÓu kh« lµ ph¬ng ph¸p gia cêng bäc  ngoµi b»ng thÐp h×nh nhng kh«ng cã dÝnh kÕt víi kÕt cÊu bªt«ng cèt thÐp cò, hoÆc tuy cã nhåi v÷a xi m¨ng c¸t, nhng kh«ng thÓ ®¶m b¶o sù truyÒn lùc gi÷a kÕt cÊu míi vµ kÕt cÊu cò.

Gia cêng bäc ngoµi kiÓu ít lµ ph¬ng ph¸p gia cêng bäc ngoµi b»ng thÐp h×nh mµ gi÷a thÐp h×nh vµ kÕt cÊu cò

®Ó mét khe hë nhÊt ®Þnh, ®îc nhåi ®Çy v÷a xi m¨ng vµ v÷a epoxy hoÆc ®æ bªt«ng ®¸ nhá, ®Ó dÝnh kÕt chóng thµnh mét khèi.

¦u ®iÓm cña kü thuËt gia cêng bäc ngoµi b»ng thÐp h×nh lµ kÝch thíc cÊu kiÖn t¨ng lªn kh«ng nhiÒu, nhng cã thÓ n©ng rÊt cao søc chÞu t¶i vµ tÝnh dÎo cña kÕt cÊu.

§Ó tÝnh to¸n thiÕt kÕ vµ yªu cÇu thi c«ng kÕt cÊu gia cêng bäc ngoµi b»ng thÐp h×nh, cã thÓ tham kh¶o c¸c tµi liÖu

kü thuËt chuyªn ngµnh trong vµ ngoµi níc vÒ vÊn ®Ò nµy.

3.1.10 Kü thuËt gia cêng d¸n b¶n thÐp

Kü thuËt gia cêng d¸n b¶n thÐp lµ mét ph¬ng ph¸p dïng keo d¸n d¸n b¶n thÐp hoÆc b¶n  composite vµo mÆt ngoµi chÞu kÐo cña dÇm hay sµn bªt«ng cèt thÐp (h×nh 3.1.7).  Keo d¸n lµ lo¹i keo epoxy resin cã cho thªm mét lîng nhÊt ®Þnh chÊt c« ®Æc, chÊt t¨ng dÎo, t¨ng ®é dai.

1
DÇm hiÖn cã

Keo d¸n dµy

(~1.5mm)

1

B¶n thÐp hoÆc composite




1 - 1

H×nh 3.1.7: Kü thuËt gia cêng d¸n b¶n thÐp hay composite

(1) TÝnh to¸n thiÕt kÕ vµ yªu cÇu thi c«ng: TÝnh to¸n thiÕt kÕ vµ yªu cÇu thi c«ng dÇm bªt«ng cèt thÐp d¸n b¶n thÐp

cã thÓ tham kh¶o thªm c¸c tµi liÖu t¬ng tù thuéc lÜnh vùc nµy cña níc ngoµi.

(2) Nh÷ng ®iÓm cÇn lu ý khi thùc hiÖn gia cêng d¸n b¶n thÐp: Ph¬ng ph¸p d¸n b¶n thÐp cã nh÷ng u ®iÓm næi tréi sau:
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(a)  Tèc ®é ®«ng cøng cña keo d¸n nhanh, thêi gian thi c«ng ng¾n;

(b)  C«ng nghÖ ®¬n gi¶n, cã thÓ thi c«ng trong khi vÉn sö dông c«ng tr×nh (thÝ dô ®èi víi cÇu);

(c)  Cêng ®é kÕt dÝnh cña keo d¸n cao h¬n bªt«ng vµ ®¸, cã thÓ khiÕn cho hÖ gia cè vµ kÕt cÊu cò h×nh thµnh mét chÝnh thÓ tèt chÞu lùc ®ång ®Òu, kh«ng sinh ra hiÖn tîng øng suÊt tËp trung trong bªt«ng;

(d)  B¶n thÐp dÝnh kÕt chiÕm kh«ng gian nhá, hÇu nh kh«ng lµm t¨ng kÝch thíc tiÕt diÖn vµ träng lîng cña cÊu kiÖn/kÕt cÊu bÞ gia cêng;

(e)  u ®iÓm lín nhÊt cña b¶n thÐp d¸n lµ: cã thÓ t¨ng rÊt nhiÒu kh¶ n¨ng chèng nøt cña cÊu kiÖn kÕt cÊu (gi¶m

bÒ réng khe nøt, ng¨n chÆn vÕt nøt ph¸t triÓn), gi¶m ®é vâng vµ n©ng cao kh¶ n¨ng chÞu t¶i;

Tuy nhiªn, qua nghiªn cøu cho thÊy, b¶n thÐp d¸n cã thÓ t¹o ra hiÖn tîng chªnh øng suÊt vµ biÕn d¹ng so víi cèt thÐp chñ kÐo cña dÇm cò. Khi thi c«ng, phÇn t¶i t¸c dông lªn cÊu kiÖn cò cµng lín, hiÖn tîng chªnh øng suÊt vµ biÕn d¹ng cµng nhiÒu.

Ngoµi ra, chÊt lîng thi c«ng vµ chÊt lîng keo d¸n cã ¶nh hëng t¬ng ®èi lín ®èi víi hiÖu qu¶ gia cêng. MÆc dï nhiÒu thÝ nghiÖm cho thÊy, khi dÇm d¸n b¶n thÐp gia cêng bÞ ph¸ ho¹i, b¶n thÐp d¸n cã thÓ ®¹t ®Õn cêng  ®é  ch¶y,  nhng  còng  cã  mét  sè  thÝ  nghiÖm  cho  thÊy  b¶n  thÐp  d¸n  cha  ®¹t  ®Õn  cêng  ®é  ch¶y. Nguyªn nh©n lµ sù ph¸ ho¹i cña dÇm do sù bong t¸ch gi÷a phÇn cuèi b¶n thÐp víi bªt«ng. Lo¹i ph¸ ho¹i nµy kh«ng cã ®iÒm b¸o tríc râ rÖt, thuéc lo¹i ph¸ ho¹i gißn thêng tr¸nh khi thiÕt kÕ kÕt cÊu.

H¬n n÷a, b¶n thÐp t¬ng ®èi nÆng ®ßi hái nhiÒu dµn gi¸o khi d¸n vµ hiÖn tîng ¨n mßn b¶n thÐp sau gia cêng vÉn cßn lµ c¸c vÊn ®Ò c©n nh¾c hiÖn nay khi sö dông kü thuËt nµy. Tuy nhiªn, ngµy nay, víi sù tiÕn

bé cña khoa häc vËt liÖu, c¸c nhîc ®iÓm cña kü thuËt d¸n b¶n thÐp ®· ®îc thay thÕ bëi b¶n composite sîi carbon, aramid cã ®Æc tÝnh: nhÑ, cêng ®é vµ kh¶ n¨ng chèng ¨n mßn cao.

3.1.11 Gia cêng b»ng ph¬ng ph¸p øng lùc tríc c¨ng ngoµi

Nguyªn t¾c cña ph¬ng ph¸p nµy lµ dïng thÐp thanh, thÐp h×nh (trong mét sè trêng hîp cã thÓ dïng c¸p hay bã c¸p) t¹o nªn øng lùc tríc (tõ ®©y trë ®i gäi lµ thanh c¨ng øng lùc tríc), t¸c dông ngîc l¹i víi t¸c ®éng cña ngo¹i lùc nh»m lµm t¨ng kh¶ n¨ng chÞu lùc, gi¶m bÒ réng khe nøt vµ ®é vâng cña kÕt cÊu. Ph¬ng ph¸p nµy chñ yÕu ¸p dông cho dÇm ®¬n gi¶n hay thanh chÞu kÐo cña v× kÌo bªt«ng cèt thÐp.

(1) C«ng nghÖ c¬ b¶n cña thanh c¨ng øng lùc tríc gia cêng dÇm lµ:

(a)  Thªm thanh c¨ng øng lùc tríc ë mÆt ngoµi cña vïng chÞu kÐo cÇn t¨ng cêng;

(b)  Neo cè ®Þnh thanh c¨ng ë phÇn ®Çu dÇm;

(c)  KÐo øng suÊt tríc.

(2) KÐo thanh c¨ng øng lùc tríc: Cã 2 ph¬ng ph¸p kÐo c¨ng thanh c¨ng øng lùc tríc thêng dïng trong gia cêng dÇm bªt«ng cèt thÐp chÞu uèn lµ:

(a) Ph¬ng ph¸p kÐo c¨ng b»ng kÝch: KÝch tiÕn hµnh kÐo c¨ng ®Æt ë phÇn ®Çu cña thanh c¨ng. Trong trêng hîp khã ®Æt kÝch kÐo c¨ng ë ®Çu dÇm, cã thÓ dïng kÝch kiÓu kÐo ngoµi kÐo c¨ng ë phÇn gi÷a dÇm (h×nh

3.1.8).
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1 - dÇm hiÖn cã
2- thÐp h×nh c¨ng gia cêng

3 - bu-l«ng dïng ®Ó c¨ng
4 – thanh phô trî

5 - bu-l«ng cêng ®é cao ®Ó neo

H×nh 3.1.8: Kü thuËt gia cêng b»ng ph¬ng ph¸p c¨ng ngoµi (c¨ng sau)

(b)  Ph¬ng ph¸pkÐo c¨ng b»ng c¸c c«ng cô ®¬n gi¶n (clª, bul«ng): ®©y lµ ph¬ng ph¸p t¸c ®éng theo chiÒu ngang. Nguyªn lÝ cña ph¬ng ph¸p lµ khi hai ®Çu cña thanh c¨ng gia cêng ®· ®îc neo chÆt vµo dÇm, dïng c¸c c«ng cô ®¬n gi¶n nh cê-lª vµ bu-l«ng, cìng bøc thanh c¨ng tõ th¼ng biÕn thµnh cong, t¹o ra biÕn d¹ng vµ øng suÊt tríc trong thanh c¨ng.

(3) Neo cè ®Þnh thanh c¨ng øng lùc tríc: Cã 4 ph¬ng ph¸p neo cè ®Þnh thanh c¨ng øng lùc tríc:

(a)  Neo cè ®Þnh b»ng b¶n thÐp ch÷ U (h×nh 3.1.9): C¸c bíc tiÕn hµnh nh sau:

-
§ôc bá líp bªt«ng b¶o vÖ ë ®Çu dÇm, quÐt keo epoxy lªn khu vùc nµy;

-
KÑp chÆt b¶n thÐp h×nh ch÷ U cã cïng chiÒu réng víi dÇm trong líp keo  epoxy;

-
Hµn ®Çu cña thanh kÐo gia cêng vµo b¶n thÐp ch÷ U.
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q

V÷a epoxy

ThÐp h×nh ch÷ U




1- DÇm hiÖn cã

2- Thanh kÐo

3- CÊu kiÖn phô trî

H×nh 3.1.9: Neo cè ®Þnh b»ng b¼n thÐp ch÷ U

(b)  Ma  s¸t  bu-l«ng  cêng  ®é  cao  kÕt  hîp  víi  keo  d¸n  (h×nh  3.1.10):  Ph¬ng  ph¸p  nµy  ®îc  ®Ò  xuÊt  trªn nguyªn t¾c lµm viÖc cña bu-l«ng cêng ®é cao trong kÕt cÊu thÐp. C¸c bíc tiÕn hµnh lµ:

-
Khoan lç cã cïng ®êng kÝnh víi bu-l«ng cêng ®é cao trªn dÇm cò vµ trªn b¶n thÐp;

-
Sau khi quÐt mét líp keo epoxy hoÆc hå xi-m¨ng cêng ®é cao lªn b¶n thÐp vµ bÒ mÆt dÇm cò, dïng

bu-l«ng cêng ®é cao nÐn chÆt b¶n thÐp trªn dÇm cò nh»m t¹o ra lùc dÝnh kÕt vµ lùc ma s¸t;

-
Neo cè ®Þnh thanh c¨ng øng lùc tríc trªn mÐp låi ®êng hµn víi b¶n thÐp hoÆc hµn trùc tiÕp trªn b¶n thÐp.

1- DÇm hiÖn cã

2- Thanh c¨ng

3- Thanh phô trî

4- ThÐp b¶n

5- Bu-l«ng c•êng ®é cao

H×nh 3.1.10: Neo cè ®Þnh sö dông bu-l«ng cêng ®é cao

(c)  Neo hµn: Neo hµn lµ ph¬ng ph¸p neo cè ®Þnh hµn trùc tiÕp thanh thÐp gia cêng trªn vïng øng suÊt t¬ng

®èi nhá cña cèt thÐp cò cña dÇm (phÝa trªn cña dÇm ®¬n gi¶n, vïng gÇn gèi tùa, h×nh 3.1.11). §ôc r·nh trªn bÒ mÆt dÇm ®Ó lé cèt thÐp cò, hµn thanh thÐp øng lùc tríc vµo cèt thÐp cò, ®ång thêi dïng v÷a epoxy d¸n thanh thÐp gia cêng vµo trong r·nh. Khi ®ã, kh«ng chØ thanh c¨ng øng lùc tríc ®îc neo mµ cßn tËn dông triÖt ®Ó ®îc cêng ®é cèt thÐp cña dÇm cò.
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Hµn víi cèt thÐp cò
Cèt thÐp cò (hiÖn cã)

1- dÇm hiÖn cã,   2- th¨ng c¨ng, 3- cÊu kiÖn phô trî

H×nh 3.1.11: Neo hµn

(d)  Neo lîi dông chi tiÕt ch«n s½n cò: nÕu ®Çu dÇm ®îc gia cè c¸c chi tiÕt ch«n s·n thÝch hîp, hµn thanh kÐo gia cêng trªn c¸c chi tiÕt nµy cã thÓ ®¹t ®îc môc ®Ých neo cè ®Þnh.

(4) TÝnh to¸n dÇm gia cêng: Sau khi kÕt thóc kÐo c¨ng, thanh c¨ng øng lùc tríc trªn dÇm gia cêng cã hai tr¹ng th¸i: (a) thanh c¨ng øng lùc tríc lé ra ngoµi, (b) thanh c¨ng øng lùc tríc vµ dÇm cò ®æ thµnh mét khèi.

§èi víi dÇm cã thanh c¨ng øng lùc tríc lé ra ngoµi, biÕn d¹ng cña thanh c¨ng díi t¸c dông cña t¶i träng bªn ngoµi nhá h¬n biÕn d¹ng cña cèt thÐp cò chÞu kÐo trong dÇm. Khi tÝnh to¸n lo¹i dÇm nµy cã thÓ tham kh¶o ph¬ng ph¸p tÝnh to¸n thiÕt kÕ dÇm bªt«ng øng suÊt tríc kh«ng dÝnh kÕt.

§èi víi dÇm mµ sau khi kÕt thóc kÐo c¨ng, nÕu ®æ thªm líp bªt«ng b¶o vÖ, h×nh thµnh mét dÇm, th× thanh kÐo øng suÊt tríc cïng biÕn d¹ng víi dÇm cò. TÝnh to¸n lo¹i dÇm nµy t¬ng tù nh tÝnh to¸n c¸c lo¹i dÇm bªt«ng cèt thÐp th«ng thêng.

3.1.12 Ghi chÐp vµ lu gi÷ hå s¬

Cã 3 hå s¬ chÝnh cÇn ph¶i lËp khi kh¶o s¸t vµ khi söa ch÷a c«ng tr×nh:

(a)  B¸o c¸o kÕt qu¶ kiÓm tra chi tiÕt vµ ®¸nh gi¸ hiÖn tr¹ng h háng c«ng tr×nh,

(b)  Hå s¬ thiÕt kÕ (bao gåm thiÕt kÕ kü thuËt vµ thiÕt kÕ triÓn khai c¸c b¶n vÏ thi c«ng (tõ ®©y gäi chung lµ hå

s¬ thiÕt kÕ kü thuËt)) söa ch÷a hay gia cêng kÕt cÊu

(c)  C¸c lo¹i hå s¬ vÒ thi c«ng, nghiÖm thu vµ b¶n vÏ hoµn c«ng c«ng tr×nh.

B¸o c¸o kiÓm tra vµ ®¸nh gi¸ hiÖn tr¹ng h háng c«ng tr×nh ph¶i tr×nh bµy râ c¸c néi dung vµ môc ®Ých kh¶o s¸t qui ®Þnh trong c¸c môc 3.1.2 vµ 3.1.3. Lùa chän biÖn ph¸p söa ch÷a, gia cêng nªn ®îc kiÕn nghÞ trong b¸o c¸o kiÓm tra. B¸o c¸o ph¶i ®îc chñ c«ng tr×nh hay ®¹i diÖn chñ c«ng tr×nh hoÆc cÊp cã thÈm quyÒn ®ång ý chÊp nhËn.

Hå s¬ thiÕt kÕ kü thuËt söa ch÷a hay gia cêng kÕt cÊu ®îc thiÕt lËp ph¶i thÓ hiÖn râ ph¬ng ¸n söa ch÷a, gia cêng lùa chän theo c¸c qui ®Þnh cña môc 3.1.5. C¸c b¶n vÏ thiÕt kÕ ph¶i tu©n theo c¸c qui ®Þnh cña tiªu chuÈn TCVN 6084:1995, TCVN 5574:1991 vµ c¸c tiªu chuÈn liªn quan kh¸c. Hå s¬ thiÕt kÕ kü thuËt ph¶i ®îc chñ c«ng tr×nh hay ®¹i diÖn chñ c«ng tr×nh hoÆc cÊp cã thÈm quyÒn phª duyÖt.

C¸c lo¹i hå s¬ vÒ thi c«ng, nghiÖm thu vµ hoµn c«ng c«ng tr×nh ph¶i ®îc thiÕt lËp theo th«ng lÖ vµ c¸c qui ®Þnh vÒ

x©y dùng cña ViÖt Nam.

TÊt c¶ c¸c lo¹i hå s¬ trªn ®Òu ®îc qu¶n lý bëi chñ c«ng tr×nh ®Ó t¹o thuËn lîi cho c«ng t¸c duy tu, b¶o tr× vµ n©ng cÊp kÕt cÊu sau nµy.

3.2  Söa ch÷a kÕt cÊu h háng do lón nÒn mãng
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3.2.1 Nguyªn t¾c chung

Môc nµy híng dÉn ph¬ng ph¸p kiÓm tra chi tiÕt, x¸c ®Þnh c¬ chÕ vµ møc ®é xuèng cÊp, vµ mét sè gi¶i ph¸p kh¾c phôc sù xuèng cÊp cña c«ng tr×nh do nguyªn nh©n lón nÒn mãng.

3.2.2 KiÓm tra chi tiÕt

3.2.2.1 Yªu cÇu chung

KiÓm tra chi tiÕt ®îc thùc hiÖn khi ph¸t hiÖn dÊu hiÖu c«ng tr×nh bÞ xuèng cÊp do nguyªn nh©n nÒn mãng. C«ng t¸c kiÓm tra chi tiÕt cÇn cung cÊp c¸c th«ng tin liªn quan ®Õn biÕn d¹ng cña c«ng tr×nh vµ c¸c yÕu tè cã thÓ ¶nh hëng ®Õn

sù h×nh thµnh vµ ph¸t triÓn cña biÕn d¹ng, gåm cã:

(1)  LÞch sö sö dông c«ng tr×nh;

(2)  §iÒu kiÖn ®Êt nÒn vµ níc ngÇm;

(3)  Hå s¬ thiÕt kÕ vµ hoµn c«ng;

(4)  HiÖn tr¹ng cña kÕt cÊu mãng c«ng tr×nh;

(5)  Ho¹t ®éng x©y dùng vµ hiÖn tr¹ng c¸c kÕt cÊu ë khu vùc l©n cËn.

ViÖc kiÓm tra chi tiÕt ®îc thùc hiÖn theo ®Ò c¬ng ®îc lËp ra víi môc ®Ých ®¸nh gi¸ hiÖn tr¹ng cña nÒn mãng, kh¼ng

®Þnh nguyªn nh©n g©y lón vµ dù b¸o tèc ®é xuèng cÊp. Trong ®Ò c¬ng cÇn nªu chi tiÕt khèi lîng kiÓm tra, ph¬ng ph¸p thùc hiÖn vµ môc tiªu cÇn ®¹t ®îc. Khi x¸c ®Þnh néi dung vµ khèi lîng kiÓm tra cÇn tËn dông c¸c kÕt qu¶ kiÓm

tra ®· cã tríc.

Néi dung kiÓm tra chi tiÕt gåm cã:

(1)   Kh¶o s¸t ®Þa chÊt c«ng tr×nh bæ sung;

(2)   Kh¶o s¸t hiÖn tr¹ng mãng;

(3)   Kh¶o s¸t hiÖn tr¹ng h háng kÕt cÊu bªn trªn ;

(4)   Kh¶o s¸t hiÖn tr¹ng c¸c c«ng tr×nh l©n cËn ;

(5)   Quan tr¾c lón vµ nghiªng cña c«ng tr×nh;

(6)  Quan tr¾c ®Þa kü thuËt.

3.2.2.2. Kh¶o s¸t ®Þa chÊt c«ng tr×nh bæ sung

(1)    Môc tiªu cña kh¶o s¸t ®Þa chÊt bæ sung lµ x¸c ®Þnh mét sè chØ tiªu cña ®Êt nÒn mµ c¸c kh¶o s¸t tríc ®ã cha thu thËp ®Çy ®ñ. Kh¶o s¸t bæ sung ph¶i ®îc ®Þnh híng theo nh÷ng nhËn ®Þnh vÒ c¬ chÕ xuèng cÊp cña c«ng tr×nh. Ph¬ng ph¸p, ®é s©u, sè lîng vµ vÞ trÝ c¸c ®iÓm kh¶o s¸t ®îc x¸c ®Þnh theo ®Æc ®iÓm  kÕt cÊu c«ng tr×nh, ®Êt nÒn,

c¬ chÕ vµ møc ®é xuèng cÊp, ...

(2)
C¸c ph¬ng ph¸p kh¶o s¸t thêng ®îc ¸p dông lµ:

(a)    Khoan lÊy mÉu ®Êt ®Ó thÝ nghiÖm trong phßng (theo TCVN 2683:1991);

(b)   ThÝ nghiÖm xuyªn tÜnh CPT (theo TCXD 174:1989)

(c)   ThÝ nghiÖm xuyªn tiªu chuÈn SPT (theo TCXD 226:1999);

(d)   C¾t c¸nh;

(e)   Quan tr¾c chuyÓn vÞ ngang trong ®Êt;

(f)   Quan tr¾c mùc níc ngÇm vµ ¸p lùc níc lç rçng, v.v.

Trong kh¶o s¸t nªn x¸c ®Þnh c¸c chØ tiªu phôc vô cho tÝnh to¸n ®é lón cña ®Êt nÒn theo thêi gian.

(3)
§é s©u kh¶o s¸t ®îc x¸c ®Þnh theo c¸c yÕu tè:

(a)  §é s©u ¶nh hëng cña t¶i träng c«ng tr×nh: KÝch thíc vµ t¶i träng c«ng tr×nh cµng lín th× ®é s©u kh¶o s¸t ph¶i t¨ng lªn t¬ng øng;

(b)  BÒ dµy tÇng ®Êt yÕu: Nªn thùc hiÖn kh¶o s¸t qua c¸c líp ®Êt yÕu.

(4)
Sè lîng c¸c ®iÓm kh¶o s¸t x¸c ®Þnh theo c¸c yÕu tè:

(a)   Qui m« cña c«ng tr×nh: Sè lîng x¸c ®Þnh trªn c¬ së kho¶ng c¸ch gi÷a c¸c ®iÓm kh¶o s¸t, th«ng thêng b»ng 15-

30 m;
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(b)   C¸c kÕt qu¶ kh¶o s¸t ®· cã: NÕu cã thÓ sö dông sè liÖu kh¶o s¸t ®· cã tõ tríc th× khèi lîng kh¶o s¸t bæ sung cã

thÓ gi¶m bít;

(c)   §Æc ®iÓm  cña hiÖn tr¹ng lón: Ngoµi c¸c vÞ trÝ kh¶o s¸t bè trÝ theo mét líi c¸ch ®Òu, cÇn chó ý t¨ng mËt ®é kh¶o

s¸t ë khu vùc cã biÕn ®éng cña ®iÒu kiÖn ®Êt nÒn, thÓ hiÖn th«ng qua sù tËp trung cña c¸c vÕt nøt trªn kÕt cÊu.

(5)    VÞ trÝ cña c¸c ®iÓm kh¶o s¸t nªn bè trÝ t¹i:

(a)  C¸c khe lón, n¬i cã thay ®æi cña t¶i träng (thay ®æi sè tÇng, thay ®æi cña c«ng n¨ng,..) vµ gãc cña c«ng tr×nh.

(b)  Khu vùc dù kiÕn cã biÕn ®éng cña ®iÒu kiÖn ®Êt nÒn;

(c)  Khu vùc cã thay ®æi cña ®é lón, thÓ hiÖn th«ng qua mËt ®é cña c¸c vÕt nøt;

(d)  Khu vùc cã ®é lón tuyÖt ®èi lín nhÊt vµ nhá nhÊt.

(6)    KÕt qu¶ kh¶o s¸t ®Þa chÊt bæ sung cÇn ®îc so s¸nh víi c¸c kÕt qu¶ kh¶o s¸t trong nh÷ng giai ®o¹n tríc (nÕu cã). ViÖc so s¸nh kÕt qu¶ kh¶o s¸t ë nhiÒu giai ®o¹n cho phÐp ®¸nh gi¸ nh÷ng biÕn ®éng cã thÓ x¶y ra cña ®iÒu kiÖn

®Þa chÊt vµ ph¸t hiÖn nh÷ng sai sãt cã thÓ x¶y ra trong qu¸ tr×nh kh¶o s¸t.

3.2.2.3 Kh¶o s¸t hiÖn tr¹ng mãng

(1)  ViÖc kh¶o s¸t hiÖn tr¹ng mãng cÇn ®îc thùc hiÖn khi v× mét lý do nµo ®ã kh«ng thu thËp ®îc hå s¬ thiÕt kÕ vµ hoµn c«ng cña c«ng tr×nh. §èi víi trêng hîp cã ®îc c¸c hå s¬ nãi trªn còng nªn kh¶o s¸t t¹i mét sè vÞ trÝ xung yÕu, ®Æc biÖt lµ c¸c vÞ trÝ mãng cña c«ng tr×nh cã thÓ ®· bÞ biÕn d¹ng qu¸ møc. Sè lîng ®iÓm kh¶o s¸t cÇn x¸c ®Þnh trong ®Ò c¬ng, phô thuéc vµo møc ®é phøc t¹p cña thiÕt kÕ mãng vµ hiÖn tr¹ng cña c«ng tr×nh.

(2)
C«ng viÖc ®iÒu tra hiÖn tr¹ng mãng ph¶i cung cÊp ®îc c¸c th«ng tin:

(a)  §é s©u ch«n mãng, lo¹i mãng, kÝch thíc, ...;

(b)  VËt liÖu mãng (cêng ®é cña vËt liÖu, bè trÝ cèt thÐp, møc ®é suy tho¸i cña vËt liÖu,..);

(c)  T×nh tr¹ng ¨n mßn cèt thÐp;

(d)  C¸c vÕt nøt trªn kÕt cÊu mãng.

(3)  Ph¬ng ph¸p ®iÒu tra th«ng dông lµ thùc hiÖn mét sè hè ®µo ®Ó cã thÓ trùc tiÕp quan s¸t, ®o ®¹c vµ thùc hiÖn kiÓm

tra chi tiÕt. Hè ®µo nªn ®îc bè trÝ t¹i c¸c vÞ trÝ:

(a)  Díi kÕt cÊu chÞu lùc chÝnh;

(b)   T¹i c¸c vÞ trÝ cã biÕn ®éng ®ét ngét cña ®é lón (thÓ hiÖn th«ng qua c¸c vÕt nøt trªn kÕt cÊu).

3.2.2.4  Kh¶o s¸t hiÖn tr¹ng h háng kÕt cÊu bªn trªn

(1)
Kh¶o s¸t chi tiÕt hiÖn tr¹ng kÕt cÊu bªn trªn gåm c¸c néi dung:

(a)   Thu thËp vµ nghiªn cøu hå s¬ thiÕt kÕ vµ hoµn c«ng kÕt cÊu c«ng tr×nh

(b)   Quan tr¾c c¸c vÕt nøt trªn kÕt cÊu vµ sù ph¸t triÓn cña vÕt nøt theo thêi gian.

(2)
C¸c quan tr¾c sù ph¸t triÓn cña vÕt nøt ®îc thùc hiÖn ®Þnh kú. Chu kú quan tr¾c nªn x¸c ®Þnh theo khuyÕn nghÞ

cho chu kú quan tr¾c lón (xem 3.2.2.6).

(3)
C«ng viÖc quan tr¾c c¸c vÕt nøt trªn kÕt cÊu cÇn cung cÊp c¸c th«ng tin:

(a)
VÞ trÝ vÕt nøt vµ híng cña nã;

(b)
ChiÒu dµi vÕt nøt;

(c)
BÒ réng vÕt nøt;

(d)
§é s©u vÕt nøt;

(e)
Sù ph¸t triÓn cña chiÒu dµi, bÒ réng vµ ®é s©u cña mét sè vÕt nøt tiªu biÓu. Ph¬ng ph¸p quan tr¾c c¸c vÕt nøt trªn kÕt cÊu ®îc tr×nh bµy trong môc 3.1.2.

(4)
VÞ trÝ, h×nh d¹ng vµ chiÒu dµi vÕt nøt ®îc thÓ hiÖn trªn c¸c b¶n vÏ. KÕt qu¶ quan  tr¾c sù ph¸t triÓn cña vÕt nøt theo thêi gian ®îc tr×nh bµy  díi d¹ng biÓu ®å.

3.2.2.5  Kh¶o s¸t hiÖn tr¹ng c¸c kÕt cÊu l©n cËn

89

TCXDVN 318: 2004

§iÒu tra hiÖn tr¹ng khu vùc xung quanh cÇn cung cÊp c¸c th«ng tin phôc vô cho viÖc nhËn ®Þnh nguyªn nh©n g©y xuèng

cÊp cña c«ng tr×nh. Ph¬ng ph¸p kh¶o s¸t thêng ¸p dông lµ quan s¸t vµ m« t¶. C¸c th«ng tin cÇn thu thËp khi kh¶o s¸t c¸c c«ng tr×nh l©n cËn gåm:

	(1)
	LÞch sö x©y dùng vµ sö dông;
	

	(2)
	Kho¶ng c¸ch ®Õn c«ng tr×nh;
	

	(3)
	Qui m« vµ ®Æc ®iÓm kÕt cÊu (diÖn tÝch mÆt b»ng, lo¹i kÕt cÊu, sè tÇng, mãng,
	c«ng n¨ng, ...);


(4)   T×nh tr¹ng cña kÕt cÊu: NÕu ph¸t hiÖn c¸c dÊu hiÖu cña hiÖn tîng nghiªng, lón, nøt, v.v., th× cÇn thÓ hiÖn chi tiÕt

trªn b¶n vÏ.

Trong trêng hîp t¸c nh©n g©y xuèng cÊp c«ng tr×nh lµ hè ®µo, xung ®éng hoÆc c¸c t¶i träng kh¸c th× c¸c ®Æc trng cña c¸c t¸c nh©n nµy cÇn ®îc x¸c ®Þnh trong qu¸ tr×nh kh¶o s¸t. VÝ dô ®èi víi hè ®µo th× cÇn x¸c ®Þnh kÝch thíc, ®é s©u, biÖn ph¸p gi÷ thµnh, biÖn ph¸p h¹ mùc níc ngÇm, tèc ®é thi c«ng, v.v.

3.2.2.6  Quan tr¾c lón vµ nghiªng cña c«ng tr×nh

(1)   Yªu cÇu chung

Quan tr¾c lón cho phÐp x¸c ®Þnh ®é lón tuyÖt ®èi vµ tèc ®é ph¸t triÓn cña ®é lón cña c«ng tr×nh theo thêi gian. Tèc

®é lón cña c«ng tr×nh ®îc theo dâi b»ng c¸ch ®Þnh kú ®o ®é lón cña c¸c mèc g¾n trªn c«ng tr×nh so víi mèc chuÈn (®îc coi lµ kh«ng lón).

C«ng t¸c quan tr¾c cã thÓ ®îc thùc hiÖn b»ng ph¬ng ph¸p thuû chuÈn h×nh häc, thuû chuÈn lîng gi¸c, thuû chuÈn thuû tÜnh hoÆc b»ng c¸ch chôp ¶nh. Trong ®iÒu kiÖn th«ng thêng nªn ¸p dông ph¬ng ph¸p cña TCXD

271:2002.

(2)   X¸c ®Þnh cÊp ®o lón

Quan tr¾c lón cña c«ng tr×nh cÇn ®îc thùc hiÖn l©u dµi víi ®é chÝnh x¸c cao, v× vËy nªn lùa chän ®é chÝnh x¸c cÊp I hoÆc cÊp II khi ®o lón.

(3)    Chu kú ®o

Kho¶ng thêi gian gi÷a 2 lÇn tiÕn hµnh quan tr¾c lón phô thuéc vµo tèc ®é lón vµ cÊp ®o lón. Khi tèc ®é lón nhá th×

kho¶ng thêi gian gi÷a 2 lÇn ®o ph¶i ®ñ lín míi cã thÓ x¸c ®Þnh chÝnh x¸c ®é lón. Ngîc l¹i nÕu tèc ®é lón lín th×

cã thÓ ®o víi chu kú dµy h¬n. Th«ng thêng kho¶ng thêi gian gi÷a hai lÇn ®o b»ng 1-3 th¸ng.

(4)   Bè trÝ mèc ®o lón

§Ó thùc hiÖn quan tr¾c cÇn cÇn l¾p ®Æt hÖ mèc chuÈn vµ c¸c mèc ®o lón.

Mèc chuÈn ®îc bè trÝ bªn ngoµi c«ng tr×nh vµ ph¶i ®¶m b¶o kh«ng bÞ lón trong suèt thêi gian thùc hiÖn quan tr¾c. Trong ®iÒu kiÖn cô thÓ cña tõng c«ng tr×nh, cÇn  ®Æt 2-3 mèc chuÈn. Nªn sö dông mèc chuÈn lo¹i A cho c¸c

c«ng tr×nh quan träng hoÆc lo¹i B cho c¸c c«ng tr×nh th«ng thêng (theo ph©n lo¹i mèc chuÈn cña TCXD

271:2002).

C¸c mèc ®o lón ®îc g¾n trªn c«ng tr×nh t¹i c¸c vÞ trÝ phï hîp ®Ó cã thÓ ®¸nh gi¸ ®îc t×nh tr¹ng lón cña c«ng tr×nh nãi chung vµ x¸c ®Þnh ®îc biÕn d¹ng cña kÕt cÊu. VÞ trÝ g¾n mèc ®o lón trªn mét sè lo¹i kÕt cÊu thêng gÆp nh sau:

(a)
KÕt cÊu têng chÞu lùc:T¹i c¸c vÞ trÝ giao nhau gi÷a têng ngang vµ têng däc;

(b)
KÕt cÊu khung: T¹i c¸c ch©n cét;

(c)
C«ng tr×nh d¹ng th¸p (silo, èng khãi, ...): Bè trÝ tèi thiÓu 4 mèc ph©n bè ®Òu trªn chu vi cña kÕt cÊu; Kho¶ng c¸ch gi÷a c¸c mèc ®o lón kh«ng nªn lín h¬n 15 m. Mèc cã thÓ ®îc bè trÝ dµy h¬n quanh khe lón vµ t¹i

c¸c vÞ trÝ cã biÕn ®éng cña ®iÒu kiÖn ®Êt nÒn, thay ®æi t¶i träng còng nh t¹i c¸c vÞ trÝ quan s¸t thÊy sù thay ®æi cña

tèc ®é lón.

3.2.2.7  Quan tr¾c ®Þa kü thuËt

Quan tr¾c ®Þa kü thuËt nªn ®îc thùc hiÖn ®Ó ®¸nh gi¸ vµ dù b¸o sù ph¸t triÓn cña ®é lón vµ chuyÓn vÞ ngang trong ®Êt nÒn. C¸c quan tr¾c thêng ®îc thùc hiÖn lµ:

(1)  Quan tr¾c níc ngÇm (mùc níc, ¸p lùc níc lç rçng,..);

(2)  Quan tr¾c sù ph¸t triÓn cña ®é lón trong ®Êt;

(3)  Quan tr¾c chuyÓn dÞch ngang.

Sè lîng ®iÓm quan tr¾c, vÞ trÝ c¸c ®iÓm vµ chu kú quan tr¾c ®îc x¸c ®Þnh theo qui m«, ®Æc ®iÓm c«ng tr×nh vµ tèc ®é xuèng cÊp.
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3.2.3. X¸c ®Þnh c¬ chÕ vµ dù b¸o tèc ®é xuèng cÊp

3.2.3.1 X¸c ®Þnh c¬ chÕ xuèng cÊp

(1)  ViÖc x¸c ®Þnh c¬ chÕ g©y lón cña c«ng tr×nh cÇn ®îc thùc hiÖn trªn c¬ së kÕt hîp
c¸c kÕt qu¶ tÝnh to¸n vµ kÕt qu¶ kiÓm tra chi tiÕt;

(2)   C¸c kÕt qu¶ quan tr¾c lón vµ kÕt qu¶ kh¶o s¸t ®Þa chÊt cÇn ®îc tËp hîp cã hÖ thèng. Nªn x¸c ®Þnh quan hÖ (nÕu cã) gi÷a tèc ®é lón vµ ®Æc trng cña ®iÒu kiÖn ®Þa chÊt (vÝ dô bÒ dµy tÇng ®Êt yÕu);

(3)   C¸c tÝnh to¸n cÇn thùc hiÖn phôc vô cho viÖc x¸c ®Þnh c¬ chÕ g©y xuèng cÊp gåm cã:

(a)   TÝnh to¸n kiÓm  tra theo tr¹ng th¸i giíi h¹n thø nhÊt: Cêng ®é cña ®Êt nÒn (TCXD 45: 1978), søc chÞu t¶i cña cäc (TCXD 205:1998), kh¶ n¨ng chÞu t¶i cña kÕt cÊu mãng bª t«ng cèt thÐp (TCVN 5574:1991), mãng kÕt cÊu g¹ch ®¸ (TCVN 5573:1991);

(b) TÝnh to¸n kiÓm tra theo tr¹ng th¸i giíi h¹n thø hai: TÝnh to¸n ®é lón ®é lón tuyÖt ®èi vµ ®é lón theo thêi gian.

(4)   C¬ chÕ xuèng cÊp do nguyªn nh©n nÒn mãng thêng gÆp ®îc tãm t¾t trong b¶ng   3.2.1.

B¶ng 3.2.1  NhËn ®Þnh c¬ chÕ xuèng cÊp do nguyªn nh©n nÒn mãng

	TT
	Nguyªnnh©nhháng
	KÕt qu¶ kh¶o s¸t
	C¬ chÕ

	1
	§Êt  nÒn  kh«ng  ®ñ  kh¶

n¨ng chÞu t¶i
	- §é lón lín

- Tèc ®é lón cao vµ kh«ng cã dÊu hiÖu gi¶m dÇn
	Ph¸ ho¹i cña ®Êt nÒn

	2
	KÕt cÊu mãng kh«ng ®ñ kh¶ n¨ng chÞu t¶i
	- §é lón lín

- Tèc ®é lón cao vµ kh«ng cã dÊu hiÖu gi¶m dÇn

- Nøt g·y ë kÕt cÊu mãng t¹i c¸c vÞ trÝ xung yÕu
	Ph¸ ho¹i cña kÕt cÊu mãng

	3
	§é lón tuyÖt ®èi lín
	- TÇng ®Êt yÕu cã bÒ dµy lín

- §é lón lín

- Tèc ®é lón gi¶m dÇn theo thêi gian
	Lón cè kÕt

	4
	§é lón lÖch lín
	- TÇng ®Êt yÕu cã bÒ dµy biÕn ®æi m¹nh

- Chªnh lÖch lín cña t¶i träng c«ng tr×nh

- C¸c vÕt nøt xiªn trªn kÕt cÊu
	Lón lÖch

	5
	
	- §é lón vµ c¸c vÕt nøt trªn kÕt cÊu t¨ng sau khi c«ng tr×nh ®· ®îc sö dông æn ®Þnh mét thêi gian kh¸ dµi

- BÒ dµy tÇng ®Êt yÕu kh¸ lín

- Kh«ng cã ho¹t ®éng x©y dùng míi ë khu vùc l©n cËn

- C«ng tr×nh n»m gÇn giÕng khai th¸c níc
	H¹ mùc níc ngÇm

	6
	
	- §é lón vµ c¸c vÕt nøt trªn kÕt cÊu t¨ng sau khi c«ng tr×nh ®· ®îc sö dông æn ®Þnh mét thêi gian kh¸ dµi

- Cã ho¹t ®éng x©y dùng míi ë khu vùc l©n cËn

(hè ®µo, nÒn ®¾p, c«ng tr×nh míi,... )
	Lón ¶nh hëng


Chó thÝch b¶ng 3.2.1: Kh«ng cã biÕn ®éng ®¸ng kÓ cña t¶i träng c«ng tr×nh

3.2.3.2 Dù b¸o tèc ®é xuèng cÊp do lón

Tèc ®é xuèng cÊp phô thuéc vµo sù ph¸t triÓn cña ®é lón theo thêi gian.ViÖc dù b¸o tèc ®é xuèng cÊp cã thÓ ®îc thùc hiÖn theo c¸c ph¬ng ph¸p sau:

(1)  TÝnh to¸n ®é lón theo thêi gian trªn c¬ së t¶i träng c«ng tr×nh vµ c¸c chØ tiªu c¬ lý cña ®Êt nÒn (TCXD 45-78);

(2)  Ph©n tÝch kÕt qu¶ quan tr¾c, tõ ®ã dù b¸o sù ph¸t triÓn cña ®é lón, nghiªng, nøt vµ sù ¶nh hëng cña nã ®èi víi c«ng n¨ng vÒ kh¶ n¨ng chÞu t¶i vµ yªu cÇu sö dông b×nh thêng cña c«ng tr×nh.

3.2.4. §¸nh gi¸ møc ®é xuèng cÊp vµ lùa chän biÖn ph¸p kh¾c phôc

3.2.4.1 §¸nh gi¸ møc ®é xuèng cÊp

(1)
Nguyªn t¾c chung: Møc ®é xuèng cÊp do nguyªn nh©n nÒn mãng ®îc ®¸nh gi¸ theo c¸c chØ sè c«ng n¨ng:

(a)  C«ng n¨ng vÒ an toµn (kh¶ n¨ng chÞu t¶i);
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(b)  C«ng n¨ng sö dông b×nh thêng cña c«ng tr×nh: §é lón tuyÖt ®èi, ®é lón lÖch vµ ®é nghiªng cña kÕt cÊu;

(2)  §¸nh gi¸ møc ®é xuèng cÊp theo c«ng n¨ng vÒ an toµn: T¶i träng truyÒn lªn mãng kh«ng ®îc vît qu¸ søc chÞu

t¶i cho phÐp cña nÒn:

N< Qa

trong ®ã Qa   lµ søc chÞu t¶i cho phÐp, ®îc x¸c ®Þnh tõ  søc chÞu t¶i giíi h¹n Q0   vµ hÖ sè an toµn  FS




theo quan hÖ

Qa
Q0  / FS   .

Tuú theo tõng trêng hîp cô thÓ, ph¬ng ph¸p tÝnh to¸n Q0   vµ gi¸ trÞ cña  FS




cho c¸c ®iÒu kiÖn ®Êt nÒn kh¸c nhau

®îc x¸c ®Þnh theo c¸c TCXD 45: 1978; TCXD 205:1998 ; TCXD 5574:1991 vµ TCXD 5573:1991, hoÆc b»ng ph¬ng ph¸p thùc nghiÖm.

NÕu  N < Qa




th× c«ng n¨ng vÒ kh¶ n¨ng chÞu t¶i ®¸p øng yªu cÇu. Ngîc l¹i nÕu  N > Qa




th× ph¶i ¸p dông biÖn

ph¸p gia cè c«ng tr×nh ®Ó t¨ng kh¶ n¨ng chÞu t¶i cña mãng.

(3)  §¸nh gi¸ møc ®é xuèng cÊp theo møc ®é ®¸p øng yªu cÇu sö dông b×nh thêng: C«ng n¨ng cÇn ®¸nh gi¸ trong

trêng hîp nµy  lµ møc biÕn d¹ng cña c«ng tr×nh. §é lón tuyÖt ®èi  S , ®é lón lÖch  S / L

c«ng tr×nh kh«ng ®îc vît qu¸ giíi h¹n cho phÐp:


vµ ®é nghiªng  i  cña

S  S 

S / L  S / L

i  i

Trong ®ã  S  ,   S / L vµ  i lµ c¸c trÞ sè cho phÐp cña biÕn d¹ng, x¸c ®Þnh theo b¶ng 3.2.1 vµ 3.2.2. §é lón vµ

nghiªng cña c«ng tr×nh ®îc tÝnh to¸n theo TCXD 45:1978 hoÆc b»ng quan tr¾c.

NÕu c¸c ®iÒu kiÖn trªn kh«ng ®îc tho¶ m·n (kh«ng ®¸p øng c«ng n¨ng sö dông) th× ph¶i ¸p dông biÖn ph¸p gia

cè nÒn thÝch hîp ®Ó ng¨n chÆn sù ph¸t triÓn cña ®é lón vµ nghiªng.

3.2.4.2 Lùa chän biÖn ph¸p kh¾c phôc

(1)   Yªu cÇu chung

BiÖn ph¸p kh¾c phôc sù xuèng cÊp cña c«ng tr×nh ®îc x¸c ®Þnh theo kÕt qu¶ ®¸nh gi¸ nguyªn nh©n vµ dù b¸o tèc

®é xuèng cÊp. Nã ph¶i ®¸p øng c¸c yªu cÇu vÒ kinh tÕ - kü thuËt, c¸c yÕu tè kh¸c cÇn xem xÐt lµ tuæi thä c«ng tr×nh, gi¸ trÞ v« h×nh vµ h÷u h×nh, møc ®é nguy hiÓm, c¸c yÕu tè x· héi vµ m«i trêng, tÝnh kh¶ thi, v.v.  ViÖc

lùa chän biÖn ph¸p kh¾c phôc xuèng cÊp phô thuéc chñ yÕu vµo ®é lón cßn l¹i cña c«ng tr×nh. NÕu ®é lón cßn

l¹i lµ nhá th× chØ cÇn phôc håi kh¶ n¨ng lµm viÖc cña kÕt cÊu. C¸c ph¬ng ph¸p gia cêng mãng ®îc lùa

chän khi ®é lón cßn l¹i lín, cã kh¶ n¨ng g©y h háng c«ng tr×nh. Th«ng thêng cã nhiÒu biÖn ph¸p kh¾c phôc

cã thÓ ®¸p øng ®îc yªu cÇu ®Ò ra, v× vËy cÇn so s¸nh c¸c chØ tiªu kinh tÕ - kü thuËt cña chóng ®Ó cã thÓ x¸c

®Þnh biÖn ph¸p tèi u.

KÕt cÊu sau khi ®îc söa ch÷a ph¶i ®¸p øng c¸c yªu cÇu cho c¸c c«ng n¨ng sau ®©y:

(a)
C«ng n¨ng vÒ kh¶ n¨ng chÞu t¶i

(b)
C«ng n¨ng sö dông cña c«ng tr×nh;

Yªu cÇu ®èi víi viÖc kiÓm tra c¸c c«ng n¨ng nªu trªn ®îc tr×nh bµy trong môc 3.2.4.1.

(2)   Lùa chän biÖn ph¸p kh¾c phôc

KiÕn nghÞ biÖn ph¸p kh¾c phôc sù xuèng cÊp cña c«ng tr×nh ®îc tr×nh bµy trong b¶ng 3.2.2.

B¶ng 3.2.2. Mét sè biÖn ph¸p kh¾c phôc xuèng cÊp do nguyªn nh©n nÒn mãng

	TT
	C¬ chÕ xuèng cÊp
	BiÖn ph¸p kh¾c phôc
	Ghi chó
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	1
	§Êt nÒn kh«ng ®ñ kh¶

n¨ng chÞu t¶i
	-  Gia  cè  n«ng  (Më  réng  mãng,  hè

®µo, ...)
	§Êt nÒn t¬ng ®èi tèt

	
	
	- Gia cè s©u (mãng cäc)
	§Êt yÕu

	2
	KÕt  cÊu  mãng  kh«ng

®ñ kh¶ n¨ng chÞu t¶i
	- Söa ch÷a kÕt cÊu mãng
	

	3
	§é lón tuyÖt ®èi lín
	- Gia cè s©u (cã thÓ kÕt hîp víi gi¶m t¶i)
	NÕu ®é lón lÖch nhá vµ cã thÓ kh¾c phôc

¶nh hëng cña ®é lón ®èi víi ho¹t ®éng cña c«ng tr×nh th× kh«ng cÇn gia cêng

	4
	§é lón lÖch lín
	-  Gia  cè  s©u  (cã  thÓ  kÕt  hîp  víi  gia cêng kÕt cÊu vµ gi¶m t¶i)
	Cã thÓ nghiªn cøu biÖn ph¸p c¾t t¸ch kÕt cÊu

	5
	H¹ mùc níc ngÇm
	- Gia cè s©u (mãng cäc)
	CÇn ¸p dông biÖn ph¸p h¹n chÕ ma s¸t ©m

	6
	Lón ¶nh hëng
	- Gia cè s©u (cã thÓ kÕt hîp víi gia cêng kÕt cÊu)

- Cõ ng¨n lón
	


Néi dung c¸c biÖn ph¸p kh¾c phôc ®îc tr×nh bµy trong c¸c môc 3.2.4.3 vµ 3.2.4.4.

3.2.4.3 Mét sè ph¬ng ph¸p gia cè n«ng vµ gia cêng kÕt cÊu

(1)   Më réng mãng: Môc ®Ých cña ph¬ng ph¸p më réng mãng lµ t¨ng diÖn tÝch mãng, qua ®ã gi¶m ¸p lùc t¸c dông lªn ®Êt nÒn t¹i ®¸y mãng. Ph¬ng ph¸p nµy thêng ®îc ¸p dông khi ®Êt nÒn díi mãng cã kh¶ n¨ng chÞu t¶i cao vµ trong ph¹m vi   ¶nh hëng cña t¶i träng c«ng tr×nh kh«ng cã nh÷ng líp ®Êt yÕu.

ViÖc lùa chän biÖn ph¸p më réng mãng phô thuéc vµo ®iÒu kiÖn cô thÓ cña mçi c«ng tr×nh. Trong thiÕt kÕ cÇn lu ý ®Õn liªn kÕt gi÷a phÇn mãng mãng më réng víi kÕt cÊu mãng cò. C¸c biÖn ph¸p ®¬n gi¶n nhng kh¸ hiÖu qu¶ ®Ó t¨ng cêng liªn kÕt lµ ®ôc nh¸m bÒ mÆt tiÕp xóc, khoan ®Ó ®Æt neo thÐp. Kü thuËt Ðp tríc (gia t¶i tríc) cã thÓ ®îc sö dông ®Ó phÇn mãng míi cã thÓ lµm viÖc tèt ngay sau khi thi c«ng.

Mét sè vÝ dô vÒ më réng mãng ®îc thÓ hiÖn trªn h×nh 3.2.1. §Ó thùc hiÖn c«ng viÖc nµy, mét sè lç ®îc khoan qua têng

®Ó ®Æt cèt thÐp chñ, sau ®ã thi c«ng phÇn më réng b»ng bª t«ng cèt thÐp. §é s©u ®Æt mãng ®îc x¸c ®Þnh theo ®iÒu kiÖn ®Êt nÒn vµ yªu cÇu sö dông cña c«ng tr×nh. Mãng ®Æt cµng n«ng th× cµng dÔ thi c«ng.

H×nh 3.2.2 thÓ hiÖn thiÕt kÕ më réng mãng trong ®ã t¶i träng cña kÕt cÊu ®îc truyÒn sang mãng th«ng qua dÇm g¸nh b»ng thÐp. H×nh 3.2.3 lµ mét vÝ dô më réng mãng têng trong ®ã cã sö dông neo thÐp vµ chèt bª t«ng

cèt thÐp ®Ó liªn kÕt phÇn bª t«ng më réng vµo mãng cò.

(a)
(b)
(c)

H×nh 3.2.1. Më réng mãng - liªn kÕt b»ng bª t«ng cèt thÐp
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H×nh 3.2.2. Më réng mãng - liªn kÕt b»ng thÐp h×nh
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H×nh 3.2.3. Më réng mãng - liªn kÕt b»ng neo vµ chèt

(2)   Gia cêng b»ng hè ®µo: Ph¬ng ph¸p nµy cã thÓ ¸p dông trong ®Êt t¬ng ®èi kh« do v¸ch hè ®µo kh«ng cã kh¶ n¨ng bÞ s¹t lë khi ®µo. Nguyªn lý cña ph¬ng ph¸p nµy lµ t¨ng ®é s©u ®Æt mãng b»ng c¸ch thùc hiÖn hè

®µo díi mãng cò cho ®Õn ®é s©u gÆp líp ®Êt tèt. Qu¸ tr×nh thi c«ng ®îc b¾t ®Çu b»ng c¸ch ®µo mét hè bªn c¹nh mãng cò (h×nh 3.2.4a). Tõ hè nµy ngêi ta tiÕn hµnh ®µo hè díi ®¸y mãng cho tíi ®é s©u gÆp líp ®Êt

tèt (h×nh 3.2.4b). KÝch thíc hè th«ng thêng b»ng  700  900 mm råi ®æ bª t«ng lÊp ®Çy hè. Tuú theo t¶i träng cña c«ng tr×nh, c¸c hè ®µo cã thÓ ®îc thi c«ng t¹o thµnh c¸c trô riªng biÖt hoÆc ®îc thi c«ng s¸t nhau t¹o thµnh mét têng liªn tôc. NÕu mãng díi têng lµ khèi x©y lín hoÆc lµ b¨ng bª t«ng cèt thÐp th× kh«ng cÇn bæ sung gi»ng ®ì têng trong kho¶ng gi÷a c¸c trô. Trêng hîp mãng kh«ng ®ñ cøng th× cÇn bæ sung gi»ng díi ®¸y mãng hoÆc gi»ng kÑp hai bªn têng.

(3)
Gia cêng kÕt cÊu bªn trªn: Gia cêng kÕt cÊu bªn trªn lµ biÖn ph¸p cã thÓ ®îc ¸p dông khi c¸c kÕt qu¶ tÝnh to¸n vµ quan tr¾c chøng tá ®é lón cßn l¹i cña c«ng tr×nh lµ t¬ng ®èi nhá. Néi dung cña ph¬ng ph¸p nµy lµ t¨ng cêng ®é cøng cña kÕt cÊu c«ng tr×nh b»ng c¸ch bæ sung mét sè gi»ng thÐp hoÆc bª t«ng cèt thÐp t¹i c¸c

vÞ trÝ thÝch hîp ®Ó tiÕp thu c¸c néi lùc ph¸t sinh khi c«ng tr×nh bÞ lón kh«ng ®Òu. VÞ trÝ ®Æt c¸c gi»ng phô thuéc vµo c«ng tr×nh chÞu lón vâng (h×nh 3.2.5a) hay lón vång (h×nh 3.2.5b):

(a) Trêng hîp lón vâng (vÕt nøt ph¸t triÓn tõ phÝa díi) th× hÖ thèng gi»ng nªn bè trÝ ë mãng díi d¹ng gi»ng kÑp hai bªn cæ mãng hoÆc còng cã thÓ sö dông kü thuËt Pynford ®Ó thi c«ng gi»ng trong têng.

(b)  Trêng hîp lón vång (vÕt nøt ph¸t triÓn tõ phÝa m¸i) th× hÖ thèng gi»ng nªn bè trÝ ë phÝa trªn (cao tr×nh m¸i).

§Ó hÖ thèng gi»ng gia cêng cã thÓ lµm viÖc tèt ngay sau khi thi c«ng, nªn kÐo c¨ng thÐp tríc khi ®æ bª

t«ng.
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C¸c vÕt nøt trªn kÕt cÊu cña c«ng tr×nh cÇn ®îc söa ch÷a b»ng c¸ch ®ôc bá vËt liÖu ®· bÞ nøt vì sau ®ã phôc

håi l¹i b»ng bª t«ng hoÆc v÷a cêng ®é cao vµ kh«ng co.
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H×nh 3.2.4. Gia cè mãng b»ng hè ®µo

[image: image7.png]



a) Lón vâng
b) Lón vång

H×nh 3.2.5. D¹ng lón cña c«ng tr×nh

3.2.4.4.  Gia cêng b»ng mãng s©u

Ph¬ng ph¸p gia cêng b»ng mãng s©u ®îc ¸p dông khi ph¬ng ph¸p më réng mãng kh«ng ®¸p øng ®îc yªu cÇu kü thuËt, ®Æc biÖt khi trong ph¹m vi ®é s©u ¶nh hëng cña t¶i träng c«ng tr×nh tån t¹i c¸c líp ®Êt yÕu. Nguyªn
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lý cña ph¬ng ph¸p nµy lµ dïng cäc ®a t¶i träng cña c«ng tr×nh xuèng c¸c líp ®Êt cøng n»m ë ®é s©u lín. §é lón cña

c«ng tr×nh sau khi cäc ®îc liªn kÕt vµo mãng thêng rÊt nhá.

Víi c¸c c«ng nghÖ thi c«ng hiÖn cã, ph¬ng ph¸p gia cêng b»ng mãng s©u cã thÓ ¸p dông ®îc trong hÇu hÕt c¸c ®iÒu kiÖn ®Êt nÒn thêng gÆp trong thùc tÕ, kÓ c¶ nh÷ng trêng hîp mÆt b»ng thi c«ng cäc chËt hÑp vµ bÞ h¹n chÕ vÒ chiÒu cao thao t¸c. C«ng nghÖ thi c«ng th«ng dông hiÖn nay lµ sö dông kÝch Ðp cäc víi ®èi t¶i lµ träng lîng cña c«ng tr×nh.

Mét sè vÊn ®Ò cÇn lu ý khi thùc hiÖn thiÕt kÕ gia cè b»ng ph¬ng ph¸p Ðp sau lµ:

(a)  Kho¶ng c¸ch tõ cäc ®Õn têng hoÆc cét lµ tèi thiÓu (trong ph¹m vi c«ng nghÖ thi c«ng cho phÐp);

(b)  TiÕt diÖn cäc vµ ®é s©u Ðp cäc x¸c ®Þnh theo lùc Ðp lín nhÊt,  Pmax , cho phÐp  t¸c dông lªn c«ng tr×nh khi thi c«ng.  Lùc nµy ®îc x¸c ®Þnh theo träng lîng vµ ®é cøng cña kÕt cÊu c«ng tr×nh;

(c)  Neo Ðp cäc cÇn ®îc thiÕt kÕ víi hÖ sè an toµn FS >2;

(d)  CÇn chó ý ®Õn t¶i träng thi c«ng Ðp cäc khi thiÕt kÕ hÖ thèng gi»ng mãng.

Mãng bª t«ng cèt thÐp díi c¸c cét hoÆc têng BTCT cã thÓ lµ mãng ®¬n, mãng b¨ng hoÆc mãng bÌ. Gi¶i ph¸p thiÕt kÕ

gia cêng c¸c lo¹i mãng nµy b»ng cäc thêng ®îc sö dông lµ:

(a)  §èi víi mãng ®¬n: NÕu bÒ réng mãng t¬ng ®èi nhá th× cã thÓ bè trÝ cäc ra phÝa ngoµi mãng. Ngîc l¹i khi bÒ

réng ®¸y mãng lín th× ph¶i khoan dÉn qua bª t«ng ®Ó cã thÓ Ðp cäc;

(b) §èi víi mãng b¨ng: NÕu bÒ réng mãng t¬ng ®èi nhá th× cã thÓ bè trÝ cäc hai bªn mãng t¬ng tù nh trêng hîp mãng díi têng chÞu lùc. NÕu bÒ réng mãng kh¸ lín th× ph¶i ¸p dông biÖn ph¸p khoan dÉn qua bª t«ng b¶n mãng ®Ó Ðp cäc;

(c)  §èi víi mãng bÌ: Trong trêng hîp nµy viÖc khoan dÉn qua bª t«ng lµ b¾t buéc. Khi bè trÝ cäc cÇn lu ý tr¸nh khoan dÉn vµo c¸c sên mãng (nÕu cã).

Neo Ðp cäc cã thÓ ®îc liªn kÕt vµo hÖ thèng ®µi gi»ng hoÆc vµo hÖ thèng dÇm thÐp t¹m thêi ®îc l¾p ®Æt phôc vô môc ®Ých

Ðp cäc vµ ®îc thu håi ngay sau khi kÕt thóc Ðp cäc. C¸c u ®iÓm vµ nhîc ®iÓm cña tõng biÖn ph¸p thi c«ng nªu trªn nh

sau:

Khi sö dông hÖ thèng neo cè ®Þnh:

(a)   Neo vµ ®µi gi»ng æn ®Þnh, dÔ dµng Ðp cäc th¼ng ®øng;

(b)   VÞ trÝ Ðp cäc khã thay ®æi;

(c)   Thêi gian tõ khi thi c«ng ®µi gi»ng ®Õn khi Ðp dµi (>15 ngµy);

(d)  Chi phÝ cao v× hÖ thèng ®µi gi»ng ®îc thiÕt kÕ chÞu t¶i träng thi c«ng cao h¬n nhiÒu so víi t¶i träng thiÕt kÕ;

(e)   Kh«ng thu håi ®îc neo.

Khi sö dông hÖ thèng dÇm thÐp t¹m thêi:

(a)   DÔ dµng ®iÒu chØnh vÞ trÝ Ðp cäc cho phï hîp víi ®iÒu kiÖn thùc tÕ, ®Æc biÖt lµ khi cÇn bæ sung cäc;

(b)  Cã thÓ  b¾t ®Çu Ðp cäc ngay sau khi l¾p ®Æt hÖ dÇm;

(c)   DÇm ®îc thu håi ngay sau khi Ðp cäc;

(d)  KÐm  æn ®Þnh;

(e)   DÔ g©y h h¹i kÕt cÊu c«ng tr×nh cò do Ðp côc bé t¹i vÞ trÝ truyÒn t¶i tõ dÇm thÐp sang kÕt cÊu.

H×nh 3.2.6 thÓ hiÖn mét vÝ dô vÒ cÊu t¹o hÖ thèng ®µi cäc sö dông trong gia cè mãng cña kÕt cÊu khung. §Ó t¨ng cêng b¸m dÝnh gi÷a hÖ mãng míi vµ cæ mãng, nªn ®ôc nh¸m bÒ mÆt bª t«ng mãng cò vµ cã thÓ t¨ng cêng mét

sè neo liªn kÕt. Kho¶ng c¸ch gi÷a c¸c neo thÐp th«ng thêng b»ng 20 - 30 cm. Nªn bæ  sung gi»ng gi÷a c¸c cét cña c«ng tr×nh nÕu mãng cò kh«ng cã hÖ thèng gi»ng hoÆc hÖ thèng gi»ng cò kh«ng ®ñ cøng.
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H×nh 3.2.6.  Gia cè mãng díi cét hoÆc têng bª t«ng cèt thÐp

3.2.4.5. Söa ch÷a kÕt cÊu bÞ h háng do lón nÒn mãng

ViÖc söa ch÷a kÕt cÊu bªn trªn bÞ xuèng cÊp do nguyªn nh©n lón nÒn mãng ®îc thùc hiÖn sau khi ®· hoµn thµnh biÖn ph¸p gia cêng nÒn mãng. Mét sè ph¬ng ph¸p söa ch÷a ®îc tr×nh bµy trong môc 3.1.4 cña Tiªu chuÈn nµy.

3.2.5 Ghi chÐp vµ lu gi÷ hå s¬

C¸c hå s¬ vÒ kh¶o s¸t, thiÕt kÕ, vµ thi c«ng cÇn ®îc tËp hîp vµ lu tr÷ l©u dµi.

Trong qu¸ tr×nh thi c«ng cÇn thùc hiÖn ghi chÐp vµ lËp hå s¬ theo qui ®Þnh cña c¸c tiªu chuÈn   TCVN 4055:1985; TCXD 79: 1980; TCVN 4453: 1995 vµ TCVN 4085: 1985.
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B¶ng 3.2.1. §é lón vµ nghiªng giíi h¹n cña c«ng tr×nh (theo TCXD 205:1997)

	C«ng tr×nh
	§é lón lÖch t¬ng ®èi

S / L
	§é nghiªng

i
	§é lón trung b×nh  S  hoÆc lín nhÊt  S max (trong ngoÆc), cm

	1. Nhµ s¶n xuÊt 1 tÇng vµ nhµ d©n dông nhiÒu tÇng cã khung hoµn toµn b»ng bª t«ng cèt thÐp
	0,002
	-
	(8)

	2. Nhµ vµ c«ng tr×nh mµ trong kÕt cÊu kh«ng xuÊt hiÖn néi lùc do lón kh«ng ®Òu
	0,006
	-
	(15)

	3.  Nhµ nhiÒu tÇng kh«ng khung víi têng chÞu lùc:

- B»ng tÊm lín

- B»ng khèi lín hoÆc thÓ x©y g¹ch kh«ng cã thÐp

- Nh trªn nhng cã thÐp, trong ®ã cã gi»ng bª t«ng cèt thÐp
	0,0016

0,0020

0,0024
	0,005

0,0005

0,0005
	10

10

15

	4.   C«ng tr×nh th¸p chøa b»ng kÕt cÊu bª t«ng cèt thÐp:

- Nhµ c«ng t¸c vµ silo, kÕt cÊu ®æ t¹i chç liÒn khèi trªn cïng mét mãng bÌ

- Nh trªn nhng kÕt cÊu l¾p ghÐp

- Silo ®éc lËp kÕt cÊu toµn khèi ®æ t¹i  chç

- Nh trªn nhng kÕt cÊu l¾p ghÐp

- Nhµ c«ng t¸c ®øng ®éc lËp
	-

-

-

-

-
	0,003

0,003

0,004

0,004

0,004
	40

30

40

30

25

	5. èng khãi cã chiÒu cao H, m:

- H  100 m

- 100  H  200 m

- 200  H  300 m

- H > 300 m
	-

-

-

-
	0,005

1/(2H)

1/(2H)

1/(2H)
	40

30

20

10

	6. C«ng tr×nh cøng cao ®Õn 100 m, ngoµi nh÷ng ®iÒu ®·

nãi ë ®iÓm 4 vµ 5
	-
	0,004
	20

	7. C«ng tr×nh liªn l¹c, ¨ng ten:

- Th©n th¸p tiÕp ®Êt

- Th©n th¸p ph¸t thanh c¸ch ®iÖn víi ®Êt

- Th¸p ph¸t thanh

- Th¸p ph¸t thanh sãng ng¾n

- Th¸p (block riªng rÏ)
	-

-

0,002

0,0025

0,001
	0,002

0,001

-

-

-

-
	20

10

-

-

-

-

	8. Trô ®êng d©y t¶i ®iÖn trªn kh«ng:

- Trô trung gian

-  Trô  neo,  neo  gãc,  trô  gãc  trung  gian,  trô  ë  vßng cung, cöa chÝnh cña thiÕt bÞ ph©n phèi kiÓu hë

- Trô trung chuyÓn ®Æc biÖt
	
	0,003

0,0025

0,002
	-

-

-


Chó thÝch b¶ng 3.2.1:

(a)    TrÞ giíi h¹n cña ®é vâng (vång lªn) t¬ng ®èi cña nhµ nãi ë ®iÓm 3 lÊy b»ng  0.5S / L .

(b)   Khi x¸c ®Þnh ®é lón lÖch t¬ng ®èi  S / L




nãi ë ®iÓm 8, L lµ kho¶ng c¸ch gi÷a 2 trôc block mãng theo híng t¶i träng ngang,

cßn ë c¸c trô kÐo d©y - lµ kho¶ng c¸ch gi÷a c¸c trôc cña mãng chÞu nÐn vµ neo.

(c)    NÕu nÒn gåm c¸c líp ®Êt n»m ngang (víi ®é dèc kh«ng qu¸ 0.1) th× trÞ giíi h¹n vÒ ®é lón lín nhÊt vµ ®é lón trung b×nh cho phÐp t¨ng lªn 20%.

(d)   §èi víi c¸c c«ng tr×nh nãi ë ®iÓm 2 vµ 3 cã mãng d¹ng bÌ th× trÞ giíi h¹n cña ®é lón trung b×nh cho phÐp t¨ng lªn 1,5 lÇn.

(e)    Trªn c¬ së tæng kÕt kinh nghiÖm thiÕt kÕ, x©y dùng vµ khai th¸c c¸c lo¹i c«ng tr×nh kh¸c nhau, cho phÐp lÊy trÞ biÕn d¹ng giíi h¹n cña nÒn kh¸c víi trÞ cho ë  b¶ng nµy.
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B¶ng 3.2.2. Giíi h¹n biÕn d¹ng gãc

	f / L
	Tr¹ng th¸i giíi h¹n

	1/ 5000
	VÕt r¹n li ti quan s¸t thÊy trong c«ng tr×nh b»ng g¹ch kh«ng cèt thÐp; c¸c têng chÞu lùc bÞ cong

	1 / 3000
	C¸c vÕt nøt nh×n thÊy ë c¸c têng chÞu lùc

	1 / 1000
	C¸c vÕt nøt nh×n thÊy ë c¸c têng g¹ch chÌn khung

	1 / 750
	Giíi h¹n thùc tÕ ®Ó ng¨n chÆn sù mÊt c©n b»ng cña m¸y mãc cã ®é chÝnh x¸c cao

	1 / 600
	Møc vît øng suÊt cho phÐp trong c¸c tiÕt diÖn nghiªng trë nªn ®¸ng kÓ

	1 / 500
	Giíi h¹n thùc tÕ ®Ó ng¨n chÆn c¸c vÕt nøt trÇm träng trong nhµ khung vµ c«ng tr×nh hiÖn ®¹i

	1 / 300
	H h¹i c«ng tr×nh vµ têng tÊm lín, g©y trë ng¹i cho di chuyÓn cña c¸c cÇn trôc trªn cao

	1 / 250
	Nghiªng ®¸ng chó ý trong c¸c nhµ nhiÒu tÇng

	1 / 150
	H h¹i ®Õn kÕt cÊu ®èi víi hÇu hÕt c«ng tr×nh


Chó thÝch  b¶ng 3.2.2:

(a) §èi víi c«ng tr×nh b×nh thêng, biÕn d¹ng gãc giíi h¹n lÊy nhá h¬n 1/500;

(b)CÇn tr¸nh h h¹i khi c¸c khe nøt nh×n thÊy ®îc nÕu biÕn d¹ng gãc nhá h¬n 1/1000;

(c) H h¹i cña c«ng tr×nh Ýt x¶y ra víi gi¸ trÞ




f  / L




1/ 150 .
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3.3   Söa ch÷a kÕt cÊu h háng do t¸c ®éng cña ®iÒu kiÖn khÝ  hËu  nãng Èm

3.3.1 Nguyªn t¾c chung

Môc nµy híng dÉn kiÓm tra chi tiÕt, x¸c ®Þnh c¬ chÕ vµ møc ®é xuèng cÊp vµ c¸c biÖn ph¸p söa ch÷a hoÆc gia cêng kÕt cÊu h háng do t¸c ®éng cña c¸c ®iÒu kiÖn khÝ hËu nãng Èm (nh nhiÖt ®é vµ ®é Èm kh«ng khÝ, bøc x¹ mÆt trêi, ma giã, b·o vv...)

C¸c kÕt cÊu trong c«ng tr×nh x©y dùng chÞu t¸c ®éng trùc tiÕp cña c¸c ®iÒu kiÖn khÝ hËu lµ c¸c kÕt cÊu lé thiªn, gåm cã:

(a)   M¸i BTCT;

(b)  Khung BTCT (dÇm, cét) ngoµi trêi;

(c)  Têng BTCT ngoµi trêi (Têng ngoµi, tßng ch¾n m¸i, têng bÓ níc, thµnh silo). DÊu hiÖu xuèng cÊp: DÊu hiÖu xuèng cÊp c¸c kÕt cÊu nªu trªn gåm cã:

(a)  Nøt bª t«ng;

(b)  ThÊm níc ma;

(c)  Rªu mèc;

(d)  C¸c b« n¸t ho¸.

DÊu hiÖu c¸c b« n¸t ho¸ ®· ®îc chØ dÉn ë môc 3.4. Trong môc nµy, viÖc kiÓm tra chi tiÕt vµ ho¹t ®éng söa ch÷a chØ tiÕn hµnh víi 3 dÊu hiÖu cßn l¹i.

Nguyªn nh©n xuèng cÊp

(1) T×nh tr¹ng nøt kÕt cÊu bª t«ng: kÕt cÊu BTCT cã thÓ bÞ nøt díi t¸c ®éng cña khÝ hËu nãng Èm do c¸c nguyªn nh©n sau:

(a)   BiÕn d¹ng nhiÖt Èm qu¸ lín do thiÕu khe co d·n nhiÖt Èm;

(b)  ThiÕu cèt thÐp ©m;

(c)
Cèt thÐp chñ bÞ rØ do hiÖn tîng cacbonat ho¸ bª t«ng, lµm nøt líp b¶o vÖ cña bª t«ng;

(d)  KÕt cÊu kh«ng ®ñ ®é cøng chÞu lùc

(e)   Kh«ng tÝnh ®ñ t¶i träng nhiÖt m«i trêng khi thiÕt kÕ..

(2) ThÊm níc: kÕt cÊu m¸i hoÆc têng BTCT bÞ thÊm níc cã thÓ do nh÷ng nguyªn nh©n sau:

(a)    KÕt cÊu bÞ nøt (m¸i BTCT, sªn«, « v¨ng, têng …);

(b)
Bª t«ng kÕt cÊu kh«ng cã kh¶ n¨ng ng¨n níc (m¸c bªt«ng thÊp, ®Çm kh«ng chÆt, bÞ rç …);

(c)
BÞ ph¸ vì liªn kÕt c¸c chi tiÕt kü thuËt qua kÕt cÊu (nh ®êng èng, d©y thu l«i, c¸p ®iÖn …);

(d)
BÞ háng mµng ch¾n níc trªn mÆt kÕt cÊu (líp l¸ng v÷a XM:C; líp s¬n chèng thÊm hay líp giÊy dÇu, giÊy cao su).

(3)  T×nh tr¹ng rªu mèc: rªu mèc xuÊt hiÖn khi cã ®ång thêi 2 yÕu tè sau ®©y:

(a)   TÝch Èm;

(b)  Tån t¹i vi sinh vËt g©y mèc.

ThiÕu mét trong 2 yÕu tè nµy th× kh«ng cã rªu mèc.

3.3.2  KiÓm tra chi tiÕt

3.3.2.1  Kh¶o s¸t t×nh tr¹ng nøt bª t«ng

CÇn kh¶o s¸t trªn toµn bé bÒ mÆt kÕt cÊu lé thiªn, chÞu t¸c ®éng trùc tiÕp cña c¸c yÕu tè khÝ hËu nhiÖt Èm. §Æc biÖt cÇn kh¶o s¸t ë nh÷ng vÞ trÝ nguy hiÓm cña kÕt cÊu nh: vÞ trÝ gèi tùa cã m«men ©m; vÞ trÝ 1/3 khÈu ®é vît sµn m¸i; khe co d·n hoÆc khe nèi; vÞ trÝ cèt thÐp bÞ rØ… C¸c th«ng sè yªu cÇu khi kh¶o s¸t t×nh tr¹ng nøt bÒ mÆt kÕt cÊu gåm cã:
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(a)    Sè lîng hay mËt ®é vÕt nøt;

(b)   ChiÒu dµi vµ bÒ réng vÕt nøt;

(c)    Kho¶ng c¸ch gi÷a c¸c vÕt nøt;

(d)   VÞ trÝ vÕt nøt;

(e)    §Æc ®iÓm vÞ trÝ vÕt nøt (chç cã m« men ©m, chç cã cèt thÐp bÞ rØ vv…);

(f)
Nøt cã quy luËt hay kh«ng.

3.3.2.2 Kh¶o s¸t t×nh tr¹ng thÊm níc

§èi víi m¸i BTCT: TiÕn hµnh kh¶o s¸t t×nh tr¹ng thÊm ë mÆt díi sµn bª t«ng m¸i sau mçi trËn ma. Nªn chó ý kh¶o s¸t ë nh÷ng chç tiÕp gi¸p víi têng, díi c¸c dÇm ®ì sµn, chç g¾n kÕt sµn m¸i víi c¸c chi tiÕt kü thuËt xuyªn qua m¸i, nh÷ng chç cã nghi ngê bÞ nøt, c¸c gãc sªn« (m¸ng níc), gãc «v¨ng (m¸i h¾t).

§èi víi têng BTCT th× cÇn chó ý kh¶o s¸t ë nh÷ng khe lón, khe co d·n, chç ®iÓm dõng thi c«ng bª t«ng, nh÷ng vÞ

trÝ cã ®Æt gio¨ng ch¾n níc, chç cã vÕt nøt, chç rç.

ViÖc kh¶o s¸t thÊm cÇn lµm s¸ng tá nh÷ng vÊn ®Ò sau ®©y:

(a)
Nguån thÊm;

(b)   Sè ®iÓm thÊm;

(c)
VÞ trÝ thÊm;

(d)
DiÖn tÝch bÞ thÊm;

(e)
T×nh tr¹ng thÊm (thÊm Èm hay thÊm nhá giät, thÊm cã gißng ch¶y);

(f)
ThÊm cã quy luËt hay kh«ng;

(g)
KÕt cÊu cã chÞu lùc hay kh«ng.

3.3.2.3 Kh¶o s¸t t×nh tr¹ng rªu mèc

TiÕn hµnh kh¶o s¸t mÆt ngoµi kÕt cÊu. Chó ý ë nh÷ng ®iÓm thêng xuyªn tÝch Èm nh: c¸c gê chØ, gãc trªn m¸i h¾t, nh÷ng chç thêng xuyªn cã nguån Èm do vì ®êng èng níc hay do tíi c©y.

KÕt qu¶ kh¶o s¸t cÇn lµm s¸ng tá c¸c vÊn ®Ò sau ®©y:

(a)
Nguån sinh rªu mèc;

(b)
VÞ trÝ rªu mèc;

(c)
Sè ®iÓm rªu mèc;

(d)
DiÖn tÝch rªu mèc;

(e)
Møc ®é rªu mèc (nÆng hay nhÑ);

(f)
Lo¹i h×nh rªu mèc;

(g)
Cã mïi rªu mèc hay kh«ng.

3.3.3  NhËn biÕt c¬ chÕ xuèng cÊp vµ x¸c ®Þnh híng kh¾c phôc

3.3.3.1 §èi víi t×nh tr¹ng nøt bª t«ng

Trªn c¬ së sè liÖu kh¶o s¸t t×nh tr¹ng nøt, cÇn ph©n tÝch ®Ó x¸c ®Þnh c¬ chÕ ph¸t sinh vÕt nøt. Mét sè c¬ chÕ ®iÓn h×nh vµ híng kh¾c phôc ®îc xem xÐt díi ®©y:

(1) Khi kÕt cÊu qu¸ dµi mµ kh«ng cã khe co d·n nhiÖt Èm th× c¸c vÕt nøt thêng c¸ch ®Òu nhau, hoÆc vÕt nøt sÏ xuÊt hiÖn ë nh÷ng chç bÞ c¶n biÕn d¹ng. VÕt nøt do biÕn d¹ng nhiÖt Èm thêng lµ nøt xuyªn suèt kÕt cÊu (®øt kÕt cÊu bª t«ng) vµ th¼ng gãc víi ph¬ng biÕn d¹ng.

Híng kh¾c phôc c¸c vÕt nøt d¹ng nµy lµ h¹n chÕ biÕn d¹ng nhiÖt Èm cña kÕt cÊu. Cã thÓ thùc hiÖn theo c¸c híng sau:

(a) §Æt khe co d·n nhiÖt Èm   víi ho¶ng c¸ch theo quy ®Þnh cña TCXDVN 313: 2004 cho c¸c kÕt cÊu chÞu t¸c

®éng trùc tiÕp cña ®iÒu kiÖn khÝ hËu.
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Cô thÓ nh sau:

* §èi víi khe d·n:

Lmax  = 6  9 m - §èi víi kÕt cÊu lé thiªn kh«ng cã cèt thÐp hoÆc chØ cã cèt thÐp cÊu t¹o, chÞu t¸c ®éng trùc tiÕp cña khÝ hËu (nh bª t«ng chèng thÊm m¸i,®êng « t«, s©n b·i vv...)

Lmax   18 m - §èi víi kÕt cÊu kh«ng cèt thÐp, hoÆc chØ cã cèt thÐp cÊu t¹o, ®îc che ch¾n khái bøc x¹ mÆt trêi.

Lmax  = 35 m - §èi víi kÕt cÊu BTCT  chÞu t¸c ®éng trùc tiÕp cña bøc x¹ mÆt trêi (sµn m¸i, têng BTCT ngoµi nhµ).

Lmax  = 50 m - §èi víi kÕt cÊu BTCT ®îc che ch¾n khái bøc x¹ mÆt trêi (nh sµn m¸i ®îc chèng nãng;

têng trong nhµ vv...).

Cã thÓ kÕt hîp khe co d·n  nhiÖt Èm d¹ng nµy cïng víi khe lón cña c«ng tr×nh.

* §èi víi khe co:

lmax  = 6-9 m ®èi víi mäi kÕt cÊu BTCT chÞu t¸c ®éng trùc tiÕp cña khÝ hËu.

lmax  = 1/2 chiÒu cao vßm ®èi víi kÕt cÊu d¹ng vßm chÞu t¸c ®éng trùc tiÕp cña khÝ hËu.

Chó thÝch: §èi víi c¸c kÕt cÊu vá cã khÈu ®é lín, viÖc ®Æt khe co cÇn ®îc tÝnh to¸n riªng. VÞ trÝ ®Æt c¸c khe co d·n nhiÖt Èm ®îc thùc hiÖn theo chØ dÉn cña TCXDVN 313: 2004.

(b) B¶o vÖ kÕt cÊu khái t¸c ®éng trùc tiÕp cña m«i trêng nhiÖt Èm b»ng c¸ch che ch¾n, bäc vËt liÖu   c¸ch nhiÖt. ThÝ dô chèng nãng cho m¸i b»ng.

(2)

C¸c vÕt nøt ch¹y däc c¸c gèi sµn m¸i liªn tôc nhiÒu nhÞp thêng lµ do thiÕu thÐp ©m t¹i c¸c gèi nµy. C¸c vÕt nøt d¹ng nµy thêng më réng ë trªn mÆt vµ khÐp dÇn theo chiÒu s©u bª t«ng.

Híng kh¾c phôc lµ ph¶i b¶o vÖ sµn m¸i khái t¸c ®éng trùc tiÕp cña m«i trêng    (chèng nãng m¸i) theo

TCVN 5718-1993.

(3)
C¸c vÕt nøt c¾t ngang sµn m¸i ë vÞ trÝ kho¶ng 1/3  1/4 khÈu ®é vît sµn thêng lµ do khi tÝnh to¸n thiÕt kÕ hoÆc thi c«ng sµn ®· bá qua yÕu tè biÕn d¹ng nhiÖt Èm cña bª t«ng. §Æc ®iÓm cña c¸c vÕt nøt nµy lµ ®øt xuyªn suèt bª t«ng, bÒ réng vÕt nøt ë mÆt díi sµn thêng lín h¬n mÆt trªn sµn. Híng kh¾c phôc ë ®©y lµ b¶o vÖ sµn m¸i khái t¸c ®éng trùc tiÕp cña m«i trêng.

(4)

§èi víi c¸c sµn bª t«ng m¸i cã chiÒu dµy kh«ng ®ñ ®¹t ®îc ®é cøng th× thêng xuÊt hiÖn vÕt nøt ë chç cã m« men uèn lín nhÊt vµ chç chuyÓn tiÕp m« men ©m sang d¬ng (thêng t¹i kho¶ng 1/3  1/4 khÈu ®é sµn). Híng kh¾c phôc lµ ®æ thªm mét líp sµn gia cêng cho ®ñ ®é cøng cÇn thiÕt.

(5)
C¸c vÕt nøt ch¹y däc theo cèt thÐp (cét, dÇm, sµn, têng) thêng lµ do thÐp chñ bÞ gØ do cacbonat ho¸ bªt«ng, tr¬ng në lµm nøt líp b¶o vÖ cèt thÐp. Híng gi¶i quyÕt ë ®©y lµ ®¸nh gØ vµ gia cêng cèt thÐp chñ. Sau ®ã kiÕn t¹o l¹i líp b¶o vÖ míi (xem  môc 3.4).

(6)

C¸c dÇm BTCT næi trªn m¸i chÞu t¸c ®éng trùc tiÕp cña c¸c yÕu tè khÝ hËu thêng hay xuÊt hiÖn vÕt nøt ngang dÇm t¹i khu vùc trôc trung hoµ, n¬i kh«ng cã thÐp chñ, c¸ch ®Òu vµ th¼ng gãc víi trôc trung hoµ. §Æc

®iÓm c¸c vÕt nøt nµy lµ nøt xuyªn suèt chiÒu ngang dÇm. Gi¶i ph¸p kh¾c phôc lµ phun Ðp hå xim¨ng lµm

®Çy c¸c vÕt nøt, sau ®ã bäc xung quanh dÇm BTCT b»ng vËt liÖu c¸ch nhiÖt ®Ó dÇm kh«ng ph¶i chÞu t¸c

®éng trùc tiÕp cña m«i trêng. Khi cÇn th× ph¶i tÝnh to¸n l¹i kh¶ n¨ng chÞu lùc cña dÇm.

(7)
C¸c kÕt cÊu d¹ng vßm BTCT ngoµi trêi thêng bÞ nøt tiÖn vßng quanh t¹i 1/2 chiÒu cao vßm (h×nh 3.3.1 a/). Gi¶i ph¸p kh¾c phôc ë ®©y lµ ®Æt khe co t¹i 1/2 chiÒu cao vßm vµ ch¹y quanh vßm (nÕu lµm míi) theo chØ dÉn cña TCXDVN 313: 2004 vµ b¶o vÖ vßm khái t¸c ®éng trùc tiÕp cña khÝ hËu (nÕu söa ch÷a)

(8)
T¹i c¸c gãc trÇn BTCT ë tÇng ¸p m¸i thêng xuÊt hiÖn vÕt nøt vßng quanh nhµ, do sµn m¸i bÞ biÕn d¹ng nhiÖt Èm theo chu kú, ®· tiÖn ®øt liªn kÕt gi÷a têng vµ sµn (h×nh 3.3.1b/).   Gi¶i ph¸p kh¾c phôc ë ®©y lµ chèng nãng cho sµn m¸i ®Ó h¹n chÕ biÕn d¹ng co në. Sau ®ã g¾n v¸ l¹i c¸c vÕt nøt ®· cã trªn gãc trÇn.

(9)    C¸c « v¨ng vµ sªn« qu¸ dµi thêng xuÊt hiÖn vÕt nøt ngang c¸ch ®Òu nhau (H×nh 3.3.1c/). §Æc ®iÓm cña c¸c vÕt nøt nµy lµ xuyªn suèt, c¾t ®øt sµn bª t«ng. Gi¶i ph¸p kh¾c phôc ë ®©y lµ t¹o khe co theo chØ dÉn cña TCXDVN 313: 2004 ®Ó chñ ®éng cho vÕt nøt sÏ chØ xuÊt hiÖn t¹i khe nµy.
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(10) §èi víi c¸c m¸i nhµ cÇu nèi tõ nhµ nä sang nhµ kia th× thêng xuÊt hiÖn vÕt nøt t¹i hai ®Çu liªn kÕt víi têng

nhµ. Híng kh¾c phôc lµ t¹o liªn kÕt mÒm gi÷a sµn m¸i nhµ cÇu vµ têng nhµ díi d¹ng mét khe co d·n nhiÖt Èm. HoÆc cã thÓ cã gi¶i ph¸p b¶o vÖ bª t«ng m¸i khái chÞu t¸c ®éng trùc tiÕp cña ®iÒu kiÖn khÝ hËu (®Ó h¹n chÕ biÕn d¹ng bª t«ng).

a/

b/

c/

H×nh 3.3.1
VÕt nøt trªn c¸c kÕt cÊu BTCT do t¸c ®éng cña khÝ hËu nãng Èm

3.3.3.2 §èi víi t×nh tr¹ng thÊm níc
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CÇn ph©n biÖt c¸c d¹ng thÊm do nøt bª t«ng, do bª t«ng kh«ng ®Æc ch¾c, do ph¸ vì liªn kÕt bª t«ng víi têng hoÆc

chi tiÕt kü thuËt, hay bi háng mµng vËt liÖu ng¨n níc (xem h×nh 3.3.2 cho m¸i).

Tuú theo møc ®é suy tho¸i, c¸c d¹ng h háng trªn ®Òu cã thÓ g©y thÊm Èm hoÆc thÊm nhá giät. Nghiªm träng cã thÓ ch¶y dßng.

Híng kh¾c phôc c¸c d¹ng thÊm cã thÓ chän nh sau:

(a) ThÊm do nøt bª t«ng: tuú theo bÒ réng vµ ®é s©u vÕt nøt  cã thÓ b¬m keo, b¬m hå xi m¨ng, x¶m matit, x¶m v÷a

xi m¨ng (xem môc 3.4). Xong tríc hÕt cÇn kh¾c phôc c¬ chÕ g©y ra nøt.

(b) ThÊm do bª t«ng kh«ng ®Æc ch¾c: cã thÓ dïng b¬m Ðp hå xi m¨ng, ®Ëp bá tr¸m v¸ côc bé, hoÆc nÕu thÊm diÖn réng cã thÓ t¹o thªm líp bª t«ng chèng thÊm míi.

(c) ThÊm do ph¸ vì liªn kÕt bª t«ng m¸i víi têng hoÆc chi tiÕt kü thuËt xuyªn qua m¸i: tÊt c¶ sù ph¸ vì liªn kÕt nµy ®Òu do bª t«ng m¸i bÞ biÕn d¹ng liªn tôc theo chu kú díi t¸c ®éng cña khÝ hËu nãng Èm. CÇn kh¾c phôc

c¬ chÕ biÕn d¹ng nµy (nh t¹o liªn kÕt mÒm hay chèng nãng bªt«ng m¸i), sau ®ã míi t¹o liªn kÕt míi.

(d) ThÊm do háng mµng vËt liÖu ng¨n níc.Mµng s¬n chèng thÊm cã thÓ bÞ r¸ch, bÞ bong. CÇn t¹o mµng s¬n míi thay thÕ c¸c chç nµy. Theo TCVN 5718-1993 th× kh«ng ®îc sñ dông giÊy c¸ch níc d¸n trªn mÆt m¸i bª t«ng trong ®iÒu kiÖn khÝ hËu nãng Èm ViÖt Nam.  CÇn t¹o gi¶i ph¸p chèng thÊm kh¸c.

3.3.3.3 §èi víi t×nh tr¹ng rªu mèc

CÇn x¸c ®Þnh c¬ chÕ rªu mèc do tÝch bôi, tÝch Èm hay thêng xuyªn cã nguån vi sinh (nh ë n¬i chÕ biÕn thùc phÈm). Nguyªn t¾c chung lµ ph¶i t×m c¸ch lo¹i bá mét trong hai yÕu tè: nguån Èm hoÆc nguån vi sinh.

3.3.4  §¸nh gi¸ møc ®é xuèng cÊp vµ lùa chän biÖn ph¸p söa ch÷a

3.3.4.1 Xuèng cÊp do kÕt cÊu bÞ nøt

(1) KiÓm tra c«ng n¨ng. Møc ®é xuèng cÊp cña kÕt cÊu khi bÞ nøt ®îc ®¸nh gi¸ theo
c¸c chØ sè c«ng n¨ng sau

®©y:

(a)  KiÓm tra theo kh¶ n¨ng sö dông b×nh thêng.

Nh÷ng chØ sè c«ng n¨ng sau ®©y cÇn ®îc kiÓm tra:

§é vâng: §é vâng ®îc coi lµ kh«ng ¶nh hëng ®Õn kh¶ n¨ng lµm viÖc b×nh thêng cña kÕt cÊu nÕu tho¶

m·n ®iÒu kiÖn sau ®©y:

ftt
fyc
(1)

Trong ®ã:
ftt  -  §é vâng thùc tÕ t¹i thêi ®iÓm kiÓm tra.

fyc  - §é vâng yªu cÇu cña kÕt cÊu, x¸c ®Þnh theo TCVN 5574: 1991.

BÒ réng vÕt nøt: BÒ réng vÕt nøt ®îc x¸c ®Þnh lµ kh«ng lín h¬n gi¸ trÞ ghi trong TCVN 5574: 1991, tuú theo tÇm quan träng cña kÕt cÊu vµ lo¹i cèt thÐp sö dông.

MËt ®é vÕt nøt:  MËt ®é vÕt nøt ph¶i kh«ng lín ®Õn møc lµm cho ngêi sö dông c¶m thÊy sî h·i.

(b)  KiÓm tra theo ®é an toµn

CÇn kiÓm tra tr¹ng th¸i giíi h¹n cùc h¹n ®Ó ®¶m b¶o an toµn cña kÕt cÊu c¶ khi cã xuÊt hiÖn mét sè vÕt nøt vît qu¸ giíi h¹n cho phÐp.

C¸c chØ sè c«ng n¨ng cÇn kiÓm tra lµ: Lùc däc, m« men uèn, lùc c¾t vµ lùc xo¾n t¸c ®éng lªn kÕt cÊu.

NÕu c¸c chØ sè c«ng n¨ng trªn kh«ng tho¶ m·n yªu cÇu ®Ò ra th× ph¶i cã biÖn ph¸p kh¾c phôc hËu qu¶ nøt. Ngoµi c¸c c«ng n¨ng cÇn kiÓm tra nªu trªn, khi kÕt cÊu bÞ nøt th× cßn ph¶i quan t©m ®Õn kh¶ n¨ng bÒn l©u.

YÕu tè cÇn quan t©m ë ®©y lµ t×nh tr¹ng vÕt nøt. Cô thÓ nh sau:

§èi víi kÕt cÊu kh«ng øng lùc tríc: BÒ réng vÕt nøt kh«ng ®îc lín h¬n 0,2mm, lµ gi¸ trÞ cã thÓ g©y ¨n mßn cèt thÐp chñ trong ®iÒu kiÖn t¸c ®éng trùc tiÕp cña khÝ hËu nãng Èm.

§èi víi kÕt cÊu øng lùc tríc: Yªu cÇu lµ: Kh«ng cã vÕt nøt.

C¸c kÕt cÊu BTCT kh«ng chÞu lùc bÞ nøt th× cÇn xem xÐt kh¶ n¨ng kÕt cÊu cã thÓ bÞ vì, bÞ g·y hay kh«ng.
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M § a
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b/ 
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c/
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d/ 

M § a
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e/
M § a
f/
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g/
h/ 

M § a
M § a

a- chç rç bªt«ng;  b- qua vÕt nøt;  c- nøt cæ trÇn;

d- chç tiÕp gi¸p m¸i víi tßng;  e- tiÕp gi¸p èng kü thuËt;

f, g, h- háng líp giÊy c¸ch níc.

H×nh 3.3.2.  C¸c d¹ng thÊm qua m¸i BTCT

(2) BiÖn ph¸p kh¾c phôc

BiÖn ph¸p kh¾c phôc cho mçi kÕt cÊu bÞ nøt cÇn ®îc x¸c ®Þnh cô thÓ theo híng nªu trong môc 3.3.3.
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3.3.4.2 Xuèng cÊp do bÞ thÊm

(1) KiÓm tra c«ng n¨ng

C«ng n¨ng cÇn kiÓm tra lµ kh¶ n¨ng sö dông b×nh thêng.

KÕt cÊu BTCT bÞ thÊm cã thÓ ph©n ra 2 møc: ThÊm Èm vµ thÊm nhá giät hay ch¶y dßng. C¸c chØ sè c«ng n¨ng sau ®©y cÇn ®îc xem  xÐt:

Kh«ng thÊm Èm: Cho kÕt cÊu cã tÇm quan träng vµ kÕt cÊu cã yªu cÇu thÈm mü cao; Kh«ng thÊm nhá giät hay thÊm ch¶y dßng: Cho mäi kÕt cÊu;

Lîng  níc  mÊt  hµng  ngµy  cña  c¸c  bÓ  chøa  do  bÞ  thÊm  kh«ng qu¸  møc  quy  ®Þnh  cña  tiªu  chuÈn  hiÖn hµnh.

NÕu c¸c chØ sè c«ng n¨ng kiÓm tra trªn kh«ng tho¶ m·n yªu cÇu ®Ò ra th× ph¶i cã biÖn ph¸p kh¾c phôc hËu qu¶ thÊm.

Ngoµi ra cÇn quan t©m tíi ®é bÒn l©u cña kÕt cÊu. Cô thÓ nh sau:

§èi víi kÕt cÊu BTCT: Møc thÊm ph¶i kh«ng g©y cho cèt thÐp chñ bÞ ¨n mßn tíi møc mÊt trªn 5% tiÕt diÖn cèt thÐp trong thêi gian sö dông.

§èi víi kÕt cÊu bª t«ng kh«ng cèt thÐp: Kh«ng thÊm nhá giät hay thÊm ch¶y dßng.

(2) BiÖn ph¸p kh¾c phôc

(a) Trong mäi trêng hîp, viÖc chèng thÊm ph¶i ®îc tiÕn hµnh tõ phÝa nguån thÊm;

(b) Trong trêng hîp bÞ thÊm Èm th× cã thÓ tr¸t v÷a xi m¨ng c¸t ®¸nh mµu, dïng s¬n chèng thÊm hoÆc dïng mµng ng¨n níc tõ phÝa nguån thÊm;

(c) Trong trêng hîp bÞ thÊm nhá giät hay thÊm ch¶y dßng th× ph¶i phun Ðp hå xi m¨ng díi ¸p lùc cao ®Ó ng¾t dßng ch¶y, chuyÓn vÒ chØ cßn thÊm Èm. Khi cÇn cã thÓ dïng hå xi m¨ng në ninh kÕt nhanh ®Ó ng¾t dßng ch¶y, sau ®ã míi tiÕn hµnh chèng thÊm Èm;

(d) §èi víi kÕt cÊu m¸i: NÕu c¸c ®iÓm thÊm tr¶i ®Òu trªn kh¾p mÆt trÇn m¸i th× cã thÓ ®æ mét líp bª t«ng ch«ng thÊm  lªn trªn mÆt m¸i.

3.3.4.3 Xuèng cÊp do rªu mèc

(1) KiÓm tra c«ng n¨ng

Rªu mèc lµm xuèng cÊp vÎ ®Ñp c«ng tr×nh. CÇn ph¶i ®¸nh gi¸ ¶nh hëng cña rªu mèc ®Õn c¸c líp trang trÝ mÆt ngoµi cña kÕt cÊu nh líp v÷a xi m¨ng tr¸t ngoµi, líp ®¸ röa, líp s¬n v«i trang trÝ.

ChØ sè c«ng n¨ng kiÓm tra ë ®©y lµ: Kh«ng rªu mèc.

(2) BiÖn ph¸p kh¾c phôc

§a sè c¸c trêng hîp rªu mèc ®Òu g©y b¹c mÇu trang trÝ sau khi ®îc cä röa. V× vËy thêng ph¶i lµm l¹i líp mµu c«ng tr×nh sau khi ®· t¹o ®îc bÒ mÆt kÕt cÊu cã kh¶ n¨ng tho¸t Èm vµ tho¸t bôi.

§iÒu kiÖn cÇn vµ ®ñ ®Ó ph¸t sinh rªu mèc lµ: Cã Èm ít

Cã vi sinh vËt g©y mèc

Híng  kh¾c  phôc  cã  hiÖu  qu¶  lµ  h¹n  chÕ  nguån  g©y  Èm ít  bÒ  mÆt  kÕt  cÊu  nh  vì  èng  níc,  vµ  nguån tÝch bôi ë c¸c gê chØ mÆt têng ngoµi.

§èi víi trêng hîp líp mÆt kÕt cÊu bÞ bë bôc th× cÇn kiÓm tra ®é pH (theo ASTM D 1293-95) vµ cêng ®é

( theo TCVN 3118-1993) cña líp mÆt nµy. NÕu ë nh÷ng chç cã rªu mèc, ®é pH cña líp mÆt bª t«ng hoÆc líp v÷a gi¶m tíi møc díi 8,5 vµ cêng ®é gi¶m râ rÖt, th× ph¶i t¹o mét líp mÆt míi cã t¸c dông b¶o vÖ

tèt h¬n.

3.3.5  Mét sè gi¶i ph¸p söa ch÷a cô thÓ
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3.3.5.1 Söa ch÷a kÕt cÊu bÞ nøt

C¬ së ph¸t sinh vÕt nøt lµ biÕn d¹ng nhiÖt Èm g©y øng suÊt kÐo vît qu¸ giíi h¹n kÐo cña bª t«ng. V× vËy viÖc söa ch÷a tríc hÕt lµ lµm h¹n chÕ biÕn d¹ng nhiÖt Èm cña bª t«ng. Sau ®ã míi söa ch÷a vÕt nøt.

§èi víi kÕt cÊu cã thÓ c¾t ®Ó t¹o khe co d·n nhiÖt Èm th× ph¶i ®Æt khe co d·n nhiÖt Èm tríc khi xö lý vÕt nøt.

§èi víi kÕt cÊu kh«ng thÓ c¾t ®Ó t¹o khe co d·n nhiÖt Èm th× ph¶i cã gi¶i ph¸p b¶o vÖ kÕt cÊu (bäc hoÆc chèng nãng) khái t¸c ®éng trùc tiÕp cña ®iÒu kiÖn khÝ hËu nãng Èm sau khi ®· xö lý vÕt nøt.

Ph¬ng ph¸p söa ch÷a vÕt nøt ®îc híng dÉn ë môc 3.4.

3.3.5.2  Söa ch÷a kÕt cÊu bÞ thÊm níc

(1)   MÊy nguyªn  t¾c cÇn ®¶m b¶o khi söa ch÷a kÕt cÊu bÞ thÊm níc:

(a)
Gia cßng ®Ó kh«i phôc kh¶ n¨ng chÞu lùc cña kÕt cÊu tríc khi ch«ng thÊm.

(b)  Chèng thÊm tõ phÝa cã nguån thÊm.

(c)  CÇn quan t©m tíi kh¶ n¨ng ®Æt khe co d·n nhiÖt Èm tríc khi chèng thÊm.

Khi kÕt cÊu kh«ng ®Æt ®îc khe co d·n nhiÖt Èm th× ph¶i cã dïng s¬n chèng thÊm vµ ph¶i cã gi¶i ph¸p che ch¾n b¶o vÖ kÕt cÊu khái t¸c ®éng trùc tiÕp cña ®iÒu kiÖn khÝ hËu nãng Èm theo TCVN 5718-1993.

S¬n chèng thÊm ph¶i ®îc che ch¾n khái t¸c ®éng trùc tiÕp cña bøc x¹ mÆt trêi.

(2)   Quy tr×nh söa ch÷a chèng thÊm ®iÓn h×nh cho sµn m¸i bª t«ng m¸i bÞ thÊm.

(a)   Ph¸ dì tÊt c¶ nh÷ng g× cã trªn mÆt bª t«ng sµn m¸i cho tíi hë mÆt bª t«ng.

(b)  §ôc tÈy nh÷ng chç rç, vÕt nøt, chç cã khuyÕt tËt trªn mÆt bª t«ng.

(c)  Cä röa s¹ch mÆt bª t«ng sµn m¸i.

(d)  Tr¸m v¸ l¹i c¸c vÕt nøt vµ c¸c chç ®· ®ôc tÈy.

(e)  QuÐt 2  3 níc s¬n chèng thÊm (theo chØ dÉn cña nhµ s¶n xuÊt s¬n).

(f)   Chèng nãng m¸i. (Theo TCVN 5718-1993).

(g)  L¸t g¹ch ®Êt sÐt nung (g¹ch l¸ nem)

CHó THÝCH: Khi kÕt cÊu m¸i bÞ suy gi¶m kh¶ n¨ng chÞu lùc th× cÇn cã biÖn ph¸p gia cêng ®Î kh«i phôc kh¶

n¨ng chÞu lùc cña kÕt cÊu tríc khi lµm c¸c bíc trªn.

(3)   Yªu cÇu kü thuËt chèng nãng cho m¸i b»ng BTCT

(a)  Môc ®Ých chèng nãng: Lµm m¸t kh«ng gian díi nhµ

B¶o vÖ sµn bª t«ng m¸i vµ líp s¬n chèng thÊm khái t¸c ®éng trùc tiÕp cña c¸c yÕu tè khÝ hËu nãng Èm (®Ó

h¹n chÕ biÕn d¹ng bª t«ng vµ tr¸nh l·o ho¸ mµng s¬n chèng thÊm).

(b)  VËt liÖu chèng nãng

Cã thÓ dïng c¸c vËt liÖu s½n cã trªn thÞ trêng chèng nãng m¸i (nh: xØ nhiÖt ®iÖn; xØ lß cao; gèm xèp; bª

t«ng xèp; sái keramzit; bª t«ng polystyrene; tÊm xèp polystyrene v.v..).

Yªu cÇu chiÒu dµy líp vËt liÖu chèng nãng h ®îc lÊy theo TCVN 5718- 1993.

Khi chèng nãng b»ng c¸ch lîp m¸i dèc phÝa trªn th× cÇn ®¶m b¶o 2 nguyªn t¾c sau ®©y (h×nh 3.3.4): ChiÒu cao h tõ dØnh nãc cña m¸i dèc kh«ng díi 1,5m.

Cã c¬ cÊu tho¸t nhiÖt trong m¸i.

(4) S¬ ®å ®iÓn h×nh mét m¸i BTCT söa ch÷a cã chèng thÊm vµ chèng nãng xem h×nh 3.3.5.
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H×nh 3.3.4.  S¬ ®å chèng nãng b»ng lîp m¸i dèc

G¹ch l¸ nem chiÕt m¹ch v÷a XM:C m¸c 50#. §Æt khe co d·n nhiÖt Èm 3x3 m

V÷a TH 50#  dµy 2 cm cã khe co d·n nhiÖt Èm theo g¹ch l¸ nem

Líp vËt liÖu chèng nãng cã ®é dµy theo TCVN 5718 – 1993 (nÕu lµ tÊm xèp polystyrene th× dµy 5cm;   30 kg/m3)

Líp s¬n chèng thÊm

Sµn bª t«ng m¸i ®· cä röa tr¸m v¸ vÕt nøt vµ khuyÕt tËt

H×nh 3.3.5.   S¬ ®å m¸i BTCT söa ch÷a cã chèng thÊm vµ chèng nãng nãng

3.3.6 Ghi chÐp vµ lu gi÷ hå s¬

TÊt c¶ nh÷ng sè liÖu ghi chÐp díi ®©y trong qóa tr×nh kiÓm tra chi tiÕt vµ söa ch÷a kÕt cÊu cÇn ®îc chuyÓn cho chñ c«ng tr×nh ®Ó lu gi÷ l©u dµi:

(a)  ThuyÕt minh tÝnh to¸n vµ thiÕt kÕ söa ch÷a;
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(b)  ThuyÕt minh gi¶i ph¸p söa ch÷a;

(c)  BiÖn ph¸p thi c«ng söa ch÷a;

(d)  B¶n vÏ hoµn c«ng;

(e)  C¸c biªn b¶n kiÓm tra.

(f)   Sæ nhËt ký c«ng tr×nh.
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3.4    Söa ch÷a kÕt cÊu h háng do cacbonat hãa bÒ mÆt bª  t«ng

3.4.1  Ph¹m vi ¸p dông

Môc nµy híng dÉn c¸c gi¶i ph¸p kü thuËt nh»m kh¾c phôc t×nh tr¹ng h háng kÕt cÊu do rØ cèt thÐp díi t¸c ®éng cña qu¸ tr×nh c¸cbon¸t hãa bÒ mÆt bª t«ng. Néi dung cô thÓ bao gåm c¸c c«ng viÖc: kiÓm tra chi tiÕt h háng kÕt cÊu, ®¸nh gi¸ møc ®é h háng, dù b¸o thêi gian sö dông cßn l¹i, lùa chän biÖn ph¸p kh¾c phôc vµ mét sè gi¶i ph¸p söa ch÷a, gia cêng kÕt cÊu thêng sö dông trong thùc tÕ.

§èi tîng xem xÐt ë ®©y lµ c¸c kÕt cÊu bª t«ng cèt thÐp lé thiªn trong khÝ quyÓn, chÞu t¸c ®éng cña t¸c nh©n x©m thùc  chÝnh  lµ  khÝ  CO2   .  §èi  víi  c¸c  trêng  hîp  kÕt  cÊu  ë  trong  m«i  trêng  khÝ  quyÓn  biÓn  vµ  khÝ  quyÓn  c«ng nghiÖp, khi c¸c t¸c nh©n x©m thùc chÝnh cã thÓ kh«ng ph¶i lµ khÝ CO2, biÖn ph¸p söa ch÷a h háng c¸c kÕt cÊu nµy

®îc tr×nh bµy ë c¸c môc 3.5 vµ 3.6.

3.4.2  KiÓm tra chi tiÕt

3.4.2.1  Kh¶o s¸t s¬ bé vµ ph©n cÊp h háng kÕt cÊu

Kh¶o s¸t s¬ bé b»ng quan tr¾c toµn bé kÕt cÊu hay bé phËn kÕt cÊu. Ghi chÐp ®¸nh dÊu trªn b¶n vÏ kÕt hîp víi chôp ¶nh, quay phim ghi nhËn c¸c dÊu hiÖu h háng sau ®©y (bao gåm d¹ng, vÞ trÝ vµ qui m« h háng):

(1)

DÊu hiÖu ¨n mßn cèt thÐp, biÓu hiÖn lµ c¸c vÕt rØ vµng thÊm ra ngoµi bÒ mÆt kÕt cÊu; nøt  líp bª t«ng b¶o vÖ däc cèt thÐp hoÆc bong lë hoµn toµn líp bª t«ng b¶o vÖ ®Ó lé cèt thÐp ®· bÞ rØ;

(2)
C¸c dÊu hiÖu h háng kÕt cÊu kh¸c nh :

(a)  C¸c d¹ng nøt kÕt cÊu kh¸c (ngoµi nøt bª t«ng b¶o vÖ do rØ cèt thÐp);

(b)  BiÕn d¹ng kÕt cÊu nh  vâng, nghiªng,  lÖch…;

(c)  GÉy,  sôp ®æ  kÕt cÊu.

Tõ kÕt qu¶ kh¶o s¸t s¬ bé nh ®· nªu trªn, ph©n lo¹i tõng vïng hay tõng bé phËn kÕt cÊu theo c¸c cÊp h

háng ®iÓn h×nh nh sau:

(1)
H háng cÊp I:   vïng kÕt cÊu hay bé phËn kÕt cÊu cha cã bÊt cø dÊu hiÖu h háng nµo thÓ hiÖn ra bªn ngoµi.

(2)
H háng cÊp II: Vïng kÕt cÊu hay bé phËn kÕt cÊu ®· cã dÊu hiÖu bÞ h háng nhÑ. Cô thÓ   gåm c¸c dÊu hiÖu :

(a)  Cèt thÐp bÞ rØ nhÑ, cã vÕt rØ thÊm ra mÆt ngoµi kÕt cÊu hoÆc bª t«ng b¶o vÖ bÞ nøt nhá (bÒ réng vÕt nøt tèi ®a lµ 0,1mm), gâ nhÑ b»ng bóa kh«ng lµm bong líp bª t«ng b¶o vÖ.

(b)  C¸c d¹ng nøt kÕt cÊu kh¸c víi bÒ réng vÕt nøt nhá h¬n 0,5 mm.

(3)
H háng cÊp III: Vïng kÕt cÊu hay bé phËn kÕt cÊu bÞ h háng nÆng, gåm c¸c dÊu hiÖu:

(a)
Cèt thÐp bÞ rØ nÆng, bª t«ng bÞ nøt to hoÆc bong lë hoµn toµn trªn diÖn réng.

(b)
Cã  thÓ  cã  dÊu  hiÖu  kh¶  n¨ng  chÞu  lùc  cña  kÕt  cÊu  ®·  bÞ  suy  gi¶m  nh  nøt  kÕt  cÊu  nghiªm träng, biÕn d¹ng kÕt cÊu lín …

(4)
H háng cÊp IV: KÕt cÊu bÞ mÊt kh¶ n¨ng chÞu lùc hoµn toµn.

C¸c kÕt cÊu lín ®¬n chiÕc nh cÇu, cèng, sil«, bÓ níc, kÌ, th¸p, vßm ... th× ®îc ph©n thµnh c¸c vïng h háng kh¸c nhau. §èi víi hÖ kÕt cÊu gåm nhiÒu bé phËn nh cét, dÇm, sµn (nhµ) th× tõng bé phËn nµy ®îc ph©n thµnh c¸c møc h háng nh ®· ph©n cÊp ë trªn.

Qui m« vµ møc ®é kh¶o s¸t chi tiÕt ®îc lùa chän tïy theo cÊp h háng vµ tÇm quan träng cña kÕt cÊu (xem b¶ng

3.4.1).

3.4.2.2 KiÓm tra tÝnh chÊt c¬ lý cña bª t«ng

(1)   TÝnh chÊt c¬ lý cña bª t«ng cÇn ®îc kiÓm tra trªn c¸c vïng hay bé phËn kÕt cÊu ®¹i diÖn theo cÊp h háng kh¸c   nhau,  tËp  trung  vµo  c¸c  vÞ  trÝ  quan  träng  vÒ  chÞu  lùc  cña  c«ng  tr×nh.  Cô  thÓ,  mçi  cÊp  h  háng  chän kh«ng Ýt h¬n 3 vïng hoÆc 3 bé phËn kÕt cÊu ®¹i diÖn ®Ó thö.
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(2)  ChØ tiªu c¬ lý cña bª t«ng cÇn ®îc kiÓm tra trong mäi trêng hîp lµ cêng ®é chÞu nÐn. Ngoµi ra còng

cÇn kiÓm tra thªm c¸c chØ tiªu kh¸c nh ®é hót níc,   m« ®un ®µn håi, ®é ®ång nhÊt vÒ cêng ®é … cña

bª t«ng.

(3)   C¸ch thøc kiÓm tra ®îc tiÕn hµnh nh sau:

(a)

Tõ mçi vïng, bé phËn kÕt cÊu ®îc kiÓm tra khoan lÊy lâi 1-2 tæ mÉu, mçi tæ 3 viªn theo tiªu chuÈn TCVN 3105: 1993. Trong trêng hîp kh«ng thÓ khoan lÊy lâi,  x¸c ®Þnh  cêng ®é vµ ®é ®ång nhÊt vÒ cêng ®é trªn kÕt cÊu b»ng c¸c   thÝ nghiÖm kh«ng ph¸ hñy nh siªu ©m, sóng bËt n¶y… theo c¸c tiªu chuÈn TCXDVN 239: 2000; TCXD 225: 1998.

(b)
Trªn c¸c lâi khoan, quan s¸t vµ chôp ¶nh hiÖn   tr¹ng bª t«ng, x¸c ®Þnh chiÒu s©u cacbon¸t hãa theo

®iÒu 3.4.2.4. TiÕp theo x¸c ®Þnh ®é hót níc, cêng ®é chÞu nÐn vµ m« ®un ®µn håi cña bª t«ng theo c¸c tiªu chuÈn  TCVN 3113: 1993, TCVN 3118:93, TCVN 5726: 1993 hay BS 1881 Part 120:83.

NÕu cã yªu cÇu vÒ ph©n tÝch hµm lîng xi m¨ng trong bª t«ng ®· ®ãng r¾n, sau khi Ðp , mÉu ®îc lu ®Ó

x¸c ®Þnh hµm lîng xi m¨ng trong bª t«ng theo ASTM 1084:1997.

3.4.2.3 KiÓm tra t×nh tr¹ng ¨n mßn cèt thÐp

(1)   §èi víi c¸c vïng kÕt cÊu hoÆc bé phËn kÕt cÊu cha bÞ h háng (h háng cÊp I) hoÆc bÞ h háng nhÑ (cÊp II), lùa chän lÊy tèi thiÓu 15% sè vïng hoÆc bé phËn kÕt cÊu ®¹i diÖn cho tõng cÊp h háng nµy ®Ó ®Þnh lîng møc  ®é  rØ  cèt  thÐp.  TiÕn  hµnh  kiÓm  tra  kh«ng  ph¸  hñy  theo  tiªu  chuÈn  TCXD  284:  2003  hoÆc  ASTM  C

876:1999 kÕt hîp víi ®ôc lé cèt thÐp t¹i mét vµi ®iÓm ®Ó kiÓm tra ®èi chøng. CÇn kiÓm tra kü t×nh tr¹ng rØ cèt thÐp t¹i c¸c vÕt nøt nhá trªn kÕt cÊu nÕu cã.

(2) §èi víi c¸c vïng kÕt cÊu hay bé phËn kÕt cÊu ®· bÞ h háng nÆng (cÊp III), tiÕn hµnh kiÓm tra t×nh tr¹ng ¨n mßn cèt thÐp t¹i 100% sè vïng vµ bé phËn kÕt cÊu. ViÖc kiÓm tra ®îc tiÕn hµnh b»ng c¸ch ®ôc lé cèt thÐp, ®o chiÒu dÇy líp rØ vµ ®êng kÝnh cßn l¹i cña cèt thÐp b»ng thíc kÑp c¬ khÝ.

(3)   §èi víi c¸c kÕt cÊu hay hÖ kÕt cÊu quan träng thuéc b¶o tr× lo¹i A (môc 1.2.3) th× cÇn ph¶i ®îc kiÓm tra t×nh tr¹ng rØ cèt thÐp trªn toµn bé kÕt cÊu hay hÖ  kÕt cÊu.

(4)  T¹i c¸c vïng kÕt cÊu hay bé phËn   kÕt cÊu ®îc kiÓm tra ¨n mßn cèt thÐp, cÇn x¸c ®Þnh chiÒu dµy líp

bª  t«ng  b¶o  vÖ  t¬ng  øng.  Ph¬ng  ph¸p  kiÓm  tra  b»ng  thiÕt  bÞ  ®iÖn  tõ  chuyªn  dông   theo  tiªu  chuÈn

BS  1881-  Part  204:88,  hoÆc  ®ôc  lé  cèt  thÐp  ®Ó  ®o  trùc  tiÕp.  Nªn  lùa  chän  vÞ  trÝ  kiÓm  tra  ¨n  mßn  cèt thÐp trïng víi vÞ trÝ kiÓm tra tÝnh chÊt c¬ lý cña bª t«ng vµ vÞ trÝ lÊy mÉu x¸c ®Þnh chiÒu s©u c¸cbonat hãa.

3.4.2.4 X¸c ®Þnh chiÒu s©u c¸cbonat hãa

(1)    VÞ trÝ lÊy mÉu cÇn trïng víi vÞ trÝ kiÓm tra tÝnh chÊt c¬ lý cña bª t«ng vµ t×nh tr¹ng ¨n mßn cèt thÐp trªn kÕt cÊu.

(2)    Trªn  c¹nh  tÊt  c¶  c¸c  lâi  khoan  ®¹i  diÖn  cho  tõng  nhãm  vïng  hay  bé  phËn  kÕt  cÊu  theo  c¸c  cÊp  ®é  h háng kh¸c nhau  (®iÒu 3.4.2.2) nhá dung dÞch  phenophtalein tõ mÆt ngoµi bª t«ng  vµo trong. ChiÒu s©u c¸cbonat  hãa  bª  t«ng  ®îc  x¸c  ®Þnh  lµ  kho¶ng  c¸ch  tõ  mÆt  ngoµi  tíi  vÞ  trÝ  mµ  bª  t«ng  b¾t  ®Çu  chuyÓn sang mÇu hång.

(3)    Trong trêng hîp kh«ng lÊy ®îc mÉu ë d¹ng lâi khoan, th× cã thÓ ¸p dông biÖn ph¸p khoan mÉu ë d¹ng bét nh sau: dïng mòi khoan 12-16 khoan nhiÒu lç trªn mét diÖn tÝch tèi thiÓu 400 cm2  theo c¸c líp 0-1cm; 1-

2cm; … 6-8cm hoÆc s©u h¬n theo híng tõ ngoµi vµo trong. Lîng bét lÊy cho mçi líp tèi thiÓu lµ 200g.

MÉu sau khi lÊy cÇn ®îc b¶o qu¶n ngay trong tói kÝn ®Ó tr¸nh hiÖn tîng cacbon¸t hãa bª t«ng. §é pH cña

bª t«ng ®îc x¸c ®Þnh trong phßng thÝ nghiÖm theo tiªu chuÈn ASTM D 5015:95. PhÇn bª t«ng ®îc coi lµ

®· bÞ c¸cbonat hãa hoµn toµn khi cã pH  9,5.

(4)    Trong trêng hîp nghi ngê nguyªn nh©n ¨n mßn cèt thÐp cã thÓ lµ do ion clorua, th× tiÕn hµnh ph©n tÝch x¸c

®Þnh hµm lîng clorua trong bª t«ng theo ASTM C 1152:94.

(5)    Trong trêng hîp nghi ngê nguyªn nh©n lµm gi¶m ®é pH cña bª t«ng cã thÓ cßn lµ do ¨n mßn bª t«ng ë d¹ng röa tr«i hoÆc ph©n hñy th× ph©n tÝch mét sè chØ tiªu vÒ thµnh phÇn hãa cña bª t«ng theo híng dÉn

ë môc 3.6.
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3.4.2.5  Thu thËp c¸c sè liÖu ®¸nh gi¸ l¹i kh¶ n¨ng chÞu lùc cña kÕt cÊu

(1)   CÇn ph¶i ®¸nh gi¸ l¹i kh¶ n¨ng chÞu lùc vµ sù lµm viÖc b×nh thêng cña kÕt cÊu t¹i tÊt c¶ c¸c vÞ trÝ  kÕt cÊu hay

bé phËn kÕt cÊu quan träng vÒ yªu cÇu chÞu lùc, c¸c vÞ trÝ kÕt cÊu bÞ h háng nÆng (cÊp III.) C¸c sè liÖu cÇn thiÕt ®Ó ®¸nh gi¸ gåm cã:

(a)
KÝch thíc h×nh häc kÕt cÊu, c¸c mÆt c¾t tiÕt diÖn;

(b)
Bè trÝ cèt thÐp;

(c)
Møc ®é rØ cèt thÐp, ®êng kÝnh cèt thÐp cßn l¹i;

(d)
Cêng ®é vµ ®é ®ång nhÊt vÒ cêng ®é cña bª t«ng;

(e)
T¶i träng vµ t¸c ®éng lªn kÕt cÊu;

(f)
C¸c d¹ng vÕt nøt vì vµ møc ®é biÕn d¹ng cña kÕt cÊu.

Trong mét sè trêng hîp cÇn thiÕt nÕu kh«ng x¸c ®Þnh ®îc chÝnh x¸c c¸c th«ng sè nãi trªn th× cã thÓ gia t¶i kÕt cÊu ®Ó kiÓm tra trùc tiÕp kh¶ n¨ng chÞu lùc cña chóng. Chi tiÕt xem híng dÉn ë môc 3.1 cña qui ph¹m nµy.

(2)   KÝch thíc h×nh häc vµ mÆt c¾t tiÕt diÖn  kÕt cÊu ®îc x¸c ®Þnh b»ng ph¬ng ph¸p ®o vÏ trùc tiÕp. Bè trÝ cèt thÐp ®îc lÊy theo hå s¬ hoµn c«ng. Trong trêng hîp kh«ng cã hå s¬ hoµn c«ng th× tiÕn hµnh dß cèt thÐp b»ng thiÕt bÞ ®iÖn tõ theo tiªu chuÈn TCXD 240: 2000 hoÆc BS 1881: Part 204:88. Cêng ®é vµ ®é ®ång nhÊt cña bª t«ng nÕu cha ®îc kiÓm tra theo ®iÒu 3.4.2.2 th× x¸c ®Þnh b»ng c¸c ph¬ng ph¸p kh«ng ph¸ hñy theo TCXDVN 239: 2000, TCXD 225: 1998, 20TCN 162:87. Møc ®é rØ cèt thÐp vµ ®êng kÝnh cßn l¹i x¸c ®Þnh trùc tiÕp b»ng thíc kÑp c¬ khÝ.

T¶i träng t¸c ®éng lªn kÕt cÊu ®îc x¸c ®Þnh trùc tiÕp trªn hiÖn trêng, tÝnh to¸n theo tiªu chuÈn TCVN 2737:

1995.

C¸c vÕt nøt vµ biÕn d¹ng cña kÕt cÊu díi t¸c ®éng cña t¶i träng ®îc kiÓm  tra, kh¶o s¸t theo híng dÉn ghi trong môc 3.1, 3.3 cña qui ph¹m nµy.

(3)   Trong trêng hîp nghi ngê cã thÓ cã c¸c nguyªn nh©n kh¸c dÉn tíi suy tho¸i kÕt cÊu ngoµi nguyªn nh©n rØ cèt thÐp do hiÖn tîng c¸cbonat hãa nh lón nÒn mãng, t¸c ®éng chu kú cña khÝ hËu nãng Èm, t¸c ®éng sù cè bÊt thêng cña t¶i träng … th× cÇn kh¶o s¸t thu thËp thªm mét sè th«ng sè kh¸c cã liªn quan tíi c¸c d¹ng h háng nµy ®îc nªu trong môc 3.1, 3.2 vµ 3.3.

(4)   Khi kÕt cÊu ®· bÞ mÊt kh¶ n¨ng chÞu lùc hoµn toµn (h háng ë cÊp IV ®iÒu 3.4.2.1) vÒ nguyªn t¾c kh«ng cÇn ph¶i kh¶o s¸t chi tiÕt. Tuy nhiªn trong trêng hîp cÇn x¸c ®Þnh nguyªn nh©n g©y nªn sù cè h háng th× tiÕn hµnh x¸c ®Þnh c¸c th«ng sè ®Ó kiÓm tra l¹i kh¶ n¨ng chÞu lùc vµ sù lµm viÖc b×nh thêng cña kÕt cÊu nh ®· nãi ë trªn.

3.4.2.6 KiÓm tra c¸c hå s¬ lu tr÷ cã liªn quan vµ x¸c ®Þnh tÝnh chÊt x©m thùc cña m«i trêng

C¸c hå s¬ lu tr÷ cã liªn quan cÇn ®îc kiÓm tra nh sau:

(1)  Hå s¬ thiÕt kÕ;

(2)  Hå s¬ hoµn c«ng;

(3)  NhËt ký thi c«ng;

(4)  Biªn b¶n kiÓm tra chÊt lîng trong thi c«ng.

(5)  Hå s¬ ghi chÐp kÕt qu¶ kiÓm tra ban ®Çu, thêng xuyªn vµ ®Þnh kú (xem phÇn 2 cña qui ph¹m  nµy). Ngoµi ra cÇn  ph¶i tiÕn hµnh x¸c lËp c¸c th«ng tin sau:

(1)   TÇm quan träng vµ cÊp b¶o tr× cña c«ng tr×nh; tuæi thä thiÕt kÕ ban ®Çu; thêi gian thùc tÕ c«ng tr×nh ®· ®îc sö dông;c¸c ®ît söa ch÷a tríc ®©y (nÕu cã);

(2)   Nguån vËt liÖu ®· sö dông nh xi m¨ng, cèt liÖu, níc trén, phô gia, m¸c bª t«ng , hµm lîng xi m¨ng,..;

(3)   §iÒu kiÖn sö dông cã tÝnh x©m thùc tíi kÕt cÊu nh ®é Èm   ít cña kÕt cÊu, nguån th¶i khÝ CO2,  ion clorua

(nÕu cã).
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3.4.3 NhËn biÕt c¬ chÕ vµ x¸c ®Þnh c¬ chÕ vµ tèc ®é xuèng cÊp

3.4.3.1 X¸c ®Þnh c¬ chÕ xuèng cÊp

(1)   KÕt cÊu ®îc coi lµ bÞ suy tho¸i bëi nguyªn nh©n chÝnh lµ do rØ cèt thÐp díi t¸c ®éng cña qu¸ tr×nh c¸cbonat hãa  bª t«ng khi cã c¸c b»ng chøng sau:

(a)
Cã dÊu hiÖu rØ theo ®iÒu 3.4.2.1 hoÆc cha cã dÊu hiÖu rØ nhng ®iÖn thÕ ¨n mßn Ecorr  x¸c ®Þnh theo

®iÒu 3.4.2.3 cã gi¸ trÞ  - 350mV;

(b)
Bª t«ng t¹i vÞ trÝ cèt thÐp cã ®é pH  10.5;

(c)
Kh«ng ph¸t hiÖn thÊy c¸c nguyªn nh©n g©y suy tho¸i kÕt cÊu kh¸c.

(2)   Trong trêng hîp cã c¸c dÊu hiÖu ®Ó suy diÔn tíi c¸c nguyªn nh©n g©y suy tho¸i kÕt cÊu nh hµm lîng ion Clorua cao, bª t«ng bÞ ¨n mßn, c«ng tr×nh bÞ lón nÒn mãng, t¸c ®éng chu kú cña khÝ hËu nãng Èm … th× ®Ó nhËn ®Þnh vÒ c¬ chÕ xuèng cÊp cña kÕt cÊu cÇn tham kh¶o thªm c¸c chØ dÉn ®îc nªu trong môc 3.1, 3.2, 3.3,

3.5 vµ 3.6.

3.4.3.2  X¸c ®Þnh tèc ®é xuèng cÊp

(1) Nguyªn t¾c chung: Qu¸ tr×nh ¨n mßn cèt thÐp díi t¸c ®éng cña hiÖn tîng c¸cbon¸t hãa bª t«ng ®îc ph©n lµm hai giai ®o¹n chÝnh nh tr×nh bµy ë b¶ng 3.4.2. Trong giai ®o¹n tÝch tô ®iÒu kiÖn g©y rØ, th«ng sè quyÕt

®Þnh tèc ®é suy tho¸i lµ sù ph¸t triÓn chiÒu s©u c¸cbonat hãa trong bª t«ng. Møc giíi h¹n lµ chiÒu s©u c¸cbonat

hãa gÇn ®¹t tíi vÞ trÝ cèt thÐp (trong kho¶ng 0-10mm c¸ch cèt thÐp). ë giai ®o¹n ph¸t triÓn rØ, yÕu tè quyÕt

®Þnh tíi tèc ®é suy tho¸i lµ tèc ®é rØ cèt thÐp theo thêi gian. Mèc giíi h¹n lµ tiÕt diÖn cèt thÐp tèi thiÓu khi ®a vµo tÝnh to¸n tr¹ng th¸i giíi h¹n cùc h¹n vÒ mÆt chÞu lùc cña kÕt cÊu theo TCVN 5574: 1991 th«ng qua c¸c chØ

sè c«ng n¨ng cô thÓ vÒ moment, lùc däc trôc, lùc c¾t…

B¶ng 3.4.2  M« t¶ c¸c giai ®o¹n ¨n mßn cèt thÐp díi t¸c ®éng cña qu¸ tr×nh c¸cbonat hãa bª t«ng

	SèTT
	Tªn gäi giai

®o¹n ¨n mßn
	B¶n chÊt hiÖn tîng
	YÕu tè quyÕt ®Þnh tèc ®é suy tho¸i
	Gi¸ trÞ giíi h¹n

	1
	Giai
®o¹n tÝch   tô   ®iÒu kiÖn g©y rØ
	Bª   t«ng   bÞ   c¸cbonat   hãa, pH gi¶m .
	Tèc ®é c¸cbonat hãa bª

t«ng
	ChiÒu  s©u  c¸cbonat hãa s¸t tíi vÞ trÝ cèt thÐp

	2
	Giai
®o¹n ph¸t triÓn rØ
	Cèt  thÐp  bÞ  rØ,  g©y  nøt  vµ bong lë bª t«ng b¶o vÖ cho tíi  khi  mÊt  kh¶  n¨ng  chÞu lùc cña kÕt cÊu
	Tèc ®é rØ cèt thÐp
	TiÕt  diÖn  cèt  thÐp tèi  thiÓu  cßn  ®¶m b¶o  kh¶  n¨ng  chÞu lùc


(2) X¸c ®Þnh tèc ®é suy tho¸i trong giai ®o¹n tÝch tô ®iÒu kiÖn g©y rØ:

Trong giai ®o¹n nµy, tèc ®é suy tho¸i ®îc biÓu thÞ b»ng sù ph¸t triÓn chiÒu s©u c¸cbonat hãa theo thêi gian, x¸c

®Þnh b»ng biÓu thøc sau:

Trong ®ã:


x
k   tin


(3.4.1)

x: ChiÒu dÇy líp bª t«ng bÞ  c¸cbonat hãa (hay lµ chiÒu s©u c¸cbonat hãa),  mm;

k: HÖ sè ph¶n ¸nh tèc ®é c¸cbonat hãa;

tin: Thêi gian bª t«ng chÞu t¸c ®éng x©m thùc cña khÝ CO2, n¨m.

Tõ biÓu thøc trªn, tÝnh to¸n thêi gian cèt thÐp sÏ b¾t ®Çu rØ khi chiÒu s©u bª t«ng bÞ c¸cbonat hãa tiÕn s¸t gÇn tíi vÞ

trÝ cèt thÐp nh sau:
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2

C
10

t
 





in max





(3.4.2)

Trong ®ã:

tin max: Thêi gian kÕt cÊu tån t¹i trong m«i trêng khÝ quyÓn cho tíi khi b¾t ®Çu rØ cèt thÐp, n¨m.

C: ChiÒu dÇy líp bª t«ng b¶o vÖ cèt thÐp,  mm;

k: HÖ sè ph¶n ¸nh tèc ®é c¸cbonat hãa tÝnh tõ biÓu thøc (3.4.1) khi c¸c gi¸ trÞ x vµ t ®îc lÊy b»ng c¸c sè liÖu kh¶o s¸t thùc tÕ theo ®iÒu 3.4.2.4.

(3) X¸c ®Þnh tèc ®é suy tho¸i trong giai ®o¹n ph¸t triÓn rØ:

Trong giai ®o¹n nµy, tèc ®é suy tho¸i kÕt cÊu ®îc biÓu thÞ b»ng tèc ®é rØ cèt thÐp theo thêi gian, tÝnh b»ng tû lÖ

suy gi¶m tiÕt diÖn cèt thÐp/n¨m  (F) hoÆc tû lÖ hao hôt b¸n kÝnh cèt thÐp/n¨m (r) theo c¸c biÓu thøc sau:

(1
  Ft   ).100

ûF
 
F0 


tcorr




(3.4.3)

Trong ®ã:


ûr
 r0      rt  

tcorr




(3.4.4)

F: Tû lÖ suy gi¶m tiÕt diÖn cèt thÐp trªn mét n¨m, %/n¨m;

2

F0: DiÖn tÝch cèt thÐp ban ®Çu; mm

Ft: diÖn tÝch cèt thÐp t¹i thêi ®iÓm kiÓm tra; mm

r: Møc hao hôt b¸n kÝnh cèt thÐp do rØ trªn mét n¨m, mm/n¨m;

r0: B¸n kÝnh cèt thÐp ban ®Çu, mm;

rt: B¸n kÝnh cèt thÐp t¹i thêi ®iÓm kiÓm tra; mm;

tcorr: Thêi gian cèt thÐp bÞ rØ, tÝnh tõ thêi ®iÓm cèt thÐp b¾t ®Çu rØ tíi thêi ®iÓm kiÓm tra, n¨m.

Tõ c¸c biÓu thøc trªn, tÝnh tãan dù b¸o thêi gian cèt thÐp sÏ rØ tíi møc giíi h¹n tcorr max  theo qui tr×nh sau:

(a)  KiÓm tra c¸c kÕt cÊu ®· bÞ nøt, bong lë líp bª t«ng b¶o vÖ, ®o ®êng kÝnh ban ®Çu vµ hiÖn nay cña cèt thÐp, tÝnh gi¸ trÞ F0, Ft  vµ r0, rt;

(b)  X¸c ®Þnh thêi gian tÝch tô ®iÒu kiÖn g©y rØ tin  tõ biÓu thøc (3.4.2), lÊy thêi gian kÕt cÊu ®· tån t¹i trõ ®i thêi gian tin  ,  x¸c ®Þnh ®îc thêi gian tcorr;

(c)  §a c¸c gi¸ trÞ  Fo, Ft  hay r0, rt, tcorr  vµo c¸c biÓu thøc 3.4.3 vµ 3.4.4, tÝnh tãan tèc ®é rØ cèt thÐp F hay

r;

(d)  X¸c ®Þnh tiÕt diÖn cèt thÐp tèi thiÓu cã thÓ chÊp nhËn ®îc tõ yªu cÇu chÞu lùc theo TCVN 5574: 1991

Fmin  hay rmin  . Thay c¸c gi¸ trÞ nµy vµo biÓu thøc 3.4.3 hay 3.4.4, víi tèc ®é rØ cèt thÐp ®· biÕt, tÝnh tãan

dù b¸o ®îc thêi gian cèt thÐp sÏ bÞ rØ tíi møc giíi h¹n tcorr max.

3.4.4 X¸c ®Þnh møc ®é xuèng cÊp vµ lùa chän biÖn ph¸p kh¾c phôc

3.4.4.1  Yªu cÇu chung

ViÖc x¸c ®Þnh møc ®é xuèng cÊp ®îc thùc hiÖn th«ng qua viÖc kiÓm tra c¸c chØ sè c«ng n¨ng vÒ kh¶ n¨ng chÞu

lùc (an toµn), sù lµm viÖc b×nh thêng vµ ®é bÒn l©u hiÖn t¹i cña kÕt cÊu (Ptt) so víi c¸c gi¸ trÞ t¬ng øng yªu cÇu

(Pyc). Cã thÓ kiÓm tra toµn bé kÕt cÊu hay tõng bé phËn kÕt cÊu trªn c«ng tr×nh. ViÖc kiÓm tra c«ng n¨ng ®îc tiÕn hµnh c¶ tríc vµ sau khi söa ch÷a kÕt cÊu.

3.4.4.2
Gi¸ trÞ giíi h¹n cña c¸c c«ng n¨ng
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C«ng n¨ng cÇn kiÓm tra ë ®©y lµ kh¶ n¨ng chÞu lùc (®é an toµn) vµ sù lµm viÖc b×nh  thêng cña kÕt cÊu.

(1)   Gi¸ trÞ giíi h¹n ®èi víi kh¶ n¨ng chÞu lùc: C¸c gi¸ trÞ vÒ moment, lùc däc trôc, lùc c¾t ph¶i ®¸p øng ®îc gi¸

trÞ tÝnh theo tr¹ng th¸i giíi h¹n thø nhÊt theo TCVN 5574: 1991, øng víi t¶i träng thùc tÕ mµ nã ®ang ph¶i chÞu.

(2)   Gi¸ trÞ giíi h¹n ®èi víi sù lµm viÖc b×nh thêng:

(a)  §é vâng, ®é nghiªng lÖch tèi ®a kh«ng vît qu¸ gi¸ trÞ  quy ®Þnh cña TCVN 5574: 1991;

(b)  BÒ réng vÕt nøt tèi ®a lÊy theo TCVN 5574: 1991 tïy theo lo¹i h×nh vµ ®Æc ®iÓm lµm viÖc cña kÕt cÊu;

(c)
Bª t«ng b¶o vÖ kh«ng ®îc bong rép tíi møc dïng bóa gâ nhÑ cã thÓ bong ra ®îc.

Ngoµi c¸c c«ng n¨ng cÇn kiÓm tra nªu trªn, khi kÕt cÊu bÞ cacbonat ho¸ bÒ mÆt tíi møc nguy hiÓm th× cÇn ph¶i xem xÐt kh¶ n¨ng kÕt cÊu duy tr× ®îc ®é bÒn l©u. Yªu cÇu cô thÓ nh sau:

(a)
§èi víi kÕt cÊu ®îc lÊy thêi ®iÓm cèt thÐp b¾t ®Çu rØ lµm giíi h¹n vÒ ®é bÒn l©u (kÕt cÊu thuéc b¶o tr× lo¹i A): ®é pH trong bª t«ng t¹i vÞ trÝ s¸t cèt thÐp ph¶i lín hon 10,5 hoÆc chiÒu s©u c¸cbonat hãa bª t«ng ph¶i c¸ch cèt thÐp Ýt nhÊt 10 mm;

(b)
§èi víi kÕt cÊu thuéc b¶o tr× lo¹i B,C, D: Hao hôt tiÕt diÖn cèt thÐp tÝnh theo  F hay r ph¶i nhá h¬n

gi¸ trÞ  Fmax  hay rmax  x¸c ®Þnh theo TCVN 5574: 1991.

3.4.4.3  Ph©n lo¹i kÕt cÊu theo møc ®é xuèng cÊp

TÊt c¶ c¸c kÕt cÊu hoÆc bé phËn kÕt cÊu ®Òu ph¶i ®îc kiÓm tra c¸c chØ sè c«ng n¨ng hiÖn tr¹ng vµ kh¶ n¨ng duy tr× ®é bÒn l©u, so s¸nh víi gi¸ trÞ giíi h¹n quy ®Þnh ë ®iÒu 3.4.4.2 vµ ph©n thµnh c¸c møc nh sau:

(1)  Kh¶ n¨ng chÞu lùc

(a)

KÕt cÊu hay bé phËn kÕt cÊu ®îc xÕp vµo møc kh«ng cßn ®¸p øng ®îc kh¶ n¨ng chÞu lùc nÕu cã mét trong c¸c dÊu hiÖu sau:

+   KÕt cÊu ®· bÞ g·y gôc, sôp ®æ hoÆc h háng côc bé nghiªm träng;

+   KÕt cÊu bÞ rØ cèt thÐp nÆng ë cÊp III, møc ®é rØ cèt thÐp x¸c ®Þnh theo TCVN 5574: 1991 vît qu¸

giíi h¹n Fmax  hoÆc rmax.

+   Qua tÝnh to¸n kiÓm tra l¹i vÒ mÆt chÞu lùc t¹i c¸c vÞ trÝ xung yÕu cña kÕt cÊu theo ®iÒu 3.4.2.5 vµ ®èi chiÕu víi c¸c gi¸ trÞ giíi h¹n theo ®iÒu 3.4.4.2, thÊy kh«ng cßn ®¸p øng ®îc yªu cÇu tèi thiÓu vÒ m«ment, lùc däc trôc, lùc c¾t mµ nã ph¶i chÞu;

(2)  Sù lµm viÖc b×nh thêng

(a)

C¸c kÕt cÊu ®îc xÕp vµo møc kh«ng ®¸p øng ®îc yªu cÇu vÒ sù lµm viÖc b×nh thêng nÕu cã c¸c dÊu hiÖu sau:

+
§é vâng, ®é réng vÕt nøt (c¸c lo¹i vÕt nøt) hiÖn nay vît qu¸ gi¸ trÞ giíi h¹n quy ®Þnh theo ®iÒu

3.4.4.2;

+   Bª t«ng ®· bÞ bong rép hoµn toµn hoÆc dïng bóa gâ nhÑ cã thÓ bong ra ®îc.

(3)  §é bÒn l©u

(a)
C¸c kÕt cÊu thuéc diÖn b¶o tr× lo¹i A sau nöa ®Çu niªn h¹n sö dông dù kiÕn ®îc coi lµ ®· kh«ng ®¹t

®îc yªu cÇu vÒ ®é bÒn l©u nÕu cèt thÐp ®· bÞ rØ, víi ®é pH trong bª t«ng t¹i vÞ trÝ cèt thÐp nhá h¬n gi¸

trÞ 10,5 hoÆc chiÒu s©u c¸cbonat hãa ®· s¸t gÇn vÞ trÝ cèt thÐp (kho¶ng c¸ch nhá h¬n 10mm);

(b)
C¸c kÕt cÊu thuéc diÖn b¶o tr× B,C,D hoÆc lo¹i A (nhng ®· qu¸ nöa thêi gian dù kiÕn sö dông) ®îc coi

lµ ®· kh«ng ®¹t ®îc yªu cÇu vÒ ®é bÒn l©u nÕu cèt thÐp bÞ rØ víi møc ®é hao hôt tiÕt diÖn vît qu¸ gi¸

trÞ Fmax  hoÆc rmax;
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3.4.4.4  Lùa chän gi¶i ph¸p kh¾c phôc

C¨n cø vµo møc ®é suy tho¸i (x¸c ®Þnh theo ®iÒu 3.4.4.3), tèc ®é suy tho¸i (x¸c ®Þnh theo ®iÒu 3.4.3.2), vµo tÇm quan träng cña kÕt cÊu, kh¶ n¨ng tµi chÝnh cña chñ ®Çu t… ®Ó c©n nh¾c lùa chän c¸c híng gi¶i quyÕt cho mçi t×nh tr¹ng h háng nh tr×nh bµy trong b¶ng 3.4.3. Cô thÓ ®îc lËp luËn nh sau:

(1)  H háng cÊp I: Söa ch÷a b¶o vÖ dù phßng cho c¸c kÕt cÊu thuéc b¶o tr× lo¹i A nÕu ®é bÒn l©u cña chóng ®· tíi møc giíi h¹n.

(2)  H háng cÊp II: Söa ch÷a vµ b¶o vÖ dù phßng cho kÕt cÊu thuéc b¶o tr× lo¹i A vµ lo¹i B nÕu ®iÒu kiÖn tµi chÝnh cho phÐp vµ thêi gian sö dông cßn l¹i cßn dµi. C¸c trêng hîp kh¸c chØ cÇn tiÕp tôc t¨ng cêng theo dâi.

(3)  H háng cÊp III: Gia cêng vµ söa ch÷a cho c¸c kÕt cÊu thuéc mäi lo¹i b¶o tr×. Tuy nhiªn nÕu thêi gian sö dông kÕt cÊu cßn l¹i kh«ng nhiÒu th× cã thÓ chØ t¨ng cêng theo dâi, h¹n chÕ sö dông vµ chèng ®ì t¹m thêi nÕu cÇn.

(4)  H háng cÊp IV: Dì bá kÕt cÊu trong mäi trêng hîp.

3.4.5 Söa ch÷a vµ gia cêng kÕt cÊu

3.4.5.1  Lùa chän ph¬ng ¸n söa ch÷a

Ph¬ng ¸n söa ch÷a ®îc lùa chän tïy thuéc vµo møc ®é suy tho¸i kÕt cÊu nh sau:

(1)

KÕt cÊu h háng cÊp I, II: ¸p dông c¸c biÖn ph¸p b¶o vÖ dù phßng chèng ¨n mßn cèt thÐp nh söa ch÷a tr¸m bÞt c¸c vÕt nøt, t¹o mµng b¶o vÖ mÆt ngoµi kÕt cÊu hoÆc b¶o vÖ cèt thÐp b»ng ph¬ng ph¸p cat«t.

(2)

KÕt cÊu bÞ h háng cÊp III nhng cha cã dÊu hiÖu mÊt kh¶ n¨ng chÞu lùc: ¸p dông c¸c biÖn ph¸p söa ch÷a cèt thÐp, söa ch÷a phôc håi tiÕt diÖn, b¶o vÖ mÆt ngoµi kÕt cÊu vµ b¶o vÖ hç trî cèt thÐp b»ng ph¬ng ph¸p catèt.

(3)

KÕt cÊu bÞ h háng cÊp III, ®· bÞ mÊt kh¶ n¨ng chÞu lùc: ngoµi viÖc söa ch÷a nh ®· nãi ë trªn cÇn cã biÖn ph¸p gia cêng kÕt cÊu.

(4)
Bªn c¹nh hiÖn tîng rØ cèt thÐp do qu¸ tr×nh c¸cbonat hãa bª t«ng cßn cã thÓ cã c¸c nguyªn nh©n kh¸c

®ång thêi g©y nªn h háng kÕt cÊu nh: lón nÒn mãng, t¸c  ®éng vît t¶i, t¸c ®éng chu kú cña khÝ hËu nãng

Èm, ¨n  mßn bª t«ng, t¸c ®éng x©m thùc cña ion clorua … Trong c¸c trêng hîp nµy, khi lùa chän ph¬ng

¸n söa ch÷a cÇn tham kh¶o chØ dÉn kü thuËt ë c¸c môc 3.1, 3.2, 3.3, 3.5 vµ 3.6.

3.4.5.2  B¶o vÖ dù phßng

(1) Söa ch÷a tr¸m bÞt vÕt nøt: Söa ch÷a tr¸m bÞt vÕt nøt trong c¸c trêng hîp díi ®©y lµ nh»m ng¨n chÆn khÝ c¸cbonic, oxy vµ níc thÈm thÊu qua vÕt nøt g©y rØ cèt thÐp. Tïy theo nguyªn nh©n g©y nøt, ®é më réng vÕt nøt, tr¹ng th¸i biÕn ®éng cña vÕt nøt … ®Ó lùa chän biÖn ph¸p söa ch÷a vÕt nøt thÝch hîp.

(a)
B¬m keo epoxy ®é nhít thÊp: ¸p dông cho c¸c vÕt nøt kÕt cÊu ph¸t sinh díi t¸c ®éng cña t¶i träng cã

bÒ réng nhá (an  tõ 0,05 - 0,5 mm), vÕt nøt s©u vµ æn ®Þnh.

Nguyªn lý chung lµ ®ôc s©u vÕt nøt h×nh ch÷ V, xong ch«n èng kim lo¹i vµ b¬m keo lµm ®Çy c¸c  vÕt nøt.

(b)
Tr¸m bÞt vÕt nøt b»ng x¶m keo ®µn håi: ¸p dông cho c¸c vÕt nøt ph¸t sinh díi t¸c ®éng chu kú cña khÝ hËu nãng Èm. C¸c vÕt nøt nµy thêng biÕn d¹ng co d·n liªn tôc theo chu kú. Nguyªn lý chung lµ

®ôc mÆt vÕt nøt h×nh ch÷ V víi chiÒu réng vµ chiÒu s©u kho¶ng 15mm. Xong x¶m b»ng keo ®µn håi. VËt liÖu x¶m thêng lµ keo polyurethane, polysulfide, silicon, acrylic…

(c)
Tr¸m bÞt vÕt nøt b»ng v÷a xi m¨ng: ¸p dông cho c¸c vÕt trªn bÒ mÆt n«ng, æn ®Þnh. CÇn ph©n biÖt 2

trêng hîp lµ vÕt nøt ph¸t sinh do rØ cèt thÐp vµ vÕt nøt ph¸t sinh do c¸c nguyªn nh©n kh¸c (vÝ dô nøt do biÕn d¹ng mÒm cña bª t«ng trong qu¸ tr×nh ®ãng r¾n). C¸ch söa ch÷a nh sau:

+  VÕt nøt ph¸t sinh do co ngãt bª t«ng: nguyªn lý söa ch÷a t¬ng tù nh m« t¶ ë tiÓu môc (b) ë trªn. VËt liÖu tr¸m bÞt vÕt nøt b»ng vòa xi m¨ng polyme hoÆc v÷a xi m¨ng kh«ng co ngãt. ViÖc ®Æt khe co d·n nhiÖt Èm ®îc thùc hiÖn theo chØ dÉn ë TCXDVN 313: 2004.

+  VÕt nøt ph¸t sinh do rØ cèt thÐp: nguyªn lý chung lµ ®ôc më vÕt nøt s©u ®Õn phÝa sau cèt thÐp, xong tiÕn hµnh tr¸m bÞt vÕt nøt b»ng v÷a xi m¨ng polime hoÆc v÷a xi m¨ng kh«ng co ngãt. Qui tr×nh söa ch÷a t¬ng tù nh ë ®iÒu 3.4.5.3.

Chi tiÕt   vÒ c«ng nghÖ vµ vËt liÖu söa ch÷a vÕt nøt bª t«ng cã thÓ tham kh¶o thªm trong c¸c tiªu chuÈn

ACI 201.2R-2002, ACI 224.1R-2002 vµ c¸c tµi liÖu chuyªn ngµnh kh¸c.
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(2)  B¶o vÖ mÆt ngoµi kÕt cÊu

B¶o vÖ mÆt ngoµi kÕt cÊu ë ®©y lµ t¹o c¸c líp mµng ng¨n c¸ch h¹n chÕ hay ng¨n c¶n sù thÈm thÊu khÝ CO2, O2

vµ níc vµo bª t«ng nh»m lµm chËm l¹i qu¸ tr×nh c¸cbonat hãa bª t«ng vµ k×m h·m tèc ®é rØ cèt thÐp

Tïy thuéc vµo d¹ng kÕt cÊu (d©n dông hay c«ng nghiÖp…), m«i trêng sö dông, yªu cÇu vÒ tÝnh trang trÝ trªn

bÒ mÆt c«ng tr×nh mµ lùa chän ph¬ng ph¸p vµ vËt liÖu b¶o vÖ bÒ mÆt thÝch hîp.

Trong trêng hîp trªn bÒ mÆt kÕt cÊu cã vµi vÕt nøt th× tríc hÕt cÇn söa ch÷a tr¸m bÞt vÕt nøt nh ®· tr×nh bµy

ë ®iÓm (1), sau ®ã míi tiÕn hµnh t¹o c¸c líp mµng b¶o vÖ mÆt ngoµi .

(a)
S¬n phñ bÒ mÆt:

BiÖn ph¸p nµy ¸p dông thÝch hîp cho kÕt cÊu thuéc c¸c c«ng tr×nh x©y dùng d©n dông, cã yªu cÇu vÒ tÝnh trang

trÝ  cña  bÒ  mÆt  c«ng  tr×nh.  C¸c  lo¹i  s¬n  d¹ng  nµy  ®îc  chÕ  t¹o  trªn  nÒn  nhùa  epoxy,  polyurethane,  silicon, acrylic… pha lo·ng trong dung m«i hoÆc trong níc. Cã thÓ sö dông c¶ c¸c lo¹i s¬n xi m¨ng - polyme cã tÝnh n¨ng chèng thÊm. Chi tiÕt vÒ  m« t¶ vËt liÖu, tÝnh n¨ng kü thuËt vµ quy tr×nh ¸p dông xem híng dÉn riªng cña tõng h·ng s¶n xuÊt.

(b)
Dïng v÷a tr¸t chèng thÊm:

BiÖn ph¸p nµy ¸p dông cho c¸c kÕt cÊu x©y dùng d©n dông ë qui m« nhá. VËt liÖu lµ v÷a xi m¨ng polyme cã m¸c tèi thiÓu lµ 20 MPa.ChiÒu dµy líp v÷a tõ 10-20 mm. Chi tiÕt m« t¶ c¸c lo¹i v÷a nµy cÇn tham kh¶o thªm c¸c tµi liÖu chuyªn ngµnh.

(c)
Phun bª t«ng kh«:

BiÖn ph¸p nµy ¸p dông thÝch hîp cho c¸c c«ng tr×nh x©y dùng c«ng nghiÖp, d©n dông cã diÖn tÝch bÒ mÆt lín. ChiÒu  dµy  líp  bª  t«ng  phun  kh«  30   40mm,  cã  líi  thÐp hoÆc  kh«ng  cã  líi  thÐp.  Bª  t«ng  m¸c  tèi  thiÓu

30MPa. Chi tiÕt qui tr×nh ¸p dông c«ng nghÖ bª t«ng phun kh« xem trong tµi liÖu “Bª t«ng phu kh« - ChØ dÉn

kü thuËt thi c«ng vµ nghiÖm thu” ban hµnh theo Q§ sè 20/1999/Q§-BXD.

(3)  B¶o vÖ cèt thÐp b»ng ph¬ng ph¸p catèt

§èi víi c¸c kÕt cÊu quan träng, thêi gian sö dông theo thiÕt kÕ cßn dµi nhng bª t«ng kh«ng ®ñ n¨ng lùc ®Ó b¶o vÖ cèt thÐp nh: chiÒu dµy b¶o vÖ máng, bª t«ng ®· bÞ c¸cbonat hãa trªn diÖn réng th× cã thÓ ¸p dông biÖn ph¸p b¶o vÖ trùc tiÕp cèt thÐp b»ng ph¬ng ph¸p catèt theo nguyªn lý dßng ngoµi hoÆc anèt hy sinh. Qui tr×nh

¸p dông thùc hiÖn theo chØ dÉn riªng.

3.4.5.3 Söa ch÷a kÕt cÊu

Qui tr×nh söa ch÷a phôc håi tiÕt diÖn kÕt cÊu ®îc thùc hiÖn theo c¸c bíc sau:

(1)  Chèng ®ì kÕt cÊu: TiÕn hµnh chèng ®ì kÕt cÊu vµ gi¶i phãng hoµn toµn hoÆc mét phÇn kÕt cÊu cÇn söa ch÷a khái tr¹ng th¸i chÞu lùc. C¸c kÕt cÊu chÞu t¶i lín cã thÓ chia ra xö lý tõng phÇn thiÕt diÖn.

(2)   §ôc tÈy bª t«ng: Yªu cÇu ®ôc tÈy hoµn toµn phÇn bª t«ng ®· bÞ bong lë vµ phÇn bª t«ng bÞ c¸cbonat hãa. Th«ng thêng cÇn ®ôc s©u sau cèt thÐp 15-20mm.

(3)  TÈy gØ cèt thÐp: Cèt thÐp ph¶i ®îc ®¸nh s¹ch rØ b»ng bµn ch¶i, chæi s¾t hoÆc phun c¸t.

Khi cÇn s¬n chèng gØ cèt thÐp, s¬n epoxy ph¶i ®¸p øng yªu cÇu kü thuËt theo ASTM D 3963/D 3963M-93a. S¬n

xi m¨ng - polyme ph¶i cã c¸c tÝnh n¨ng kü thuËt phï hîp do nhµ s¶n xuÊt cung cÊp.

(4) T¹o b¸m dÝnh gi÷a bª t«ng / v÷a míi vµ bª t«ng cò:

(a)
§ôc nh¸m bÒ mÆt bª t«ng cò, röa s¹ch bÒ mÆt b»ng níc, ®Ó r¸o níc;

(b)

QuÐt  mét  líp  hå  xi  m¨ng  sÖt  víi  tû  lÖ  N/X    0,3  hoÆc  hå  xi  m¨ng  polime  acrylic,  xi  m¨ng  polime styrenbutadien lªn bÒ mÆt bª t«ng cò.Polime t¹o dÝnh hÖ latex ph¶i ®¸p øng yªu cÇu kü thuËt theo ASTM C

1509-90.

Cã thÓ sö dông chÊt t¹o dÝnh b»ng keo epoxy theo ACI 503.2-79.

ViÖc phun hoÆc ®æ bª t«ng b¬m hay tr¸t v÷a lªn bÒ mÆt bª t«ng cò cÇn ®îc thùc hiÖn khi líp t¹o dÝnh cßn cha kh«.

(5)  C¸c gi¶i ph¸p thi c«ng vµ vËt liÖu söa ch÷a:

Cã nhiÒu d¹ng c«ng nghÖ vµ vËt liÖu ®îc dïng ®Ó söa ch÷a phôc håi tiÕt diÖn kÕt cÊu. Tïy vµo tõng trêng hîp cô thÓ mµ lùa chän  c¸c gi¶i ph¸p nh sau:
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(a)
§æ bª t«ng kh«ng co: ¸p dông thÝch hîp cho trêng hîp ®æ v¸ bÒ mÆt trªn cña kÕt cÊu. Thi c«ng thùc

hiÖn theo TCVN 4453:95. M¸c bª t«ng söa ch÷a tèi thiÓu ph¶i cao h¬n m¸c bª t«ng cò 1 cÊp nhng kh«ng nhá h¬n 30 MPa.

(b)
§æ bª t«ng tù ®Çm, v÷a tù ch¶y kh«ng co: ¸p dông cho trêng hîp söa ch÷a  côc bé. M¸c bª t«ng /v÷a söa ch÷a ph¶i cao h¬n m¸c bª t«ng 1 cÊp vµ kh«ng nhá h¬n 30 MPa. Qui tr×nh thi c«ng thùc hiÖn theo chØ dÉn riªng t¬ng øng víi tõng lo¹i vËt liÖu.

(c)

Phun bª t«ng kh«: ¸p dông cho trêng hîp söa ch÷a h háng trªn diÖn réng, bÒ mÆt kÕt cÊu b»ng ph¼ng, Ýt gãc c¹nh. M¸c bª t«ng phun kh« ph¶i cao h¬n m¸c bª t«ng cò 1 cÊp vµ kh«ng nhá h¬n 30

MPa.  Qui  tr×nh  thi  c«ng  tu©n  thñ  theo  tµi  liÖu  “Bª  t«ng  phun  kh«  -  ChØ  dÉn  kü  thuËt  thi  c«ng  vµ

nghiÖm thu” ban hµnh theo Q§ sè 20/1999/Q§-BXD.

(d)
Tr¸m v¸ v÷a söa ch÷a: ¸p dông cho c¸c trêng hîp söa ch÷a nhá, côc bé. V÷a söa ch÷a lµ v÷a xi m¨ng kh«ng

co ngãt, kh«ng ch¶y xÖ. M¸c v÷a söa ch÷a ph¶i cao h¬n m¸c bª t«ng cò 1 cÊp vµ kh«ng nhá h¬n 30 MPa. Qui tr×nh thi c«ng thùc hiÖn  theo híng dÉn riªng tïy theo lo¹i vËt liÖu.

C¸c chØ dÉn chuyªn s©u vÒ c«ng nghÖ vµ vËt liÖu söa ch÷a kÕt cÊu bª t«ng cèt thÐp cã thÓ tham kh¶o thªm trong tµi liÖu kü thuËt: ACI 201.2R-2002 vµ c¸c tµi liÖu chuyªn ngµnh kh¸c.

3.4.5.4 Gia cêng kÕt cÊu

Trong trêng hîp kÕt cÊu bÞ h háng qu¸ nÆng cho dï söa ch÷a phôc håi l¹i tiÕt diÖn ban ®Çu còng kh«ng ®ñ kh¶ n¨ng chÞu lùc th× cÇn ph¶i gia cêng n©ng cao kh¶ n¨ng chÞu lùc cña kÕt cÊu. Cã mét sè gi¶i ph¸p gia cêng th«ng thêng sau ®©y:

(1)  T¨ng cêng cho cèt thÐp bÞ h háng côc bé, kh«ng t¨ng tiÕt diÖn kÕt cÊu.

(2)  T¨ng tiÕt diÖn kÕt cÊu b»ng ph¬ng ph¸p èp thÐp h×nh hoÆc thÐp trßn.

(3)  Gia cêng b»ng d¸n b¶n thÐp.

(4)  Gia cêng b»ng thÐp øng lùc tríc c¨ng ngoµi.

(5)  Gia cêng b»ng biÖn ph¸p dïng kÕt cÊu hç trî hoÆc thay thÕ.

Th«ng tin chi tiÕt vÒ nguyªn t¾c lùa chän gi¶i ph¸p gia cêng, thiÕt kÕ  gia cêng cÇn tham kh¶o thªm ë môc 3.1

cña qui ph¹m nµy.

Qui tr×nh thi c«ng söa ch÷a ®îc tiÕn hµnh tuÇn tù theo c¸c bíc nh ®· nªu ë môc 3.4.5.3.

Sau khi söa ch÷a vµ gia cêng, nÕu bª t«ng vÉn kh«ng ®ñ n¨ng lùc b¶o vÖ cèt thÐp l©u dµi nh bª t«ng t«ng bÞ

c¸cbon¸t hãa s©u vµ trªn diÖn réng, chiÒu s©u b¶o vÖ máng…th× cÇn ph¶i ¸p dông biÖn ph¸p b¶o vÖ chèng ¨n mßn

hç trî nh b¶o vÖ mÆt ngoµi, b¶o vÖ cèt thÐp b»ng ph¬ng ph¸p catèt. Chi tiÕt xem m« t¶ ë ®iÒu 3.4.5.2.

3.4.6 Ghi chÐp vµ lu gi÷ hå s¬

Toµn bé kÕt qu¶kiÓm tra chi tiÕt, thiÕt kÕ gi¶i ph¸p söa ch÷a vµ thi c«ng söa ch÷a ®Òu ph¶i ®îc ghi chÐp ®Çy ®ñ theo tr×nh tù qu¶n lý chÊt lîng x©y dùng c¬ b¶n hiÖn hµnh vµ chuyÓn cho chñ ®Çu t lu gi÷ l©u dµi. Cô thÓ cÇn

lËp c¸c hå s¬ lu tr÷ sau ®©y :

(1)  C¸c b¸o c¸o kiÓm tra ban ®Çu, thêng xuyªn vµ ®Þnh kú;

(2)  B¸o c¸o kh¶o s¸t chi tiÕt h háng kÕt cÊu;

(3)  Hå s¬ thiÕt kÕ, söa ch÷a, gia cêng kÕt cÊu;

(4)  NhËt ký thi c«ng;

(5)  C¸c biªn b¶n kiÓm tra chÊt lîng vËt liÖu vµ chÊt lîng thi c«ng tõng giai ®o¹n;

(6)  Hå s¬ hoµn c«ng.

3.5  Söa ch÷a kÕt cÊu h háng do t¸c ®éng cña m«i trßng vïng biÓn

3.5.1  Ph¹m vi ¸p dông

Môc nµy híng dÉn c¸c gØai ph¸p kü thuËt nh»m kh¾c phôc sù h háng kÕt cÊu do ¨n mßn cèt thÐp vµ bª t«ng trong m«i trêng x©m thùc vïng biÓn. Néi dung cô thÓ bao gåm c¸c c«ng viÖc: kiÓm tra chi tiÕt h háng kÕt cÊu,
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x¸c ®Þnh c¬ chÕ suy tho¸i, ®¸nh gi¸ møc ®é h háng, dù b¸o thêi gian sö dông cßn l¹i, lùa chän biÖn ph¸p kh¾c

phôc vµ mét sè gi¶i ph¸p söa ch÷a, gia cêng kÕt cÊu thêng ®îc ¸p dông trong thùc tÕ.

D¹ng h háng kÕt cÊu ®îc ®Ò cËp tíi ë ®©y chñ yÕu lµ ¨n mßn cèt thÐp dÉn tíi nøt, vì bª t«ng vµ ¨n mßn bª t«ng trong níc biÓn. §èi víi c¸c d¹ng h háng kh¸c  nÕu cã cïng x¶y ra nh nøt vì kÕt cÊu do va ®Ëp cña tµu thuyÒn, nøt kÕt cÊu

do lón nÒn mãng,nøt kÕt cÊu do t¸c ®éng chu kú cña khÝ hËu nãng Èm th× cã thÓ tham kh¶o c¸c ph¬ng ¸n kh¾c phôc nªu trong môc 3.1, 3.2 vµ 3.3. §èi tîng xem xÐt ë ®©y lµ c¸c kÕt cÊu bª t«ng vµ bª t«ng cèt thÐp ngËp trong níc biÓn,

trong vïng níc lªn xuèng, trªn mÆt biÓn vµ trªn bê chÞu ¶nh hëng x©m thùc cña ion clorua.

3.5.2  KiÓm tra chi tiÕt

3.5.2.1  Kh¶o s¸t s¬ bé vµ ph©n cÊp h háng kÕt cÊu

Kh¶o s¸t s¬ bé b»ng quan tr¾c toµn bé kÕt cÊu hay hÖ kÕt cÊu. Ghi chÐp ®¸nh dÊu trªn b¶n vÏ kÕt hîp víi chôp ¶nh, quay phim ghi nhËn c¸c dÊu hiÖu h háng sau ®©y (bao gåm d¹ng, vÞ trÝ vµ qui m« h háng):

(3)
DÊu hiÖu ¨n mßn röa tr«i bª t«ng trong vïng ngËp níc vµ níc lªn xuèng;

(4)
DÊu hiÖu ¨n mßn cèt thÐp, biÓu hiÖn lµ c¸c vÕt rØ vµng thÊm ra mÆt ngoµi bª t«ng, vÕt nøt däc cèt thÐp hoÆc bª t«ng b¶o vÖ bÞ bong rép ®Ó lé cèt thÐp ®· bÞ rØ;

(5)
C¸c dÊu hiÖu h háng kÕt cÊu kh¸c gåm cã:

(a)
C¸c d¹ng nøt kÕt cÊu kh¸c (ngoµi nøt líp bª t«ng b¶o vÖ do rØ cèt thÐp);

(b)
BiÕn d¹ng kÕt cÊu nh: vâng, nghiªng, lÖch;

(c)
GÉy, sôp ®æ kÕt cÊu.

Tõ kÕt qu¶ kh¶o s¸t s¬ bé nh ®· nªu trªn, ph©n lo¹i kÕt cÊu hoÆc vïng hay tõng bé phËn kÕt cÊu theo c¸c cÊp h háng ®iÓn h×nh nh sau:

(5)   CÊp I:  KÕt cÊu (vïng hay bé phËn kÕt cÊu) cha cã bÊt cø dÊu hiÖu h háng nµo thÓ hiÖn ra bªn ngoµi.

(6)   CÊp II: KÕt cÊu (vïng hay bé phËn kÕt cÊu) ®· cã dÊu hiÖu bÞ h háng nhÑ. Cô thÓ gåm c¸c dÊu hiÖu:

(a)

Cèt thÐp bÞ rØ nhÑ, cã vÕt rØ thÊm ra mÆt ngoµi kÕt cÊu hoÆc bª t«ng b¶o vÖ bÞ nøt nhá (bÒ réng vÕt nøt tèi ®a 1,0 mm), gâ nhÑ b»ng bóa kh«ng lµm  bong líp bª t«ng b¶o vÖ;

(b)
C¸c d¹ng vÕt nøt kh¸c víi bÒ réng vÕt nøt nhá h¬n 0,5 mm.

(7)   CÊp  III: KÕt cÊu (vïng hay bé phËn kÕt cÊu) bÞ h háng nÆng, gåm c¸c dÊu hiÖu:

(a)  Cã dÊu hiÖu ¨n mßn bª t«ng;

(b)  Cèt thÐp bÞ rØ nÆng, bª t«ng bÞ nøt to hoÆc bong lë hoµn toµn trªn diÖn réng;

(c)

Cã thÓ cã dÊu hiÖu kh¶ n¨ng chÞu lùc cña kÕt cÊu ®· bÞ suy gi¶m nh nøt kÕt cÊu nghiªm träng, biÕn d¹ng kÕt cÊu lín…

(8)   CÊp IV: KÕt cÊu bÞ mÊt kh¶ n¨ng chÞu lùc hoµn toµn.

C¸c kÕt cÊu lín ®¬n chiÕc nh cÇu, cèng, sil«, bÓ níc, kÌ, th¸p, vßm th× ®îc ph©n thµnh c¸c vïng h háng kh¸c nhau. §èi víi hÖ kÕt cÊu gåm nhiÒu bé phËn nh cét, dÇm, sµn (cña nhµ, cÇu c¶ng) th× tõng bé phËn nµy ®îc ph©n thµnh c¸c møc h háng nh ®· ph©n cÊp ë trªn.

Ngoµi viÖc ph©n lo¹i kÕt cÊu theo c¸c cÊp h háng nh trªn cÇn ghi chÐp, x¸c ®Þnh vÞ trÝ kÕt cÊu hay bé phËn kÕt cÊu lµm viÖc trong c¸c m«i trêng x©m thùc kh¸c nhau. Cô thÓ ph©n lµm 3 vïng m«i trêng x©m thùc: vïng ngËp níc biÓn hoµn toµn; vïng níc lªn xuèng vµ sãng ®¸nh; vµ vïng khÝ quyÓn trªn mÆt biÓn, khÝ quyÓn ven bê vµ gÇn bê.

Qui m« vµ møc ®é kh¶o s¸t chi tiÕt cÇn ®îc lùa chän tïy theo cÊp h háng kÕt cÊu, tÝnh chÊt x©m thùc cña m«i trêng vµ tÇm quan träng cña kÕt cÊu (xem b¶ng 3.5.1).

3.5.2.2 KiÓm tra tÝnh chÊt c¬ lý cña bª t«ng

(4)   TÝnh chÊt c¬ lý cña bª t«ng cÇn ®îc kiÓm tra trªn c¸c vïng hay bé phËn kÕt cÊu ®¹i diÖn cho c¸c cÊp h háng

vµ m«i trêng x©m thùc kh¸c nhau, tËp trung vµo c¸c kÕt cÊu hay bé phËn kÕt cÊu quan träng vÒ yªu cÇu chÞu lùc trªn c«ng tr×nh. Cô thÓ lÊy kh«ng Ýt h¬n 3 vïng hoÆc 3 bé phËn kÕt cÊu h háng ®¹i diÖn cho tõng m«i trêng x©m thùc vµ tõng cÊp h háng ®Ó thö.
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(5)   ChØ tiªu c¬ lý cña bª t«ng cÇn ®îc kiÓm tra trong mäi trêng hîp lµ cêng ®é chÞu nÐn. Ngoµi ra còng cÇn

kiÓm tra thªm c¸c chØ tiªu kh¸c nh ®é hót níc, chiÒu s©u trung tÝnh hãa bª t«ng, m« ®un ®µn håi, ®é ®ång nhÊt vÒ cêng ®é … cña bª t«ng.

(6)    C¸ch thøc kiÓm tra ®îc tiÕn hµnh nh sau:

(a)
Tõ mçi vïng, bé phËn kÕt cÊu kiÓm tra khoan lÊy lâi 1-2 tæ mÉu, mçi tæ 3 viªn theo tiªu chuÈn TCVN

3105: 1993. §èi víi vïng kÕt cÊu hay bé phËn kÕt cÊu ë vÞ trÝ kh« r¸o, bª t«ng kh«ng bÞ ¨n mßn, cêng ®é chÞu nÐn vµ hÖ sè biÕn ®éng vÒ cêng ®é cña bª t«ng cã thÓ x¸c ®Þnh b»ng c¸c ph¬ng ph¸p kh«ng  ph¸  hñy  nh  siªu  ©m,  sóng  bËt  n¶y…  theo  c¸c  tiªu  chuÈn  TCXDVN  239:  2000;  20  TCN

162:87; TCXD 225: 1998.

(b)
Quan s¸t vµ chôp ¶nh ghi nhËn hiÖn tr¹ng ¨n mßn bª t«ng (nÕu cã) trªn c¸c lâi khoan. Nhá dung dÞch fenoftalein tõ mÆt ngoµi bª t«ng vµo trong ®Ó x¸c ®Þnh  chiÒu s©u bª t«ng bÞ trung tÝnh (lµ phÇn bª t«ng kh«ng chuyÓn sang mÇu hång sau khi bÞ nhá dung dÞch fenoftalein). TiÕp theo x¸c ®Þnh ®é hót níc, cêng ®é chÞu nÐn vµ m« ®un ®µn håi cña bª t«ng theo c¸c tiªu chuÈn  TCVN 3113: 1993, TCVN 3118:

1993, TCVN 5726: 1993 hay BS 1881- Part 120:83.

NÕu cã yªu cÇu vÒ ph©n tÝch hµm lîng xi m¨ng trong bª t«ng ®· ®ãng r¾n, sau khi Ðp , mÉu ®îc lu ®Ó x¸c ®Þnh hµm lîng xi m¨ng trong bª t«ng theo ASTM 1084:1997.

3.5.2.3 KiÓm tra t×nh tr¹ng ¨n mßn cèt thÐp

(5)   §èi víi c¸c vïng kÕt cÊu hoÆc bé phËn kÕt cÊu cha bÞ rØ cèt thÐp (cÊp I) hoÆc míi bÞ rØ nhÑ (cÊp II), lùa chän lÊy  10-15%  sè  vïng hoÆc  bé  phËn kÕt cÊu  tiªu  biÓu  ®Ó  kiÓm  tra  t×nh  tr¹ng  rØ cèt  thÐp.  TiÕn  hµnh kiÓm  tra kh«ng ph¸ hñy theo tiªu chuÈn TCXDVN 294:2003 hoÆc ASTM C 876:1999. kÕt hîp víi ®ôc lé cèt thÐp t¹i mét vµi ®iÓm ®Ó kiÓm tra ®èi chøng.

(6)   §èi víi c¸c vïng kÕt cÊu hay bé phËn kÕt cÊu ®· bÞ rØ cèt thÐp nÆng (cÊp III), tiÕn hµnh kiÓm tra toµn bé kÕt cÊu. ViÖc kiÓm tra ®îc tiÕn hµnh b»ng c¸ch ®ôc lé cèt thÐp, ®o chiÒu dÇy líp rØ vµ ®êng kÝnh cßn l¹i cña cèt thÐp b»ng thíc kÑp c¬ khÝ.

(7)   §èi víi c¸c kÕt cÊu hay bé phËn kÕt cÊu quan träng ®îc b¶o tr× lo¹i A (môc 1.2.3) th× cÇn ph¶i kiÓm tra t×nh tr¹ng rØ cèt thÐp trªn toµn bé kÕt cÊu.

(7)   T¹i c¸c vïng kÕt cÊu hay bé phËn  kÕt cÊu ®îc kiÓm tra ¨n mßn cèt thÐp, cÇn x¸c ®Þnh chiÒu dµy líp bª t«ng b¶o vÖ t¬ng øng. ViÖc kiÓm tra ®îc tiÕn hµnh b»ng thiÕt bÞ ®iÖn tõ chuyªn dông  theo tiªu chuÈn TCXDVN

240: 2000 hoÆc BS 1881- Part 204:88, hoÆc ®ôc lé cèt thÐp ®Ó ®o trùc tiÕp. Nªn lùa chän vÞ trÝ kiÓm tra ¨n

mßn cèt thÐp trïng víi vÞ trÝ kiÓm tra tÝnh chÊt c¬ lý cña bª t«ng vµ vÞ trÝ lÊy mÉu x¸c ®Þnh chiÒu s©u c¸c t¸c nh©n g©y ¨n mßn x©m nhËp vµo bª t«ng.

3.5.2.4 KiÓm tra hµm lîng vµ chiÒu s©u th©m nhËp c¸c t¸c nh©n g©y ¨n mßn bª t«ng, cèt thÐp vµ thµnh phÇn hãa cña bª t«ng

(6)    VÞ trÝ lÊy mÉu cÇn trïng víi vÞ trÝ kiÓm tra tÝnh chÊt c¬ lý cña bª t«ng vµ t×nh tr¹ng ¨n mßn cèt thÐp trªn kÕt cÊu. T¹i mçi vïng x©m thùc thuéc mçi cÊp h háng kÕt cÊu cÇn lÊy tèi thiÓu 3 mÉu song song trªn 3 vÞ trÝ kh¸c nhau.

(7)    MÉu ®îc lÊy ë d¹ng bét b»ng ph¬ng ph¸p khoan kh«. Dïng mòi khoan 12-16 khoan nhiÒu lç trªn mét diÖn tÝch tèi thiÓu 400 cm2  theo c¸c líp 0-1cm; 1-2cm; … 6-8cm hoÆc s©u h¬n theo híng tõ ngoµi vµo trong. Lîng bét cÇn lÊy cho mçi líp chiÒu s©u tèi thiÓu lµ 200g. MÉu sau khi lÊy ®îc b¶o qu¶n ngay trong tói kÝn

®Ó tr¸nh hiÖn tîng cacbon¸t hãa. §èi víi c¸c bé ph©n kÕt cÊu n»m ngËp hoµn toµn trong níc th× ph¶i ¸p dông ph¬ng ph¸p khoan lÊy lâi, sau ®ã c¾t l¸t theo tõng líp råi ®Ëp nghiÒn mÞn ®Ó ph©n tÝch.
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(3)    Trªn tÊt c¶ c¸c mÉu chØ tiªu ®é pH vµ hµm lîng Cl-  tan trong axÝt ®îc x¸c ®Þnh theo c¸c tiªu chuÈn ASTM

D5015:95 vµ ASTM C1152:94. Trong trêng hîp nghi ngê cã ¨n mßn bª t«ng cÇn ph©n tÝch thªm c¸c chØ

tiªu vÒ hµm lîng SO3, CaO, SiO2  hßa tan theo  c¸c tiªu chuÈn TCVN 141:86 vµ ASTM C 1084:1997.

3.5.2.5  Thu thËp c¸c sè liÖu ®Ó ®¸nh gi¸ l¹i kh¶ n¨ng chÞu lùc cña kÕt cÊu

(5)   CÇn ph¶i ®¸nh gi¸ l¹i kh¶ n¨ng chÞu lùc cña kÕt cÊu t¹i c¸c vÞ trÝ  quan träng vÒ yªu cÇu chÞu lùc, c¸c vÞ trÝ kÕt cÊu bÞ h háng nÆng (cÊp III). C¸c sè liÖu cÇn thiÕt ®Ó ®¸nh gi¸ gåm cã:

(a)
KÝch thíc h×nh häc kÕt cÊu, c¸c mÆt c¾t tiÕt diÖn;

(b)
Bè trÝ cèt thÐp;

(c)
Cêng ®é vµ ®é ®ång nhÊt vÒ cêng ®é cña bª t«ng;

(d)
Møc ®é rØ cèt thÐp, ®êng kÝnh cßn l¹i cña cèt thÐp;

(e)
T¶i träng vµ t¸c ®éng lªn kÕt cÊu;

(f)
C¸c vÕt nøt vì vµ møc ®é biÕn d¹ng cña kÕt cÊu.

Trong mét sè trêng hîp cÇn thiÕt nÕu kh«ng x¸c ®Þnh ®¬c c¸c th«ng sè nãi trªn th× cã thÓ gia t¶i kÕt cÊu

®Ó kiÓm tra trùc tiÕp kh¶ n¨ng chÞu lùc cña chóng. Chi tiÕt xem híng dÉn ë môc 3.1.

(6)   KÝch thíc h×nh häc vµ mÆt c¾t tiÕt diÖn  kÕt cÊu ®îc x¸c ®Þnh b»ng ph¬ng ph¸p ®o vÏ trùc tiÕp. Bè trÝ cèt thÐp

®îc lÊy theo hå s¬ hoµn c«ng. Trong trêng hîp kh«ng cã hå s¬ hoµn c«ng th× tiÕn hµnh dß cèt thÐp b»ng thiÕt bÞ

®iÖn tõ theo tiªu chuÈn TCXDVN 240:2003 hoÆc BS 1881: Part 204:88. Cêng ®é vµ ®é ®ång nhÊt cña bª t«ng

(nÕu  cha  ®îc  kiÓm  tra  tríc  ®ã  theo  ®iÒu  3.5.2.2)  th×  x¸c  ®Þnh  b»ng  c¸c  ph¬ng  ph¸p  kh«ng  ph¸  hñy  theo

TCXDVN 239: 2000, TCXD 225: 1998, 20TCN 162:87.

T¶i träng t¸c ®éng lªn kÕt cÊu ®îc x¸c ®Þnh trùc tiÕp trªn hiÖn trêng, lÊy theo tiªu chuÈn TCXD 2737: 1995. C¸c   vÕt nøt vµ biÕn d¹ng cña kÕt cÊu díi t¸c ®éng cña t¶i träng hoÆc do lón nÒn mãng (nÕu cã) ®îc kiÓm

tra theo híng dÉn ghi trong c¸c môc 3.1 vµ 3.2.

3.5.2.6  KiÓm tra c¸c hå s¬ lu tr÷ cã liªn quan vµ x¸c ®Þnh tÝnh chÊt x©m thùc cña m«i trêng

C¸c hå s¬ lu tr÷ cã liªn quan cÇn ®îc kiÓm tra gåm cã:

(6)  Hå s¬ kh¶o s¸t ®Þa chÊt vµ ®¸nh gi¸ tÝnh chÊt x©m thùc cña m«i trêng;

(7)  Hå s¬ thiÕt kÕ;

(8)  Hå s¬ hoµn c«ng;

(9)  Hå s¬ ghi chÐp kÕt qu¶ thÈm tra ban ®Çu, thÈm tra thêng xuyªn vµ ®Þnh kú (xem phÇn 2 cña qui ph¹m  nµy). Ngoµi ra cÇn ph¶i tiÕn hµnh x¸c lËp c¸c th«ng tin sau:

(4)   TÇm quan träng vµ cÊp b¶o tr× cña kÕt cÊu; Tuæi thä thiÕt kÕ ban ®Çu; Thêi gian thùc tÕ c«ng tr×nh ®· ®îc sö dông; C¸c ®ît söa ch÷a tríc ®©y (nÕu cã);

(5)   VËt liÖu tríc ®©y ®· ®îc sö dông ®Ó chÕ t¹o bª t«ng nh xi m¨ng, cèt liÖu, níc trén, phô gia; M¸c bª t«ng; Hµm lîng xi m¨ng,..

(6)   X¸c ®Þnh tÝnh chÊt x©m thùc cña m«i trêng nh thµnh phÇn hãa cña níc biÓn, ®é Èm vµ nhiÖt ®é kh«ng khÝ, hµm lîng ion Clorua.

3.5.3 NhËn biÕt c¬ chÕ vµ x¸c ®Þnh tèc ®é xuèng cÊp

3.5.3.1 NhËn biÕt c¬ chÕ xuèng cÊp

Nguyªn nh©n g©y xuèng cÊp kÕt cÊu trong m«i trêng biÓn chñ yÕu lµ do cèt thÐp bÞ rØ. Ngoµi ra cßn cã thÓ do bª

t«ng bÞ ¨n mßn.  Cô thÓ viÖc nhËn biÕt ®îc thùc hiÖn nh sau:

(3)   Bª t«ng ®îc coi lµ bÞ ¨n mßn nÕu ph¸t hiÖn thÊy c¸c dÊu hiÖu ¨n  mßn theo ®iÒu 3.5.2.1 víi c¸c sè liÖu minh chøng sau:

(a)
Cêng ®é chÞu nÐn cña bª t«ng ë vïng bÞ ¨n mßn suy gi¶m ®Õn trªn 20% so víi mÉu bª t«ng ë vÞ trÝ

kh« r¸o kh«ng bÞ ¨n mßn;
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(b)
§é pH vµ hµm lîng CaO gi¶m m¹nh, ®é rçng vµ ®é hót níc cña bª t«ng t¨ng râ rÖt so víi mÉu bª t«ng ë

vÞ trÝ kh«ng bÞ ¨n mßn (pH gi¶m ®Õn díi 9,0, ®é hót níc cña bª t«ng trªn 10%);

(c)
Hµm lîng SO3  trong mÉu bª t«ng bÞ nghi ngê cã ¨n mßn sunfat ë møc trªn 6% so víi xi m¨ng;

(d)

Hµm lîng SiO2  hßa tan trong mÉu bª t«ng bÞ nghi ngê cã ¨n mßn kiÒm -silÝc cao h¬n nhiÒu so víi mÉu bª t«ng kh«ng bÞ ¨n mßn.

Bª  t«ng  ®îc  coi  lµ  bÞ  ph¸  hñy  ë  d¹ng  ¨n  mßn  röa  tr«i,  khi  thÊy  cêng  ®é  bª  t«ng  gi¶m  kÌm theo ®é hót níc t¨ng, ®é pH vµ hµm lîng CaO gi¶m m¹nh. Bª t«ng bÞ ph¸ hñy ë d¹ng ¨n mßn sunfat  khi  cã  vÕt  nøt   ®Æc  trng  cho  d¹ng  ¨n  mßn  nµy,  tiÕp  ®ã  lµ  hµm  lîng  SO3   cao  trong  bª t«ng  trong  khi  ®é  hót  níc  kh«ng  t¨ng  vµ  hµm  lîng  CaO  cã  thÓ  kh«ng  gi¶m.  Bª  t«ng  bÞ  ph¸ hñy ë d¹ng ¨n mßn kiÒm silÝc khi cã c¸c vÕt nøt d¹ng líi ®Æc trng cho d¹ng ¨n mßn nµy kÌm theo hµm lîng SiO2  hßa tan cao h¬n bª t«ng kh«ng bÞ ¨n mßn. Trong ®iÒu kiÖn cô thÓ cña m«i trêng biÓn ViÖt nam, kh¶ n¨ng bª t«ng bÞ ¨n mßn lµ Ýt x¶y ra.

(4)    Cèt  thÐp  ®îc  xem  lµ  ®·  bÞ  rØ  khi  dÊu  hiÖu  rØ  ®·  thÓ  hiÖn  râ  bªn  ngoµi,  nh  m«  t¶  ë  ®iÒu  3.5.2.1, hoÆc  cã  thÓ  c¸c  dÊu  hiÖu  nµy  cha  thÓ  hiÖn  ra  bªn  ngoµi,  nhng  kiÓm  tra  b»ng  m¸y  ®iÖn  tõ  th×  thÊy

cã  thÕ  ¨n  mßn  Ecorr    -350mV.  KÌm  theo  ®ã  lµ  hµm  lîng  ion  Clorua  trong  bª  t«ng  ë  vÞ  trÝ  s¸t  cèt thÐp lín h¬n 1,2kg  Cl- /m3  bª t«ng, hoÆc ®é pH cña bª t«ng nhá h¬n 10,5. §èi víi phÇn kÕt cÊu ngËp trong níc, thÕ ¨n mßn cã thÓ thÊp h¬n giíi h¹n ®· nªu trªn nhng cèt thÐp vÉn cã thÓ cha bÞ rØ. ¨n

mßn  cèt  thÐp  lµ  nguyªn  nh©n  chñ  yÕu  nhÊt  dÉn  tíi  suy  tho¸i  kÕt  cÊu  trong  m«i  trêng  biÓn  ë  ViÖt

Nam.

(3)  Ngoµi c¸c nguyªn nh©n chñ yÕu nh ®· nÕu trªn, cã thÓ cßn cã mét sè nguyªn nh©n kh¸c còng ®ång thêi t¸c

®éng tíi qu¸ tr×nh suy tho¸i cña kÕt cÊu nh: t¸c ®éng m¹nh cña t¶i träng, lón nÒn mãng, t¸c ®éng chu kú cña khÝ hËu nãng Èm,.. Khi ®ã nhËn ®Þnh vÒ c¬ chÕ xuèng cÊp cña kÕt cÊu cÇn tham kh¶o thªm  c¸c chØ dÉn ®îc nªu trong  môc 3.1, 3.2 vµ 3.3.

3.5.3.2  X¸c ®Þnh tèc ®é xuèng cÊp

(1)  Nguyªn t¾c chung: YÕu tè chÝnh lµm suy tho¸i bª t«ng cèt thÐp trong m«i trêng biÓn lµ hiÖn tîng rØ cèt thÐp dÉn tíi nøt, vì líp bª t«ng b¶o vÖ, lµm mÊt kh¶ n¨ng b¸m dÝnh gi÷a bª t«ng vµ cèt thÐp, gi¶m tiÕt diÖn cèt thÐp

vµ cã thÓ dÉn tíi sôp ®æ kÕt cÊu. Do ®ã x¸c ®Þnh  tèc ®é suy tho¸i kÕt cÊu còng nh dù b¸o thêi gian sö dông cßn l¹i cña kÕt cÊu chñ yÕu ®îc dùa trªn qu¸ tr×nh ¨n mßn cèt thÐp. Qu¸ tr×nh ¨n mßn cèt thÐp ®îc ph©n

thµnh hai giai ®o¹n chÝnh nh tr×nh bµy ë b¶ng 3.5.2. ë giai ®o¹n tÝch tô ®iÒu kiÖn g©y rØ, th«ng sè quyÕt ®Þnh tèc ®é suy tho¸i lµ tèc ®é thÈm thÊu ion Clorua vµo trong bª t«ng. Mèc giíi h¹n lµ nång ®é ion Clorrua tÝch tô trªn bÒ mÆt cèt thÐp ®¹t gi¸ trÞ giíi h¹n b¾t ®Çu g©y rØ cèt thÐp. ë giai ®o¹n ph¸t triÓn rØ cèt thÐp, yÕu tè quyÕt

®Þnh tíi tèc ®é suy tho¸i lµ tèc ®é rØ cèt thÐp theo thêi gian. Mèc giíi h¹n lµ tiÕt diÖn cèt thÐp tèi thiÓu khi ®a

vµo tÝnh to¸n tr¹ng th¸i giíi h¹n cùc h¹n vÒ mÆt chÞu lùc cña kÕt cÊu theo TCVN 5574: 1991 th«ng qua c¸c chØ

sè c«ng n¨ng cô thÓ vÒ moment, lùc däc trôc, lùc c¾t...

B¶ng 3.5.2  M« t¶ c¸c giai ®o¹n ¨n mßn cèt thÐp trong bª t«ng trong m«i trêng biÓn

	STT
	Tªn gäi giai

®o¹n
	B¶n chÊt hiÖn tîng
	YÕu tè quyÕt ®Þnh tèc

®é cña qu¸ tr×nh suy tho¸i
	Gi¸ trÞ giíi h¹n

	1
	TÝch
tô
®iÒu kiÖn g©y rØ
	Ion  Clorua  thÈm  thÊu  vµo bª t«ng tÝnh tÝch tô trªn bÒ mÆt  cèt  thÐp  ®¹t  gi¸  trÞ b¾t

®Çu g©y rØ
	Tèc ®é thÈm thÊu ion

Clorua trong bª t«ng
	Gi¸ trÞ hµm lîng Clorua b¾t ®Çy g©y rØ cèt thÐp

	2
	Ph¸t triÓn rØ
	Cèt  thÐp  bÞ  rØ,  g©y  nøt  vµ bong  lë  bª  t«ng  b¶o  vÖ  vµ tiÕp  tôc  rØ  cho  tíi  khi  lµm mÊt   hoµn   toµn   kh¶   n¨ng chÞu lùc cña kÕt cÊu
	Tèc ®é rØ cèt thÐp
	TiÕt   diÖn   cèt   thÐp   tèi thiÓu  cßn  ®¶m  b¶o  kh¶ n¨ng chÞu lùc cña kÕt cÊu


(2) X¸c ®Þnh tèc ®é suy tho¸i trong giai ®o¹n tÝch tô ®iÒu kiÖn g©y rØ: Trong giai ®o¹n nµy, tèc ®é suy tho¸i ®îc

biÓu thÞ b»ng hµm lîng ion Cl-  t¹i vÞ trÝ cèt thÐp theo thêi gian t¸c ®éng cña m«i trêng biÓn, tÝnh tõ thêi ®iÓm ban ®Çu. Hµm lîng ion Cl-  trong bª t«ng theo thêi gian ®îc tÝnh theo ®Þnh luËt Fick nh sau:
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
x


Trong ®ã:


C( x ,t )


C0 1




erf   


D.tin  


(3.5.1)

-
3

C(x,t): Hµm lîng ion Clorua trong bª t«ng ë cù ly bÊt kú (x), t¹i thêi ®iÓm bÊt kú (t),  Kg Cl /m


bª t«ng;

C : Hµm lîng ion Clorua trªn bÒ mÆt bª t«ng kÕt cÊu, Kg Cl-/m3


bª t«ng;

x: VÞ trÝ x¸c ®Þnh hµm lîng Clorua trong bª t«ngtÝnh tõ bÒ mÆt kÕt cÊu; cm;

tin: Thêi gian thÈm thÊu ion Clorua trong bª t«ng, tÝnh tõ thêi ®iÓm ban ®Çu; n¨m; D: HÖ sè khuyÕch t¸n ion Clorua vµo trong bª t«ng, cm2/n¨m.

Tõ biÓu thøc nµy cã thÓ dù ®o¸n ®îc thêi gian cèt thÐp sÏ b¾t ®Çu rØ (tin max) (khi hµm lîng ion Clorua t¹i vÞ trÝ

cèt thÐp ®¹t ®Õn ngìng g©y rØ). Quy tr×nh tÝnh nh sau:

(a)  X¸c ®Þnh hµm lîng C0  tõ kÕt qu¶ kh¶o s¸t hiÖn trêng theo ®iÒu 3.5.2.4;

(b)  X¸c ®Þnh hÖ sè D: Tõ ®êng biÓu diÔn ph©n bè hµm lîng Clorua trong bª t«ng t¹i thêi ®iÓm kiÓm tra theo ®iÒu 3.5.2.4, ®a c¸c gi¸ trÞ C(x,t), x, vµ tin  ®· biÕt khi kh¶o s¸t vµo biÓu thøc 3.5.1, ®Ó tÝnh ®îc hÖ

sè D;

(c)  TÝnh to¸n dù ®o¸n ®îc thêi ®iÓm cèt thÐp sÏ b¾t ®Çu rØ tin max  b»ng c¸ch cho tríc gi¸ trÞ x b»ng chiÒu

-
3

dµy líp bª t«ng b¶o vÖ, lÊy gi¸ trÞ C(x,t)  b»ng hµm lîng Clorua giíi h¹n g©y rØ lµ 1,2 kg Cl /m    bª

t«ngvµ ®a gi¸ trÞ D x¸c ®Þnh ë trªn vµo biÓu thøc 3.5.1 ®Ó tÝnh gi¸ trÞ tin max.

(3)   X¸c ®Þnh tèc ®é xuèng cÊp kÕt cÊu trong giai ®o¹n ph¸t triÓn rØ: Xem chØ dÉn ë môc (3.4), ®iÒu 3.4.3.2 cña qui ph¹m nµy.

3.5.4 X¸c ®Þnh møc ®é xuèng cÊp vµ lùa chän biÖn ph¸p kh¾c phôc

3.5.4.1  Yªu cÇu chung

ViÖc x¸c ®Þnh møc ®é xuèng cÊp ®îc thùc hiÖn th«ng qua viÖc kiÓm tra c¸c chØ sè c«ng n¨ng vÒ kh¶ n¨ng chÞu lùc (an toµn), sù lµm viÖc b×nh thêng vµ ®é bÒn l©u hiÖn t¹i cña kÕt cÊu (P tt) so víi c¸c gi¸ trÞ yªu cÇu (P yc). Cã thÓ  kiÓm tra toµn bé kÕt cÊu hay tõng bé phËn kÕt cÊu trªn c«ng tr×nh. ViÖc kiÓm tra c«ng n¨ng ®îc tiÕn hµnh c¶ tríc vµ sau khi söa ch÷a kÕt cÊu.

3.5.4.2   C¸c gi¸ trÞ giíi h¹n cña c«ng n¨ng

C¸c gi¸ trÞ giíi h¹n ®èi víi tõng d¹ng c«ng n¨ng ®îc lùa chän nh sau:

(1) Gi¸ trÞ giíi h¹n ®èi víi kh¶ n¨ng chÞu lùc:

C¸c gi¸ trÞ tèi thiÓu vÒ moment, lùc däc trôc, lùc c¾t ph¶i ®¸p øng ®îc tr¹ng th¸i giíi h¹n thø nhÊt theo TCVN

5574 : 91, øng víi t¶i träng thùc tÕ mµ nã ®ang ph¶i chÞu.

(2) Gi¸ trÞ giíi h¹n ®èi víi sù lµm viÖc b×nh thêng:

(a)
§é vâng, ®ä nghiªng lÖch tèi ®a kh«ng vît qu¸ gi¸ trÞ  quy ®Þnh cña TCVN 5574:1991;

(b)
BÒ réng vÕt nøt tèi ®a Wmax  = 0,2 mm;

(c)
BÒ dµy líp bª t«ng b¶o vÖ ph¶i kh«ng nhá h¬n gi¸ trÞ yªu cÇu cña tiªu chuÈn hiÖn hµnh. Bª t«ng b¶o

vÖ kh«ng ®îc bong rép tíi møc dïng bóa gâ nhÑ cã thÓ bong ra ®îc.

Ngoµi c¸c c«ng n¨ng cÇn kiÓm tra nªu trªn, khi kÕt cÊu ®· bÞ ¨n mßn tíi møc nguy hiÓm th× cÇn ph¶i xem xÐt ®Õn kh¶ n¨ng kÕt cÊu duy tr× ®îc ®é bÒn l©u. Yªu cÇu cô thÓ nh sau:

(c)
§èi víi kÕt cÊu ®îc lÊy thêi ®iÓm cèt thÐp b¾t ®Çu rØ lµm giíi h¹n vÒ ®é bÒn l©u (kÕt cÊu thuéc b¶o tr×

lo¹i A): hµm lîng ion Clorua t¹i vÞ trÝ cèt thÐp ph¶i nhá h¬n 1,2 kg Cl-/ m3  bª t«ng;

(d)
§èi víi c¸c kÕt cÊu cßn l¹i thuéc b¶o tr× B, C, D hao hôt tiÕt diÖn cèt thÐp ph¶i nhá h¬n gi¸ trÞ Fmax  hay

rmax  x¸c ®Þnh theo TCVN 5574: 1991.

3.5.4.3  Ph©n lo¹i kÕt cÊu theo møc ®é xuèng cÊp
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Toµn bé kÕt cÊu hoÆc mét bé phËn kÕt cÊu ph¶i ®îc kiÓm tra c¸c chØ sè c«ng n¨ng hiÖn tr¹ng vµ kh¶ n¨ng duy tr×

®é bÒn l©u, so s¸nh víi gi¸ trÞ giíi h¹n quy ®Þnh ë ®iÒu 3.5.4.2 vµ ph©n thµnh c¸c møc xuèng cÊp nh sau:

(4)  Kh¶ n¨ng chÞu lùc

KÕt cÊu hay bé phËn kÕt cÊu ®îc xÕp vµo møc kh«ng cßn ®¸p øng ®îc kh¶ n¨ng chÞu lùc nÕu cã c¸c dÊu hiÖu sau:

KÕt cÊu ®· bÞ g·y gôc, sôp ®æ… hoÆc h háng côc bé nghiªm träng;

KÕt cÊu bÞ rØ cèt thÐp nÆng ë cÊp C, møc ®é rØ cèt thÐp vît qu¸ giíi h¹n Fmax  hoÆc rmax

x¸c ®Þnh theo TCVN 5574: 1991.

KÕt cÊu ®îc tÝnh to¸n thÈm tra l¹i vÒ mÆt chÞu lùc theo ®iÒu 3.5.2.5 t¹i c¸c vÞ trÝ xung yÕu, ®èi chiÕu víi c¸c gi¸ trÞ giíi h¹n theo ®iÒu 3.5.4.2, thÊy kh«ng ®¸p øng ®îc yªu cÇu tèi thiÓu vÒ m«ment, lùc däc trôc, lùc c¾t.

(5)  Sù lµm viÖc b×nh thêng

C¸c kÕt cÊu ®îc xÕp vµo møc kh«ng ®¸p øng ®îc yªu cÇu vÒ sù lµm viÖc b×nh thêng nÕu cã c¸c dÊu hiÖu sau:

§é vâng, ®é réng vÕt nøt (c¸c lo¹i vÕt nøt) hiÖn t¹i vît qu¸ gi¸ trÞ giíi h¹n quy ®Þnh theo ®iÒu 3.5.4.2;

Bª t«ng ®· bÞ bong rép hoµn toµn hoÆc dïng bóa gâ nhÑ cã thÓ bong ra ®îc.

§é bÒn l©u còng cÇn ph¶i ®îc xem xÐt nh sau:

(a)
C¸c kÕt cÊu thuéc diÖn b¶o tr× lo¹i A sau nöa ®Çu niªn h¹n sö dông ®îc coi lµ ®· kh«ng ®¹t yªu cÇu vÒ ®é bÒn l©u nÕu hµm lîng ion Clorua trong bª t«ng t¹i vÞ trÝ cèt thÐp vît qu¸ gi¸ trÞ 1,2 kg Cl-/m3  bª t«ng, hoÆc cèt thÐp ®· bÞ rØ;

(b)
C¸c kÕt cÊu thuéc diÖn b¶o tr× B,C,D hoÆc lo¹i A nhng ®· qu¸ nöa thêi gian dù kiÕn sö dông ®îc coi

lµ ®· kh«ng ®¹t yªu cÇu vÒ ®é bÒn l©u nÕu cèt thÐp bÞ rØ víi møc ®é hao hôt tiÕt diÖn vît qu¸ gi¸ trÞ

Fmax  hoÆc rmax;

3.5.4.4  Lùa chän gi¶i ph¸p kh¾c phôc

C¨n cø vµo møc ®é suy tho¸i, x¸c ®Þnh theo ®iÒu 3.5.4.3, tèc ®é suy tho¸i, x¸c ®Þnh theo ®iÒu 3.5.3.2; vµo tÇm quan träng cña c«ng tr×nh vµ kh¶ n¨ng tµi chÝnh cña chñ ®Çu t, cã thÓ c©n nh¾c, lùa chän híng gi¶i quyÕt t×nh tr¹ng h háng theo híng tr×nh bµy trong b¶ng 3.5.3. Cô thÓ ®îc lËp luËn nh sau:

(1) H háng cÊp I: Söa ch÷a b¶o vÖ dù phßng cho c¸c kÕt cÊu thuéc b¶o tr× lo¹i A nÕu ®é bÒn l©u cña chóng ®·

vît qu¸ gi¸ trÞ giíi h¹n (xem môc 3.5.4.3).

(2) H háng cÊp II: Söa ch÷a vµ b¶o vÖ dù phßng cho c¸c kÕt cÊu thuéc b¶o tr× lo¹i A hoÆc b¶o tr× lo¹i B nÕu ®iÒu kiÖn tµi chÝnh cho phÐp vµ thêi gian sö dông l¹i cßn dµi. §èi víi c¸c trêng hîp kh¸c chØ tiÕp tôc t¨ng cêng theo dâi.

(3) H háng cÊp III: Gia cêng vµ söa ch÷a cho kÕt cÊu thuéc mäi lo¹i b¶o tr×. Tuy nhiªn nÕu thêi gian dù kiÕn sö dông cßn l¹i kh«ng nhiÒu th× cã thÓ chØ t¨ng cêng theo dâi vµ h¹n chÕ sö dông, chèng ®ì t¹m thêi.

(6)  H háng cÊp IV: Dì bá kÕt cÊu trong mäi trêng hîp.

3.5.5 Söa ch÷a vµ gia cêng kÕt cÊu

3.5.5.1  Lùa chän ph¬ng ¸n söa ch÷a

Ph¬ng ¸n söa ch÷a ®îc lùa chän tïy thuéc vµo møc ®é suy tho¸i kÕt cÊu nh sau:

(1)
KÕt cÊu h háng lo¹i I, II: ¸p dông c¸c biÖn ph¸p b¶o vÖ dù phßng chèng ¨n mßn cèt thÐp nh söa ch÷a tr¸m

bÞt c¸c vÕt nøt, t¹o mµng b¶o vÖ mÆt ngoµi kÕt cÊu hoÆc b¶o vÖ cèt thÐp b»ng ph¬ng ph¸p cat«t.

(2)
KÕt cÊu bÞ h háng lo¹i III nhng cha cã dÊu hiÖu mÊt kh¶ n¨ng chÞu lùc: ¸p dông c¸c biÖn ph¸p söa ch÷a

bª t«ng vµ cèt thÐp, söa ch÷a phôc håi tiÕt diÖn kÕt cÊu, b¶o vÖ mÆt ngoµi kÕt cÊu vµ b¶o vÖ hç trî cèt thÐp b»ng ph¬ng ph¸p catèt.
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(3)
KÕt cÊu bÞ h háng lo¹i III, ®· bÞ mÊt kh¶ n¨ng chÞu lùc: ngoµi viÖc söa ch÷a nh ®· nãi ë trªn cÇn cã thªm

biÖn ph¸p gia cêng kÕt cÊu.

(4)
Song song víi hiÖn tîng rØ cèt thÐp do ion t¸c nh©n x©m thùc Clorua cßn cã thÓ cã c¸c nguyªn nh©n kh¸c

®ång thêi g©y nªn h háng kÕt cÊu nh lón nÒn mãng, t¸c  ®éng vît t¶i, t¸c ®éng chu kú cña khÝ hËu nãng Èm … Trong c¸c trêng hîp nµy, khi lùa chän ph¬ng ¸n söa ch÷a cÇn tham kh¶o chØ dÉn kü thuËt ë c¸c môc 3.1, 3.2, 3.3.

3.5.5.2  B¶o vÖ dù phßng

(1)   Söa ch÷a tr¸m bÞt vÕt nøt: Xem ®iÒu 3.4.5.2 (1).

(2)
B¶o vÖ mÆt ngoµi kÕt cÊu:

B¶o vÖ mÆt ngoµi kÕt cÊu ë ®©y lµ t¹o c¸c líp mµng ng¨n c¸ch h¹n chÕ hay ng¨n c¶n sù thÈm thÊu cña ion

Clorua, khÝ CO2, O2, níc vµ c¸c t¸c nh©n x©m thùc kh¸c vµo bª t«ng, nh»m lµm chËm l¹i qu¸ tr×nh tÝch tô

®iÒu kiÖn g©y rØ vµ k×m h·m tèc ®é rØ cèt thÐp.

Tïy thuéc vµo d¹ng kÕt cÊu  (d©n dông hay c«ng nghiÖp…); m«i trêng sö dông: ngËp níc, níc lªn xuèng, khÝ quyÓn biÓn…; yªu cÇu vÒ tÝnh trang trÝ trªn bÒ mÆt c«ng tr×nh ®Ó lùa chän ph¬ng ph¸p vµ vËt liÖu b¶o vÖ

bÒ mÆt thÝch hîp.

Trong trêng hîp trªn bÒ mÆt kÕt cÊu cã vÕt nøt th× tríc hÕt cÇn söa ch÷a tr¸m bÞt vÕt nøt nh ®· tr×nh bµy ë

®iÓm (1), sau ®ã míi tiÕn hµnh t¹o c¸c líp mµng b¶o vÖ mÆt ngoµi .

(a)

S¬n phñ bÒ mÆt: BiÖn ph¸p nµy ¸p dông thÝch hîp cho kÕt cÊu thuéc c¸c c«ng tr×nh x©y dùng d©n dông n»m trong m«i trêng khÝ quyÓn, cã yªu cÇu vÒ tÝnh trang trÝ cña bÒ mÆt c«ng tr×nh. C¸c lo¹i s¬n d¹ng nµy ®îc chÕ t¹o trªn nÒn nhùa epoxy, polyurethane, silicon, acrylic… pha lo·ng trong dung m«i hoÆc trong níc. §èi víi kÕt cÊu trong vïng níc lªn xuèng kh«ng cã yªu cÇu trang trÝ, th× cã thÓ sö dông s¬n bitum, hoÆc bitum cao su. Ngoµi ra   cã thÓ sö dông c¶ c¸c lo¹i s¬n xi m¨ng - polyme cã tÝnh n¨ng chèng thÊm. Chi tiÕt vÒ   m« t¶ vËt liÖu, tÝnh n¨ng kü thuËt vµ quy tr×nh ¸p dông xem híng dÉn riªng cña tõng h·ng s¶n xuÊt.

(b)
V÷a tr¸t chèng thÊm: Xem ®iÒu 3.4.5.2 (2b).

(c)
Bª t«ng phun kh«: Xem ®iÒu 3.4.5.2 (2c).

(d)
Bäc bª t«ng chèng thÊm: BiÖn ph¸p nµy ¸p dông thÝch hîp cho phÇn kÕt cÊu ngËp trong níc vµ trong vïng níc lªn xuèng. Dïng bª t«ng chèng thÊm h¹t nhá cã kh¶ n¨ng tù ®Çm vµ tù ch¶y, ®é chèng thÊm tèi thiÓu B10, m¸c tèi thiÓu 30 MPa, chiÒu dµy líp bª t«ng b¶o vÖ kh«ng nhá h¬n 70 mm. Quy tr×nh thi c«ng thùc hiÖn theo chØ dÉn riªng.

(3)  B¶o vÖ cèt thÐp b»ng ph¬ng ph¸p catèt: §èi víi c¸c kÕt cÊu quan träng, thêi gian sö dông theo thiÕt kÕ cßn dµi nhng bª t«ng kh«ng ®ñ n¨ng lùc ®Ó b¶o vÖ cèt thÐp nh: chiÒu dµy b¶o vÖ máng, bª t«ng ®· bÞ nhiÔm ion Clorua cao trªn diÖn réng th× cã thÓ ¸p dông biÖn ph¸p b¶o vÖ trùc tiÕp cèt thÐp b»ng ph¬ng ph¸p catèt theo nguyªn lý dßng ngoµi hoÆc anèt hy sinh. Qui tr×nh ¸p dông ®îc thùc hiÖn theo chØ dÉn riªng.

3.5.5.3 Söa ch÷a kÕt cÊu

Qui tr×nh söa ch÷a phôc håi tiÕt diÖn ®îc thùc hiÖn theo c¸c bíc sau:

(1) Chèng ®ì kÕt cÊu: TiÕn hµnh chèng ®ì kÕt cÊu vµ gi¶i phãng hoµn toµn hoÆc mét phÇn kÕt cÊu cÇn söa ch÷a khái tr¹ng th¸i chÞu lùc. C¸c kÕt cÊu lín cã thÓ chia ra xö lý tõng phÇn thiÕt diÖn.

(2) §ôc tÈy bª t«ng: Yªu cÇu ®ôc tÈy hoµn toµn phÇn bª t«ng ®· bÞ ¨n mßn, bong lë vµ phÇn bª t«ng bÞ nhiÔm ion

Clorua trªn møc 1,0 kg Cl-/m3. Th«ng thêng cÇn ®ôc s©u sau cèt thÐp 20  30 mm.

(3) TÈy gØ cèt thÐp: Xem môc (3), ®iÒu 3.4.5.3.
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(4) T¹o b¸m dÝnh gi÷a bª t«ng / v÷a míi vµ bª t«ng cò: Xem môc (4), ®iÒu 3.4.5.3

(5) C¸c gi¶i ph¸p thi c«ng vµ vËt liÖu söa ch÷a: Xem môc (5), ®iÒu 3.4.5.3

ViÖc söa ch÷a phÇn kÕt cÊu díi níc ®îc thùc hiÖn theo chØ dÉn riªng.

3.5.5.4  Gia cêng kÕt cÊu: Xem ®iÒu 3.4.5.4.

Trong mét sè trêng hîp cÇn thiÕt, nÕu sau khi söa ch÷a vµ gia cêng, kÕt cÊu bª t«ng kh«ng ®ñ n¨ng lùc b¶o vÖ cèt thÐp nh chiÒu dµy b¶o vÖ máng, bª t«ng bÞ nhiÔm ion Clorua ë møc ®é cao trªn diÖn réng…. th× ph¶i ¸p dông biÖn ph¸p b¶o vÖ chèng ¨n mßn hç trî nh b¶o vÖ mÆt ngoµi, b¶o vÖ cèt thÐp b»ng ph¬ng ph¸p catèt. Chi tiÕt xem m« t¶ ë

®iÒu 3.5.5.2.

3.5.6 Ghi chÐp vµ lu gi÷ hå s¬

Toµn bé qu¸ tr×nh kiÓm tra chi tiÕt, thiÕt kÕ ph¬ng ¸n söa ch÷a vµ thi c«ng söa ch÷a ®Òu ph¶i ®îc ghi chÐp ®Çy

®ñ theo tr×nh tù qu¶n lý chÊt lîng x©y dùng c¬ b¶n hiÖn hµnh, chuyÓn cho chñ ®Çu t lu gi÷ l©u dµi. Cô thÓ cÇn lËp c¸c hå s¬ sau :

(7)  C¸c b¸o c¸o kiÓm tra ban ®Çu, thêng xuyªn vµ ®Þnh kú;

(8)  B¸o c¸o kh¶o s¸t chi tiÕt h háng kÕt cÊu;

(9)  Hå s¬ thiÕt kÕ, söa ch÷a, gia cêng kÕt cÊu;

(10)NhËt ký thi c«ng;

(11)C¸c biªn b¶n kiÓm tra chÊt lîng vËt liÖu vµ chÊt lîng thi c«ng tõng giai ®o¹n;

(12)Hå s¬ hoµn c«ng.
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3.6   Söa ch÷a kÕt cÊu h háng do t¸c ®éng cña m«i trêng x©m thùc c«ng nghiÖp

3.6.1 Ph¹m vi ¸p dông

Môc nµy híng dÉn c¸c gi¶i ph¸p kü thuËt söa ch÷a kÕt cÊu bª t«ng cèt thÐp bÞ h háng do ¨n mßn bª t«ng vµ cèt thÐp trong m«i trêng x©m thùc c«ng nghiÖp. Néi dung híng dÉn bao gåm: kiÓm tra chi tiÕt, x¸c ®Þnh c¬ chÕ suy tho¸i, ®¸nh gi¸ møc ®é h háng, dù b¸o thêi gian sö dông cßn l¹i, lùa chän biÖn ph¸p kh¾c phôc vµ híng dÉn mét

sè gi¶i ph¸p söa ch÷a, gia cêng kÕt cÊu thêng ®îc ¸p dông trong thùc tÕ.

Trong c¸c nhµ m¸y c«ng nghiÖp tån t¹i nhiÒu lo¹i t¸c nh©n x©m thùc kh¸c nhau vµ c¬ chÕ ¨n mßn cña chóng ®èi víi bª t«ng hay cèt thÐp còng rÊt ®a d¹ng vµ phùc t¹p. Ph¹m vi ®iÒu chØnh cña môc nµy chØ ®Ò cËp tíi c¸c t¸c nh©n x©m thùc tiªu biÓu thêng gÆp trong thùc tÕ ë ViÖt nam lµ c¸c hãa chÊt c¬ b¶n (axits v« c¬, kiÒm NaOH, Na2CO3, c¸c muèi sunfat, muèi amoni, muèi clorua, muèi nitrit…), ph©n bãn tæng hîp, axits h÷u c¬. C¸c t¸c nh©n nµy tån t¹i ë d¹ng láng hoÆc r¾n. Ngoµi

ra cßn ph¶i kÓ tíi c¸c m«i trêng khÝ chøa c¸c t¸c nh©n x©m thùc nh h¬i axit, khÝ CO2, SO2, H2S, NH3, HF …

C¸c t¸c nh©n x©m thùc kÓ trªn thêng cã ë c¸c nhµ m¸y s¶n xuÊt hoÆc sö dông hãa chÊt c¬ b¶n , c¸c nhµ m¸y s¶n xuÊt ph©n bãn, nhµ m¸y chÕ biÕn thùc phÈm … KÕt cÊu bª t«ng cèt thÐp trong c¸c nhµ m¸y c«ng nghiÖp  th«ng thêng ®îc b¶o tr× ë lo¹i B.

3.6.2  KiÓm tra chi tiÕt

3.6.2.1  Kh¶o s¸t s¬ bé vµ ph©n cÊp h háng kÕt cÊu

Kh¶o s¸t s¬ bé b»ng quan tr¾c toµn bé kÕt cÊu hay hÖ kÕt cÊu. Ghi chÐp ®¸nh dÊu trªn b¶n vÏ kÕt hîp víi chôp ¶nh, quay phim ghi nhËn c¸c dÊu hiÖu h háng sau ®©y (bao gåm d¹ng, vÞ trÝ vµ qui m« h háng):

(6)
Bong trãc, nøt vì c¸c líp s¬n, v÷a tr¸t, g¹ch èp l¸t cã chøc n¨ng b¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÕt cÊu;

(7)
DÊu hiÖu ¨n mßn bª t«ng nh tiÕt v«i tr¾ng, bª t«ng bÞ mñn lë, bÞ nøt ë d¹ng ¨n mßn sun ph¸t;

(8)

DÊu hiÖu ¨n mßn cèt thÐp, biÓu hiÖn lµ c¸c vÕt rØ vµng thÊm ra mÆt ngoµi bª t«ng, bª t«ng bÞ nøt däc cèt thÐp hoÆc bÞ bong lë hoµn toµn ®Ó lé cèt thÐp ®· bÞ rØ;

(9)
C¸c dÊu hiÖu h háng kÕt cÊu kh¸c nh:

(a)
C¸c d¹ng nøt kÕt cÊu do c¸c nguyªn nh©n kh¸c (ngoµi nøt  do rØ cèt thÐp);

(b)
BiÕn d¹ng vâng, nghiªng, lÖch kÕt cÊu;

(c)
GÉy, sôp ®æ kÕt cÊu.

Tõ kÕt qu¶ kh¶o s¸t s¬ bé nh ®· nªu trªn, ph©n lo¹i kÕt cÊu thµnh tõng vïng hay tõng bé phËn kÕt cÊu theo c¸c cÊp

h háng ®iÓn h×nh sau:

(9)
CÊp I: vïng kÕt cÊu hay bé phËn kÕt cÊu cha cã bÊt cø dÊu hiÖu h háng nµo thÓ hiÖn ra bªn ngoµi.

(10)
CÊp II: Vïng kÕt cÊu hay bé phËn kÕt cÊu ®· cã dÊu hiÖu bÞ h háng nhÑ. Cô thÓ  gåm c¸c  dÊu hiÖu :

(a)

Líp b¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÕt cÊu (nÕu cã) bÞ h háng, bong rép hoÆc nøt vì. Bª t«ng bªn trong cha bÞ h háng hoÆc h háng nhÑ.

(b)

Bª t«ng bªn ngoµi cßn nguyªn vÑn nhng cã hiÖn tîng bÞ tiÕt v«i tr¾ng, bÒ mÆt bª t«ng bÞ mñn nhÑ, cã mïi l¹;

(c)

Cèt thÐp bÞ rØ nhÑ,   cã vÕt rØ thÊm ra mÆt ngoµi kÕt cÊu, hoÆc bª t«ng b¶o vÖ bÞ nøt nhá (bÒ réng vÕt nøt tèi ®a 1,0 mm), gâ nhÑ b»ng bóa kh«ng lµm bong bª t«ng b¶o vÖ;

(d)
C¸c d¹ng vÕt nøt kh¸c víi bÒ réng vÕt nøt nhá h¬n 0,5 mm.

(11)
CÊp III: Vïng kÕt cÊu hay bé phËn kÕt cÊu bÞ h háng nÆng, gåm c¸c dÊu hiÖu:

(a)

¨n mßn bª t«ng ë møc ®é nÆng, biÓu hiÖn bª t«ng bÞ ¨n mñn lë s©u vµ réng, bª t«ng bÞ nøt vì trªn diÖn réng;

(b)
Cèt thÐp bÞ rØ nÆng, bª t«ng b¶o vÖ bÞ nøt to hoÆc bong lë hoµn toµn;

(c)

Kh¶ n¨ng chÞu lùc cña kÕt cÊu ®· bÞ suy gi¶m nh nøt kÕt cÊu nghiªm träng, biÕn d¹ng nghiªng lÖch lín …
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(12)
CÊp IV: KÕt cÊu bÞ mÊt kh¶ n¨ng chÞu lùc hoµn toµn.

C¸c kÕt cÊu lín nh sil«, bÓ chøa, th¸p, vßm,.. ®îc ph©n thµnh c¸c vïng h háng kh¸c nhau. §èi víi hÖ kÕt cÊu gåm nhiÒu bé phËn nh cét, dÇm, sµn cña nhµ th× tõng bé phËn nµy ®îc ph©n thµnh c¸c møc h háng nh ®· ph©n cÊp ë trªn.

Qui m« vµ møc ®é kh¶o s¸t chi tiÕt cÇn lùa chän tïy vµo cÊp h háng kÕt cÊu vµ tÇm quan träng cña kÕt cÊu (xem b¶ng 3.6.1).

3.6.2.2 KiÓm tra tÝnh chÊt c¬ lý vµ cÊu tróc cña bª t«ng

(8)   TÝnh chÊt c¬ lý vµ cÊu tróc cña bª t«ng cÇn ®îc kiÓm tra trªn c¸c vïng hay bé phËn kÕt cÊu ®¹i diÖn cho c¸c cÊp h háng, tËp trung vµo c¸c vÞ trÝ quan träng vÒ yªu cÇu chÞu lùc trªn c«ng tr×nh. Cô thÓ kh«ng Ýt h¬n 3 vïng hoÆc 3 bé phËn kÕt cÊu ®¹i diÖn cho tõng cÊp h háng.

(9)   ChØ tiªu c¬ lý cña bª t«ng cÇn ®îc kiÓm tra trong mäi trêng hîp lµ cêng ®é chÞu nÐn. Ngoµi ra tïy theo t×nh tr¹ng h háng cô thÓ mµ kiÓm tra thªm c¸c chØ tiªu kh¸c nh ®é hót níc, cÊu tróc bª t«ng, ®é rçng cña

bª t«ng, x¸c ®Þnh ®Þnh tÝnh chiÒu s©u trung tÝnh hãa bª t«ng, m« ®un ®µn håi, ®é ®ång nhÊt vÒ cêng ®é …

cña bª t«ng.

(10) C¸ch thøc kiÓm tra ®îc tiÕn hµnh nh sau:

(a)
Tõ mçi vïng, bé phËn kÕt cÊu ®îc kiÓm tra khoan lÊy 1 tæ mÉu theo tiªu chuÈn TCVN 3105: 1993.

§èi víi c¸c vÞ trÝ bª t«ng cha bÞ ¨n mßn, cêng ®é chÞu nÐn vµ ®é ®ång nhÊt vÒ cêng ®é cã thÓ x¸c

®Þnh  b»ng  c¸c  ph¬ng  ph¸p    kh«ng  ph¸  hñy  nh  siªu  ©m,  sóng  bËt  n¶y…  theo  c¸c  tiªu  chuÈn

TCXDVN 239: 20000; TCXD 225: 1998.

(b)

TiÕn hµnh quan s¸t vµ chôp ¶nh ghi nhËn bÒ mÆt lâi khoan. X¸c ®Þnh cÊu tróc bª t«ng vµ lç rçng bª t«ng theo ASTM C856:88 vµ ASTM C457:90.  Nhá dung dÞch phenophtalein tõ mÆt ngoµi bª t«ng vµo trong ®Ó x¸c ®Þnh chiÒu s©u trung tÝnh hãa (lµ phÇn bª t«ng kh«ng chuyÓn sang mÇu hång sau khi nhá phenophtalein). TiÕp theo x¸c ®Þnh ®é hót níc, lç rçng, cêng ®é chÞu nÐn vµ m« ®un ®µn håi cña bª t«ng  theo  c¸c  tiªu  chuÈn  TCVN  3118:93,  TCVN  3119:  1993,  TCVN  5726:  1993  hay  BS  1881  Part

120:83.

NÕu cã yªu cÇu vÒ ph©n tÝch hµm lîng xi m¨ng ®· ®ãng r¾n trong bª t«ng, sau khi Ðp, mÉu ®îc lu ®Ó

x¸c ®Þnh hµm lîng xi m¨ng trong bª t«ng theo ASTM 1084:97. Hµm lîng xi m¨ng chØ x¸c ®Þnh t¹i phÇn

bª t«ng cha bÞ ¨n mßn.

(c)   Trong trêng hîp cÇn ph©n tÝch kü h¬n vÒ thµnh phÇn vµ cÊu tróc cña ®¸ xi m¨ng th× trªn mÆt ngoµi lâi khoan, t¸ch mét phÇn ®¸ xi m¨ng ®Ó nghiÒn mÞn, ph©n tÝch thµnh phÇn hãa theo TCVN 141:86, ph©n tÝch vi nhiÖt DTA, ph©n tich nhiÔu x¹ R¬n ghen XRD, chôp b»ng kÝnh hiÓn vi ®iÖn tö quÐt SEM.

3.6.2.3 KiÓm tra t×nh tr¹ng ¨n mßn cèt thÐp

(8)   §èi víi c¸c vïng hay bé phËn kÕt cÊu cha bÞ rØ cèt thÐp hoÆc míi bÞ rØ nhÑ, lùa chän tèi thiÓu 15% sè vïng hoÆc bé phËn kÕt cÊu tiªu biÓu ®Ó kiÓm tra t×nh tr¹ng rØ cèt thÐp. Ph¬ng ph¸p kiÓm tra kh«ng ph¸ hñy ®îc thùc hiÖn theo tiªu chuÈn TCXDVN 294: 2003 hoÆc ASTM C 876:1999 kÕt hîp víi ®ôc lé cèt thÐp t¹i mét vµi ®iÓm ®Ó kiÓm tra ®èi chøng.

(9)   §èi víi c¸c vïng kÕt cÊu hay bé phËn kÕt cÊu ®· bÞ rØ cèt thÐp nÆng (cÊp III), kiÓm tra toµn bé sè vïng hay bé phËn kÕt cÊu nµy. Ph¬ng thøc kiÓm tra ®îc thùc hiÖn b»ng c¸ch ®ôc lé cèt thÐp, ®o chiÒu dÇy líp rØ vµ

®êng kÝnh cßn l¹i cña cèt thÐp b»ng thíc kÑp c¬ khÝ.

(10) T¹i c¸c vÞ trÝ kiÓm tra cèt thÐp cÇn x¸c ®Þnh chiÒu dµy líp bª t«ng b¶o vÖ t¬ng øng. Ph¬ng ph¸p kiÓm tra

®îc thùc hiÖn b»ng thiÕt bÞ ®iÖn tõ chuyªn dông theo tiªu chuÈn TCXDVN 240: 2000 hoÆc BS 1881- Part

204:88 hoÆc ®ôc lé cèt thÐp ®Ó ®o trùc tiÕp. Nªn lùa chän vÞ trÝ kiÓm tra ¨n mßn cèt thÐp trïng víi vÞ trÝ kiÓm tra tÝnh chÊt c¬ lý cña bª t«ng vµ vÞ trÝ khoan mÉu bét x¸c ®Þnh ®Þnh lîng hµm lîng vµ chiÒu s©u x©m nhËp  c¸c t¸c nh©n g©y ¨n mßn.

3.6.2.4 X¸c ®Þnh lîng hµm lîng vµ chiÒu s©u x©m nhËp c¸c t¸c nh©n g©y ¨n mßn

(8)    VÞ trÝ khoan mÉu cÇn ®Æt gÇn víi vÞ trÝ kiÓm tra c¸c tÝnh chÊt c¬ lý cña bª t«ng vµ t×nh tr¹ng ¨n mßn cèt thÐp trªn kÕt cÊu. §¹i diÖn cho mçi cÊp h háng, t«i sthiÓu khoan 3 mÉu song song trªn 3 vÞ trÝ kh¸c nhau.
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(9)    MÉu ®îc lÊy ë d¹ng bét b»ng ph¬ng ph¸p khoan kh«. Dïng mòi khoan 12-16 khoan nhiÒu lç trªn mét

diÖn  tÝch  tèi thiÓu  400  cm2   theo  c¸c  líp  0-1cm;  1-2cm;  …  6-8cm  hoÆc  s©u  h¬n  theo  híng  tõ ngoµi  vµo trong. Lîng bét lÊy cho mçi líp tèi thiÓu lµ 200g. MÉu sau khi lÊy cÇn ®îc b¶o qu¶n ngay trong tói kÝn ®Ó tr¸nh hiÖn tîng cacbon¸t hãa.

(10)  Trªn tÊt c¶ c¸c mÉu, viÖc x¸c ®Þnh chØ tiªu pH ®îc tiÕn hµnh theo tiªu chuÈn ASTM D 5015:95. Tuú thuéc vµo lo¹i t¸c nh©n x©m thùc cã trong m«i trêng, cã thÓ ph¶i ph©n tÝch hµm lîng c¸c ion cã liªn quan nh

-
3
+
+

SO 3  , NO3, Cl , PO 4   , Na , K


… theo tiªu chuÈn TCVN 141: 1986; ASTM C1152:94.

3.6.2.5  Thu thËp c¸c th«ng sè ®¸nh gi¸ kh¶ n¨ng chÞu lùc cña kÕt cÊu

(7)   T¹i tÊt c¶ c¸c vÞ trÝ kÕt cÊu hay bé phËn kÕt cÊu quan träng vÒ yªu cÇu chÞu lùc, c¸c vÞ trÝ kÕt cÊu bÞ h háng nÆng (cÊp III) cÇn ph¶i thu thËp c¸c th«ng sè cÇn thiÕt nh»m ®¸nh gi¸ l¹i kh¶ n¨ng chÞu lùc vµ sù lµm viÖc b×nh thêng thùc tÕ cña kÕt cÊu. Cô thÓ lµ c¸c th«ng sè sau:

(a)
KÝch thíc h×nh häc kÕt cÊu, c¸c mÆt c¾t tiÕt diÖn kÕt cÊu;

(b)
Bè trÝ cèt thÐp;

(c)
Møc ®é rØ cèt thÐp, ®êng kÝnh cèt thÐp cßn l¹i;

(d)
Cêng ®é vµ ®é ®ång nhÊt vÒ cêng ®é cña bª t«ng;

(e)
T¶i träng t¸c ®éng lªn kÕt cÊu;

(f)
C¸c d¹ng vÕt nøt vì vµ møc ®é biÕn d¹ng cña kÕt cÊu.

Trong mét sè trêng hîp cÇn thiÕt, nÕu kh«ng x¸c ®Þnh ®îc chÝnh x¸c c¸c th«ng sè nãi trªn th× cã thÓ gia

t¶i kÕt cÊu ®Ó kiÓm tra trùc tiÕp kh¶ n¨ng chÞu lùc cña chóng. Chi tiÕt xem híng dÉn ë môc 3.1 cña qui ph¹m nµy.

(8)   KÝch thíc cña c¸c mÆt c¾t tiÕt diÖn ®îc ®o vÏ trùc tiÕp. Bè trÝ cèt thÐp ®îc lÊy theo hå s¬ hoµn c«ng. Trong trêng  hîp  kh«ng  cã  hå  s¬  hoµn  c«ng  th×  tiÕn  hµnh  dß  cèt  thÐp  b»ng  thiÕt  bÞ  ®iÖn  tõ  theo  tiªu  chuÈn TCXDVN 240: 2000 hoÆc BS 1881: Part 204:88. Cêng ®é vµ ®é ®ång nhÊt cña bª t«ng nÕu cha ®îc kiÓm

tra theo ®iÒu 3.6.2.2 th× x¸c ®Þnh b»ng c¸c ph¬ng ph¸p kh«ng ph¸ hñy theo TCXDVN 239: 2000, TCXD

225: 1998, 20TCN 162:87. Møc ®é rØ cèt thÐp vµ ®êng kÝnh cßn l¹i x¸c ®Þnh trùc tiÕp b»ng thíc kÑp c¬

khÝ.

T¶i träng t¸c ®éng lªn kÕt cÊu ®îc x¸c ®Þnh trùc tiÕp trªn hiÖn trêng, tÝnh to¸n theo tiªu chuÈn TCVN 2737:

1995.

C¸c vÕt nøt vµ biÕn d¹ng cña kÕt cÊu díi t¸c ®éng khÝ hËu nãng Èm vµ cña t¶i träng ®îc kiÓm tra, theo híng dÉn ghi trong môc 3.1 , 3.3 cña qui ph¹m nµy.

(9)   Trong trêng hîp nghi ngê cã thÓ cã c¸c nguyªn nh©n kh¸c dÉn tíi suy tho¸i kÕt cÊu ngoµi nguyªn nh©n do rØ cèt thÐp   vµ ¨n mßn bª t«ng nh lón nÒn mãng, t¸c ®éng chu kú cña khÝ hËu nãng Èm, t¸c ®éng sù cè bÊt thêng cña t¶i träng … th× cÇn kh¶o s¸t thu thËp thªm mét sè th«ng sè kh¸c cã liªn quan tíi c¸c d¹ng h háng nµy ®îc nªu trong môc 3.1, 3.2 vµ 3.3.

(10) KÕt cÊu ®· bÞ mÊt kh¶ n¨ng chÞu lùc hoµn toµn th× kh«ng cÇn ph¶i kh¶o s¸t chi tiÕt. Tuy nhiªn trong trêng hîp cÇn x¸c ®Þnh nguyªn nh©n g©y nªn sù cè h háng th× tiÕn hµnh x¸c ®Þnh c¸c th«ng sè ®Ó thÈm tra l¹i kh¶ n¨ng chÞu lùc vµ sù lµm viÖc b×nh thêng cña kÕt cÊu nh ®· nãi ë trªn.

3.6.2.6
KiÓm tra tÝnh chÊt x©m thùc cña m«i trêng

(10)T×m hiÓu s¬ ®å c«ng nghÖ vµ d©y chuyÒn s¶n xuÊt cña nhµ m¸y. X¸c ®Þnh c¸c hãa chÊt cã trong nguyªn liÖu

®Çu vµo, trong s¶n phÈm vµ trong c¸c chÊt th¶i ë d¹ng láng, r¾n vµ khÝ. Ghi nhËn ®iÒu kiÖn tiÕp xóc cña c¸c hãa chÊt nµy víi kÕt cÊu cña c«ng tr×nh;

(11)Trong trêng hîp kh«ng cã ®îc th«ng tin râ rµng vÒ thµnh phÇn hãa nãi trªn th× cã thÓ lÊy mÉu nguyªn liÖu, s¶n phÈm vµ c¸c chÊt th¶i ë d¹ng láng, r¾n vµ khÝ ®Ó x¸c ®Þnh ®é pH vµ hµm lîng c¸c t¸c nh©n x©m thùc dù kiÕn sÏ cã trong chóng;

(12)§o nhiÖt ®é vµ ®é Èm cña m«i trêng tiÕp xóc víi kÕt cÊu;
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(13)X¸c ®Þnh c¸c t¸c ®éng c¬ häc (nÕu cã) trong s¬ ®å c«ng nghÖ s¶n xuÊt nh ¸p lùc cña h¬i, t¸c ®éng va ®Ëp cña

chÊt láng trong qu¸ tr×nh khuÊy, rung ®éng do m¸y ch¹y …t¸c ®éng lªn kÕt cÊu;

(14)Ph©n tÝch mèi quan hÖ gi÷a c¸c vÞ trÝ h háng nÆng nhÊt cña kÕt cÊu víi c¸c t¸c ®éng cña m«i trêng x©m thùc

(t¸c ®éng hãa häc, vËt lý vµ c¬ häc) nh»m t×m ra mèi liªn quan gi÷a chóng.

3.6.2.7
KiÓm tra c¸c hå s¬ lu tr÷ cã liªn quan

C¸c hå s¬ lu tr÷ cã liªn quan cÇn ®îc kiÓm tra nh sau:

(1)
Hå s¬ thiÕt kÕ;

(2)
Hå s¬ hoµn c«ng;

(3)
NhËt ký thi c«ng;

(4)
Hå s¬ ghi chÐp kÕt qu¶ kiÓm tra ban ®Çu, thêng xuyªn vµ ®Þnh kú ;

(5)
Hå s¬ ghi chÐp c¸c lÇn söa ch÷a tríc ®ã (nÕu cã);

(6)
Nguån vËt liÖu ®· sö dông nh xi m¨ng, cèt liÖu, níc trén, phô gia. M¸c bª t«ng, tû lÖ N/XM, hµm lîng

xi m¨ng,..®· sö dông.

(7)
TÇm quan träng vµ cÊp b¶o tr× c«ng tr×nh ®· ®îc sö dông, thêi gian sö dông dù kiÕn cßn l¹i theo thiÕt kÕ.

3.6.3 X¸c ®Þnh c¬ chÕ vµ tèc ®é xuèng cÊp cña kÕt cÊu

3.6.3.1 X¸c ®Þnh c¬ chÕ xuèng cÊp

(5)   §Ó x¸c ®Þnh ®îc chÝnh x¸c c¬ chÕ vµ nguyªn nh©n dÉn tíi sù xuèng cÊp cña kÕt cÊu cÇn c¨n cø vµo c¸c d÷

liÖu sau:

(a)
TÝnh chÊt x©m thùc cña m«i trêng (x¸c ®Þnh theo ®iÒu 3.6.2.6);

(b)
DÊu hiÖu h háng thÓ hiÖn bªn ngoµi, x¸c ®Þnh theo ®iÒu 3.6.2.1;

(c)
C¸c sè liÖu kh¶o s¸t chi tiÕt vÒ tÝnh chÊt c¬ lý vµ cÊu tróc bª t«ng, t×nh tr¹ng ¨n mßn cèt thÐp, hµm lîng  vµ  chiÒu  s©u  x©m  nhËp  c¸c  t¸c  nh©n  g©y  ¨n  mßn  x¸c  ®Þnh  theo  c¸c  ®iÒu  3.6.2.2,  3.6.2.3  vµ

3.6.2.4.

Nguyªn nh©n chñ yÕu dÉn tíi suy tho¸i kÕt cÊu trong m«i trêng x©m thùc c«ng nghiÖp lµ do bª t«ng

bÞ ¨n mßn vµ cèt thÐp bÞ rØ.

(6)
Bª t«ng trong m«i trêng x©m thùc c«ng nghiÖp cã thÓ bÞ ¨n mßn ë 3 d¹ng chÝnh lµ:

1. TiÕt v«i (hay cßn gäi lµ ¨n mßn röa tr«i);

2. Ph©n hñy ®¸ xi m¨ng do c¸c ph¶n øng hãa häc gi÷a t¸c nh©n x©m thùc vµ thµnh phÇn kho¸ng hãa cña ®¸

xi m¨ng;

3. Nøt bª t«ng do sù tÝch tô c¸c tinh thÓ míi g©y néi øng suÊt ph¸ vì cÊu tróc bª t«ng.

§Ó nhËn biÕt bª t«ng bÞ ¨n mßn ë d¹ng nµo cÇn lÇn lît xem xÐt c¸c d÷ liÖu sau ®©y:

(a)
Bª t«ng ®îc coi lµ bÞ ¨n mßn ë d¹ng tiÕt v«i khi cã c¸c b»ng chøng sau:

i.
Cã dÊu hiÖu tiÕt v«i (Ca(OH)2  vµ c¸cbonat ho¸ (CaCO3) ë mÆt ngoµi kÕt cÊu;

ii.
M«i trêng x©m thùc lµ níc mÒm;

iii.
TÝnh  chÊt  c¬ lý  cña  bª  t«ng  vÒ  c¬  b¶n kh«ng  cã  sù thay  ®æi nhiÒu  so  víi  bª  t«ng  t¹i  vÞ  trÝ

kh«ng bÞ ¨n mßn. Ph©n tÝch thµnh phÇn khãang hãa cã thÓ cho thÊy sù suy gi¶m ®¸ng kÓ cña

Ca2+,, Ca(OH)


kÌm theo ®é pH cña bª t«ng bÞ gi¶m;

(b)
Bª t«ng ®îc coi lµ bÞ ¨n mßn ë d¹ng ph©n hñy khi cã c¸c b»ng chøng sau:

i.
Cã dÊu hiÖu ph©n r· cña ®¸ xi m¨ng, bª t«ng bÞ mÒm, mñn lë, xèp…;

ii.

M«i trêng x©m thùc mang tÝnh axits, kiÒm m¹nh hoÆc cã chøa c¸c muèi trung tÝnh cã kh¶ n¨ng  g©y  nªn ph¶n  øng  trao  ®æi  víi  thµnh  phÇn  kho¸ng  hãa  cña  ®¸  xi  m¨ng  t¹o  nªn  c¸c  s¶n phÈm ¨n mßn dÔ tan trong níc hoÆc kh«ng cã cêng ®é;
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iii.
Cêng ®é nÐn bÞ suy gi¶m m¹nh so víi bª t«ng kh«ng bÞ ¨n mßn, ®é rçng  vµ ®é hót níc

t¨ng. So s¸nh, ph©n tÝch thµnh phÇn khãang hãa cña ®¸ xi m¨ng so víi mÉu kh«ng bÞ ¨n mßn

cho thÊy sù suy gi¶m hµm lîng Ca2+,, Ca(OH)


kÌm theo ®é pH cña bª t«ng bÞ gi¶m rÊt m¹nh;

(c)
Bª t«ng ®îc coi lµ bÞ ¨n mßn ë d¹ng nøt vì do c¸c kho¸ng míi kÕt tinh vµ tÝch tô t¹o ra øng suÊt néi khi cã c¸c b»ng chøng sau:

i.

Bª t«ng bÞ nøt, vì nhng kh«ng ph¶i lµ nøt do rØ cèt thÐo hoÆc nøt kÕt cÊu díi t¸c ®éng cña t¶i träng hoÆc t¸c ®éng cña chu kú thay ®æi nhiÖt Èm;

2-
-
-
2-

ii.
M«i trêng x©m thùc ë d¹ng láng, r¾n chøa c¸c muèi cã c¸c nhãm chøc SO4   , NO3 , Cl , CO3

hoÆc ë d¹ng khÝ cã chøa SO3, SO2, H2S, NO…;

iii.

Cêng ®é bª t«ng bÞ suy gi¶m so víi vÞ trÝ kh«ng bÞ ¨n mßn. Ph©n tÝch thµnh phÇn khãang hãa cña   ®¸   xi   m¨ng   cho   thÊy   sù   h×nh   thµnh   râ   rÖt   c¸c   khãang   dÔ   g©y   në   thÓ   tÝch   nh

3CaO.Al2O3.3CaSO4.32H2O,
3CaO.Al2O3.Ca(NO3)2.10H2O,
Ca(NO3)2.4H2O,
CaCl2.6H2O, CaSO4.2H2O…

iv.
Bª  t«ng  nøt  vì  do  ph¶n  øng  kiÒm  -  si  lÝc  còng  ®îc  lÞªt  vµo  d¹ng  ¨n  mßn  nµy.  Xem  ®iÒu

3.5.2.1 ®Ó nhËn biÕt c¸c dÊu hiÖu cña ph¶n øng kiÒm - silÝc.

(7)   Cèt thÐp bÞ rØ khi cã dÊu hiÖu rØ thÓ hiÖn râ nh   m« t¶ ë ®iÒu 3.6.2.1 hoÆc cã thÓ cha cã c¸c dÊu hiÖu nµy nhng kiÓm tra thÕ ¨n mßn cho gi¸ trÞ Ecorr -350 mV. KÌm theo ®ã lµ ®é pH cña bª t«ng gi¶m díi 10,5

3

hoÆc hµm lîng ion Cl-  vît qu¸ 1,2 kg/m


bª t«ng. Trong m«i trêng x©m thùc c«ng nghiÖp, ®é pH cña bª

t«ng bÞ suy gi¶m cã thÓ lµ do bª t«ng bÞ ¨n mßn (chñ yÕu ë d¹ng 1 vµ d¹ng 2) hoÆc do bª t«ng bÞ c¸cbonat

hãa nh m« t¶ ë môc 3.4.

(8)   Møc ®é x©m thùc cña m«i trêng ®èi víi bª t«ng vµ cèt thÐp ®îc ®¸nh gi¸ trªn c¬ së c¸c d÷ liÖu sau:

(a)
C¨n cø vµo hiÖn tr¹ng ¨n mßn thùc tÕ cña kÕt cÊu;

(b)
So  s¸nh  hµm  lîng  c¸c  t¸c  nh©n  x©m  thùc  trong  m«i  trêng  víi  quy  ®Þnh  cña  Qui  ph¹m  CHu

2.03.11- 85 (Phiªn b¶n  tiÕng Nga Matxc¬va 1986);

(c)
C¸c m«i trêng cã tÝnh x©m thùc ®èi víi bª t«ng ®Òu cã tÝnh x©m thùc ®èi víi cèt thÐp. Tuy nhiªn m«i trêng khÝ thuÇn tóy chøa Co2  hoÆc Cl-  chñ yÕu mang tÝnh x©m thùc tíi cèt thÐp.

(9)   Ngoµi c¸c nguyªn nh©n chñ yÕu dÉn tíi suy tho¸i kÕt cÊu nh ®· kÓ trªn cßn cã thÓ cã mét sè nguyªn nh©n kh¸c còng ®ång thíi t¸c ®éng tíi qu¸ tr×nh suy tho¸i nh t¸c ®éng cña t¶i träng, lón nÒn mãng, t¸c ®éng chu

kú cña khÝ hËu,.. Khi ®ã ®Ó x¸c ®Þnh vÒ c¬ chÕ xuèng cÊp cña kÕt cÊu cÇn tham kh¶o thªm c¸c chØ dÉn trong môc 3.1, 3.2 vµ 3.3.

3.6.3.2  X¸c ®Þnh tèc ®é xuèng cÊp

(1)
Nguyªn t¾c chung:  Tõ kÕt qu¶ x¸c ®Þnh c¬ chÕ vµ nguyªn nh©n g©y suy tho¸i kÕt cÊu nh ®· nªu ë ®iÒu

3.6.3.1, ph©n lo¹i suy tho¸i kÕt cÊu trong m«i trêng x©m thùc c«ng nghiÖp theo c¸c t×nh huèng sau:

(a)
Trêng hîp 1: Suy tho¸i do rØ cèt thÐp díi t¸c ®éng cña hiÖn tîng c¸cbonat  hãa bª t«ng hoÆc díi t¸c ®éng cña ion Cl-;

(b)
Trêng hîp 2: Suy tho¸i do rØ cèt thÐp xuÊt ph¸t tõ hiÖn tîng bª t«ng bÞ ¨n mßn dÉn tíi qu¸ tr×nh trung tÝnh hãa bª t«ng;

(c)
Trêng hîp 3: Suy tho¸i do bª t«ng bÞ ¨n mßn trùc tiÕp lµm suy gi¶m kh¶ n¨ng chÞu lùc cña kÕt cÊu.

C¨n cø vµo tõng t×nh huèng suy tho¸i cô thÓ mµ x¸c ®Þnh tèc ®é xuèng cÊp vµ dù b¸o thíi gian sö dông cßn

l¹i cña c«ng tr×nh

(2)
Trêng hîp 1: Tèc ®é suy tho¸i vµ thêi gian sö dông cßn l¹i cña kÕt cÊu ®îc x¸c ®Þnh t¬ng tù nh ®·

tr×nh bµy ë ®iÒu 3.4.3.2 trong trêng hîp nguyªn nh©n g©y rØ cèt thÐp lµ hiÖn tîng c¸cbonat hãa bª t«ng vµ

®iÒu 3.5.3.2 trong trêng hîp nguyªn nh©n g©y rØ cèt thÐp lµ do t¸c ®éng cña  ion Cl-.

(3)

Trêng hîp 2: Qu¸ tr×nh suy tho¸i kÕt cÊu trong trêng hîp nµy ®îc chia lµm 3 giai ®o¹n nh m« t¶ ë b¶ng 3.6.2.
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B¶ng 3.6.2.  M« t¶ c¸c giai ®o¹n suy tho¸i kÕt cÊu

trong m«i trêng x©m thùc c«ng nghiÖp do ¨n mßn bª t«ng dÉn tíi rØ cèt thÐp

	ST T
	Tªn gäi giai

®o¹n
	B¶n chÊt hiÖn tîng
	YÕu tè quyÕt ®Þnh tèc ®é cña qu¸ tr×nh suy tho¸i
	Gi¸ trÞ giíi h¹n

	1
	Giai ®o¹n tiÒm

Èn 1)
	Ph¸ hñy líp b¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÕt cÊu
	-
	-

	2
	Giai   ®o¹n   tÝch tô
®iÒu
kiÖn g©y rØ cèt thÐp
	Bª  t«ng  bÞ  ¨n  mßn,  ®é pH gi¶m .
	Tèc   ®é   thÈm   thÊu   chÊt x©m  thùc  vµ  tèc  ®é  ph¶n øng   hãa   häc   gi÷a   chÊt x©m  thùc  vµ  thµnh  phÇn khãang   hãa   cña   ®¸   xi m¨ng
	ChiÒu  s©u  trung  tÝnh  hãa  s¸t vÞ trÝ cèt thÐp

	3
	Giai  ®o¹n  ph¸t triÓn rØ

cèt thÐp
	Cèt  thÐp  rØ  g©y  nøt  vµ bong  lë  bª  t«ng  b¶o  vÖ cho tíi khi lµm mÊt kh¶ n¨ng  chÞu  lùc  cña  kÕt cÊu
	Tèc ®é rØ cèt thÐp
	TiÕt  diÖn  cèt  thÐp  tèi  thiÓu cßn  ®¶m  b¶o  kh¶  n¨ng  chÞu lùc


Th«ng thêng kh«ng thÓ dù b¸o ®îc thêi ®iÓm líp bª t«ng b¶o vÖ bÒ mÆt b¾t ®Çu bÞ ph¸ hñy. Do vËy, thêi lîng

cña giai ®o¹n tiÒm Èn chØ cã thÓ x¸c ®Þnh b»ng thùc tÕ sau khi líp b¶o vÖ bÒ mÆt ®· bÞ ph¸ hñy vµ t¸c nh©n x©m thùc cã ®iÒu kiÖn tiÕp cËn trùc tiÕp lªn líp bÒ mÆt bª t«ng. KÓ tõ ®©y, qu¸ tr×nh tÝch tô ®iÒu kiÖn g©y rØ vµ sau ®ã lµ ph¸t triÓn gØ b¾t ®Çu x¶y ra. Ph¬ng ph¸p dù b¸o tèc ®é suy tho¸i cña 2 giai ®o¹n nµy ®îc thùc hiÖn nh sau:

(a)
Tèc ®é suy tho¸i trong giai ®o¹n tÝch tô ®iÒu kiÖn g©y rØ ®îc biÓu thÞ b»ng sù   ph¸t triÓn chiÒu s©u trung tÝnh hãa bª t«ng theo thêi gian, x¸c ®Þnh b»ng biÓu thøc:

x
k
tin




(3.6.1)

Trong ®ã:

x: ChiÒu dÇy líp bª t«ng bÞ  trung tÝnh hãa,  mm;

k: HÖ sè ph¶n ¸nh tèc ®é trung tÝnh hãa;

tin: Thêi gian bª t«ng chÞu t¸c ®éng x©m thùc cña c¸c t¸c nh©n g©y ¨n mßn, n¨m.

Tõ biÓu thøc trªn cã thÓ dù b¸o thêi ®iÓm cèt thÐp sÏ b¾t ®Çu rØ nh sau:

2

C
10

t
 





in max





(3.6.2)

Trong ®ã:

tin max: Thêi gian kÕt cÊu b¾t ®Çu bÞ c¸c t¸c nh©n x©m thùc tiÕp cËn cho tíi khi cèt thÐp  b¾t ®Çu rØ, n¨m.

C: ChiÒu dÇy líp bª t«ng b¶o vÖ cèt thÐp, mm;

k: HÖ sè ph¶n ¸nh tèc ®é trung tÝnh  hãa tÝnh tõ biÓu thøc (3.6.1) khi c¸c gi¸ trÞ x vµ t ®îc lÊy b»ng c¸c sè liÖu kh¶o s¸t thùc tÕ theo ®iÒu 3.6.2.2 vµ 3.6.2.4.

82

TCXDVN 318: 2004

Ph¬ng ph¸p x¸c ®Þnh tèc ®é xuèng cÊp trong giai ®o¹n tÝch tô ®iÒu kiÖn g©y rØ ®îc m« t¶ trªn ®©y thêng chØ

phï hîp víi ¨n mßn bª t«ng ë d¹ng 1 vµ d¹ng 2. §èi víi ¨n mßn bª t«ng ë d¹ng 3 cÇn thiÕt ph¶i tiÕn hµnh thÝ

nghiÖm m« pháng ®Ó kiÓm chøng l¹i ph¬ng ph¸p dù b¸o nµy.

(b)  Tèc ®é suy tho¸i kÕt cÊu trong giai ®o¹n ph¸t triÓn gØ vµ dù b¸o thêi gian  sö dông cßn l¹i cña kÕt cÊu trong giai ®o¹n nµy ®îc x¸c ®Þnh t¬ng tù nh ®· tr×nh bµy ë ®iÒu 3.4.3.2.

(4)

Trêng hîp 3: Tèc ®é suy tho¸i kÕt cÊu trong trêng hîp nµy ®îc biÓu thÞ b»ng tèc ®é ¨n mßn bª t«ng, ph¶n ¸nh qua sù suy gi¶m cêng ®é bª tong theo thêi gian vµ tiÕp theo lµ suy gi¶m mÆt c¾t tiÕt diÖn kÕt cÊu

vµ hÖ qu¶ lµ suy gi¶m kh¶ n¨ng chÞu lùc cña kÕt cÊu. Trong trêng hîp nµy, kh«ng thÓ ®a ra tríc mét  m«

h×nh tÝnh tãan cè ®Þnh. §Ó lîng hãa ®îc tèc ®é xuèng cÊp cÇn c¨n cø vµo kÕt qu¶ kh¶o s¸t thùc tÕ, trªn c¬

së quy ho¹ch thùc nghiÖm  lùa chän m« h×nh to¸n chØ râ sù thay ®æi cêng ®é bª t«ng vµ kh¶ n¨ng chÞu lùc cña kÕt cÊu theo thêi gian.

3.6.4 X¸c ®Þnh møc ®é xuèng cÊp vµ lùa chän biÖn ph¸p kh¾c phôc

3.6.4.1  Yªu cÇu chung

X¸c ®Þnh møc ®é xuèng cÊp ®îc thùc hiÖn th«ng qua viÖc kiÓm tra c¸c chØ sè c«ng n¨ng vÒ kh¶ n¨ng chÞu lùc (an toµn), sù lµm viÖc b×nh thêng vµ ®é bÒn l©u hiÖn t¹i cña kÕt cÊu (Ptt) so víi c¸c gi¸ trÞ yªu cÇu (Pyc). Cã thÓ kiÓm

tra toµn bé kÕt cÊu hay tõng bé phËn kÕt cÊu trªn c«ng tr×nh. ViÖc kiÓm tra c«ng n¨ng ®îc tiÕn hµnh c¶ tríc vµ

sau khi söa ch÷a kÕt cÊu.

3.6.4.2
C¸c gi¸ trÞ giíi h¹n cña c«ng n¨ng

C¸c gi¸ trÞ giíi h¹n cho mçi lo¹i c«ng n¨ng ®îc lùa chän nh sau:

(4)  Gi¸ trÞ giíi h¹n ®èi víi kh¶ n¨ng chÞu lùc:

C¸c gi¸ trÞ vÒ moment, lùc däc trôc, lùc c¾t ph¶i ®¸p øng ®îc tr¹ng th¸i giíi h¹n thø nhÊt  tÝnh theo TCVN

5574: 1991, øng víi t¶i träng thùc tÕ mµ nã ®ang ph¶i chÞu.

(2)  Gi¸ trÞ giíi h¹n ®èi víi sù lµm viÖc b×nh thêng:

(a)
§é vâng, ®é nghiªng lÖch tèi ®a kh«ng vît qu¸ gi¸ trÞ  quy ®Þnh trong TCVN 5574: 1991;

(b)
BÒ réng vÕt nøt tèi ®a lÊy theo TCVN 5574-1991 tïy theo lo¹i h×nh vµ ®Æc ®iÓm lµm viÖc cña kÕt cÊu;

(c)
Bª t«ng b¶o vÖ kh«ng ®îc bong rép tíi møc dïng bóa gâ nhÑ cã thÓ bong ra ®îc.

(d)
Trong c¸c m«i trêng x©m thùc m¹nh ®èi víi bª t«ng th× ph¶i tho¶ m·n theo yªu cÇu cña Qui ph¹m

CHu 2.03.11-85. (Phiªn b¶n  tiÕng Nga Matxc¬va 1986);

Líp b¶o vÖ chèng ¨n mßn bÒ mÆt kh«ng ®îc h h¹i tíi møc cho phÐp t¸c nh©n x©m thùc tiÕp cËn trùc tiÕp tíi bÒ mÆt bª t«ng trªn diÖn réng.

Ngoµi c¸c c«ng n¨ng cÇn kiÓm tra trªn, khi kÕt cÊu ®· bÞ ¨n mßn tíi møc nguy hiÓm th× cÇn ph¶i xem xÐt kh¶

n¨ng kÕt cÊu duy tr× ®îc ®é bÒn l©u. Yªu cÇu cô thÓ nh sau:

(e)
Hao hôt tiÕt diÖn cèt thÐp tÝnh theo   F hay r ph¶i nhá h¬n gi¸ trÞ   Fmax  hay rmax  x¸c ®Þnh theo

TCVN 5574: 1991;

(f)
Hao hôt cêng ®é bª t«ng vµ suy gi¶m mÆt  c¾t tiÕt diÖn do ¨n mßn bª t«ng kh«ng ®îc lín h¬n gi¸ trÞ

tèi thiÓu  x¸c ®Þnh theo TCVN 5574: 1991;

3.6.4.3  Ph©n lo¹i kÕt cÊu theo møc ®é xuèng cÊp

Toµn bé kÕt cÊu cÇn ®îc kiÓm tra c¸c chØ sè c«ng n¨ng vÒ ®é an toµn vµ kh¶ n¨ng µm viÖc b×nh thêng, so s¸nh víi c¸c gi¸ trÞ giíi h¹n quy ®Þnh ë ®iÒu 3.6.4.2 vµ ph©n thµnh c¸c møc nh sau:

(7)
Kh¶ n¨ng chÞu lùc

KÕt cÊu hay bé phËn kÕt cÊu ®îc xÕp vµo møc kh«ng cßn ®¸p øng ®îc kh¶ n¨ng chÞu lùc nÕu cã mét trong c¸c dÊu hiÖu sau:

+ KÕt cÊu ®· bÞ g·y, sôp ®æ hoÆc h háng côc bé nghiªm träng;
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+ KÕt cÊu bÞ rØ cèt thÐp nÆng ë cÊp III, møc ®é rØ cèt thÐp vît qu¸ giíi h¹n Fmax  hoÆc rmax  x¸c ®Þnh theo

TCVN 5574:91;

+ KÕt cÊu bÞ ¨n mßn bª t«ng nÆng ë cÊp III. Suy gi¶m cêng ®é vµ mÆt c¾t tiÕt diÖn vît qu¸ giíi h¹n tèi thiÓu tÝnh theo TCVN 5574:91;

+ KÕt cÊu t¹i c¸c vÞ trÝ xung yÕu tuy cha cã c¸c dÊu hiÖu h háng kÓ trªn nhng qua th¶m tra l¹i kh¶ n¨ng chÞu lùc cña kÕt cÊu theo ®iÒu 3.6.2.5, ®èi chiÕu víi c¸c gi¸ trÞ giíi h¹n theo ®iÒu 3.6.4.2  kh«ng cßn ®¸p øng ®îc yªu cÇu tèi thiÓu vÒ m«ment, lùc däc trôc, lùc c¾t mµ nã ph¶i chÞu;

(8)
Sù lµm viÖc b×nh thêng

C¸c kÕt cÊu ®îc xÕp vµo møc kh«ng ®¸p øng ®îc yªu cÇu vÒ sù lµm viÖc b×nh thêng nÕu cã c¸c dÊu hiÖu sau:

+ §é vâng, ®é réng vÕt nøt  hiÖn t¹i vît qu¸ gi¸ trÞ giíi h¹n quy ®Þnh theo ®iÒu 3.6.4.2;

+ Bª t«ng ®· bÞ bong rép hoµn toµn hoÆc dïng bóa gâ nhÑ cã thÓ bong ra ®îc;

+ Trong m«i trêng x©m thùc m¹nh, líp b¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÕt cÊu bÞ h háng, t¸c nh©n x©m thùc ®· tiÕp cËn trùc tiÕp tíi bÒ mÆt bª t«ng.

(9)
§é bÒn l©u

KÕt cÊu ®îc coi lµ ®· vît qu¸ giíi h¹n vÒ ®é bÒn l©u nÕu hao hôt tiÕt diÖn cèt thÐp do rØ, suy gi¶m cêng

®é bª t«ng vµ mÆt c¾t tÝet diÖn kÕt cÊu do ¨n mßn bª t«ng vît qu¸ giíi h¹n qui ®Þnh ë ®iÒu 3.6.4.2.

3.6.4.4  Lùa chän gi¶i ph¸p kh¾c phôc

C¨n cø vµo møc ®é suy tho¸i  x¸c ®Þnh theo ®iÒu 3.6.4.3,  vµo tèc ®é suy tho¸i  vµ dù b¸o thêi gian sö dông cßn l¹i cña kÕt cÊu x¸c ®Þnh theo ®iÒu 3.6.3.2, vµo tÇm quan träng cña kÕt cÊu hay bé phËn kÕt cÊu vµ kh¶ n¨ng tµi chÝnh cña chñ ®Çu t… ®Ó c©n nh¾c lùa chän c¸c híng gi¶i quyÕt t×nh tr¹ng h háng nh tr×nh bµy trong b¶ng 3.6.3. Cô

thÓ ®îc lËp luËn nh sau:

(5)  KÕt cÊu bÞ h háng ë cÊp I:

TiÕn hµnh söa ch÷a vµ b¶o vÖ phßng ngõa ®èi víi mét sè kÕt cÊu hay bé phËn kÕt cÊu quan träng khi cèt thÐp ®· bÞ chím rØ hoÆc c¸c th«ng sè nh hµm lîng ion Cl-, ®é pH cña bª t«ng … ®· vît qu¸ ngìng g©y

rØ. ë c¸c trêng hîp kh¸c chØ cÇn tiÕp tôc theo dâi thêng xuyªn vµ ®Þnh kú.

(6)
KÕt cÊu bÞ h háng ë cÊp II:

a.
Trong trêng hîp thêi gian sö dông kÕt cÊu cßn dµi, tiÕn hµnh söa ch÷a c¸c h háng nhÑ vµ b¶o vÖ

phßng ngõa ®èi víi c¸c kÕt cÊu hay bé phËn kÕt cÊu quan träng. Cô thÓ nh sau:

+ Söa ch÷a líp b¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÐt cÊu;

+ Söa ch÷a c¸c vÞ trÝ bª t«ng bÞ ¨n mßn nhÑ vµ c¸c vÕt nøt kÕt cÊu. B¶o vÖ vµ phßng ngõa t¹i c¸c vÞ

trÝ cèt thÐp ®· bÞ chím rØ.

(b) Trong c¸c trêng hîp kh¸c chØ cÇn tiÕp tôc t¨ng cêng theo dâi thêng xuyªn vµ ®Þnh kú.

(7)  KÕt cÊu bÞ h háng cÊp III:

Söa ch÷a c¸c h háng vµ gia cêng kÕt cÊu nÕu cÇn. Tuy nhiªn ®èi víi c¸c kÕt cÊu mµ thêi gian sö dông cßn

l¹i kh«ng cßn nhiÒu hoÆc bÞ h háng qu¸ nÆng th× cã thÓ chØ t¨ng cêng theo dâi, h¹n chÕ sö dông, chèng dì t¹m thêi (nÕu cÇn) hoÆc ph¸ bá.

(8)  KÕt cÊu bÞ h háng cÊp IV:

Dì bá kÕt cÊu trong mäi trêng hîp.

3.6.5 Söa ch÷a vµ gia cêng kÕt cÊu

3.6.5.1  Lùa chän biÖn ph¸p söa ch÷a

Tïy thuéc vµo cÊp h háng, dÊu hiÖu h háng vµ môc ®Ých söa ch÷a mµ lùa chän biÖn ph¸p söa ch÷a thÝch hîp. C¸ch lµm nh sau:

(1)
KÕt cÊu h háng cÊp I, II.

84

TCXDVN 318: 2004

+  Khi c¸c dÊu hiÖu h háng lµ líp b¶o vÖ chèng ¨n mßn bÒ mÆt bÞ h háng côc bé, cèt thÐp bÞ chím rØ hoÆc

®é pH hay hµm lîng ion Cl-  trong bª t«ng ®· vît qu¸ giíi h¹n g©y rØ mÆc dï cèt thÐp cha cã dÊu hiÖu

rØ: Söa ch÷a l¹i líp b¶o vÖ chèng ¨n mßn bÒ mÆt (®iÒu 3.6.5.7), b¶o vÖ dù phßng chèng ¨n mßn cèt thÐp b»ng c¸c líp phñ bÒ mÆt (®iÒu 3.6.5.3) hoÆc b¶o vÖ trùc tiÕp cèt thÐp b»ng ph¬ng ph¸p catèt nÕu cÇn

(®iÒu 3.6.5.4).
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+  Khi dÊu hiÖu h háng lµ nøt kÕt cÊu, nøt bª t«ng do rØ cèt thÐp, bª t«ng bÞ ¨n mßn nhÑ. Söa ch÷a c¸c vÕt

nøt bª t«ng (®iÒu 3.6.5.2), söa ch÷a phÇn bª t«ng ®· bÞ ¨n mßn (®iÒu 3.6.5.5) vµ b¶o vÖ dù phßng chèng

¨n mßn cèt thÐp vµ b¶o vÖ trùc tiÕp cèt thÐp b»ng ph¬ng ph¸p b¶o vÖ catèt nÕu cÇn (®iÒu 3.6.5.3 vµ

3.6.5.4).

(1)
KÕt cÊu bÞ h háng lo¹i III, kh¶ n¨ng chÞu lùc cßn trªn møc giíi h¹n:

Söa ch÷a phôc håi tiÕt diÖn kÕt cÊu (®iÒu 3.6.5.5), b¶o vÖ dù phßng chèng ¨n mßn cèt thÐp hoÆc b¶o vÖ trùc tiÕp cèt thÐp b»ng ph¬ng ph¸p catèt nÕu cÇn (®iÒu 3.6.5.3 vµ 3.6.5.4). Söa ch÷a hoÆc bæ sung líp b¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÕt cÊu (®iÒu 3.6.5.7).

(2)
KÕt cÊu bÞ h háng ë cÊp III, kh¶ n¨ng chÞu lùc díi møc giíi h¹n:

Söa ch÷a phôc håi tiÕt diÖn kÕt hîp gia cêng kÕt cÊu (®iÒu 3.6.5.5 vµ ®iÒu 3.6.5.6), b¶o vÖ dù phßng chèng

¨n mßn cèt thÐp hoÆc b¶o vÖ trùc tiÕp cèt thÐp b»ng ph¬ng ph¸p catèt nÕu cÇn (®iÒu 3.6.5.3 vµ 3.6.5.4). Söa ch÷a  hoÆc bæ sung líp b¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÕt cÊu (®iÒu 3.6.5.7).

(3)

Song song víi hiÖn tîng ¨n mßn bª t«ng vµ rØ cèt thÐp  cã thÓ cßn cã c¸c nguyªn nh©n kh¸c g©y nªn suy thãai kÕt cÊu nh: lón nÒn mãng, t¸c  ®éng cña t¶i träng, t¸c ®éng chu kú cña khÝ hËu nãng Èm,.. Trong c¸c trêng hîp nµy, khi lùa chän ph¬ng ¸n söa ch÷a cÇn tham kh¶o chØ dÉn kü thuËt ë c¸c môc 3.1, 3.2 vµ 3.3.

3.6.5.2
Söa ch÷a vÕt nøt

Tïy thuéc vµo nguyªn nh©n g©y nøt, d¹ng vÕt nøt, ®é më réng vÕt nøt, tr¹ng th¸i biÕn ®éng cña vÕt nøt … ®Ó chän biÖn ph¸p söa ch÷a vÕt nøt thÝch hîp. Chi tiÕt m« t¶ c¸c ph¬ng ph¸p söa ch÷a vÕt nøt xem môc (1) ®iÒu 3.4.5.2.

3.6.5.3
B¶o vÖ dù phßng chèng ¨n mßn cèt thÐp

BiÖn ph¸p b¶o vÖ lµ t¹o c¸c líp   (mµng) cã kh¶ n¨ng chèng thÈm thÊu ion Cl-, khÝ CO , H O, O




vµ c¸c t¸c nh©n

2
2
2

x©m thùc kh¸c th¶m thÊu vµo kÕt cÊu nh»m lµm chËm l¹i qu¸ tr×nh gØ cèt thÐp. Chi tiÕt m« t¶ c¸c ph¬ng ph¸p b¶o

vÖ dù phßng chèng ¨n mßn cèt thÐp xem môc (2) ®iÒu 3.4.5.2 vµ môc 2 ®iÒu 3.5.5.2.

3.6.5.4  B¶o vÖ trùc tiÕp cèt thÐp b»ng ph¬ng ph¸p catèt

§èi víi c¸c kÕt cÊu quan träng, thêi gian sö dông cßn dµi nhng bª t«ng ®· kh«ng cßn ®ñ n¨ng lùc b¶o vÖ cèt thÐp nh chiÒu dÇy líp b¶o vÖ máng, bª t«ng bÞ trung tÝnh hãa hoÆc bÞ nhiÔm ion Cl-  ë møc ®é cao mµ kh«ng thÓ lo¹i

bá ®îc hÕt phÇn bª t«ng nµy th× nªn ¸p dông biÖn ph¸p b¶o vÖ catèt theo nguyªn lý dßng ngoµi hoÆc anèt hy sinh.

Qui tr×nh ¸p dông theo chØ dÉn riªng.

3.6.5.5 Söa ch÷a phôc håi tiÕt diÖn kÕt cÊu bÞ ¨n mßn

Qui tr×nh söa ch÷a ¸p dông t¬ng tù nh ®iÒu 3.4.5.3. Riªng viÖc ®ôc tÈy bª t«ng ®· bÞ ¨n mßn hoÆc ®· bÞ nhiÔm c¸c t¸c nh©n g©y ¨n mßn vµ lµm s¹ch bÒ mÆt bª t«ng th× cÇn ®îc thùc hiÖn kü h¬n. Cô thÓ nh sau:

a.
§ôc bá toµn bé phÇn bª t«ng cò ®· bÞ ¨n mßn hoÆc bÞ nhiÔm c¸c t¸c nh©n x©m thùc cho tíi phÇn bª

t«ng cßn tèt biÓu hiÖn b»ng c¸c tÝnh chÊt sau:

+ Cêng ®é bª t«ng vµ thµnh phÇn kho¸ng   hãa cña ®¸ xi m¨ng ë vÞ trÝ nµy têng ®¬ng víi bª

t«ng ë vÞ trÝ kh«ng bÞ ¨n mßn.

+ §é pH cña bª t«ng lín h¬n 11,0, hµm lîng ion Cl-  nhá h¬n 1,2 kg Cl-/m3  bª t«ng.

Trong trêng hîp kh«ng thÓ ®¸p øng ®îc yªu cÇu trªn th× cÇn ¸p dông biÖn ph¸p quÐt s¬n chèng rØ cèt thÐp, b¶o vÖ phßng ngõa b»ng c¸c líp phñ bÒ mÆt hoÆc b¶o vÖ trùc tiÕp cèt thÐp b»ng ph¬ng ph¸p catèt (®iÒu 3.6.5.3 vµ 3.6.5.4).

b.
TÈy s¹ch bÒ mÆt bª t«ng cò b»ng c¸c biÖn ph¸p c¬ häc nh cä b»ngbµn ch¶i, thæi c¸t hoÆc thæi b»ng khi nÐn. Sau ®ã, röa bÒ mÆt bª t«ng b»ng níc s¹ch díi ¸p lùc cao.

3.6.5.6 Gia cêng kÕt cÊu

Trong trêng hîp kÕt cÊu bÞ h háng qu¸ nÆng, kh¶ n¨ng chÞu lùc hiÖn t¹i ®· díi gi¸ trÞ giíi h¹n th× cÇn ph¶i gia cêng kÕt cÊu. VÒ nguyªn t¾c cã mét sè gi¶i ph¸p sau:

(6)  Bæ xung cèt thÐp bÞ h háng côc bé, kh«ng t¨ng tiÕt diÖn kÕt cÊu.

(7)  T¨ng tiÕt diÖn kÕt cÊu b»ng ph¬ng ph¸p èp thÐp h×nh hoÆc thÐp trßn.

(8)  Gia cêng b»ng d¸n b¶n thÐp.

144

TCXDVN 318: 2004

(9)  Gia cêng b»ng ph¬ng ph¸p øng lùc tríc c¨ng ngoµi.

(10)Gia cêng b»ng biÖn ph¸p dïng kÕt cÊu hç trî hoÆc thay thÕ.

Nguyªn t¾c lùa chän gi¶i ph¸p gia cêng, thiÕt kÕ gia cêng vµ thùc hiÖn gia cêng kÕt cÊu tham kh¶o môc 3.1

cña qui ph¹m nµy.

3.6.5.7  B¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÕt cÊu

(1)
Trong m«i trêng x©m thùc c«ng nghiÖp, cô thÓ lµ c¸c m«i trêng mang tÝnh x©m thùc m¹nh vµ trung b×nh

®èi  víi bª t«ng  (®èi chiÕu theo Quy ph¹m CHu 2.03.11-85 (phiªn b¶n  tiÕng Nga Matxc¬va 1986), nhÊt thiÕt ph¶i cã líp b¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÕt cÊu.

(2)
VËt liÖu vµ cÊu t¹o líp b¶o vÖ chèng ¨n mßn bÒ mÆt ®îc lùa chän mét c¸ch thÝch hîp tïy thuéc vµo d¹ng vµ

tÝnh chÊt x©m thùc cña m«i trêng, yªu cÇu vÒ chèng va dËp c¬ häc, mµi mßn vµ c¸c t¸c ®éng nhiÖt Èm.

Cã thÓ tham kh¶o chØ dÉn kü thuËt vÒ cÊu t¹o líp b¶o vÖ chèng ¨n mßn trªn bÒ mÆt kÕt cÊu bª t«ng vµ bª

t«ng cèt thÐp theo Qui ph¹m CHu 2.03.11-85 (phiªn b¶n tiÕng Nga Matxc¬va 1986) ®Ó lùa chän vËt liÖu

vµ cÊu t¹o líp bª t«ng b¶o vÖ chèng ¨n mßn.

3.6.6 Ghi chÐp vµ lu gi÷ hå s¬

Toµn bé qu¸ tr×nhkiÓm tra chi tiÕt, thiÕt kÕ ph¬ng ¸n söa ch÷a vµ thi c«ng söa ch÷a ®Òu ph¶i ®îc ghi chÐp ®Çy ®ñ theo tr×nh tù qu¶n lý chÊt lîng x©y dùng c¬ b¶n hiÖn hµnh, chuyÓn cho chñ ®Çu t lu gi÷ l©u dµi. Cô thÓ cÇn lËp c¸c hå s¬ sau:

(13)C¸c b¸o c¸o kiÓm tra ban ®Çu, thêng xuyªn vµ ®Þnh kú;

(14)B¸o c¸o kh¶o s¸t chi tiÕt h háng kÕt cÊu;

(15)Hå s¬ thiÕt kÕ, söa ch÷a, gia cêng kÕt cÊu;

(16)NhËt ký thi c«ng;

(17)C¸c biªn b¶n kiÓm tra chÊt lîng vËt liÖu vµ chÊt lîng thi c«ng tõng gia ®o¹n;

(18)Hå s¬ hoµn c«ng./.
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Preface

The  Standard  TCXDVN  318:  2004  “  Concrete  and  Reinforced  concrete  structures-  Guide  to Maintenance” was written by the Vietnam Institute for Building Science and Technology (IBST) with the support of the International Committee on Concrete Model Code for Asia (ICCMC). The Department of Science and Technology  submitted it to the Vietnam Ministry of Construction for approval.  The  Minister  of  Construction  approved  it  and  decided  to  issue  by  the  Decision numbered 18/2004/QD-BXD dated at the 29th, July 2004.
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VIETNAM CONSTRUCTION STANDARD
TCXDVN 318: 2004

Concrete and Reinforced concrete Structures-

Guide to Maintenance

1.1 General

1.1.1 Scope


Part 1-  General Maintenance Concept

This standard is applied for the maintenance and repair of concrete and reinforced concrete structures in civil and industrial works, so that they will perform safely and normally during their service life. For structures in the areas

of  transportation,  irrigation  and  other  specifications  beside  this  standard  should  be  referred  with  regards  to technical requirements specified by experts in these areas.

1.1.2  Cited technical materials

This standard should be used in combination with the following technical materials: TCXD: 45-1978 Specification for design of foundation of constructions.

TCVN 79:1980  Standard for construction, checks and acceptance of foundation works.

TCVN 197-1985 Tensile testing methods for metals.

TCVN  162-1987  Determination  of  the  concrete  strength  using  the  rebound  hammer  for  high density concrete.

TCVN 4055: 1985  Organization of construction activities. TCVN 141:1998  Method for chemical analysis for cement.

TCVN 171-1989 Non-destructive test methods to estimate the compressive strength of  high density

concrete by combining ultrasonic tests and rebound hammer.

TCXD 174: 1989 Cone penetration test for soils.

TCVN 5574: 1991 Design standard for reinforced concrete structures. TCVN 5573: 1991 Design standard for masonry and reinforced masonry.

TCVN 2683: 1991 Methods for sampling, packing, transportation and curing of soil samples. TCVN 3105: 1993 Sampling, casting and curing of test specimens for high density concrete mix. TCVN 3113: 1993  Methods for determination of water absorption for high density concrete mix. TCVN3118:1993 Methods for determination of compressive strength for high density concrete mix.

TCVN 5718-1993 Technical requirements for water-tightness for reinforced concrete roof and floor of buildings.
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TCVN 5276:1993 Methods for determination of cylindrical compressive strength and static modulus of elasticity

for high density concrete.

TCVN 4453: 1995 Monolithic concrete and reinforced concrete structures – Code of practices for construction and acceptance.

TCVN 4085:1995  Masonry structures–Codes for construction and acceptance. TCVN 2737:1995  Loads and Actions - Design standard.

TCVN 6084:1995 Standard symbols used for reinforcement and concrete in drawings for houses and buildings.

TCVN 205:1998  Pile foundation – Specification for design. TCXD 226:1999  Soils – Standard penetration test.

TCXD 239: 2000:  Guidance to evaluate the strength of high density concrete structures.

TCXDVN  240:  2000    Concrete  and  reinforced  concrete  structures-    Electromagnetic  method  for  determining thickness of concrete cover, location and diameter of steel bar in concrete.

TCXD 271:2002 Settlement monitoring of industrial and civil buildings by geometrical leveling.

TCXDVN  294:  2003
Concrete  and  Reinforced  concrete  structures-  Potential  method  for determining ability of steel bar to be corrosed.

TCXDVN 313: 2004: Concrete and reinforced concrete structures - Guide to technical measures to prevent crack occured under the action of local hot-humid climate.

BS 1881, Part 120: 83 “Method for determination of concrete compressive strength of concrete core”. ASTM 1084: 1997 “Test method for Portland cement content of hardened hydraulic cement concrete”. ASTM C 876: 1999 “Test method for half-cell potentials of uncoated reinforcing steel in concrete”.

BS 1881-part 204: 88 “Recommendation on use of electromagnetic covermeter ”.

ASTM D 5015: 95 “Test method for pH of atmospheric wet deposition samples by electrometric determination”. ASTM C 1152: 1994  “Test method for acid-soluble chloride in mortar and concrete”.

ACI 201. 2R-2002  “Guide to Durable concrete”.

ACI 224.1R-2002  “Cause, Evaluation and Repair of Crack in Concrete Structures”.

ASTM D 3963/D 3963M-93a  “Standard Specification for Epoxy-Coated reinforcing Steel”.

ACI 503.2-79   “Standard Specification for bonding plastic concrete to hardened concrete with a multi-component system epoxy adhesive”.

ASTM C 1509-90  “Latex bonding agent for bonding fresh to hardened concrete”.

ASTM C 856: 88  “Standard practice for petrography examination of hardened concrete”.

ASTM  C475:  90  “Standard  test  method  for  microscope  determination  of  parameters  of  the  air void system in hardened concrete”.
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1.1.3  Terms and definitions

Some key words used in this standard should be understood as follows:

Accidental action: Action whose chance of occurrence is very small but the intensity is very high compared to the variable actions.

Action: Mechanical force or environmental effect to which the structure (or structural component) is subjected to. Analysis (Assessment): Acceptable methods of evaluating the performance indices or verifying the compliance of specific criteria.

Basic  wind  speed:  Hourly  mean  wind  speed  or  3-second  peak  gust  wind  speed  with  a  specified  probability  of exceedence, measured at 10 meters above open country terrain with few, and well scattered obstructions. Carbonation: Action caused by chemical reaction between calcium hydroxide in concrete and carbon dioxide in

the  environment,  resulting  in  a  denser  surface  for  the  carbonated  concrete  and  reduction  of  alkalinity  in  the

carbonated portion.

Characteristic strength: Unless otherwise stated in this code, the characteristic strength of material refers to the value of the strength below which 5% of all test results would be expected to fall.

149

TCXDVN 318: 2004

Contraction joint: A hot-humid deformation joint in which there is no movement of concrete and the principal crack

may occur (see hot-humid deformation joint).

Damage control: A means to ensure that the limit state requirement is met for restorability or reparability of a structure.

Deformability: A term expressing the ability of concrete to deform.

Deformation: Phenomenon of structures to change their shape or dimension.

Degree of deterioration: The extent to which the performance of a structure is degraded or the extent to which the deterioration has progressed from the time of construction, as a result of its exposure to the environment.

Design service life: Assumed period for which the structure is to be used satisfactorily for its intended purpose or function with anticipated maintenance but without substantial repair being necessary.

Deterioration level: The current situation of structure to be deteriorated.

Deterioration prediction: Prediction of the future rate of deterioration  of a structure based on results of inspection and relevant records made during the design and construction stages.

Deterioration rate: The level of deterioration of structure in a time unit.

Dry  shrinkage:  Volume  decrease  due  to  loss  of  moisture  from  concrete  in  the  hardened  state  which  is  usually serious in hot and dry environment.

Durability: The limit time in which the structure can maintain its required functions during its service life.

Durability design: Design to ensure that the structure can maintain its required functions during its service life under environmental actions.

Durability limit state: The maximum degree of deterioration allowed for the structure during its design service life.

Durability   prediction: Prediction of the likely degree of deterioration of the structure based on data used in its design.

Environmental   actions:   An   assembly   of   physical,   chemical   or   biological   influences   which   may   cause deterioration  to  the  materials  making  up  the  structure,  which  in  turn  may  adversely  affect  its  serviceability, restorability and safety.

Expansion  joint:  The  hot-humid  deformation  joint  that  allows  the  end  of  concrete  part  at  the  joint  to  undergo some movement (see hot-humid deformation joint).

Fine aggregate: Aggregate which has almost all its particles passing through a 5mm-size test sieve.

Fresh state of concrete: The state of concrete after mixing until the completion of placing.

Function: The task which a structure is required to perform.

Grout: A mixture of cementitious material and water with or without admixtures.

Hardened state of concrete: The state of concrete after achieving the required strength.

Hot-humid deformation joints: The details that divide the structure into some small parts, allowing concrete to deform freely under the action of hot-humid climate.

Inspection: The process of examination of existing situation  of structures and study of construction documents to determine the deterioration data and decide the remedial measures required.

Investigation: The process of thorough examination of a structure’s situation for setting up necessary data of its deterioration level.

Importance: Rank assigned to a structure according to the likely overall impact to be caused by its failure due to deterioration, to satisfactorily perform its functions as determined at the time of design.

Long-term  performance  index:  Index  defining  the  remaining  capacity  of  a  structure  in  performing  its  design functions during its design service life.

Maintenance:  A  set  of  activities  undertaken  to  ensure  that  the  structure  continues  to  perform  its  functions satisfactorily during its design service life.

Mechanical  forces:  An  assembly  of  concentrated  of  distributed  forces  acting  on  a  structure,  or  deformations imposed on it.

Monitoring:  Continuous  recording  of  data  pertaining  to  deterioration  and/or  performance  of  structure  using appropriate equipment.

Performance: Ability (or efficiency) of a structure to perform its design functions.

Performance index: Index indicating structural performance quantitatively.
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Permanent actions: Self-weights of structures inclusive of permanent attachments, fixtures and fittings.

Construction  documents:  Documents  sent  to  store  after  construction  stage  of  the  structure,  including  legal materials,  design  drawings,  construction  drawings,  commentary  of  design  and  remedial  solutions,  construction diary, minutes of quality controls and so on..

Reliability: Ability of a structure to fulfill specified requirements during its design service life.

Remaining service life: Period from the point of inspection to the time when the structure is no longer useable, or does not satisfactorily perform the functions determined at the time of design.

Remedial  action  (repair):  Maintenance  action  carried  out  with  the  objective  of  arresting  or  slowing  down  the deterioration process, restoring or improving the performance of a structure, or reducing the danger of damage or injury to the users or any third party.

Restorability (or reparability): Ability of a structure to be repaired physically and economically when damaged under the effects of considered actions.

Safety: Ability of a structure to ensure that no harm would occur to the users and to people in the vicinity of the structure under any action.

Service  life:  The  length  of  time  from  the  completion  of  a  structure  until  the  time  when  it  is  no  longer  useable because of its failure to adequately perform its design functions.

Serviceability:  Ability  of  a  structure  to  provide  adequate  services  or  functionality  in  use  under  the  effects  of considered actions.

Strengthening: Remedial action applied to a structure with the objective of restoring or improving its load bearing capacity to a level which is equal to, or higher than, the original design level.

Ultimate limit state: Limit state for safety.

Variable action: Action due to a moving object in the structure as well as any load whose intensity is variable, including traffic load, water pressure, earth pressure, and load induced by temperature variation.

1.2   Basis of maintenance

1.2.1 General requirements

Moderate and regular maintenance should be carried out for all structures during the whole of their service life. For new structures, maintenance processes should commence immediately  after completion of construction and put into use. For the repaired structures, maintenance processes should be begun just after finishing the remedial action.  For  the  using  structures  having  not  any  maintenance  action,  maintenance  processes  should  be  made  as soon as possible.

The owner should have a strategy of maintenance, consisting of inspection, determination of the level and rate of deterioration, evaluation of integrity of structures, and identification of remedy,

if needed.

1.2.2 Procedures of maintenance

The following are brief descriptions of the procedures of maintenance:

(1) Inspection:

(a) Initial inspection: Initial inspection is the process of visual investigation of structures and examination

of construction documents to detect initial defects that do not meet the design requirements. Based on the results the owner should carry out reparation processes, so as to restore the structures for use in situations that meet all the design requirements. Initial inspection should be taken for new, existing and repairing structures.

(b) Routine inspection: Routine inspection is the process of daily examination of structures by visual or using simple  instruments  to  detect  any  signs  of  deterioration.  Routine  inspection  is  obligatory  for  all  kinds  of structures or buildings.

(c) Regular inspection: Regular inspection is the process of periodical investigation to detect any signs of deterioration that should be overcome as soon as possible.

Regular inspection should be taken for all structures. The period of regular inspection is defined by the owner depending on the importance of structures, service life and their working environment.
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(d) Extraordinary inspection: Extraordinary inspection is the processes of investigation and evaluation of

structures  damaged  due  to  accidental  loads  (such  as  wind  and  storm,  flood,  earthquake,  shock  etc.) Extraordinary inspection is often carried out together with detailed inspection.

(e) Monitoring: Monitoring is the processes of daily recording of structures situation by the monitoring system established during construction stage. Monitoring system is often established to structures of maintenance categories of A and B (Refer to Table 1).

(f)    Detailed  inspection:  Detailed  inspection  is  the  processes  of  investigation  and  determination  of  the damage  level  of  structures  to  meet  the  requirements  of  the  above  inspections.  Detailed  inspection should  be  done  in  parallel  with  identification  of  deterioration  mechanism,  determination  of  rate  and level of deterioration and decision made on specific repair solutions.

The details of all types of inspection are shown in Part 2.

The relationship of inspection processes and repair is shown in Figure 1.1.

(2) Identification of deterioration mechanism: Based on inspection data, the mechanism of deterioration shall be identified and then the direction of its resolution shall be defined.

(3)  Determination  of  level  and  rate  of  deterioration:  After  identification  of  deterioration  mechanism,  the deterioration  level  and  rate  should  be  determined  and  then  the  requirements  of  repair  or  dismantling  or removal of structures shall be defined. The basis for evaluation of deterioration level of structures is their current performances.

(4)    Decision  on  remedial  action:  Suitable  measures  for  remedy  shall  be  prescribed  taking  into  account  the requirement level of repair.

(5)
Remedy: Remedy consists of applied solutions to the appropriate stages of design and construction for the purpose of reparation or strengthening of the structures.

Based on the level and requirements of maintenance, the owner may carry out all of the above procedures of maintenance himself or hire a designer or a construction company to fulfill them.

1.2.3 Classification of maintenance

Maintenance  actions  should  be  classified  into  categories  A,  B,  C,  or  D  depending  on  the  importance  and specification of structures, design service life, working environment conditions, impact level on a third party, and the ease and cost of maintenance. The categories of maintenance and their adequate requirements are specified in Table 1.1.

Table 1.1. Classification and requirements of maintenance

	No
	Category
	Type of structures
	Maintenance requirements

	1
	A

Preventive maintenance
	
Very important structures or buildings relating to national security, fire and explosion protection and environmental defense;


Structures or buildings housing many occupants working or visiting on regular basis;


Structures or buildings with design service life up to 100 years or more.
	
To carry out all procedures of maintenance shown in item 1.2.2.


To establish a long-term monitoring system.


To carry out preventive measures only at the design and construction stages (such as surface protection, cathodic protection.).

	2
	B

Normal maintenance
	Normal civil and industrial structures or buildings having service life less than

100 years that could be

restored when needed.
	   To carry out all procedures of maintenance shown in items 1.2.2.

   May establish long term monitoring system.

   Initial, routine and periodic inspections are carried out visually and by use of simple instruments.

	3
	C

Investigation
	Temporary buildings with service life of less than 20
	   Maintenance is carried out mainly by routine investigation, without detailed inspection.


152

TCXDVN 318: 2004

	
	maintenance
	years
	   In the case of buildings showing signs of

deterioration, either simple repair or dismantling will be taken.

	4
	D

Non- investigation maintenance
	Off-shore structures, underground and underwater structures.
	   No routine and regular inspections for hidden parts of structures.

   Detailed and extraordinary inspections will be carried out if the signs of deterioration  indicate the need of repair.

   May carry out preventive measures for rust in the design and construction stages (such as surface protection and cathodic protection).


Putting structures into use

Initial inspection

Sign of defects


Yes




Repair

No
Detailed

inspectio

Routine inspection

Regular inspection

Remedy

Sign of deterioration


Yes




Detailed inspection

No

Extraordinary inspection


Remedial

action
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Figure 1.1  The  relationship of the processes of inspections and repair of structures

1.2.4 Types of damage to structures

(1) This standard examines the following types of damage of structures:

(a)   Damage due to inappropriate design, construction and usage;

(b) Damage due to settlement of ground and foundation;

(c)  Damage due to the action of hot-humid climate;

(d) Damage due to carbonation of concrete surface;

(e)  Damage due to the action of marine environment;

(f)  Damage due to the action of aggressive industrial environment.

Identification of the above types of damage is described in Section 3.

(2) Based on the type of damage identified, the owner and designers should have a strategy of maintenance  action  consisting  of  inspection,  determination  of  damage  level,  repairing, strengthening, grading up or dismantling of structures.

1.2.5  Examination of performance of structures during maintenance

(1)  The performance of structures should be examined before and after restoration. The following performances should be examined:

a. Safety (load bearing capacity);

b. Serviceability.

Performance  should  be  examined  through  required  performance  index  (Pyc)  and  possessed  performance  index

(Ptt). Depending on the type of structures and level of damage, one or some performance indexes for every type of

performance should be defined.

(2) The structures could be considered as safe if the following is assured: Ptt   Pyc   or  Pyc    Ptt,   depending on specific performance index.

where:

°
Ptt   is the possessed performance index evaluated by practical investigation of structures or by calculation;

°
Pyc  is the required performance index defined according to current codes or standards, or the requirements

of designer or owner.

(3) The performance indexes that should be examined are shown in Table 1.2.

Table 1.2. Performance indexes that should be examined

	Performance
	Performance indices
	Type of structures

	Safety (load bearing capacity)
	
Bending moment;


Shear and tosion force;


Axial force;


Force   making   structure   to   collapse   or   to   lose stability.
	All type of structures with various types of damage
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	Serviceability
	For the functions of structures:


Watertight (Quantity of water penetrated through structures, density of humid permeability);


Heat isolation (level of heat transfer through structures);


Fire protection (level of structure to stand under fire);


Protection against noise and dust;


Outdoor aesthetic demand (density of moss and mould)


Smell (due to moss and mould)
	
Structures with requirement to examine their function;


Structures with high aesthetic requirements

	
	For the user’s comfort:


Deflection, tilt, deviation; settlement;


Cracks (crack density and width);


Vibration.
	Structures with various types of damage

	
	For impact to third party:


Tendency of concrete cover to flake off and being dislodged;


Adverse impact level to surrounding environment;


Influence on neighboring structures.
	
Structures under risk of corrosion and rust of reinforcing bars;


Structures often in contact with waste pollutants.


For  structures  situated  under  the  action  of  aggressive  environment  or  Hot  Humid  Climate,  beside  the  above

performances  it  is  necessary  to  examine  their  ability  to  maintain  the  design  durability  during  service  life.  The following factors should be less than limited level:


Concentration of chlorides or chemical substances having penetrated surface;


PH value;


Depth of penetrated ion chlorides or chemical substances;


Depth of carbonation layer;


Width of cracks;


Level of rust in reinforcing bars;


Porosity of concrete;


Loss of strength or weight of concrete

1.2.6  Management of maintenance

(1) It is necessary to have a strategy for maintenance in the aftermath of the decision to invest in the construction

of  structures.  This  strategy  should  be  developed  based  on  the  current  legal  regulations  issued  by  Vietnam

Government or Ministry of Construction, and other technical codes and standards.

(2) Upon completion of the construction stage, the initial inspection should be carried out  to detect and to remedy the defects that will have bearing on the performances of structures. These defects should be rectified before putting up structures into use.

(3)  During  the  service  life  of  structures,  maintenance  processes  should be  maintained  according  to  guidance  in items  1.2.2,  1.2.3  and  1.2.4.  In  the  case  that  the  detected  defects  require  urgent  repairs,  inspection  and determination of damage level should be carried out  to create remedial solution.

(4) Inspection, identification of deterioration mechanism, determination of damage level and decision on remedial measures  for  structures  should be  made  by  institutions and  specialists  that  have  appropriate  specialty. The remedial measures should be established using data from previous inspection, design drawings, construction drawings,  the  results  of  quality  control  of  used  materials,  meeting  minutes  and  diary  of  construction. Repairing,  strengthening,  grading  up  or  dismantling  of  damaged  structures  should  be  carried  out  by construction companies that have appropriate specialty.
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(5)   All actual execution of maintenance work should be recorded and kept for long-term use. The owner shall

store  these  records  together  with  drawings  and  all  other  technical  documents  related  to  the  processes  of maintenance action.

Part 2-  Inspections

2.1 General principle

Inspection  is  a  task  that  shall  be  undertaken  to   all  structures  in  order  to  detect  in  time  their deterioration or change of performance.

Inspection processes shall be maintained for the whole service life of structures.

2.2 Workmanship and tools for inspection

Inspections  shall  be  carried  out  by  an  institution  or  individuals  having  appropriate  specialty  for  the  designed structure. Normally, the owner may hire a consulting engineering firm that has undertaken the design or quality control during construction of structures to carry  out inspection. Tools for inspection may  be by visual method

(through sight or hearing) or by using simple instruments such as meter, hammer, enlarged glasses etc. Whenever needed, laboratory apparatus such as theodolites, NDT apparatus or other laboratory equipments may be used.

The following sections provide guidance on various types of inspection for concrete structures.

2.3 Initial inspection

2.3.1 General principle

(1) Initial inspection shall be carried out immediately after completion of construction stage and the structure is

put into operation. For repairing and strengthening of structures, initial inspection shall be carried out right after completion of repairing or strengthening job.
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For existing structures that had no prior inspection done, any first inspection carried out could be considered

as an initial inspection.

(2) The requirement of initial inspection is to set up the first measured data of structure, to detect obvious defects

of  structures  and  to  remedy  them  before  putting  structures  into  operation.  Through  initial  inspection,  the owner could predict the likely deterioration experienced by the structures during its service life.

(3)  The  initial  inspection  is  carried  out  by  the  owner  of  structure  together  with  the  designers,  constructors  and quality supervisors in construction stage.

2.3.2 Method of initial inspection

Initial inspection may be carried out for the whole structure or for a part thereof.

The  method  of  initial  inspection  is  to  investigate  structures  visually  (or  by  using  simple  instruments)  in combination  with  studying  design  and  construction  drawings  and  construction  documents  (construction  diary, meeting minutes of quality control, etc.).

2.3.3 Procedures of initial inspection

Initial inspection consists of the following works:

(1) To investigate structure for supplying the data of the following aspects:

(a)   Shape or geometrical error of structures;

(b)  Tilt, settlement, and deformation of structures;

(c)   Appearance of cracks;

(d)  Appearance of flaking off concrete cover;

(e)   Appearance of rust in reinforcing bars;

(f)   Change of outdoor concrete surface colour;

(g)  Quality of concrete used;

(h)  Visual defects;

(i)
Assurances of performance capability (e.g. water-tightness, noise protection, heat protection, etc.).

(j)
Working  condition  of  monitoring  system  and  data  recorded  by  the  monitoring  system  at  the  time  of initial inspection.

(2)  To  study  construction  documents  (design  and  construction  drawings,  construction  diary,  minutes  of  quality control) to evaluate hidden parts of structures.

(3)  To  carry  out  amendment  tests,  if  needed,  so  as  to  clarify  the  situation  of  structural  performance  (either  for existing structures or for any first inspection being done).

(4) To rectify the identified defects, and should there be doubts of likely important defects, it is necessary to carry out detailed inspection and to define measures for its remedial actions.

(5) To operate monitoring system for recording initial data for structures having this system.

(6) To predict the nature and duration of deterioration experienced by the structures during their service life.

Based  on  the  data  of  inspection,  and  after  removal  of  all  initial  defects,  it  is  necessary  to  predict  the  likely appearance of future defects, the environment resistance (for reactive environment and conditions of hot-humid climate), the continuous tilt and settlement, and the decrease in structural performances.

Depending on the peculiarity and the working environment of the structures, the inspectors may focus the initial inspection on the factors that may have strong impact on durability of structures.

The aim of inference is to evaluate the ability of structures to maintain normal structural usage during their service life, and at the same time to define the measures to ensure the durability of structures.

2.3.4 Recording and storing materials

All data of inspection, evaluation of quality of structures, inference of working ability of structures and the initial data of monitoring system shall be recorded fully and stored together with construction documentation for long- term use.

The owner should keep these materials for use on subsequent inspections.

2.4  Routine inspection
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2.4.1 General principle

(1) Routine inspection is arranged for daily monitoring and investigation of structures after initial inspection. The owner should have a group of dedicated inspectors who will focus on this daily task.

(2) Routine inspection should be carried out for the whole structures in the parts that could be investigated by eye. The aim of routine inspection is to have daily understanding of the structural performance of structures and the  damages  that  could  occur,  especially  in  the  critical  and  important  places.    In  this  way,  methods  of remedial action may be suggested to avoid occurrence of long-term and serious damages.

2.4.2 Procedures of routine inspection

Routine inspection consists of the following tasks:

(1) Daily investigation of structures by sight, and should there be any likely damage, to use method of knocking

on  surface  of  damaged  area  to  hear  and  to  infer.  Inspectors  should  have  specific  level  of  construction knowledge and their area of responsibility should be made clear.

(2) Daily examination of the following locations of structures to detect the signs of deterioration:

(a)
Location with maximum bending moment and shear force;

(b)
Location of deformation joints;

(c)
Locations of connection between elements of structures;

(d)
Locations  of  structures  with  likely  water  penetration,  heat  absorption,  noise  conductance,  and  dust accumulation;

(e)
Locations under direct action of solar radiation;

(f)
Locations of likely contracting element on exposure to reactive environment.

(3) To supply the following data during routine inspection:

(a)
Tilt and settlement of structures;

(b)
Geometrical change of structures;

(c)
Appearance of cracks; Reducing concrete section;

(d)
Appearance of flaking concrete cover;

(e)
Appearance of permeability;

(f)
Appearance of rust in reinforcing bars;

(g)
Change of outdoor surface colour;

(h)
Decrease in structural performances (water-tightness, noise control and heat protection) and

(i)
Presence and reliability of monitoring system (if any).

Note: For structures located in reactive environment, it is required also to pay attention to signs of corrosion of concrete and reinforcement.

(4) To analyze the inspection results:

(a)
In   the   case   of   minor   structural   break-down   and   damages,   remedial   measures   are   to   activated immediately to minimize disruption in structural performance;

(b)
In the case of major and unusual break-down and damages, a detailed inspection is to be undertaken of the damaged areas  and suitable remedial measures have to be defined. During the process of creating measures  for  remedy,  it  is  necessary  to  study  the  structures’  situation  that  was  evaluated  during  the initial inspection stage.

2.4.3 Recording and storing materials

The following aspects should be recorded carefully:

(a)   Break-down or damages that have occurred, their locations and measures data;

(b)   Remedial measures and expected results of adopting such measures;

(c)   Data of detailed inspection (if any);

(d)  Results of applying remedial measures after detailed inspection;.

(e)   Status of structures after overcoming damages;
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The  above  records,  together  with  the  materials  and  other  evidence  collected  from  initial  inspection,  should  be

stored by the owner for use in subsequent inspections.

2.5 Regular inspection

2.5.1 General principle

(1)  Regular inspection should be undertaken for all reinforced concrete structures.

(2) The aim of regular inspection is to detect the signs of damages of structures during their use that are difficult

to  observe  during  initial and  routine  inspections.  Based  on  regular  inspection  results,  the  owner  should  be able  to  formulate  suitable  remedial  measures  for  overcoming  such  damages  soon,  so  as  to  maintain  the service life of structures.

(3) The owner and the designer should define the frequency of regular inspections before putting structures into operation. The scope of inspection for every frequency/cycle will be decided depending on current situation

of structures and financial resources.

2.5.2 Method of regular inspection

(1)  Regular  inspection  should  be  carried  out  on  the  whole  of  structure.  For  very  large  structures,  it  could  be subdivided  into  several  parts/areas.  Every  of  the  subdivided  part/area  for  will  be  inspected  in  a  planned frequency/cycle.

(2)  The  owner  may  hire  consulting  engineering  firms  or  individuals  having  appropriate  specialty  and  skilled personnel to carry out regular inspections.

(3)   Initially, the structures will be investigated visually by sight and knocking on concrete surface. If there have any  doubt  of  damage  or  deterioration  of  structure,  the  NDT  equipment  and  coring  could  be  used  for examination.

2.5.3 Definition of frequency for regular inspection

The frequency of regular inspection is defined as follows:

(a)
For specially built and important structures:
2 to 3

years;

(b)

For structures or buildings having many occupants working or visiting on regular basis:

3 to 5 years;

(c)
For other civil and industrial structures:

5 to10 years.

(d)
For structures subjected to marine and industrial corrosion:
1 to 2 years

2.5.4 Procedures of regular inspection

The procedure of regular inspection may be carried out according to procedures of initial inspection as described

in item 2.3.3.

2.5.5 Recording and storing materials

All results of regular inspection should be recorded and stored according to the guidelines as stated in item 2.3.4.

2.6 Extraordinary inspection

2.6.1 General principle

(1)  Extraordinary inspection should be carried out if the structure shows signs of damage occurring due to accidental loads (such as storm, flood, earthquake, landslide, impact by vehicle or ship, fire, etc).

(2)   The requirement of extraordinary inspection is to assess the incidental situation of damage of structures, in order to make conclusion on level of remedial action needed.

(3)   The owner may carry out the extraordinary inspection himself or to hire an institution or individuals having appropriate specialty to undertake such tasks.

2.6.2 Method of extraordinary inspection

(1)  Extraordinary inspection should be carried out for the whole or parts of structures, depending on the scope of damage occurred and the requirement of remedial actions by the owner.
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(2)   Extraordinary  inspection  may  be  carried  out  by  visual  inspection  (and  also  by  knocking  on  surfaces  and

listening for abnormally). Whenever needed, simple tools such as meter, plumb bob, etc could be used.

(3)   Inspectors  should  put  forward  recommendations  on  whether  detailed  inspection  should  be  carried  out. Otherwise, the required measures for restoring the structure will have to be drawn up.

2.6.3 Procedures of extraordinary inspection

The procedures for extraordinary inspection consists of the following:

(1)   To investigate structures visually by knocking on surfaces and listening to identify the first signs of damage. The following damages of structures should be identified:

(a)  Geometry error;

(b)
Level of tilt and settlement;

(c)
Level of cracks and fractures;

(d)
Other visual defects;

(e)  Working condition of monitoring system (if any).

(2)   To analyse the inspection’s data with recommendations for or against the need for detailed inspection.   If a detailed inspection is needed, refer to the guidelines described in item 2.6.3.  Otherwise, define the necessary remedial measures

for restoring structures.

For damages that may have high risk on safety of occupants or surrounding buildings, it may be necessary to undertake remedial measures for urgent repairs before carrying out detailed inspection and defining measures

of repair.

(3)   To carry out remedial action

The  procedures  of  restoration  of  structures  which  are  accidentally  damaged,  should  be  carried  out  in accordance to the guidelines in item 2.6.3(5.)

2.6.4 Recording and storing materials

All progress of inspection procedures described in item  2.7.3 should be recorded and stored for safekeeping. The requirement of stored materials is stated in item 2.6.4.

2.7 Monitoring

2.7.1 General principle

(1)   Monitoring system should be established for important structures/buildings, that have major economic and political significance, as well as to ensure the safety of its occupants (see table 1.1).

(2) The owner and designer should define the required level of establishing a monitoring system, whereby the next step  would  be  to  select  an  appropriate  equipment,  to  provide  design  installation  drawings  and  to  provide guidance on construction.

(3) Before putting up structures to use, it is necessary to operate the monitoring system to ensure that the system is working normally. The first measurement readings taken from the system should be done as soon as possible

(may be before initial inspection)

(4)  The owner should have a dedicated taskforce that is in constant control in the proper working condition of the system, monitoring and managing the data of measurement taken from the system.

2.7.2 Establishment of monitoring system

(1) Monitoring system should be established in the locations of structures that are sensitive to the aspects required by designer. The places in which the details of monitoring system should be established may be defined according to the item 2.4.2.(2).

(2)   The details of monitoring system should be established during construction stage and maintain carefully so that they will not be damaged due to the action of mechanical forces and inclement weather.

2.7.3 Operation of monitoring system

(1)  Monitoring  system  automatically  records  the  data  of  measurement  required  by  designer  and  owner  at  a defined time during the service life of structures. The support of specialists during operation of the system and processes of measurement is very important.
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(2)  Monitoring  system  should  be  controlled  daily  to  ensure  that  the  system  always  works  normally.  The  data

obtained  from  monitoring  system  should  be  analyzed  together  with  the  data  of  routine  and  regular inspections, so that appropriate actions can be taken before the deterioration of structures become detrimental

to safety and performance of structures.

2.7.4 Storing data of measurement

The  analyzed  data  of  measurement  obtained  from  the  monitoring  system  should  be  sent  for  safekeeping  for  a future references.

The owner shall store these data together with the data of other inspections.

2.8 Requirements for Detailed inspection

2.8.1 General principle

(1)  Detailed inspection will be carried out if the initial, regular and extraordinary inspections show the need to inspect closely to determine the deterioration level and to define the method of restoration.

(2)   The owner may carry out detailed inspection himself or hire any institution or individuals having appropriate specialty to undertake the task.

2.8.2 Method of detailed inspection

(1)  Detailed inspection should be carried out for the whole or a part of the structure, depending on the scope of damage and the requirement level of inspection.

Inspectors  should  firstly  identify  salient  peculiarity  of  surface  deterioration,  so  as  to  define  the  focus  of inspection.

(2)  Detailed  inspection  should  be  carried  out  using  specific  equipment  to  obtain  a  quantitative  evaluation  of quality  of  material  used  and  the  level  of  deterioration  of  structures.  Testing  method  should  be  carried  out according to the current codes and standards.

(3)   Inspectors should have a plan of inspection consisting of scope of inspection, level of results obtained, time and cost of inspection. This plan should be approved by the Owner before being implemented.

2.8.3. Procedures of detailed inspection

Normally, the detailed inspection consists of the following tasks:

(1) To inspect the whole or parts of reinforced concrete structures that are damaged. The requirement of inspection is to obtain quantitative data describing the deterioration level of the damage of structures. The aim of this inspection is to obtain data and visual evidence on the following aspects:

(a)   Geometry/change in shape of structures;

(b) Level of deformation of structures;

(c)  Level of tilt and settlement;

(d) Cracks (density, width, length, depth and orientation of cracks);

(e)  Break or fracture (information on peculiarity, location, and alertness level);

(f)
Corrosion of reinforcement (density and level of rust, loss of section of reinforcing bars);

(g)    Corrosion  of  concrete  (reactive  corrosion,  carbonation,  level  of  corrosion,  depth  of  penetration  and concentration of chemical substances, etc.);

(h) Concrete quality and property (strength, density, scaling);

(i)  Change of outdoor surface colour;

(j)  Visual defects;

(k)    Assurance  of  performance  level  of  structures  (in  terms  of  water-tightness,  noise  and  heat  protection, etc.);

(l)
Working condition of monitoring system (if any) and data recorded by the monitoring system at the time

of inspection.

NOTE:  The  above  quantitative  data  shall  be  defined  according  to  current  national  and  international  testing standards.
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(2)  To identify deterioration mechanism of structures: The mechanism of various types of damage should be

identified   by   analysing   the   collected   inspection’s   data.   The   following   are   typical   mechanisms   of deterioration:

(a)   Crack  and  fracture  of  structures:  Due  to  overload,  deformation  under  hot-humid  climate,  settlement, poor quality of concrete used;

(b)   Decrease in concrete strength: Due to low density concrete, inadequate curing, impact of environment, reactive attacks;

(c)  Geometry change of structures: Due to overload, impact of environment, stiffness of structures;

(d)

Rust  of  reinforcement:  Due  to  corrosion  in  reactive  environment,  carbonation  of  concrete  surface, cracks of concrete, water penetration;

(e)   Change of outdoor surface colour:
Due to impact of environment.

(f)   Water permeability:
Due to low density concrete, cracks on structures, joints.

(3)   To   determine   the   deterioration   level   of   structures:   Based   on   the   collected   inspection’s   data   and deterioration mechanism identified, a decision should be made on the need for repair, and the level of repair required.

The  basic  procedure  to  determine  the  deterioration  level  is  to  examine  the  performances  of  structures,  as described in item 1.2.6.

(4)  To  define  measures  of  repairing  or  strengthening:  The  measures  of  repair  or  strengthening  should  be defined   based   on   clearly   identified   deterioration   mechanism.   The   defined   measures   of   repairing   or strengthening  should  ensure  the  restoration  of  the  structures’  performances  to  be  equal  or  higher  than  its initial capacity, and to prevent further formation of deterioration mechanism after repair.

The scope of restoration depends on the importance of structures, the remaining service life of structures and the financial resources of the owner.

The details of the method of definition of appropriate measures of repair are described in Part 3.

(5) To undertake repair or strengthening work:

(a)
The owner may undertake repair or strengthening of structures himself or select an institution having the appropriate specialty to carry out such tasks.

(b)
The  institution  working  on  repair  or  strengthening  of  structures  should  draw  up  a  complete  plan including   mobilization   of   materials   and   human   resource,   report   on   progress   and   procedures   of construction, and quality control before commencement of construction.

(c)
The   repair   or   strengthening   work   should   be   done   to   ensure   minimum  impact   or   disruption   to surrounding   environment   and   occupants.   Tests   on   quality   control   should   be   taken   during   the construction stages.

(d)
All processes of remedial action or strengthening work should be recorded in the construction diary and

to be kept for future reference.

2.8.4 Recording and storing materials

(1)  All results of the procedures of detailed inspection as described in item 2.6.3 shall be fully recorded in the form

of minutes, diary or drawings for long-term safekeeping;

(2)   The owner shall store documents with records of the detailed inspection which shall include the following: Results  of  inspection,  analysis  and  evaluation,  commentary  on  remedial  measures  or  strengthening  work, construction diary, drawings, minutes of quality control. This documentation should be safely kept for future reference together with documentation from previous inspections.

Part 3 -
Repair of structures

This part guides to remedial action of structures according to the procedures shown in Parts 1 and 2.

3.1 Repair of structures damaged due to inappropriate design, construction and Usage

3.1.1 General
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This section provides the guide to inspection, determination of deterioration mechanism and rate for

repairing  and  strengthening  of  reinforced  concrete  structures  and  structural  elements  which  are damaged due to inappropriate design or construction or overloading in use. The loads considered in

this section are limited to the actions in normal use and the wind actions as well as other actions taken place during construction and using steps. Before any repairing or strengthening works take

place, a detailed inspection shall be carried out for the whole structure to determine the mechanism, the cause and the degree of deterioration or damage.

The three types of damages of structures which are caused by structural and loading reasons are:

(1)  Cracking;

(2)  Excessive  deflections  due  to  insufficient  stiffness  of  the  structure  or  poor  workmanship,  in  construction technology.

(3)  Insufficient loading capacity (strength) of the structures, which are required to be strengthened.

The  guidelines  of  inspections,  repairing  and  strengthening  of  foundation, footing and super structures damaged due to settlement of the foundation are presented in item 3.2.

3.1.2 Detailed inspection

A detailed inspection has to be carried out to determine the mechanisms/causes and the degrees of damage of a structure before deciding on the solution for repairing and strengthening. The detailed inspection consists of the following works.

3.1.2.1 Investigation of structural cracking

(1)  Crack  width  limit:  The  crack  width  limit  is  one  of  the  significant  performance  indices  to  evaluate  the serviceability of structures. Values of the crack width limit are given in TCVN 5574:1991 depending on the classification of the structure.

(2) The cracking investigation should make clear the following aspects:

(a) Location and distribution of cracks,

(b) Cracks’ shape and orientation,

(c) The width, length and sometimes the depth of the cracks,

(d) The timing of cracks’ appearance,

(e) Widening of cracks (with respect to time), and

(f)  Other failure signs such as concrete peeling or crushing cracks etc.

Cracks investigation may be carried out for long term and periodically in order to make a firm conclusion on whether the cracks formation has stopped or are still developing (to ascertain the stability of the cracks).

(3) Characteristics and mechanisms of formation of structural cracks due to load action:

(a)  Crack location and distribution: cracks generally develop in the regions (of the structure), which are under high tensile stresses.

For simply supported beams and continuous beams, cracks, which are perpendicular to

the longitudinal beam axis, usually develop from the lower part at the mid-span region or the upper part at regions near the supports. Diagonal cracks mainly occur at the regions

near  supports  and  extend  close  to  points  of  concentrated  loads.  In  some  cases,  cracks

appear in the compression zones where the bending moment is considered to be highest. Some of these types of cracks are shown in Fig 3.1.1.
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Figure 3.1.1  Flexural cracks

(b)  Crack orientation and shape: Tensile cracks are usually perpendicular to the direction

of  the  normal  tensile  stresses.  For  example,  the  directions  of  tensile  cracks  are perpendicular  to  the  beam  axis,  and  the  upper  part  of  the  crack  is  small  while  the lower part is wide.

The diagonal cracks are usually located at the region near the supports, incline at 45o

and  developed  in  the  upper  parts  of  the  beam  and  orientated  into  mid-span  region

(Figs 3.2 and 3.3).

Load




tension face

~45°


tension face

incline (shear) cracks




incline (shear) cracks

          stress direction

Figure 3.1.2 : Shear cracks
Figure 3.1.3 : Shear cracks in continous beams

Figure 3.1.4  Compression cracks (in the column)
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Cracks, caused by compression, are often parallel to the direction of the compression

forces (stresses). The width of the crack is small at the two ends of the crack line but increased at the middle part of the crack line (Fig. 3.1.4).

Cracks, resulted from torsion, have a spiral shape. The crack widths are fairly constant along the crack line.

Cracks due to impact loads usually develop diagonally at 45o  to the load direction. Cracks, caused by the foundation differential settlement, normally appear in the parts

of  the  structures  that  are  located  in  the  regions  where  the  radius  of  the  settlement

curve  is  significant.  The  cracks  are  usually  perpendicular  to  the  directions  of  the normal tensile stresses resulted from the foundation settlement. For beams and floor

slabs, the cracks due to settlement are usually orthogonal to the beam axis or the slab

plane.  For  the  one-side  settlement  and  the  settlement  influenced  from  the  nearby structures,  there  observe  the  inclined  cracks in  the  beams at  the  region  close  to  the beam-column joint and the 450  diagonal cracks (in the plane) at the corner of the slab. There are also the cracks developed around the column with certain spacing along the height of the column.

(c)

Dimensions  of  the  cracks:  Cracks  that  occurred  during  normal  use  of  the  structure generally  have  widths  smaller  than  the  crack  width  limits.  The  width  of  the  crack decreases with increasing depth of the crack.

If the structure is subjected to severe overloading or having reached either the service

or  ultimate  limit  state,  the  crack  width  may  exceed  the  limits  specified  in  the

Vietnamese Standard TCVN 5574:1991.

For cracks which are caused by the axial compression forces, the width of the crack is normally smaller than the crack width limits. However, this is usually an indication that

the  structure  has  nearly  reached  the  limit  states.  In  this  case,  careful  attention  and remedial actions have to be taken during investigation.

(d)   The timing of crack appearance: Cracks usually appear when the loads are suddenly increased, such as in

the case when formwork are removed, when equipment is being installed or when full service loads or over loads are applied or when differential settlements of the foundation are greater than the specified limits. The moment of crack appearance is not imperative moment of crack occured.

(e)    Crack development: Cracks usually develop with increase in loading and loading duration as well as the settlement of the foundation in progress.

(4)   Indications of severe structural cracks: The following are indications of cracks that may severely affect the safety of the structure if  there have not appropriate method of solving:

(a) For beams: At mid-span, vertical cracks which develop from the bottom perpendicularly to the beam and extend to 2/3 of the beam depth; or visible cracks which are parallel to the beam axis at the compression zone; or the concrete cover spalls with more vertical cracks developed perpendicularly to the beam axis.

At the region near the supports, clear visible inclined cracks are developed. These cracks are considered very  dangerous.  When  the  cracks  extend  to  1/3  of  the  beam  depth  or  when  the  horizontal  cracks simultaneously  appear  in  the  compression  zone,  the  beam  may  collapse  at  any  time  in  shear  mode  or combined shear and flexural modes.

For the case of extremely insufficient stirrups (or shear links) and where the ratio between the shear span and the effective depth of the beam is greater than 3, inclined cracks may appear. This will cause the stress

in the stirrups to reach yield strength very rapidly, resulting in the inclined cracks to develop very fast, and the beam will fail by splitting into two parts.

Horizontal cracks are observed in the top region near the supports of the continuous beam and extend to

1/3 of the beam depth from the bottom of the beam, or vertical cracks develop in the top fibre of the beam while the horizontal cracks develop in the bottom fibre of the beam.

Vertical or inclined cracks are clearly observed near support of a cantilever beam.
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(b) For slabs: Vertical cracks are observed to be perpendicular to the main reinforcing bars direction and extend

to the compression zone.

Visible cracks appear in the top surface near the support of a cantilever slab, perpendicular to the main reinforcement.

Extensive  cracks  develop  at  the  top  surface  of  the  slab  at  the  ends  (boundary  regions)  or  at  the  bottom surface of the slab.

Inclined cracks at slab column interface are signs of punching shear at column-slab joints.

(c)   For   columns:   As   cracks   develop,   the   concrete   cover   spalls,   causing   the   main reinforcement to be exposed.

When  horizontal  cracks  appear  on  one  side  of  the  column,  the  concrete  cover
crushes  and  the

reinforcement is exposed on the other side of the column face.

Visible cracks appear to cross over each other.

(d) For walls: Visible cracks crossing each other are observed in the central zone of   the wall or the concrete cover spalls.

(e) For the beam-column joint (in the frame): vertical, inclined or crossing cracks appear at the joint or at the region near the joint.

3.1.2.2 Investigation of structural deformation

The  deformations  of  the  structures  and  structural  elements,  which  need  to  be  investigated,  is usually the deflections, which are related to structural cracks and their serviceability limit states.

(1) Deflection monitoring: Monitoring of deflection may need to be carried out for long span structures or in some special  cases,  as  requested  by  the  owner.  The  deflections  or  displacements  at  the  specified  points  of  the

structure shall be measured and monitored by applied loading on the structure. The applied loading can be conducted  by  allowing  vehicles  running  or  machine  operating  or  full  loading  of  storage  materials  such  as cement (for silo), full water (for water tank) or by in-situ load testing.

For the in-situ load test, there should be at least 4 loading increments which are 25%, 50%, 75% and 100% of the characteristic value of the full service loads, which are supposed to act on the structure.

After each load increment, the load is kept for 1 hour and after that the deflection or displacement readings are taken.

After completing the full loading on the structure, the deflection or displacement in the selected locations of structure is recorded the total test load is kept applied on the structure for 24 hours and then the deflection or displacement readings are taken again.

The  total  load  is  then  removed  from  the  structure  by  two  decrements:  50%  and  100%  of  the  total  load. Readings are recorded 1 hour and 24 hours after the load is fully removed.

(2)  Deflection  limits  :The  deflection  limits  are  given  in  TCVN  5574:1991.  It  has  to  be  noted  that  the  total

(absolute) deflection of a structure is very difficult to measure as the initial deflection of the structure under the dead loads cannot generally be obtained. However, the deflection of the structure upon loaded (by live

loads)  until  it  is  fully  loaded  can  be  measured.  Therefore,  the  initial  deflection  can  be  approximated  by

prediction using the measured deflection, assuming a linear behavior of the structure under dead load (before applying live or testing loads).

3.1.2.3 Investigation of the existing situation of a structure:

Sometimes it  is  required  to  investigate  the  existing  situation  of  a  structure  (such  as  the  actual structural   dimensions,   the   structural   joints   and   the   reinforcing   bar   arrangement).   The investigation includes:

(1)  Actual dimensions of structures/elements and their arrangements;

(2)  Actual details of joints and supports;

(3)  Location and spacing of the main reinforcing bars at the specified regions;
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(4)  Thickness of the concrete cover.

In some cases, it is required to remove the concrete cover to examine the actual reinforcement including the number and diameters of the reinforcing bars.

3.1.2.4 Determination of the actual strengths of concrete and reinforcing bars

The concrete strength of the structure can be determined by drilling for specimens and carrying out the destructive tests of the specimens in the laboratory in accordance to TCXD 239:2000 or

by  non-destructive  testing  using   ultrasonic   test   or   rebound   hammer  according  to  TCXD

162:1987 and TCXD 171:1989.

The strength of the reinforcing bars can be checked through the certificate of fitness for construction in accordance with TCVN 197:1985.

3.1.2.5 Study of the design drawings and documents

The  objectives  of  this  investigation  are  to  identify  or  exclude  the  errors  of  the  design  which causes  the  deterioration  or  damages  of  the  structure,  to  understand  the  structural  solution  and structural modeling. This helps to select and decide on the necessary methods of repairing and strengthening in the future. The investigation consists of the following:

(1)  To study the design drawings and as-built drawings;

(2)  To check for the correctness and suitability of the design solution;

(3)  To check the structural plans, layouts and structural analysis results, recalculating the structures if necessary.

3.1.2.6 Investigation of the construction works

In  the  course  of  investigating  the  construction  works,  the  construction  methods  and  work schedules  which  have  been  used,  are  to  be  studied  to  identify  the  construction  errors  or  fault areas. The areas of investigation consist of:

(1)  Construction methods;

(2)  Conformation to construction requirements, schemes and procedures as well as the time schedule specified in the design document and other building codes, the delay in or the omission of the construction processes etc.;

(3)  In some cases, loads due to the construction process must be statistically collected and considered during the

re-analysis of a structure.

(4)  Checking minutes of quality control and results of testing concrete materials and reinforcement.

3.1.2.7 Inspection of the loads and actions

All   possible   loads   acting   on   the   structures   must   be   thoroughly   investigated   during   the construction process and in the period the structures are in use. The scope of this investigation includes the analysis of loads and their effects (stress and strain) on the structures as well as their combined  effects.  In  cases  of  suspected  overloading,  the  actual  values  of  loads  must  be accurately determined.

3.1.2.8 Structural in-situ load test

In  some  required  cases,  an  in-situ  load  test  may  have  to  be  carried  out  to  estimate  the  actual loading capacity and deflections of the structures. The load test shall be based on the design or

the requirement of usage to check the loading capacity, cracking and deflection of the structures under  loads.  The  procedure  of  the  load  test  procedure  can  be  referred  to  ACI-318  (2002),

Chapter 20.

3.1.3 Evaluation of structural damages and selection of repair solutions

3.1.3.1 Examination of structural performance and evaluation of the degrees of structural damages
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(1)  Examination  for  safety  (load  bearing  capacity):  The  structure  is  said  to  be  inadequate  in

terms of safety or strength if one of the following conditions occurs:

(a)  The performance index for safety Ptt /Pyc(see item 1.2.5) is greater than 1 or bearing capacity of structure is not satisfied the requirements of the TCVN 5574: 1991.

where:


(Pyc/Ptt)  1
(3.1)

Pyc  is a critical value possibly correspond to the internal forces (bending moment, shear and axial forces) under the action of a single or combinations of several load cases;

Ptt   is  a  strength  (corresponds  to  action  P)  of  the  considered  cross-section  of  the  structure  when  it  reaches  the ultimate limit state.

The value of Pyc  is determined based on the designed (or calculated) loads. The term calculated refers to the value

of the characteristic loads multiplied by load factor (or reliability factor). These details are in accordance to the

referred design documents, and the most critical loading combinations.

The  value  of  Ptt    is  determined  based  on  the  geometrical  characteristics  of  a  considered  cross-section  (in accordance  to  or  based  on  the  design  drawings)  and  the  design  (or  calculated)  strength  of  the  concrete  and reinforcement materials (in accordance to or based on the design documents). The formulation to determine the value of Ptt  and the details of condition (3.1) can be found in Chapter 3 of the TCVN 5574:1991.

(b)  The  investigation  and  analysis  (as  stated  in  item  3.1.2)  have  confirmed  that  there  is  a possibility of concrete crushing and peeling of concrete cover.

(c)  Cracks still develop without any sign of stopping.

(d)  Cracks seriously affect the stiffness and the integrity of the structures.

(e)  Dangerous cracks are developed as stated in part 3.1.2.1 of item 3.1.2.

(2) Examination for serviceability of a structure: The structure is said to be inadequate in terms of serviceability if one of the following conditions occurs:

(a)  The performance index on cracking of a structure att/ayc  is more than 1 (or crack width exceeds the limit value given in TCVN 5574:1991).

att /ayc  > 1
(3.2)

where:

att  is the crack width on the concrete surface (theoretically calculated or practically measured)   at the level

of the tensile   reinforcement;

ayc  is the crack width limits defined according to TCVN 5574:1991.

(b)  The performance index on structure deformations is more than 1(or deformation exceeds the limit value given in TCVN 5574:1991):

(ftt /fyc) > 1
(3.3)

where:

ftt  is the deformation of structure (such as, deflection, rotation, or vibration amplitude) under the characteristic

(standard) loads, and

fyc  is the deformation limits given in TCVN 5574:1991.

(c) The water resistance of the structure is deteriorated: Having humid or flow permeability or droplets.

(d) The cracks density is high that may causes anxiety and distress to occupants or users.

3.1.3.2 Determination of the causes (mechanisms) of the structural damages
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Any remedial actions to prevent the structural damages and enhance the safety of the structure

must be based on the causes (or the mechanisms) of the damages to reduce the structural cracks and deflections.

The following are the possible causes of damages to the structures.

(1) Errors in design (under-design). Possible errors caused by analysis and design are as follows:

(a)  The cross-sections selected were of inadequate size, and unable to satisfy the deflection, crack or stability requirements.

(b)  The areas of tensile reinforcement calculated are extremely under-specified. Crack and deflection controls were ignored or not considered in the analysis and design.

(c)  The cross-section of concrete is too small to arrange reinforcement, that makes the compressive zone to crack when the load reaches the limited value.

(d)  Some possible loads or load cases which may act on the structures during the service or operation stage were omitted in the design.

(e)  Detailing specified in the structural concrete standards was not strictly adhered to.

(2) Poor construction:

(a)  Quality  of  materials  did  not  meet  the  specified  requirements,  and  the  mix  design  of  concrete  was  not satisfied.

(b)  Formwork deformed before or during casting leading to deflection and settlement of the structures before service loads are applied.

(c)  The  concreting  procedures  were  not  strictly  followed  as  that  specified  in  the  construction  working drawings. The concrete was placed too rapidly without considering the weather conditions during casting. Pre-cracking occurred after casting but was not well treated. Concrete curing was very improperly done. The  hot  humid  climate  was  not  considered  in  design  as  well  as  concrete  casting.  (For  example,  cracks occured in reinforced concrete big reservoirs).

(d)  The concrete cover was too thick or too thin.

(e)  The  structure  was  allowed  to  be  loaded  too  early,  or  overloading  on  the  structure  happened  during construction (which may cause cracking and rupture of structure or its components).

(f)   Technology of slipping  formwork is poor.

(g)  Errors in reinforcement arrangement on  cross-section  of structure  (for example the reinforcing steel for column section at 6th  floor was taken for the 4th  floor).

(h)  The concrete strength did not satisfy the requirements.

(i)   And other causes.

(3) Overloading:

(a)  Overloading due to misuse of performance of structures;

(b)  Overloading due to upgrading or extension of existing structures;

(c)  Overloading due to loads or load cases  not specified in the standards or due to the actual values of the loads  being  greater  than  the  design  (or  calculated)  values  as  specified  in  the  standards  (Especially  in industrial or other important structures).

(4) Differential settlement.

3.1.3.3 Selection of repair or strengthening solutions

The selected solution must be based on the assessment and analysis of the risk level and the causes for cracking and over-deflection of the structures. It is necessary to differentiate cracks that need to be repaired and those that

do not.
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To  ensure  principles  of  repair  or  strengthening  of  the  structures  to  select  the  solution,  time-scale  and  cost  of

construction  are  the  bases  of  repair  or  strengthening  that  increase  the  service  life  and  performance  of  the structures.

3.1.4 Design for repairing and strengthening

3.1.4.1 General principles

The  structures  must  be  repaired  or  strengthened  when  the  results  of  the  investigation  have confirmed that the structures did not satisfy the safety or the serviceability requirement as stated

in sub-section 3.1.3.

Repairing and strengthening which shall be carried out for the whole structure or parts of it should adhere to the following principles:

(1) The causes of cracking and damages of structures must be correctly determined. If this could not be confirmed from   immediate   investigation,   further   observation   and   investigation   should   be   made.   Repairing   and strengthening shall be carried out only after the causes of deterioration or damages be ascertained.

(2) The objectives of repairing or strengthening must be clearly set out. Based on the characteristics and the causes

of cracking and deflection as well as the functional use of the structure, the objectives of works can be: (i) for protection only or (ii) for strengthening.

(3) The safety of occupants in the structures must be ensured during the investigation stage as well as when the repairing or strengthening works are in progress.

(4) The serviceability and functional use of the structure must be satisfied.

(5) The durability of materials used including steel reinforcement and concrete must be ensured.

(6) The proposed repairing solution must be feasible, economical and less time consuming.

(7)  The  design  strength  (safety)  requirement  must  be  met.  The  current  codes  for  reinforced concrete must be strictly followed.

(8)  And  finally,  the  performances  of  the  structure  (in-equations  (3.2)  &  (3.3))  as  well  as  its

durability (detailing following the guidance of TCVN 5574:1991) must be examined for the solution of repair or strengthening.

3.1.4.2 Analysis and design for repairing and strengthening

Before  starting  on  the  repairing  or  strengthening  of  structures,  the  design  must  be  completed  in  detail  and approved by a qualified engineer. The analysis and design for repairing or strengthening should be based on the following principles:

(1) The design should be made in closed combination with construction procedures.

(2) Loads and actions acting on the structure should be taken as specified in the current Loading Standard. The machinery and technological loads shall be taken from the data provided by the Manufacturers or Suppliers.

In  case  having  to  measure  the  actual  values  of  the  load,  its  mean  value  is  calculated  based  on  the  data measured at the minimum five specified locations while the characteristic values of the load may be taken by

multiplying 1.1 times the mean value.

(3)  The  analysis  model:  The  structural  analysis  model  should  be  determined  based  on  loads  acting  on  the structures or the actual structural load-bearing schema. Two loading states shall be applied to the repaired and strengthened structure (including the existing and new strengthening parts):

(a)  State  1:  The  existing  structure  shall  carry  the  dead  load  and  the  machinery  load  already  fixed  on  the structure before its repair. These loads should be kept and will act to the structure during the process of reparing and after reparing.

(b)  State  2:  The  strengthened  or  repaired  structure  shall  carry  the  additional  dead  load,  live  load  and machinery and technological loads.
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Stresses and internal actions in the existing structures shall be the sum of those from the above two

loading states. For the strengthened parts, the stress and internal actions shall be calculated from state 2

only.

(4) Properties of the cross-sections of structural members for the analysis should be taken as the as-built structures, considering the interaction between the existing structures and the strengthened ones.

(5) It is necessary sometimes to check the loading capacity of connected or adjacent structures to the strengthened ones as well as the foundation in case the additional loads caused by repairing or strengthening are

significant.

3.1.5 Strengthening and repairing techniques

Some  methods  and  techniques,  which  can  be  used  to  strengthen  or  repair  reinforced  concrete  structures,  are following:

(1) Repair of structures with cracks already in a stable state:

(a) Surface repairing by: opening cracks and motaring, coating, epoxy painting, spraying cement grout or fine concrete, pasting glass fiber epoxy or epoxy resin, increasing the cohesion of the surface layer, using steel bolts to anchor the cracks.

(b)  Local repairing by: covering technique, pre-stressing technique, piercing parts of concrete structures and

re-casting.

(c)  Pumping pressurized cement mortar concrete or chemical grout to fill the cracks. This method is suitable for crack widths greater than 0.5 mm.

(2) Reduction of the internal forces in a structure: The methods usually applied are reducing or limiting the live loads (for example, labeling clearly the maximum live loads of 200 daN/m2  in the area where the loads are acting); adding more supports and columns to reduce the span of the structures.

(3) Strengthening of the structures: There are many techniques for strengthening the structures, some of which are:

(i) increasing the cross-sections of structural members (by increasing the depth of beams or slabs etc.), (ii) concrete  jacketing,  (iii)  shape  steel  jacketing,  (iv)  plate  steel  and  composite  plating,  and  (v)  external  pre- stressing technique.

(4)  Other  methods:  Other  methods  include  demolition  and  reconstructing  of  the  structures,  improving  utilized conditions of the structures, or by experiments and analysis to prove that it is not necessary for repairing or strengthening.

(5) Repairing of structures cracked or deteriorated due to the foundation settlement:

(6) Repairing and strengthening of foundation and footing are presented in Section 3.2. However, after completing the foundation strengthening, and be sure that the influence of foundation

settlement to the deformations of the superstructures is generally excluded, the method (1)

“repair  of  structures  with  cracks  already  in  a  stable  state”  can  be  applied  to  repair  and

retrofit  the  superstructures.  In  some  special  cases,  when  the  superstructures  are  in  very unsafe  state  with  dangerous  cracks  existed  or  large  deformations,  despite  the  of  the foundation already enhanced, the superstructures must be strengthened following the method

(3)  “strengthening  of  the  structures”  to  meet  the  strength  and  serviceability  requirements.

Repairing and strengthening methods and techniques are proposed by the design consultant

(for  repairing  works)  based  on  the  actual  conditions  of  the  structures,  results  of  the inspections and the repair requirements of the owners.

3.1.6 Methods of reducing the internal forces in a structure

There are two methods of reducing the internal forces, which are (i) reducing the loads acting on the structures and

(ii) increasing the number of supports.

(1)  Load reduction:

(a) Reduce the dead and fixed loads acting on the structures such as: replacing solid brick walls  with  hollow  brick  walls,  replacing  reinforced  concrete  roof  with  light  steel  frame roof or fibro-cement or heavy concrete by light concrete etc.
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(b) Improve   the   utilized   conditions   of   the   structures:   preventing   water   accumulation,

removing dust from the roof regularly etc.

(c) Change  the  functioning  of  the  structures:  changing  storing  rooms  to  office  ones,  book storage rooms into reading rooms.

(d) Demolish so as to deduct the number of floors in tall buildings to reduce the load transfer

to columns and foundation.

(2) Increasing the number of supports: For flexural members such as beams and slabs, after adding more supports, the  effective  spans  are  reduced,  and  the  internal  forces  such  as  bending  moment  and  shear  force  will  be significantly  decreased  resulting  in  less  cracks  and  deflection.  However,  it  is  necessary  to  check  the  steel reinforcement as to whether it will adapt to the change in bending moment required for resistance.

3.1.7 Method of increasing cross-sections of the members

This method involves adding more steel reinforcement, re-casting concrete to increase the strength of structures and their members. The amounts of additional steel reinforcement and concrete shall be determined by structural calculations. Special designs and construction techniques shall be applied to ensure that old and new materials will complement each other.

3.1.8 Concrete jacketing technique

This technique shall be applied to strengthening of structures or structural members subjected to compression such

as columns in industrial, residential (one or multi-story) or office buildings. It includes three types of jacketing: (i)

jacketing for the whole structure (Fig 3.1.5 (a)), (ii) jacketing for one, two or three sides of the structure (Fig 3.1.5

(b) and (c)).

[image: image12.png]a) 4 - sides jacketing




Figure 3.1.5  Concrete jacketing to strengthen columns

(1)  The  analysis:  In  concrete  jacketing  structure,  there  exist  the  delayed  stresses  and  the differential deformation between the new and the old concrete and reinforcement layers or strips (because the old existing structure already carried most of the dead and fixed loads), and are deflected to a certain degree before strengthening. Therefore, the strengths of new concrete and reinforcement layers should be calculated using reduction factor in comparison

to those of the old concrete and reinforcement.

The ultimate strength of a column subjected to axial compression after strengthening can be calculated by:

where,




N  




f c Ac




f y As




  f cm Acm




f ym Asm




(3.4)

N – compressive force acting on the column after strengthening;
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 - axial bending coefficient which depends on the column slenderness after strengthening;

fc, Ac  – old concrete design compressive strength and area;

fy, As  – old steel design strength and area;

fcm, Acm  – new concrete design strength and area;

fym, Asm  - new steel design strength and area;

 - strength reduction factor for new concrete and steel while working with old steel and concrete. The values of  can be taken as: (i) 0.8 when loads are totally removed from the structure during

strengthening (when the old members and the new concrete are subjected to the same loads), (ii)  =

0.8N/N (where N is the increase in compression force acting on the structure after strengthening) in the case where parts of the loads are removed during strengthening.

(2)  The requirement of structural detailing and construction: The following details shall be taken into consideration when designing for column strengthening by concrete jacketing technique:

(a)  The thickness of the new concrete layer shall be at least 60 mm (or 50 mm for spraying concrete grout).

(b)  Diameters of steel reinforcement shall be at least 14 mm but not greater than 25mm while diameters of the stirrups shall be 8 mm at the minimum.

(c)  When applying 4-side jacketing, the stirrups should be in closed form. For one or two-side jacketing, the stirrups should be U-shaped and welded to the old ones. The welding length should be 10d (if welding in one side) and 5d (if welding in two sides). Where d - the diameter of the stirrup. It may be to use anchorage nails collected to the old column, and they weld the U-shaped stirrups to these nails. The diameter of the anchorage nails is not less than 10mm. The anchorage length should be not less than 10d.

(d)  For the new longitudinal reinforcing bars, hoops shall be bent at both ends. The reinforcing bars must be anchored to the foundation   there must be at least 50% of the main reinforcing bars going through the slab.

(e)  The minimum grade of new concrete is M200 and shall be higher than that of the old   concrete layer. Aggregates with a maximum size of 10 mm are recommended for use in the new concrete layer.

(f)   Before construction it should be to remove some loads or to use temporary supports for the old structure,

so that the axial force on it is only about 60% of load bearing capacity of the old column.

(g)  The surface of the old structure shall be roughened with a roughness of at least 4 mm. Small ditches of 6 mm in depth at predetermined spacing (usually from 300 to 500 mm) shall be made to create wedging shear forces between the new and old concretes.

(h) The surfaces of the old concrete shall be properly cleaned before casting.

3.1.9 Steel jacketing technique

Steel jacketing technique is also used to strengthen the concrete column. This technique can be divided into two types, that are dry strengthening (Fig 3.1.6a) and wet strengthening (Fig 3.1.6b).

Dry strengthening is a steel jacketing technique which does not create a bond between the old structure and the steel jacket. Even when concrete is used to fill the gap between these structures, the bond between the old and new concrete is ignored in the design.

However,  wet  strengthening  technique  creates  a  strong  bond  between  old  and  new  materials  by  the  means  of concrete grout and epoxy resin or fine concrete filling the gap between the steel jacket and the old structure.

The advantage of the steel jacketing technique is that, with only a small increase in dimensions, the strength and ductility of the column are improved significantly.

For design and construction of structures strengthened by steel jacketing technique, it is necessary to refer to the special Vietnam and oversea literatures in this area.
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1- Existing structure
3- Bracing member

2- Steel section
4- Concrete or cement mortar

Figure 3.1.6  Steel jacketing

3.1.10 Steel plating technique

This technique is one of strengthening methods, which involves the gluing of steel plates to the tension face of reinforced  concrete  beams  or  slabs  (Fig  3.1.7).  The  recommended  material  to  use  for  gluing  is  epoxy  resin  in composition with a small amount of thickened agent and other substances to increase durability and ductility.

EXISTING BEAM

Adhesive layer

(~1.5mm)

Steel or FRP plate

Figure 3.1.7  Plating technique

(1)  Structural  analysis  and  construction  requirements:  The  structural  analysis  and  construction requirements can be referred to recognized or acceptable specialized literatures in this area.

(2) Application techniques: This technique has some main advantages as follows:

(a)  The gluing material hardens very rapidly, hence it is less time consuming to apply.

(b)  This is a simple technique which can be implemented while the structures are in use (e.g.: strengthening of the bridges).

(c)  The  strength  of  the  adhesive  (glue)  is  higher  than  the  concrete,  hence  the  old  structure  and  the strengthening material act as a unit to carry the load, hence the concentrated stress in the concrete is not significant.

(d)  The  steel  plates  require  very  less  space  to  fix,  hence  they  do  not  increase  the  weight  and  size  of  the strengthening structures.

(e)  The  most  beneficial  aspect  of  this  technique  is  the  ability  to  prevent  or  reduce  cracking  (reduce  crack width and prevent crack development), as well as to reduce the deflection and to increase the strength of the structures.

However, studies on this technique showed that there appeared to be a delay in stress and strain attainment level in the glued plates. The delayed stress attained is more significant when the loads on the old structure are large.
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Besides that, the quality of the construction work and the gluing materials used has implications on the

effectiveness of the technique. Although many experiments proved that the plates reach yield stress before the  beam  failed,  nevertheless  a  few  tests  showed  that  the  beam  failed  prematurely  by  debonding  even though  the  plate  has  yet  to  reach  the  yield  stress.  This  is  a  brittle  failure  mode,  which  suddenly  occurs without any warning, and this has to be avoided in the design.

In addition, the steel plates sometimes are quite heavy and it requires a lot of scaffolding and labor works. Furthermore, the corrosions of steel plate and the durability of the steel plate-adhesive-concrete interface

is still questionable. Nowadays, some disadvantages of using steel plates can be overcome by the use of high strength and light carbon or aramid fiber reinforced plastics plates or laminates.

3.1.11 External post-tensioning technique

The principle of this technique is through using steel tendons, bars or cables (hereinafter referred to as tensioning steel member) to create pre-stresses acting in the opposite direction to the external forces in order to increase the

strength of the structure and to reduce its crack widths and deflection. This technique is mainly applied to simply supported beams or tension member of reinforced concrete trusses.

(1) The key steps involved in this technique are:

(a)  Adding pre-stressed tensioning steel member to the tension face of the beam.

(b)  Fixing anchorages at both ends of the tensioning member at the end regions of the beam.

(c)  Stressing the tensioning steel.

(2) Stressing of the tensioning steel:

There are two methods of post-tension stressing for prestressed tensioning steel member:

(a)  Using jacks to stress the tension member at its ends. In case of inability to stress at the ends,  the jacks can

be placed at the mid span of the beam (Fig 3.1.8).

(b)  Using simple tools (driving keys or bolts): the ends of the tensioning member are anchored at the ends of the beam, hence forcing the external structural member to be bent (or cambered) to induce prestresses and strains.

1- Existing beam
4- Supporting element

2- Tensioning steel member
5- High-strength bolt
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3- U-shape bolts

Figure 3.1.8: External pots-tensioning technique

(3) Permanent anchorage of the tendons: There are four methods of permanently anchoring the tendons:

(a)  Using U-shaped steel section (Fig 3.1.9):


Removing the concrete cover at beam ends, and then coating a layer of epoxy on these regions.


Clamping  the  U-shaped  steel  section  (of  the  same  width  as  the  beam)  to  the  beam ends.


Welding the tendons to the U-shaped steel sections.

Adhesive layer

U- shape channel


using U- channel and epoxy- adhesive

1- Existing beam

2- Tensioning steel member

3- Supporting element

Figure 3.1.9  Fixed anchorage using U-channel and epoxy-adhesive

(b)  Using high strength bolts and glue (Fig 3.1.10): this method relies on the holding ability of the high strength bolts. The technique consists of the following steps:


Drilling a hole of the same diameter as the bolts on the beam and the steel plate.


Coating the beam and the plate inter-surface with a layer of epoxy or high strength cement paste, then using steel bolts to fix the steel plates to the beam.


Welding the tendons to the steel plates.

176

TCXDVN 318: 2004

1- Existing beam

2- Tensioning steel member

3- Supporting member

4- Steel plate

5- High strength bolt

Figure 3.1.10  Fixed anchorage using high-strength bolts

(c) Welding anchorage: this technique involves welding the tendons to the existing reinforcing bars of the beam at low stressed regions (at the upper face of the simply supported beam, Fig  3.1.11).   A   small   ditch   is   to   be   created  from  the  surface  of  the  beam  to  the reinforcement. The tendons are welded to the beam reinforcing

steel bars. The strengthened steel bar is glued to the ditch using epoxy. In this technique, the tendons are well anchored to the beam, also the inherent strength of the old reinforcing bars are put into effect.

Weldi(ncgompressive area)


Existing reinforcement

1-
Existing beam, 2- Tensioning steel member, 3- Supporting element

2-

Figure 3.1.11: Anchorage by welding the tensioning steel member directly

to the existing reinforcement

(d) Anchoring the tendons using existing anchorage: if there are some embedded anchorages

at the beam ends, the tendons shall be welded directly on them.

(4) Design calculations of strengthening the beam: After stressing, the external tensioning steel member are at two likely  states:  (i)  the  member  is   uncovered  or  exposed,  (ii)  the  member  and  the  old  structure  are  cast  as  a

whole single beam. The calculations for these two states are different.
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For the uncovered external strengthened beam, the strain of the steel member is smaller than the strain of the

existing reinforcing bars. The method of the analysis is similar to that of analysis of unbonded prestressed concrete beams.

For the tensioning member embedded to the beam by a layer of new concrete, their strain is the same as in the beam. The method of analysis is similar to that of analysis of normal pre-stressed concrete beam.

3.1.12  Recording and storing materials

There are three types of documents needed to be prepared when inspecting repairing and strengthening a structure:

(a)  a report on the detailed inspection and assessment of damage of the structure;

(b)  a design document on repairing or strengthening solution (including technical and construction drawings);

(c) documentation of construction and acceptance and as-built drawings.

The  report  on  the  inspection  and  assessment  of  the  structure  must  clearly  presents  the  issues  specified  in  items

3.1.2  and  3.1.3.  The  repairing  or  strengthening  solution  is  also  recommended  in  the  report.  The  report  must  be approved by the Owner or the Owner’s Representative or an Authorized body before becoming effective.

Design  documents  on  the  repairing  and  strengthening  solution  must  clearly  indicate  that  the  solution  is  chosen based on the requirements from item 3.1.5. The design drawings must comply to the requirements from TCVN

6084:1995, TCVN 5574:1991 and other related standards. The design documents must be accepted by the Owner

or the Owner’s Representative or an Authorized body.

The documents of construction and acceptance after completion of repairing step as well as the as-built drawings must be made in accordance to the current Vietnamese Construction Law and standards.

All the above documents are to be kept by the Owner for references during subsequent maintenance or upgrading works.

3.2.  Repair of structures damaged due to settlement of ground and foundation

3.2.1 General

This  Section  presents  methods  of  detailed  inspection  for  identification  of  mechanism  and  evaluation  of  level  of deterioration, and some measures for repair of structures damaged due to settlement of ground and foundation.

3.2.2 Detailed Inspection

3.2.2.1 General requirements

The detailed inspection should be carried out after detecting signs of deterioration due to settlement of ground and foundation. Detailed inspection should supply information concerning the deformation of the structure and potential factors that can have influence on the formation and development of the deformation, which includes:

(1)   History of utilization of the structure;

(2)   Soil condition and ground water;

(3)   Design and as built drawings;

(4)   Current conditions of existing foundation structure;

(5)   Construction activities and current soil conditions in the neighboring area.

The  inspection  should  be  carried  out  in  accordance  to  a  planned  program,  which  is  established  to  determine  the conditions  of  the  foundation,  to  verify  possible  causes  of  deformation  and  to  predict  the  rate  of  deterioration.  The amount of work, method and purposes of investigation should be included in the program. Information from previous inspections should be taken into account when determining the scope and amount of work during detailed inspection.

Common investigation methods, which can be used in the detailed inspection, are as follows:

(1)   Additional soil investigation;

(2)   Investigation of existing foundation condition;
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(3)   Investigation of damages of superstructure;

(4)   Investigation of neighboring structures;

(5)   Monitoring of settlement and tilt of structures;

(6)   Geotechnical monitoring.

3.2.2.2. Additional soil investigation

(1)   The aim of additional soil investigation is to determine the soil parameters, which were not collected sufficiently

in  previous  investigation.  The  content  and  methods  of  additional  investigation  are  determined  following  the preliminary evaluation of causes of deterioration. The characteristics of structure, soil, mechanism and degree of deterioration should be taken into account when determining the method of investigation, depth of soil penetration, number of survey points and their positions.

(2)   In normal conditions, the following investigation methods could be used:

(a)    Boring and sampling for testing in laboratory (TCVN 2683:1991);

(b)
Static cone penetration test CPT (TCXD 174:1989)

(c)    Standard penetration test SPT (TCXD 226:1999);

(d)
Vane test;

(e)    Monitoring of ground water table and void water pressure, etc.

Tests of soil parameters for calculation of the settlement-time relationship should be included in the investigation.

(3)   The depth of sounding should be established according to the following factors:

(a)   Depth of influence of the load of structure: The higher the dimensions and the load of structure, the deeper will be the depth of sounding;

(b) Thickness of soft soil layers: The sounding should be carried out through all soft soil layers.

(4)   The amount of sounding points depends on the factors:

(a)    Scale  of the project:  The  amount of  sounding  points can  be  determined  from the  spacing  between  them, which is 15-30 m in normal conditions;

(b)   Previous  investigations:  If  the  results  from  previous  investigations  can  be  accepted,  the  amount  of investigation can be reduced;

(c)    Characteristics of the settlement: Besides sounding positions being evenly spaced, additional positions should

be specified in areas of changes of soil condition where cracks on structure can be observed.

(5)   The positions of sounding should be placed at the following locations:

(a)    Near settlement joints, place of change of load and corners of the structure;

(b)   Areas where changes of soil conditions occur;

(c)   Areas of change of settlement;

(d)   Places of maximum and minimum settlement.

(6)   The results from additional soil investigation should be compared with previous investigations (if available). Such comparison of results from different investigations permits an evaluation of the variation of soil condition and detection of possible errors in soundings.

3.2.2.3 Investigation of existing foundation

(1)
The investigation of existing foundation is needed when the design and as built drawings of the structure are not readily  available.  Even  when  those  drawings  are  available,  this  investigation  is  also  recommended  for  key positions, especially at places where the deformation of foundation is excessive. The amount of checking points should be predetermined in the investigation program, depending on the complexity of the design and the current state of the structure.

(2)   Investigation of foundation should provide the following information:
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(a)   Depth, type and dimensions of foundations;

(b) Materials used in foundation (strength of material, arrangement of reinforcement, degree of deterioration of material, etc.);

(c)    Degree of corrosion in steel reinforcement;

(d)   Cracks found in the foundation structure.

(3)   The   most   common   method   of   investigation   is   making   excavation   pits   that   permit   visual   observation, measurements and other tests for foundation. Excavations should be placed at the following positions:

(a)    Below the main load bearing structures;

(b) Areas where there are changes in settlement.

3.2.2.4 Investigation of damages of superstructure

(1) The process of investigation of damages in the superstructure includes the following:

(c)    Collection and study of documentation used for design and construction;

(d)   Investigation and monitoring of cracks and their development in time;

(2) The monitoring of the development of cracks should be carried out in a predetermined period of time. The period of monitoring could be determined according to the recommendations for frequency of monitoring (see item 3.2.2.6).

(3) The investigation of cracks in superstructure should provide the information concerning the following aspects:

(a)
Position and direction;

(b)
Length;

(c)
Width;

(d)
Depth; and

(e)
The development in time of representative cracks

Methods of investigation and monitoring of cracks in superstructure is presented in item 3.1.2.

(4)  The  position,  form  and  length  of  cracks  should  be  presented  in  drawings.  The  results  from  monitoring  of  the development of cracks should be presented in graphical forms.

3.2.2.5  Investigation of neighboring structures’ conditions

This  work  should  provide  additional  information  for  evaluating  the  causes  of  deterioration.  Normal  method  of investigation includes visual observation and descriptive records. The following information should be collected:

(1)  History of construction and utilization;

(2)  Distance to the investigation site;

(3)  Scale and characteristics of neighboring structures (area, type of structure, number of storeys, foundation, type of usage, etc.);

(4)  State of neighboring  structures:  All details of  tilt,  settlement,  cracks,  etc.,  should  be recorded and  presented  in drawings.

If the cause of deterioration is due to neighboring excavation, vibration or other loads, the main characteristics of such loads should be recorded. For example, in the case of an excavation, it is necessary to describe its dimensions, sheeting method, ground water lowering method, speed of execution, etc.

3.2.2.6  Monitoring of settlement and tilt of structure

(1)   General requirements

Monitoring of settlement should be undertaken to determine the total settlement and the rate of settlement and tilt of structures. The rate of settlement and tilt may be monitored by measuring, at time intervals, the vertical  displacement  of  selected  monitoring  points  fixed  on  to  the  structure  in  comparison  with  reference benchmarks.

Common methods of levelling or photometry could be used to monitor the settlement and tilt. In normal conditions, it is recommended to apply the methods presented in TCXD 271:2002.
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(2)   Determining the order of monitoring.

Since  the  monitoring  of  long  term  settlement  is  performed  for  long  duration,  and  it  requires  high  level  of precise measurement, the orders of precision I and II are recommended.

(3)   Frequency of measurement

The time interval between two measurements depends on the rate of settlement and the order of precision of monitoring. Hence, the time interval should be sufficiently long when the rate of settlement is relatively low.

In the case where the rate of settlement is high, the time interval may be shorten.  In normal condition, the time interval is 1 to 3 months.

(4)   Arrangement of benchmarks

The monitoring of settlement requires a system of reference benchmarks and settlement benchmarks. Reference benchmarks are located outside the structures and measurements should be taken to ensure that their settlement is minimum during the whole time of monitoring.  Depending on the conditions of each construction site, 2 to 3 reference benchmarks should be installed. Reference benchmark Type A is

recommended for important projects and Type B is considered suitable for normal projects (according to the classification of TCXD 271:2002 for benchmarks).

The settlement benchmarks are fixed to the structure at suitable positions that can reflect the settlement of the project and permit the evaluation of the deformation of the structure. For common structures, the positions of settlement benchmarks could be as follows:

(a)   Wall-bearing structures: At intersections of transverse and longitudinal walls;

(b)   Frame structures: At the lower part of columns;

(c)    Tower-shape structures (silos, chimney, etc): At least 4 benchmarks have to be arranged along the perimeter

of the lower part of the structure.

The distance between two settlement benchmarks should not exceed 15 m. At settlement joints and around positions where  there  are  changes  in  soil  conditions,  change  in  loading  or  variation  of  settlement,  the  distance  between settlement benchmarks might be reduced.

3.2.2.7  Geotechnical monitoring

Geotechnical  monitoring  is  recommended  for  evaluation  and  prediction  of  the  rate  of  settlement  and  horizontal displacement in the soil. Common methods of geotechnical monitoring are:

(1)  Monitoring of ground water by standpipe or piezometer methods;

(2)  Settlement in soil at different depths;

(3)  Horizontal displacement in soil at different depths.

The positions and amount of observation points and the time interval of monitoring are determined according to the scale, characteristics of structure and rate of deterioration.

3.2.3. Identification of mechanism and prediction of the rate of deterioration

3.2.3.1   Identification of mechanism of deterioration

(1)   The identification of the mechanism of deterioration should be carried out based on calculations and results of detailed inspection;

(2)   The results of settlement monitoring and soil investigation should be processed systematically. It is recommended that the relationships between the rate of settlement and the characteristics of the soil condition (i.e., the thickness

of soft soil) be established;

(3)   Normal calculations for evaluating the causes of deterioration are:

(a)    Verification of the first limit state:

i.   Bearing capacity of soil (TCXD 45-1978),

ii.   Bearing capacity of piles (TCXD 205:1998),
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iii.   Strength of foundation structure (TCXD 5574:1991, TCXD 5573:1991).

(b)   Verification of the second limit state:

i.   Calculation of total and differential settlements ii.   Calculation of long-term settlement.

(4)   Possible causes of deterioration due to foundation failures are summarized in Table 3.2.1.

3.2.3.2
Prediction of the rate of deterioration due to settlement

The rate of deterioration depends on development of settlement via time. The prediction of deterioration rate may

be carried out according to the following methods:

(1)  To calculate  settlement via time based on the load of structure and  the physico- mechanical data of ground (according to the TCXD 45: 1978);

Table 3.2.1. Possible mechanism of deterioration due to foundation failures

	
	Cause of damage
	Result of check/monitoring
	Possible causes

	1
	Lack
of
bearing capacity of soil
	
Large settlement


High rate of settlement and this rate does not decrease
	Failure of soil

	2
	Lack    of    strength    in foundation structure
	
Large settlement


High rate of settlement and this rate does not decrease


Cracks in foundation at positions of maximum moment or shear
	Failure of foundation structure

	3
	Large total settlement
	
Thick soft soil layer


Large total settlement


Rate of settlement decreases over time
	Consolidation of soil

	4
	Large
differential settlement
	
High variations of soft soil layer 
High variations of structure load 
Diagonal cracks on structure
	Differential settlement

	5
	Water
table
induced damage
	
Start in development of settlement and cracks on structure after a relatively long period of utilization of the project


Thick soft soil layers


No construction activities in neighboring area


Proximity to ground water extraction  wells
	Lowering of ground water table

	6
	Neighboring load effect
	
Start in development of settlement and cracks on structure after a relatively long period of utilization of the project


Construction activities in neighboring area (excavation, fill, embankment, new structures, etc.)
	Settlement  due  to  neighboring load
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(2)  To analyze the data of detailed inspection of structure, then to predict the

development of settlement, tilt and cracking of structure and their influence on the performances of safety and serviceability  of structure.

3.2.4. Determination of deterioration level and selection of countermeasures

3.2.4.1 Determination of deterioration level

(1)   General

The level of deterioration due to foundation failures could be determined based on the following performances:

(a)
Safety (Load bearing capacity);

(b)
Serviceability (Normal use): Total and differential settlements and tilt;

(2)   Evaluation of deterioration level based on the performance index of  load  bearing capacity:

The acting load N should not exceed the allowable load bearing capacity of foundation structure and soil:

N  Qa

where  Qa


is the allowable load bearing capacity of foundation structure and soil, which is determined from

the ultimate load bearing capacity,


Qu   and a factorof safety  FS


by the following relation:

 Qu  

a

S

Methods of calculation of  Qu




and values of  FS




for different soil conditions are specified in TCXD 45-1978;

TCXD  205:1998;  TCXD  5574:1991  and  TCXD  5573:1991.

laboratory testing.


Qu  could  also  be  determined  from  results  of

In the case N < Qa , the requirement for performance index for bearing capacity is satisfied. Otherwise, if N

> Qa


it  is  necessary  to  apply  suitable  reinforcing  measures  to  improve  on  the  load  bearing  capacity  of

foundation.

(3)   Evaluation of the function of normal use (Serviceability)

In this case, the performance index for evaluation is the level of deformation of structure. The total settlement

S , differential settlement  S / L

S  S   


and tilt  i  should not exceed the corresponding allowable limits:

S / L  S / L


i  i 

where:  S  ,   S / L and  i are allowable values for the deformation of structure, selecting from the table

3.2.1 and 3.2.2. The settlement and tilt can be calculated in accordance to the methods specified in TCXD 45-

1978 or by monitoring.

In the case where the performance indices are not satisfactory (i.e. the functions are not satisfied), suitable measures of soil stabilization are required to reduce the amount of settlement.

3.2.4.2 Selection of remedial measures

(1)   General requirements

Remedial  measures  for  deteriorated  structures  could  be  determined  from  the  results  of  evaluating  possible causes of damage and the prediction in the rate of deterioration. Such measures should satisfy the technical and economical requirements.   Other factors to be taken into account are the service life of the project, its material and non-material value, degree of hazard, social and environmental impact, feasibility of remedial

183

TCXDVN 318: 2004

measure, etc. The factor that determines the selection of remedial measure is the remaining settlement. In the

case  where  the  remaining  settlement  is  small,  the  remedial  measure  might  be  only  to  reinforce  the superstructure.  Underpinning  of  the  foundation  might  be  necessary  when  the  remaining  settlement  is  high that can produce failure of structure. As there may be alternative remedial measures that satisfy the technical requirements,  it  is  necessary  to  carry  out  comparisons  of  their  technical  and  economical  aspects  so  as  to determine a suitable measure.

After being repaired, the structure should satisfy the following performance criteria:

(a)
Load bearing capacity;

(b)
Functionality;

Requirements for checking the performance indices are presented in item 3.2.4.1.

(2)   Selection of remedial measure

A  recommendation  for  selection  of  remedial  measures  is  presented  in  Table  3.2.2.  The  content  of  some measures are presented in items 3.2.4.3 and 3.2.4.4.

3.2.4.3. Some remedial methods by shallow foundation and reinforcement of structure

(1)   Enhancement of foundation

The principle of this method is increasing the foundation area so as to decrease the  exerted pressure under the foundations. Normally, this method is applied when the bearing capacity of soil is relatively high and there are no soft soil layers within the depth of influence of structure load.

The design of the enhanced foundation depends on the conditions at each project site. It is necessary to pay special attention to the connection of the enhanced elements to the existing parts. Simple connection methods such  as  making  a  corrugated  contact  surface  or  steel  anchors  proved  to  be  effective  in  normal  conditions. Preloading  technique  is  also  recommended  to  assure  a  better  behaviour  of  the  enhanced  part  immediately after construction.

Some examples of enhancement techniques of foundation are shown in Figure 3.2.1. For this purpose, holes are  made  by  boring  through  walls  for  installing  the  reinforcement  and  the  enhanced  part  of  reinforced concrete is executed subsequently. The depth of new foundation depends on the soil conditions and on the requirements of utilization. The depth of new foundation should be as shallow as possible to enable easier execution.

Table 3.2.2. Remedial measures for structures damaged due to settlements of ground and foundation

	No.
	Mechanism of deterioration
	Remedial measures
	Remark

	1
	Failure of soil
	Reinforcement by shallow foundation

(Enhancement   of   foundation,   pits, etc.)
	Good soil bearing strata

	
	
	Deep foundation (piles)
	Soft soil

	2
	Failure
of foundation structure
	Reinforcement
of
foundation structure
	

	3
	Excessive
total settlement
	Deep
foundation
(possibly
in combination with reduction of load)
	In    the    case    where    the    differential settlement    is    small    and    the    total settlement does not affect the utilization of the project, remedial measures might be unnecessary

	4
	Excessive differential settlement
	Deep
foundation
(possibly
in combination   with   reinforcement   of superstructure and reduction of load)
	An  alternative  is  cutting  the  structure into blocks by settlement joints

	5
	Lowering  of  ground water table
	Deep foundation
	Measures    to
reduce
negative
skin friction are recommended

	6
	Settlement    due    to neighboring
	
Deep foundation (possibly in combination with reinforcement
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	construction
	of superstructure)


Isolation by sheet piles
	


Figure  3.2.2  presents  an  example  of  enhancement  of  foundation,  in  which  the  load  from  superstructure  is

transferred to the foundation through steel beams.

Figure 3.2.3 shows the enhancement of the foundation of a wall, in which steel anchors and concrete locks are used to connect the new reinforced concrete foundation to the existing foundation.

(2)   Reinforcement by excavation pits

This method can be applied in dry soils where the wall of excavations remains stable during the construction stage.  The  principle  of  this  method  is  increasing  the  foundation  depth  by  excavating  pits  under  existing foundations down to the depth of  good  bearing  soil  layers..   The  procedure begins  by excavating  a pit on one
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Figure 3.2.1  Enhancement of foundation - Connection by RC beams
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Figure  3.2.2
Enhancement  of  foundation  -  Connection  by  steel beams
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Figure 3.2.3  Enhancement of foundation - Connection by anchors and locks

side of the existing foundation (Figure 3.2.5a). From the side of this pit to excavate a pit situated under foundation reaching a good layer of soil (Figure 3.2.5b). The excavation pit has a dimension of 700 mm to

900 mm and they are filled with concrete. Depending on the load of superstructure, the excavation pits are independent or can form a continuous wall. In the case where the existing foundation is a rigid masonry structure or a continuous reinforced concrete structure, additional ground beams are not necessary. Otherwise, new ground beams should be added to the foundation structure.

(3)   Reinforcement of superstructure

Reinforcement of superstructure can be applied when the monitoring and theoretical analyses show that the remaining settlement is relatively small. This method consists of increasing the rigidity of superstructure by adding steel or reinforced concrete tie beams in suitable positions to prevent negative effect on the structure due  to  possible  differential  settlement.
The  position  of  additional  tie  beams  depends  on  the  form  of settlement of the structure (Fig. 3.2.6 shows both concave and convex settlements):

(a)   In the case where the settlement is concave (the cracks are developed in the lower part of the structure), additional tie beams or ground beams are placed alongside the faces of foundations. Pynford technique can also be applied by placing additional ground beams.

(b)   In  the  case  of  convex  settlement  (the  cracks  are  developed  in  the  upper  part  of  the  structure),  hence additional tie beams are to be placed in the upper part of the structure.

In order to ensure effectiveness of additional beams from an early stage, the pretension of reinforcement would be advantageous.

The cracks on the superstructure should be repaired by removing the damaged portions and refilling them with high strength and expansion concrete or mortar.

3.2.4.4 Remedial methods by using deep foundation

When  remedial  methods  of  shallow  foundation  could  not  satisfy  the  technical  requirements  for  underpinning  and especially when there exist soft soil layers within the influencing depth of structure load, the deep foundation method could be considered. The principle of this method is transferring the load to stiff soil layers, that   are found at great depths. By connecting the piles to existing structure, the remaining settlement is relatively small.

The available piling technology permits the use of deep foundation for underpinning in practically all soil and working conditions, including the case where the height and the width of working space is limited. The most common method nowadays is jacking piles using the weight of structure as reaction.

In the design for underpinning by jacking piles, attention should focus on the following aspects:
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(a)    The distance between pile to walls or to columns is kept to a minimum (depending on the characteristics of

jacking equipment);

(b)   The diameter and length of pile are determined based on the maximum jacking force,  Pmax , that is allowed to

act against the superstructure. This force depends on the weight and the rigidity of structure;

(c)
A factor of safety greater than 2 (or FS > 2) should be applied for anchors;

(d)   The maximum jacking force is used for designing the system of ground beams or other reaction system.

The foundation under columns could be footings, strip foundation or rafts. The underpinning method depends on the existing foundation as follows:

(a)   For existing footings: Piles could be placed outside the footing area if its dimensions are small. Preboring through existing foundations should be needed in the case of large existing footings;

(b) For existing strip foundations: Piles could be placed outside the footing area if its dimensions are small as in the case of small footings.   In case where the width of the strip is considerable, preboring through existing foundation for jacking piles is recommended;

(c)   For existing raft foundation: In this case preboring for jacking piles through the raft is inevitable. The piles should not be placed at the position of beams of the existing foundation system.
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Figure 3.2.5  Reinforcement by excavation pits
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Figure 3.2.6  Forms of settlement

The anchors for jacking piles should be permanently fixed to the foundation system or they could form part of a temporary reaction system consisting mainly by steel beams. The advantages and disadvantages of each type of anchors are as follows:

In the case of anchors being fixed to permanent foundation system:

(a)  Stable and easy to maintain the verticality of piles;

(b)  Difficulty in adjusting the arrangement of piles;

(c)  Time consuming, as the piles can only be jacked at least 15 days after casting concrete for the foundation system;

(d)  High cost is involved as the new foundation system is designed to withstand the jacking load, which is much higher than the working load;

(e)  The anchors are not recoverable for reuse.

In the case of anchors being connected to temporary steel beams:

(a)  Ability  to  adjust  the  arrangement  of  pile  positions  to  suit  site  conditions,  especially  when  additional  piles  are required;

(b)  Possible to begin jacking operation immediately after laying the system of steel beams;

(c)  Beams and anchors are recovered after finishing jacking operation, for reuse;

(d)  Low stability of the system;

(e)  Possible to cause damage to existing structure due to contact stress at the positions where the jacking load is transferred to the structure.

Figure 3.2.6 presents an example of a pile cap system for underpinning of a framed structure. To ensure a rigid connection of the new concrete element to the existing structure, a rough surface of the existing foundation or anchors are preferred. The spacing between anchors are normally 20 cm to 30 cm. Additional ground beams are recommended if none are available in the existing foundation or should they be not rigid enough.
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Figure 3.2.7  Underpinning of foundation of a wall or column: Arrangement of piles, pile cap and ground beam

3.2.4.5. Remedial methods for superstructure

The  remedial  works  for  superstructures,  which  are  damaged  due  to  settlement  of  ground  and  foundation  should commence  after  complete  laying  of  reinforcement  for  the  foundation.  Methods  of  reparation  of  superstructure  are presented in item 3.1.4.

3.2.5 Recording and storing materials

All documents and records from inspection, design and execution activities should be collated and kept as archive.

The records and documentation during the execution of reparation and underpinning should satisfy the requirements of standards TCVN 4055:1985; TCXD 79: 1980; TCVN 4453:1995 and TCVN 4085:1985.

Table 3.2.1  Some Limits of settlement and tilting of structures (Source: TCXD 205:1998)

	Structure
	Differential settlement

S / L
	Tilt
i
	Average settlement  S  or maximum settlement  S max (in parentheses), cm

	1.   Single   storey   workshops   and   multi-storey buildings  with  a  frame  of  Reinforced  concrete structure
	0.002
	-
	(8)

	2.  Buildings  and  constructions  for  which  the differential settlement does not cause additional stress in structure
	0.006
	-
	(15)

	3.   Multi-storey   buildings   with   wall   bearing structures:

- Panels

- Blocks or brick wall without reinforcement

- Blocks or brick wall with reinforcement
	0.0016

0.0020

0.0024
	0.005

0.0005

0.0005
	10

10

15

	4. Silos of reinforced concrete structure:

- Silos and related structures of monolith RC

structure, on raft foundation

-  Silos  and  related  structures  of  precast  RC

structure, on raft foundation

- Single silo of monolith RC structure

- Single silo of precast RC structure
	-

-

-

-
	0.003

0.003

0.004

0.004
	40

30

40

30
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	5. Chimney of height H, m:

- H  100 m

- 100  H  200 m

- 200  H  300 m

- H > 300 m
	-

-

-

-
	0.005

1/(2H)

1/(2H)

1/(2H)
	40

30

20

10

	6. Rigid structures lower than 100 m (structures mentioned in 4 and 5 are not included)
	-
	0.004
	20

	7. Structures for telecommunication, antennas

- Structures connected to ground

- Structures isolated of ground

- Radio transmission tower

- Short radio transmission tower

- Tower (single blocks)
	-

-

0.002

0.0025

0.001
	0.002

0.001

-

-

-
	20

10

-

-

-

	8. Towers for electrical power transmission:

- Intermediate towers

-  Anchoring  towers,  towers  at  corners  of diagonal,  at  a  curve  or  at  output  of  an  open power distribution equipment

- Special intermediate towers
	
	0.003

0.0025

0.002
	-

-

-


Notes for Table 3.2.1:

a.
The limit values of differential settlement for buildings that are mentioned in (3) can be taken as  0.5S / L

b.
In the calculation of the differetial settlement  ûS/L  mentioned in (8), L is the distance between axes of two foundation units on

the direction of horizontal load.

c.
If the soil consists of horizontal layers (inclination lower than 0.1), the limit values of maximum and average settlements are 20%

higher.

d.
In the case that the structures mentioned in (2) and (3) lay on raft foundation, the limit values of average settlement are 1.5 times higher.

e.    On the basis of the evaluation of experience on design, construction and utilization of different types of structures, other values of limit settlement can be drawn. These values might differ from the corresponding values in Table A.1.

Table 3.2.2. Some Limits for differential settlement

	f / L
	Limiting condition

	1 / 3000
	Visible cracks observed in bearing walls

	1 / 1000
	Visible cracks observed in masonry walls in framed structures

	1 / 750
	Limit of tilt that causes an improper balance of high precision instruments

	1 / 600
	Considerable overstressing in inclined sections

	1 / 500
	Limit for preventing severe cracks in framed structures and important structures

	1 / 300
	Damage of structures and wide panel structures. The movement of  cranes operation in considerable height

	1 / 250
	Considerable tilt in multistorey buildings.

	1 / 150
	Damage of  structure of practically all structures


Notes of Table 3.2.2:

(a)   For normal structures, the limit of differential settlement is 1/500
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(b)   It is recommended to avoid visible cracks when the differential settlement is lower than 1/1000.

(c)   Failure of structures is not common when




f  / L




1 / 150

3.3   Repair of structures damaged due to the action

of the conditions of hot humid climate

3.3.1   General

This section guides to the processes of detailed inspection, determination of mechanism and level of deterioration, and the methods of repairing and strengthening of structures damaged due to exposure to hot and humid climate

(subject to air temperature and humidity; solar radiation; wind; rain etc).

The structures exposed to the direct action of hot humid climatic condition in the open-air are as follows:

(a)  Reinforced concrete roofs;

(b)  Outdoor reinforced concrete frames (beams, columns);

(c)  Outdoor  reinforced  concrete  walls  (the  external  walls,  above  roofing  walls,  the  walls  of  water
reservoir, silo’s walls, etc).

The detection of deterioration: The symbols of deterioration of the above structures are following:

(a)  Cracks of concrete;

(b)  Rain water permeability;

(c)  Moss and mould; and

(d)  Carbonation.

The detection of carbonation is described in Section 3.4. In this section the detailed inspection and remedial action will be carried out for other three types of deterioration.

The deterioration reasons.

(1) For cracks of concrete structures: Reinforced concrete structures may have cracks on their surfaces under the action of climatic conditions due to the following reasons:

(a)  Structures exposed to hot and humid conditions undergo excessive expansion and contraction due to lack

of appropriate expansion joints;

(b)  Lack of negative reinforcement;

(c)  Corrosion of reinforcing bars due to carbonation of concrete that causes cracks in concrete covering layer;

(d)  Structures have insufficient stiffness along either vertical or horizontal axes;

(e)  Insufficient calculation of the load from the heat of environment during the design of structures.

(2) For water permeability:  The reinforced concrete roofs or walls may be permeable under the action of climate due to the following reasons:

(a)  Formation of cracks in structures/elements (concrete roofs, gutters, sunscreens);

(b)  Concrete of structures has low water tightness (low grade, low density, defects in construction, etc);

(c)  Breakdown  in  bonding  between  concrete  with  conduits  and  services  going  through  the  section  of structures (pipes, fire lines, electrical cables...);

(d)  Destruction (due to ageing) of watertight membranes on the surfaces of structures (such as cement mortar layer, painting layer, oil paper, rubber sheet);

(3) Moss and mould: The moss and mould may appear on concrete surfaces due to existing both two following factors:

(a)  Accumulation of humidity;

(b)  Gathering of micro-organism.

The moss and mould may not appear in absence of one of the above factors.

3.3.2   Detailed inspection

3.3.2.1 Investigation of crack’s situation

Investigation should be done on the whole exposed surfaces of concrete structures situated under the direct action

of  harsh  climate  conditions.  Investigation  should  be  carried  out  at  critical  locations  of  structures  such  as  the supports having negative moments; one third way of concrete roof span; the expansion joints; and place having
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corroded reinforcement. Investigation may be by visual observation or by way of instruments measuring cracks’

length, width and depth. Where necessary, coring of   concrete specimens from structures may be required to test

its strength.

The  factors  required  for  consideration  during  investigation  of  cracks  on  surfaces  of  concrete  structures  are  as follows:

(a)  Number or density of cracks;

(b)  Length and width of cracks;

(c)  Distance between cracks;

(d)  Location of cracks;

(e)  Peculiarity of cracks’ location (with negative moment or corroded reinforcement) and

(f)  Nature of cracks’ propagation.

3.3.2.2 Investigation of permeability

For  reinforced  concrete  roofs:  The  investigation  of  situation  of  permeability  should  be  done  on  the  ceiling  of concrete roof after each rain. Attention should focus on connection between roof and walls; soffit of load beams which are connected to the concrete roofs; places on the roof surface with servicing conduits prostruding through

the roof; places with likely occurrences of cracks; and the corners of gutters and sunscreens.

For concrete walls, investigation should focus on seams; deformation joints; construction joints; the places having water stop joints/membranes; places having cracks and low concrete density.

The data collected during the permeability investigation should clearly identify the following:

(a)  Permeable sources;

(b)  Number of permeable points;

(c)  Permeable places;

(d)  Permeable area;

(e)  Permeable   situation   (humid   permeability,   droplet   type   of   permeability,   or   continual   flow   type   of permeability);

(f)   Permeability principles; and

(g) The structures are load bearing or non-load bearing.

3.3.2.3 Investigation of moss and mould situation

Outdoor  investigation  should  be  carried  out  on  external  surfaces  of  structures.  Attention  should  be  focus  on locations of frequent moisture accumulation such as, edges, upper corners of sunscreens, and places often having wet source such as: breaking water pipes or overflow in watering of plants.

The data of investigation should address the following:

(a)  The source generating moss and mould;

(b)  Places having moss and mould;

(c)  Number of locations having moss and mould;

(d)  Moss and mould area;

(e)  Level of moss and mould (low or heavy);

(f)   Type of moss and mound; and

(g)  Presence of moss and mould odors.

3.3.3 Identification of deterioration mechanism and selection of the  line of overcoming

3.3.3.1 For the concrete cracks’ situation

Based  on  the  data  of  detailed  inspection  of  cracks  in  concrete  structures,  an  analysis  should  be  carried  out  to determine the mechanism of cracks’ propagation. Some typical propagation mechanism of cracks and direction of remedial actions are as follows:

(1) When concrete structures are spanned too long without any hot-humid deformation joints, cracks often appear along the structures at equal intervals, or in places where concrete deformation is obstructed. Cracks due to
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hot-humid deformation of concrete often propagate along the direction of concrete structure’s cross section

and perpendicular to the direction of deformation.

The  line  of  remedial  actions  for  avoiding  this  type  of  cracks  is  reducing  the  hot-humid  deformation  of structures. This may be achieved by applying the following procedures:

(a)  Placing  hot-humid  deformation  joints  at  spacing  defined  according  to  TCXDVN  313:  2004  and  TCVN

5718-1993 for structures being under the direct action of hot and humid climatic conditions. The maximum spacing between the joints are as defined below:

* For expansion joints:

Lmax   =  6m  to  9m  spacing  for  open-air  structures  without  reinforcement  or  having  only  constructive reinforcement,  that  are   situated  under  the  direct  action  of  hot  and  humid  climatic  conditions  (such  as watertight concrete layer on the roof; road pavements; platforms,..);

Lmax    =   9m   to   18m  spacing   for   structures   having   no   reinforcement   or   having   only   constructive reinforcement that are protected from direct sunlight;

Lmax  =  35m  spacing for reinforced concrete structures that are situated under direct sunlight (such as concrete roof; external walls);

Lmax  =   50m   spacing for reinforced concrete   structures that are protected from direct sunlight (such as concrete roof having heat protective layer; internal walls).

Note: The above provisions for expansion joints may also apply in combination with settlement joints of structures.

* For contraction joints:

lmax =  6m to 9m spacing for any reinforced concrete structures being under the direct action of climatic conditions;

lmax =   half of cupola or dome height for structures with cupola or dome form being under the direct action of climatic conditions.

Note:  For  structures  with  curved  form  of  large  spans,  the  placement  of   hot-humid  deformation  joints should be made by special analysis.

Locations of the above joints are defined according to guidance of TCXDVN 313: 2004.

(b)  Protecting  structures  from  direct  action  of  hot-humid  climate  conditions  by  covering  their  surfaces  or enclosing them by using heat insulation materials. For example: Heat protection of concrete roofs.

(2)  Cracks  developing  along  the  supports  of  multi-span  roofs  often  appear  in  structures  due  to  insufficient negative  reinforcement  at  that  supports. This  type of cracks  often  occurred  on  surfaces  of  structures  and diminishing  in  crack  width  into  the  depth  of  concrete  section.  The  line  for  remedial  actions  is  to  avoid having concrete roofs under the direct action of harsh climatic conditions   (to protect their surfaces from heat of solar radiation in accordance to TCVN 5718:1993).

(3)
Cracks  developing  along  the  roof  width  of  1/4  to  1/3  roof  span  often  appear  in  concrete  due  to  lack  of consideration of hot-humidity deformation of concrete during design stage. The unique characteristic of this type of crack is its propagation along the full depth of the concrete elements, with wider cracks at the soffit compared to the top surface.The recommended preventive measure is to protect the structures from direct exposure to harsh environment climatic conditions.

(4)
For  roofs  with  insufficient  thickness  for  stiffness,  cracks  often  appear  at  location  of  maximum  bending moments and at points of contraflexure (usually at 1/4 to 1/3 roof span). The preventive measures here is to increase the depth of the roof for added stiffness.

(5)    Cracks  going  through  reinforcing  bars  (in  columns,  beams,  slabs,  walls)  often  appear  due  to  the  rust  of exposed reinforcing bars, as a result of concrete carbonation. The reinforcing bars then expand and cause cracks in the concrete cover. The required remedial measure is to remove the rust of reinforcing bars and to strengthen them. Next, re-instate a new concrete cover (see item3.4).

(6)  Concrete beams situated above the roofs under the direct action of climate conditions often have direct cracks of equal spacing, which is perpendicular to the   neutral axis where there are no reinforcing bars. The cracks tend to cut
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across the width of the beams. To overcome this problem is to grout cementing paste to fill the cracks. Then,

enclose  the  concrete  beams  with  heat  insulation  materials  so  as  to  avoid

a/

b/

c/
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Figure 3.3.1
Cracks of reinforced concrete structures situated under the action of hot and humid climate in Vietnam
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a/ Low density concrete;    b/ Crack of concrete roof ;

c/ Crack on the ceiling corner;   d/ Crack in connection of roof and wall;

e/  Breakdown of cohesion between concrete roof with service conduits;

f,g,h/ Destruction of water tight membrane.

Figure 3.3.2   Scheme of permeable typies of concrete roofs

direct exposure to climate conditions. Wherever required, the bearing capacity of the beams should be re- assessed..

(7)   Concrete structures having curved forms often have cracks propagating around the edge at about ½ of the

height. (figure 3.3.1.a). To avoid this situation, place contraction joints around the edge of the curved forms

at ½ of the height (when concreting the new curved forms) according to TCXDVN 302:2003 and protecting the curved forms from direct action of climate conditions after filling up cracks (during repairs).
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(8)   In the corners between roof and walls, cracks often appear around walls at locations in contact with the roof

(under the ceiling) due to cyclic deformation of concrete roof which break the cohesion between the roof and walls (figure 3.3.1.b). The way to overcome this aspect is to provide heat insulation to the roof to limit

its climatic deformation. And then  repair cracks.

(9)   The long gutters and sunscreens often have direct cracks of equal spacing, (figure 3.3.1.c). These cracks tend

to propagate through the whole concrete width and to extend across the concrete flat surfaces. The way to overcome this problem is to provide active contraction joints according to TCXDVN 313: 2004 so that the cracks will appear only in these joints.

(10)  For  the  roofs  of  corridors  which  adjoined  two  building  structures,  cracks  often  appear  at  the  ends  of  roof which are in contact with the walls.

The method to alleviate this problem is to create a soft joint between the roof and walls in the form of expansion joints. Alternatively, provide measures to protect concrete roof from direct action of climatic conditions (to limit the deformation of structures).

(11) In long reinforced concrete walls, the cracks may appear due to insufficient climatic deformation joints. The way to surmount this problem is to set up climate deformation joints at spacing as prescribed in point (1) of this item.

3.3.3.2 For the situation of permeability

In distinguishing the types or causes of permeability include as follows (see figure 3.3.2 for roofs): Occurrence of cracks  in  concrete;  Insufficient  concrete  density  for  water-tightness;  Breakdown  in  cohesion  between  concrete roof with walls or service conduits; and damaged water stop membrance.

Depending on the level of deterioration the above situation may cause humidity or wet permeability. In serious cases, it may result in flow permeability.

The following are ways to overcome the above types of water permeability:

(1) Permeability due to concrete cracks: Depending on the depth and width of the cracks, the solution may be to apply epoxy or cement paste, or to caulk with mastic or cementing mortar (see item 3.5). Nevertheless, the first step should always be to detect the mechanism generating these cracks in concrete.

(2) Permeability due to low density of concrete: The suggested methods include the following:

(a)  Apply and compact in cement paste;

(b)  Partial removing concrete section and reforming;

(c)  Or in the case of large permeability a new watertight concrete layer may be formed over the old layer.

(3) Permeability due to breakdown in cohesion between concrete roofs and walls or conduits going through the roofs:  The  cause  of  this  damage  is  that  concrete  roofs  deform  in  a  cyclic  manner  and  continuously  under climate conditions that result in breakdown in of cohesion between surfaces in  contact. The  mechanism of this  deformation  should  be  removed  (for  example  by  inserting  flexible  connections,  or  by  protecting  the concrete surfaces from  environmental heat).

(4) Permeability due to destruction of water stop membrane on the roof: The cause of this defect may be due to ageing impermeable paint layer, which over time will be torn or peeled off. It is necessary to form a new paint layer  to  replace  the  worn  off  layer.  In  accordance  to  TCVN  5718-1993,  under  Vietnamese  climatic conditions, the use of impermeable papers to paste on concrete surfaces shall be disallowed. Other effective measures shall be used to prevent water penetration.

3.3.3.3 For the situation of moss and mould

It is necessary to determine  the mechanism of moss and mould growth: This may be due to accumulation of dust and humidity or in the presence of micro-organism (such as  location of food production). The obvious measure to prevent the growth of moss and mould is through the elimination of one of the two contributing factors: Which are the sources of humidity or micro-organism.

3.3.4 Determination of deterioration level and selection of remedial measures

Deterioration level of structure should be determined by examination of its performances.

3.3.4.1  Deterioration due to cracks of structures
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(1)  Examination of performances

(a) Examination of serviceability: The following performance indices should be examined:

Deflection: The measured deflection may be considered not to influence the serviceability requirement of the structures if the following condition is satisfied:

ftt
fyc
(1)

where:

ftt  - factual deflection at the time of inspection;

fyc  - required deflection of structures determined by TCVN 5574:1991.

The  crack’s  width:  The  crack’s  width,  ,  should  not  be  more  than  the  values  as  prescribed  in  TCVN

5574:1991, depending on the importance of structures and the type of reinforcement used.

Cracks’ density: The density of cracks (appearance of cracks per given area on inspected surface) is not

so dense (generally crack appearance of not more than 50% of given area inspected) so as not to instill fear or impending structural failure to the users.

(b)   Examination of safety: The ultimate limit states shall be examined to ensure the safety of structures even when there are some cracks, the width, depth or length of which are greater than the upper limits.

Performance indices to be examined shall include: axial force, bending moment, shear force and torsion that have an impact of structural behavior. The formulation and procedures for calculation is described in TCVN 5574:1991.

In  both  of  the  above  cases,  if  the  above  examined  performance  indices  do  not  meet  the  proposed requirements, it is necessary to set up remedial measures for repair or strengthening of the structures.

Beside examination of the above performances, in the case that the structure has cracks, it is necessary to examine  long-term  performance  of  structure.  The  index  that  should  be  considered  is  cracks’  situation. Concretely:

+ For non prestressed concrete structures: The durability of structures is considered satisfactory if the crack  width  is  not  greater  than  0.2mm  which  is  the  minimum  width  that  would  cause  corrosion  of reinforcing bars in direct hot and humid climate.

+ For prestressed concrete structures: The requirement is absence of cracks in the structures.

(2)  The  remedial  measures  to  overcome  deterioration:  The  remedial  measures  to
eliminate  deterioration  of cracked structures should be defined according to the guide in item 3.3.3.

3.3.4.2 Deterioration due to permeability

(1)   Examination of performance

The performance that should be examined is serviceability:

The  permeability  of  structures  may  be  divided  into  two  levels,  which  are  humid  permeability  and  wet

(droplets or water flow) permeability.

The following performance indices should be examined:

Absence of humid permeability for important structures and structures with aesthetic requirement;

Absence of moisture  droplets or water flow permeability for other structures;

The volume of water loss from reservoirs in measured volume per day due to permeability should not be more than the value, described in the current technical standards.

In  the  case  that  the  above  examined  performance  indices  do  not  meet  the  proposed  requirements,  it  is necessary to have appropriate measures to eliminate water permeability.

Beside examination of the above performances, in the case that the structure has signs of permeability, it is necessary to examine long-term performance of structure. Concretely:

+ For reinforced concrete structure: The level of permeability should make
maximum corrosion of reinforcing bars  to 5% of their cross sectional area during their service life.
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+ For concrete structure: The requirement is absence of droplets of water flow permeability.

(2)  Remedial measures to minimize water permeability

(a)  In any case, the measures of protection to structures from permeability should be carried out in the side of the water source.

(b)  For the case of humid permeability, the application of watertight cement motar, layer of paint or water- stop membrance may be considered to isolate structures from the water sources.

(c)  For  the  case  of  flow  permeability,  it  may  be  necessary  to  pressure  grout  cement  paste  into  concrete structures  to  stop  the  flow  and  contain  the  permeable  situation  to  only  humid  permeability.  In  critical cases, expansion and rapid hardening cement paste should be used to stop the water flow before steps are carried out to provide further permeability protection.

(d)  For concrete roofs: If permeable points have developed in the whole ceiling, it is necessary to make a new water-tight concrete layer above the roof.

3.3.4.3  Deterioration due to growth of moss and mould

(1)  Examination of performance

The growth of moss and mould would cause an aesthetic deterioration of structures. It is necessary to evaluate their adverse effect on decorative layers of structures, such as cement mortar, cement mix with crushed stone, and paint layer.

The  performance  index  for  examination  of  this  deterioration  aspect  is  the  avoidance  of    moss  and  mould growth.

(2) Remedial measures to avoid moss and mould growth

Almost all moss and mould growth would cause the loss of decorative colour of structures after their removal and  cleaning  off  the  affect  surfaces.  Hence  the  need  to  decoratively  re-paint  the  affected  surfaces  of  the structures after measures were taken to keep the surfaces free from  humidity and dust.

The necessary and favorable conditions for growth of moss and mould are:

(a)  Presence of wet or humid surface;

(b)  Presence of micro-organism causing growth of moss and mould.

The measure required to avoid moss and mould growth is to identify and minimize the sources cause wet surfaces of structures, such as broken water pipes, and dust accumulation along the edges of outdoor wall surfaces.

In the case damaged protective surface layers of structures, it is necessary to control their pH value (in accordance to ASTM D 1293-95) and strength capacity (in accordance to TCVN 3118:1993). If the pH value is less than 8.5, the concrete or mortar surface layers should be replaced by more reliable protective covers.

3.3.5  Specific measures of repair

3.3.5.1 Remedy of cracked structures

The main cause of cracks in concrete structures is the climatic deformation in structures that causes tensile strain

to exceed the ultimate tensile strain of concrete. Hence, the first remedial work is to take measures to minimize climatic deformation of concrete, and then to repair cracks.

For structures with cracked components requiring climatic deformation joints at specific location where cuts are allowed, it is necessary to place these joints before repairing the cracks.

For  cracked  structural  components  where  cuts  are  not  allowed  for  placing  climatic    deformation  joints,  it  is recommended to provide protective measures to shield the structures from direct action of climate conditions (by using insulation cover or heat protection) after repairing the cracks.

The methods of crack repair are described in item 3.3.5.

3.3.5.2 Remedy of water permeable structures

(1) Principles that should be adhered to in applying remedial measures for water permeable structures:
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(a)  To  strengthen  structures  sufficiently  to  ensure  their  working  ability  prior  to  carrying  out  repairs  to

permeability problem;

(b)  To provide remedial measures for permeability protection from the side of water source;

(c)  Placement   of   climatic   deformation   joints   should   be   considered   before   carrying   out   permeability protection;

(d)  For  structures  where  cuts  are  not  allowed  for  placing  climatic  deformation  joints,  impermeable  paint layers should be used and measures for protecting structures from direct climatic action should be applied

(in accordance to TCVN 5718:1993);

(e)  Impermeable paint layers should be shielded or protected from direct action of solar radiation.

(2)  Typical remedial procedures to avoid water permeability in concrete roofs

The recommended procedures are as follows:

(a)  To eliminate or strip off all added layers or covers over the concrete roof until the   concrete surface is exposed;

(b)  To remove  all repaired parts of concrete having low density, cracks or defects;

(c)  To clean all surfaces of concrete roof;

(d)  To rectify cracks and restore the removed parts of concrete;

(e)  To apply 2-3 impermeable paint layers (according to instructions of the paint suppliers).

(f)   To provide heat protection cover for the roofs (in accordance to TCVN 5718:1993);

(g)  To lay 1 or 2 layers of ceramic tiles.

Note: In the case where concrete roofs had reduced bearing capacity due to deterioration, it is necessary to provide strengthening to regain original capacity  before carrying out the above steps.

(3)   Technical requirements of heat protection for concrete roofs

(a) The aim of heat protection is:

-
To ensure a cooler indoor environment for building structures, as compared to outdoor;

[image: image23.png]



Ceramic tiles pressed by cement sand mortar of grade50#. Expansion joints  with spacing 3m.

Cement  sand  lime  mortar  of  grade  50#,  2cm  thickness  with  expansion  joints

 as that of ceramic tiles 
 Heat insulation materials with thickness defined by TCVN 5718: 1993.

Water impermeable paint

Clean concrete roof after repairing cracks and defects.
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Figure 3.3.4- Scheme of reinforced concrete roof repaired with water permeability and heat isolation

Figure 3.3.5.  Scheme of heat releasing from sloping roofs

-
To protect concrete roofs and impermeable paint layers from direct action of climatic conditions (in order to minimize concrete deformation and to avoid the ageing process of paint layers).

(b)   Materials used for heat protection:

Local materials which are available in the market could be used for heat protection for the roofs (such as: power  station  slag,  granular  slag,  soft  ceramic  tiles;  keramzit  gravel,  polystyrene  concrete,  polystyrene sheets).

The requirements of the height h of heat protection materials are described in TCVN 5718-1993.

(c)  In the case of providing a sloping roof cover as protection for concrete roofs  from heat of environment, it

is necessary to ensure two following requirements (as shown in figure 3.3.5):

-
The height h from the top of the sloping roof to concrete flat roof should not be less than 1.5m;

-
Presence of an natural mechanism of heat removal from the sloping roof.

(4) The details of a roof surface which is protected by heat insulation materials is shown in figure 3.3.4.

3.3.6   Recording and storing materials

The following data collected during detailed inspection process and repair of structures should be properly filed for long terms records and to be given to the owner for safekeeping:

Re-calculation and design analysis records; Commentary of remedial solutions; Recommended remedial actions; Construction drawings.

Minutes of quality control and

Construction diary.
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3.4 Repair of structures damaged due to carbonation

3.4.1 General

This section provides technical guidelines for repair of structures damaged due to carbonation of concrete surface. The  content  of  this  section  includes:  detailed  inspection  of  structures,  determination  of  deterioration  level, prediction  of  the  remaining  service  life,  and  selection  of  methods  of  repair  and  strengthening  that  are  usually applied in practice.

The mentioned structures in this section are reinforced concrete structures exposed to the atmosphere, in which

the  main  aggressive  agent  is  carbon  dioxide  (or  CO2).  For  structures  built  on  locations  subject  to  marine  and industrial atmospheric environment, in which the main aggressive agent may not be CO2, the remedial action is done according to guidelines specified in sections 3.5 and 3.6.

3.4.2 Detailed inspection

3.4.2.1 Visual observation and preliminary classification of deterioration levels

Preliminary inspection is carried out by observing the whole structure or the structural elements and taking notes

in drawings or marking in combination with photographing, and recording the following damage signs (including type, location and scale of damages):

(10)
Signs  of  reinforcement  corrosion,  expressed  by  yellow  rusty  traces  exposed  to  the  external  surface  of concrete;  cracks  in  concrete  cover  along  reinforcement  or  by  entirely  flaking  off  of  concrete  cover, exposing the rusted reinforcing bars;

(11)
Other structural damage signs include the following:

(a)  Structural cracks of concrete (not due to rusting of reinforcing bars);

(b)  Structural deformations such as: deflection and tilting;

(c)  Collapse, and rupture of structures.

Based on the results of preliminary inspection, parts or members of structures may be classified into the following typical damage levels:


Level I: Structure (part or member) with no damage signs exposed on external surface (invisible);


Level II: Structure (part or member) with light damage signs, on concrete surface, such as:

o
Reinforcement is lightly rusted, with rusting traces exposed to external surface of concrete or small cracks  with  maximum  width  0,1mm,  appeared  in  concrete  cover  among  the  reinforcement.  The concrete cover will not be flaked away by touching slightly with a hammer.

o
Other structural cracks width, which is less than 0.5 mm.

i.  Level III: Structure (part or member) with serious damage signs, on concrete surface, such as:

(b)
Reinforcing bar is seriously rusted; concrete cover has wide cracks or entirely flaked off in a large area.

(c)
There are obvious signs, indicating that the load bearing capacity of the structure is reduced, such as, presence of serious structural cracks, and major structural deformation.

i.  Level IV: Structure having entirely lost its load bearing capacity.

Single super structures such as bridges, culverts, silos, water tanks, revetment wall, towers, vaults, and arches may

be divided into different levels and sublevels of damage. For structural frame having various structural members, such as columns, beams, and slabs, every member may be classified according to the above levels of damage.

The scope and the contents of detailed inspection should be selected based on damage level and the importance of structure (see Table 3.4.1).

3.4.2.2 Test of physical mechanical properties of concrete
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(11) Physical mechanical properties of concrete should be tested for representative parts or members of structures

according  to the  damage  level,  so  as  to  focus  mainly  on critical  points of  parts  or  members.  Preferably,  at least three parts or members of structures should be selected for testing.

(12) In any case the testing parameter of concrete members is usually their compressive strength. The other tests undertaken may be for water absorption, elastic modulus, or coefficient of variation of concrete.

(13) The testing procedures may be carried out as follows:

(a)
Select one or two groups of concrete cores at each testing area according to TCVN 3105: 1993. Every group consists of three test specimens. In cases where coring may not be carried out, it is suggested to test the compressive strength and coefficient of variation of concrete by non-destructive methods using ultrasonic tools, and rebound hammer, in accordance to TCXDVN 239: 2000, and TCXD 225: 1998.

(b)
Make observation and photograph the state of the surface of concrete coring specimens. Measure the depth  of  the  layer  of  carbonation  according  to  item  3.4.2.4.  Then,  determine  the  water  absorption, compressive  strength  and  elastic   modulus  of  concrete  according  to  TCVN  3113:  1993,  TCVN

3118:1993, TCVN 5726: 1993 or BS 1881 Part 120:83.

If  it  is  required  to  determine  the  cement  content  in  hardened  concrete,  after  testing  for  compressive strengths,  the  cores  should  be  stored  for  determination  of  cement  content  in  concrete  (according  to ASTM 1084:1997).

3.4.2.3 Investigation of reinforcement corrosion state

(11)    For the parts or members of structure that exhibit no signs of damage (of Level I category) or with slight damage (of Level II category), select at least 15% of testing areas or members representing each damage level to quantify the rusted state of reinforcement. Next, undertake non-destructive tests (NDT), according

to  TCXDVN  294:2003  or  ASTM  C  876:1999,  in  combination  with  coring  a  window  opening  to  expose reinforcing bar in some places for control purpose.   It is necessary to assess carefully the rusting state of reinforcing bars at cracks (if found).

(12)    For the seriously damaged parts or members (of Level III category), it is necessary to inspect the rusting reinforcement  at  all  parts  or  members.  This  may  be  done  by  making  a  window  in  the  concrete  cover  to expose  the  reinforcement,  and  to  measure  the  thickness  of  rusting  layer  and  the  remaining  diameter  of reinforcing bars by a mechanical palmer.

(13)    For important structures of maintenance category A (item 1.2.3), it is required to inspect the rusting state of reinforcement for the whole structure.

(14) At the part or member of structure, where the corrosion of reinforcement is to be checked, the thickness of concrete cover should be measured. The measurement is made by electromagnetic cover meter according to TCXDVN 240:2000 or BS 1881 - Part 204: 88 or by making a window to measure the cover directly. It is recommended to select the location for testing the corrosion state of reinforcement at the same location for testing physical mechanical properties of concrete and the carbonation depth of concrete cover.

3.4.2.4 Determination of carbonation depth

(1)   The location to select specimens for testing of carbonation depth should be at the same location as that used for testing the physical-mechanical properties of concrete and corrosion state of reinforcement.

(2)   On the sides of all cores taken according to items 3.4.2.2, drip the phenolphthalein solution from the surface

to  the  inside  of  concrete.  The  carbonation  depth  will  be  the  distance  from  the  surface  of  concrete  to  the position where the colour of concrete changes to rosy.

(3)   In the case where the core samples may not be taken, the sample will be taken in the form of powder by the dry-drilling method as follows:

Use a drill bar of diameter of 12-16mm to drill a series of holes in an area of minimum 400 cm2. The depth

of drill (from the surface of structure) may be 0-10mm, 10-20mm up to 60-80mm or deeper. The quantity of

powder required for each layer should be at least 200g. Powder samples, after being taken, shall be stored in

a closed nylon bag to avoid carbonation process.
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Then, the pH of concrete is determined in the laboratory according to ASTM D 5015:95. The part or concrete

having pH  9.5 will be considered to be entirely carbonized.

(4)   In the case of suspected chlorides (Cl-) attacks causing corrosion of reinforcement, it is required to determine

the Cl-  content in concrete according to ASTM C 1152:94.

(5)   In the case of suspected pH reduction causing corrosion of concrete in the form of leaching out of concrete composition,  it  is  required  to  analyze  chemical  compositions  of  concrete  according  to  the  instruction described in item 3.6.

3.4.2.5 Collection of the data for assessing load bearing capacity of  structure

(11) At the location of the structure or structural members that are important in terms of load bearing requirement and at the locations where the structure is seriously damaged (of Level III) it is necessary to assess actual load bearing capacity and the normal serviceability of the structure. The data required to be collected for this work are as follows:

(a)
Geometrical dimensions of structure and cross-sections;

(b)
Location of reinforcement;

(c)
Rust level of reinforcement, and the remaining diameter of reinforcing bars;

(d)
Concrete strength and the coefficient of variation of concrete;

(e)
Loads and action affecting the structure;

(f)
Crack formation and deformation of structure.

In some cases, if the above-mentioned data may not be determined accurately, it may be required to load the structure to determine its load bearing capacity. See section 3.1 of this Code for more details.

(12) Geometrical dimensions and cross-sections of the structure will be determined  by direct measurement. The location  of  reinforcement  will  be  based  on  the  as-built  drawings.  In  case  of  missing  as-built  drawings,  the location  of  reinforcement  may  be  determined  by  electromagnetic  instrumentation  according  to  TCXDVN

240:2000  or  BS  1881:  Part  204:88.  Concrete  strength  and  the  coefficient  variation  of  concrete  (if  not

previously  examined  according  to  the  item  3.4.2.2)  may  be  determined  by  non-destructive  test  methods according  to  TCXDVN  239:2000,  TCXD  225:1998.  The  rust  level  of  reinforcement  and  the  remaining diameter of reinforcing bars may be determined by direct measurement with a mechanical palmer.

Loads and actions on the structure should be directly determined at the site and calculated according to TCVN

2737:1995.

Cracks  and  deformation  of  the  structure  under  the  action  of  loads  should  be  inspected  according  to  the guidelines in items 3.1 and 3.3.

(13) In case of other suspected reasons (other than carbonation) having caused deterioration of the reinforcement, such as ground and foundation settlement, cyclic action of hot-humid climate, over loading, and accidental action, it is required to carry out additional inspections to collect data related to the appropriate damage levels

as described in Sections 3.1, 3.2 and 3.3.

(14) If the structure has entirely lost its load bearing capacity (under damage level IV, as per item 3.4.2.1) there is

no necessity  to carry  detailed inspection. However, in case of a need to identify  the cause of damage, it is required to determine the above-mentioned data for re-evaluating the load bearing capacity and the normal serviceability of the structure.

3.4.2.6 Checking of relevant stored documents and determination of environmental aggressiveness

The following stored documents should be checked during detailed inspection:

(15)Design drawings and commentary;

(16)As-built drawings/documents;

(17)Construction diary;

(18)Minutes of quality control during construction;

(19)Records of initial inspection, routine inspection and regular inspection (see Section 2).
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Moreover, the following data should be established (collected):

(7)   The importance and maintenance category of structure, design service life, used time, previously repair works

(if have any) on the structure;

(8)   The materials used for concrete such as cement, aggregate, mixing water, admixture; concrete grade; cement content of concrete, etc

(9) Aggressive environmental conditions for structures such as the humidity and wetness of the structure, the CO2

discharge sources, the presence of Cl-  (if any).

3.4.3 Identification of mechanism and determination of the rate of deterioration

3.4.3.1 Identification of deterioration mechanism

(10) The  structure  is  considered  to  be  deteriorated  mainly  due  to  rusting  of  reinforcement  under  the  action  of carbonation process, in the presence of the following evidence:

(a)
Rusting  signs  (as  described  in  item  3.4.2.1)  are  found,  but  the  corrosion  potential  Ecorr   determined according to the item of 3.4.2.3 have a value which is   -350mV;

(b)
The concrete enclosing the reinforcement has a pH value which is less than 10.5;

(c)
No other cause (besides rust) are observed to have resulted in the structure to deteriorate.

(11)
If there are evidences found, proving that other causes had resulted in deterioration of structure, such as high chloride content, concrete corrosion, foundation and ground settlement, crack of structure due to cyclic action of hot-humid climate and others, it is necessary to refer to instructions described in item 3.2, 3.3, 3.5 and 3.6 for identification of the deterioration mechanism.

3.4.3.2 Determination of the rate of deterioration

(1) General  principle:  The  corrosion  process  of  reinforcement  due  to  concrete  carbonation  is  classified  into  two periods described in Table 3.4.2.  In the period of accumulated conditions for rusting, the factor determining the deterioration rate is the development of the carbonation depth in the concrete. The limiting value for this period is when the carbonation depth  has reached the location near  the  surface  of  reinforcing bar  (about  0-10mm from reinforcement). In the period of development of reinforcement rust, the factor determining the deterioration rate is

the rusting rate of reinforcement versus the time. The limiting value for this period is the minimum cross-section

of reinforcement taken into account for analyzing the structure at the ultimate limit state according to TCVN 5574:

1991, based on specific performance indices, such as moment, axial force, or shear force.

Table 3.4.2 Description of corrosion periods of reinforcement due to concrete carbonation process

	No
	Period of corrosion
	Nature of the phenomenon
	Factor deciding deterioration rate
	The limited value

	1
	Period of accumulated conditions for rusting
	Concrete is being subjected to carbonation, and its pH value is reduced.
	Concrete carbonation rate
	Carbonation depth has reached the surface of reinforcing bar

	2
	Period of rusting development
	The rusting reinforcing bar has caused corrosion cracks and spalling of concrete cover, until the loss of load bearing capacity of structure.
	The rate of reinforcement rust
	Minimum cross-section of reinforcing bar that ensures load-bearing capacity


(2) Determination  of  deterioration  rate  in  the  period  of  accumulated  condition  for  rusting:  In  this  period,  the deterioration  rate  is  expressed  by  the  development  of  carbonation  depth  for  the  time,  determined  by  the

following formula:
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where:


x
k   t in


(3.4.1)


x:  The depth of  concrete carbonation,  in mm;

k:  Coefficient which described the carbonation rate;

tin: The time for which concrete is subjected to aggressive action of CO2, in year.

From  the  above  expression,  it  is  able  to  predict  the  time  when  the  depth  of  concrete  carbonation  reaches  the location near reinforcing bar by the following formula:

2

C
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t
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(3.4.2)

tin  max:  The  time  for  which  the  structure  exists  in  the  atmospheric  environment  until  the  start  of  rust  of

reinforcement, in year.

C: The thickness of concrete cover, in mm;

k: The coefficient which described the carbonation rate, calculated from the expression (3.4.1) by using actual inspected value of  x and t according to item 3.4.2.4.

(3)  Determination  of  deterioration  rate  in  the  period  of  accumulated  conditions  for  rusting:  In  this  period  ,  the deterioration rate of structure is expressed by the rusting rate of reinforcing bar versus the time. This factor is expressed by the rate of reduction of cross-section of reinforcing bar per year (F) or by the rate of reduction

of reinforcing bar’s radius per year (r) according to the following formulae:

(1     Ft   ).100

where:


F
 
F0 


tcorr

r
 r0 
rt 

t corr


(3.4.3)

(3.4.4)

F: the rate of reduction of the cross-section of reinforcing bar per year, %/year;

F0: Original cross-section of reinforcing bar; cm2

Ft: Cross-section of reinforcing bar at the moment of inspection; cm2

r: the rate of reduction of reinforcing bars’ radius per year, m/year;

r0: Original radius of reinforcing bar, m;

rt: Radius of reinforcing bar at the moment of inspection (rusted); m;

tcorr: The time, for which reinforcing bar is being rusted, calculated from the moment of start in the rust process to the moment of inspection, year.

From the above expressions, to predict the maximum time tcorr max  for which the cross - section of reinforcement will be reduced to the limiting level, the following procedure is recommended:

(a)  Check the parts or members of structure, in which the concrete cover is cracked and has flaked off. Measure the original and the present (or existing) diameter of reinforcing bar, then calculate values of F0, Ft  and r0, rt;
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(b)   By  the  expression  of  (3.4.2),  calculate  the  period  tin,  followed  by  subtracting  tin  from  the  value  of

actual existing time of the structure, so as to determine the period, tcorr;

(c)  On substituting the values of F0, Ft  or ro, rt, tcorr  into the expressions of (3.4.3) and (3.4.4), calculate the rate of the rusting of reinforcing bar versus the time, expressed by F or r;

(d) From  thereon,  determine  the  minimum  cross-section  of  reinforcement  Fmin   or  rmin   that  could  be acceptable for the load bearing capacity, according to TCVN 5574: 1991. Then, putting these values into  the  expressions  (3.4.3)  or  (3.4.4),  and  with  a  given  rusting  rate  of  reinforcement,  calculate  the predicted time  tcorr max  for which reinforcement will be rusted to the limiting level;

3.4.4 Determination of deterioration level and selection of remedial measures

3.4.4.1 General requirement

The determination of deterioration level shall be carried out by examining the performance indices on the actual load  bearing  capacity  (safety),  serviceability  and
durability  of  the  structure  (Ptt)  to  compare  with  their corresponding required values (Pyc). It is possible to examine either some parts or members of the structure, or the whole  structure  itself.  The  examination  of  performance  of  the  structure  shall  be  carried  out  before  and  after repairing the structure.

3.4.4.2  The limiting value of performances

The  performances  that  should  be  examined  are  Load  bearing  capacity  (safety)  and  Normal  serviceability  of structure.

(5)  The limiting value for load bearing capacity of structure: The minimum value of moment, axial force, shear force  shall  be  the  limiting  values,  calculated  according  to  TCVN  5574:  1991  considering  the  actual  loads applied on the structure.

(2) The limiting value for normal  serviceability of structure:

(d)
The maximum deflection and tilt shall not be more than that shown in TCVN 5574: 1991;

(e)
The maximum crack width shall be the limiting value shown in TCVN 5574-1991, depending on the type of structure and the characteristics of environment surrounding structure;

(f)
Concrete cover shall not be so damaged that it will be easily flaked off by a slight touch with a hammer. Beside the above performance, in the case that the carbonation of concrete surface becomes serious, it is necessary

to examine Long-term performance of structure. The concrete requirements are as follows:

(g)
For  structures  (of  maintenance  category  A)  whose  limit  of  durability  is  determined  at  the  moment  when reinforcing bars start to rust:  The pH value in the concrete layer near to the reinforcing bar shall be more than 10.5

or the carbonation depth is at least 10 mm away from the surface of reinforcing bar;

(h)
For  structures  (of  maintenance  categories  B,  C,  and  D):  The  loss  of  cross-section  of  reinforcing  bar expressed by F or r shall be less than the value Fmax  or rmax  , as determined in accordance to TCVN

5574: 1991.

3.4.4.3 Classification of structures according to deterioration levels

The actual performance indices should be examined for all structures or structural members, and compared with the limiting levels determined in item 3.4.4.2 and then the structures may be classified into different deterioration levels as follows:

(10)Load bearing capacity

(a)
The structure or structural member is considered to have lost its load bearing capacity if any one of the following occurs:


The structure has broken down, collapsed or damaged (partially or severely);
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
The structure’s reinforcing bars have seriously rusted (as in Level III category), with the rust level of

reinforcing bar exceeding the limiting values of Fmax  or rmax  , determined in accordance to TCVN

5574: 1991;




The  calculated  load  bearing  capacity  at  critical  locations  of  the  structure  (in  accordance  to  item

3.4.2.5) is less than the determined limiting values (in accordance to item 3.4.4.2) indicating that the structure did not meet the strength requirement of applied moment, axial force, and shear force.

(11)Serviceability

(a)
The  structure  will  be  considered  not  to  have  satisfied  the  requirement  of  normal  serviceability  if  the following occurs:

1.    The measured deflection and the crack width (for all types of crack) are greater than their limiting values (calculated according to the item 3.4.4.2);

2.    Concrete has been entirely flaked off or will be flaked off by slight touch with a hammer.

(12)Durability

(a)
Upon  the  lapse  of  first  half  of  design  service  life,  structures  of  maintenance  category  A,  may  be considered not to satisfy the durability requirement if either of the following occurs:


The reinforcement has rusted with the pH value of concrete at the locations of reinforcement, less than 10.5; or


The  carbonation  depth  has  reached  near  to  the  reinforcement  (the  distance  from  surface  of reinforcing bar is less than 10mm);

(b)
Structures of maintenance categories of B, C, D or structures of category A (in the second half of design service life) may be considered not to satisfy the durability requirement if reinforcing bar is so rusted that the loss of its cross-section is more than the calculated value of either Fmax  or rmax.

3.4.4.4 Selection of remedial measures

The choice of remedial measures is based on the deterioration level (determined according to item 3.4.4.3); the deterioration rate (determined according to item 3.4.3.2); the importance of the structure, and the financial ability

of  the  Owner  to  implement  the  remedial  measures  for  various  damage  types  as  shown  in  Table  3.4.3.  The

remedial measures may be categorized in accordance to the damage level as follow:

(9)  Level  I:  To  repair  the  structure  of  maintenance  category  A  as  a  preventive  measure  if  its  durability  has reached the limiting value.

(10)Level II: To repair and to protect as a preventive measure to the structure of maintenance categories A and B when the financial source is available and its remaining service life is still relatively long. For other cases, it is required only to monitor the performance of the structure continuously.

(11) Level III: To repair and to strengthen structures for all maintenance categories. However, if the remaining service life of the structure is not so long, it may be required only to monitor the performance of the structure continuously,

to limit their use as well as to shore them temporarily if  necessary.

(12)Level IV: To dismantle structure in all cases.

3.4.5 Repair and strengthening of structure

3.4.5.1 Selection of repair/strengthening method

The repair or strengthening method should be selected on the basis of deterioration levels of structure as follow:

(4)
For structures of damage levels I and II:

Apply  preventive  measures  to  protect  the  reinforcing  bar  from  corrosion  such  as,  repairing  and  caulking cracks.  Also, apply surface protection or protection to reinforcing bar by cathodic method.
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(5)
For structures of damage level III, but with no loss in load bearing capacity:

Apply  repair  measures  to  restore  the  cross-section  of  reinforcing  bar  and  structure.  Also,  apply  surface protection or protection to reinforcing bar by cathodic method.
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(6)
For structures of damage level III with a loss in load bearing capacity:

Beside applying preventive and repair measures as shown above , it is necessary to strengthen structures.

(7)
Beside  the  carbonation  of  concrete,  which  may  cause  the  reinforcement  to  rust,  the  structure  may  have deteriorated  at  the  same  time  due  to  other  causes,  such  as:  settlement  of  foundation,  overloading  action, action  of  climate,  and  aggressive  action  of  chloride  ions.    In  these  cases,  reference  should  be  made  to guidance outlined in sections 3.1, 3.2, 3.3, 3.5 and 3.6 to select the appropriate repair measures.

3.4.5.2 Preventive protection

(1)
Repair of cracks:

Caulking of cracks, as shown below, is to prevent the reinforcement from corroding due to attack by carbon dioxide, oxygen and water (which can penetrate through cracks). The method of repair of cracks should be selected, depending on factors causing the cracks, crack’s width and the changing condition of cracks.

(d)
Method of grouting low-viscous epoxy resin:

This method is used for repairing cracks occurring under the action of loads.   The cracks formed are small in width (an  is from 0.05 to 0.5 mm), and they stable and deep.

The basic principle is as follows: To make V-shaped slits along grouting tubes, and then to grout resin for filling cracks.

(e)
Method of filling up cracks by caulking with elastic sealant:

This method is applied to cracks caused by cyclic action of the hot-humid climate. The width of these cracks is often changed by the cycle of climate. The principle of this repair method is as follows: To open  V-shaped  slits  along  cracks.  Then  to  fill  up  them  by  caulking  with  elastic  resin.  The  caulking materials used may be polyurethane, polysulfide, silicon, or acrylic resin...

(f)
Method of filling up cracks by cement mortar:

This method is often used to stabilize surface cracks of concrete.  The repair technique depends on two types

of cracks, i.e. cracks caused by rusting of reinforcement and cracks caused by other factors (for example concrete plastic deformation during hardening process). The procedure of repair is as follows:

a.
Cracks caused by rusting of reinforcement:

The principle method of repair is shown in Figure 3.4.3. The filling materials are polymer-cement mortar or non-shrink cement mortar.

b.    Cracks caused by concrete plastic deformation:

The principle of method of repair is as follows: To open cracks deeper than steel by a chisel. Then to fill up with polymer cement mortar. The filling materials are polymer-cement mortar or non-shrink cement  mortar.  The  placement  of  expansion  and  contraction  joints  shall  be  done  according  to TCXDVN 313-2004.

The details of technology and materials for repairing of concrete cracks may be referred to ACI 201.2R-2002, ACI

224.1R-2002 and other technical guidelines.

(6)
Surface protection:   The protection of the external surface of structure is provided by creating isolation layers, which restricts or prevents the penetration of carbon dioxide, oxygen, water and other aggressive substances into the concrete, so as to retard the concrete carbonation process and inhibit the rusting rate of reinforcement.

The  protection  method  and  materials  to  be  used  shall  be  selected  depending  on  the  type  of  structure  (civil, industrial or others), the environmental surrounding of the structure and the requirement of decoration of the external surface of structure.

In case of some cracks already present on the structure’s surface, these cracks should be repaired first, before proceeding on to provide surface protection.  The following are various surface protection measures, which can

be implemented:

(a)    Covering the surface by paints:

This measure is suitable for civil structures, and buildings requiring external decorative surface. The paints are usually produced using basic materials of epoxy, polyurethane, silicon, and acrylic resin, which are diluted by
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water or other solvents. Waterproofing cement-polymer paint may also be used. Specifications of materials

and their application procedures are to be carried out according to instructions of the manufacturer.

(b)   Using waterproofing cement mortar:

This method is applicable to building structures of small scale. The material is cement- polymer mortar of grade  at  least  20  MPa.  The  thickness  of  the  mortar  layer  shall  be  10-20  mm.  For  more  details  of  the specifications of polymer-cement mortar, reference should be made to specific guidelines.

(c)    Shotcrete:

This method is suitable to civil and industrial structures with large surface area. The thickness of shotcrete layer shall be 30mm to 40mm. Wire mesh may be used as a reinforcement. The minimum grade of shocrete concrete shall be 30MPa. For more details on the application of shotcrete, reference should be made to the guide “Shotcrete – Technical specifications for application and acceptance” issued in attachment together with the Decision  of the Minister of Construction Q§ 20/1999/Q§-BXD.

(7)
Cathodic protection

For  important  structures  with  a  long  remaining  service  life,  but  the  concrete  cover  is  unable  to  protect  the reinforcement from corrosion, for example, if the concrete cover is thin, then the concrete will be carbonized over a large area.  Hence, a direct protection measure for the reinforcement by cathodic method may be applied. The applicable procedures are shown in specific guidelines.

3.4.5.3 Repair of structure

The following steps should be carried out as the procedure in repairing and restoring the cross-section of the structure:

(1)
Shoring the structure:

The purpose in shoring the structure is to release a part of the whole structure from bearing loads. A high load bearing structure, which requires shoring, shall be divided into smaller sections, so  as to allow repairs to be carried out in parts.

(2)
Removal of damaged concrete:

The flaked and carbonized concrete should be removed by chiseling. It is common to remove the damaged concrete portions until 15-20mm away from the reinforcing bars.

(3)
Cleaning rust off reinforcing bars:

Reinforcing bars shall be cleaned from rust by brushing with a steel brush or by sandblasting.

When anti-corrosion paints are used for reinforcing bar, the epoxy paint shall satisfy  the requirements of

ASTM D 3963/D 3963M-93a. Polymer-cement paint shall have appropriate technical properties supplied

by the manufacturer.

(8)
Ensuring adhesion between new and told concrete, by the following methods:

(a)
Roughen the old concrete surface, then clean the surface with water and dry it;

(b)
To paint the old concrete surface with either a layer of dense cement paste (of water/cement ratio 

0.3), polymer acrylic, or styrenbutadien cement paste. Latex-based polymer shall satisfy the technical requirements of ASTM C 1509-90;

(c)
Epoxy resin may be used for bonding according to ACI 503.2-79.

The grouting or casting of concrete, pumping or plastering of mortar on the old concrete surface shall

be carried out at the moment when the cement paste for bonding is still not dry yet.

(9)
Technology and materials for repair

There  are  various  techniques  and  types  of  materials  used  for  repair  and  restoration  of  structural  cross- sections. They may be selected depending on each specific case as shown below:

(a)
Casting non-shrink concrete:
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This  method  is  suitable  for  repair  of  upper  side  of  slab.  The  procedures  shall  be  in  accordance  to

TCVN 4453:1995. The grade of new concrete shall be one level higher than that of the old structure but not less than 30MPa.

(b)
Grouting non-shrink self-compacted concrete or self-leveling mortar:

This method is suitable for repair of some local parts of structure. The grade of concrete/mortar used for  repair  shall  be  one  level  higher  than  that  of  the  old  structure  but  not  less  than  30MPa.  The construction procedures shall be in accordance to specific instructions for using such materials.

(c)
Shotcreting:

This  method  is  applicable  for  repairing  damaged  structures  of  large  flat  area  (see  the  example  in Figure 3.4.5). The grade of shotcrete concrete used for repair shall be one level higher than that of the old  concrete  but  not  less  than  30MPa.  The  construction  procedures  shall  be  in  accordance  to  the technical  guide:  “Shotcrete-technical  specifications  for  application  and  acceptance”  issued  by  the Decision of Minister of Construction N0 20/1999/QD-BXD.

(d)
Plastering with mortar:

This method is applicable for repairing small defects and damages to structures. Plaster may be made from non-shrink cement mortar. The grade of mortar shall be one level higher than that of the old concrete but not less than 30MPa. The construction procedure shall be done in accordance to specific instructions for using such materials.

For more details, refer to  specific instructions to technology  and materials for repair of reinforced concrete structures in the material: ACI 201.2R-2002.

3.4.5.4 Strengthening of   structure

In the case where the structure is damaged so seriously that it will not meet the load bearing requirement even after  repairing  and  restoration  of  its  cross-sections,  the  structure  should  be  strengthened  to  improve  its  load bearing capacity. There are some strengthening measures commonly applied in practice, as stated below:

(11)    Increasing the partially damaged reinforcing bar without increasing the cross-section of structure;

(12)    Increasing the cross-section of structure by covering with jacketing steel or steel bars;

(13)    Strengthening of structure by steel plates;

(14)    Strengthening of structure by external post-tensioned prestressing steel member;

(15)    Strengthening of structure by providing new supporting structures or replacing the old structure.

For  more  details  of  the  principles  for  selecting  the  appropriate  strengthening method  and  strengthening design, refer to Section 3.1.

The construction procedures should be carried out in accordance to the steps shown in the item 3.4.5.3.

After  repairing  and  strengthening  work  is  carried  out,  if  the  concrete  cover  is  insufficient  to  protect  the reinforcement  from  corrosion  in  the  long  term,  or  the  concrete  is  deeply  carbonized  over  a  large  area,  then additional   protective   measures   need   to   be   provided,   such   as   covering   of   external   surface,   protection   of reinforcement by cathodic method. For more details of these, see the item 3.4.5.2.

3.4.6 Recording and storing materials

All data of inspection, remedial measures and repairing technology shall be fully recorded according to the current regulations  of  the  Ministry  of  Construction  and  handed  over  to  the  Owner  for  long-term  safekeeping.  The following documents shall be recorded and stored:

(1)
Initial, routine and regular inspection reports;

(2)
Report of detailed inspection of the damaged structure;

(3)
Design drawings, reports of repairing and strengthening processes;

(4)
Construction diary;

(5)
Minutes of quality control of materials and construction; and

(6)
As-built drawings/documents.
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3.5 repair of structures damaged due to the action of marine environment

3.5.1 General

This section provides technical guidelines for repair of structures damaged due to corrosion of reinforcement and concrete in an aggressive marine environment. The contents of this section are: detailed inspection of structure, determination  of  mechanism  and  level  of  deterioration,  forecasting  of  the  remaining  service  life,  selection  of methods of repair and strengthening of damaged structures that are widely applied in practice.

The types of damage to structures referred to in this section are mainly due to corrosion, leading to cracking and breaking of concrete and corrosion of reinforcing bars in concrete exposed to marine environment. On other types

of  damage  caused,  such  as  cracking  and/or  breakage,  due  to  impact  by  vessels/ships,  or  due  to  foundation settlement, it is recommended that reference be made to remedial methods described in Sections 3.1 and 3.2. The types of structures considered in this Section are concrete and reinforced concrete structures that are situated in seawater, in the tidal and splash zones, above seawater and in the coastal zone, under aggressive action of chloride ion (Cl-).

3.5.2 Detailed inspection

3.5.2.1 Preliminary inspection and classification of deterioration levels of structures

Preliminary  or initial inspection is carried out by observing the whole structure or structural system and taking notes or marking out in drawings in combination with photographing, and recording the following damage signs

(including type, location and scale of damages):

(12)    Signs of corrosion of structure in seawater zone, and tidal and splash zones;

(13)    Signs of reinforcement corrosion, signified by yellow rusty traces exposed to external surface of concrete, cracks appearance along reinforcement or flaking off of concrete cover exposing rusted reinforcement;

(14)    Other structural damage signs (besides types 1 and 2 above):

(a)
Other structural cracks (not due to rusting of reinforcement);

(b)
Deformation of structure such as: deflection, inclination, and tilt;

(c)
The structure is broken, ruptured, or collapsed.

From the initial inspection data, structures (parts or members) may be divided into the following typical damage levels:

(13) Level I:

Structure (part or member) that has no damage signs on the external surface (which are visible);

(14) Level II:

Structure (part or member) that has light damage signs, such as:

(a)
Reinforcement  is  lightly  rusted  with  rust  traces  exposed  to  external  surface  of  concrete,  or  small cracks appear in concrete cover (maximum crack width of 1.0 mm), the concrete cover will not be delaminated on slight with a hammer.

(b)
Other structural cracks with of less than 0.5mm wide.

(15) Level III:

Structure (part or member) that has serious damage signs, such as:

(a)
Corrosion of concrete;

(b)
Reinforcement is heavily rusted, and the concrete has cracked extensively or spalled in a large area.

(c)
There may be signs of reduced load bearing capacity of structure, such as presence of serious cracks, and large deformations.

(16) Level IV:
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Structure that has completely lost its load bearing capacity.

Single  super  structures  such  as  bridges,  culverts,  silos,  water  tanks,  revetment  walls,  dams,  towers,  vaults,  and arches  may  be  divided  into  different  damage  zones.  For  a  structural  frame  having  various  members  such  as: columns, beams, and slabs, each member may be clasified according to the above damage levels.

The structures may be classified according to damage levels as described above, and it is necessary to identify the location  of  the  structure  or  elements,  which  operate  in  different  aggressive  zones.  Normally,  three  types  of aggressive zones can be classified as follows:


Submerged zone,


Tidal and splash zones,


Above seawater atmospheric zones, and


Coastal zones.

The scope and level of detailed inspection should be selected based on the damage level, aggressiveness nature of the environment and the importance of the structure (see Table 3.5.1).

3.5.2.2 Test of physical mechanical properties of concrete

(1)
The   physical   mechanical   properties   of   concrete   should   be   tested   for   selected   part   or   member   as representative  samples  exposed  to  various  aggressive  environments  and  damage  levels.    These  selected samples are focused on critical locations of the concrete parts or members. It is advisable to select at least three parts or three elements representing each aggressive environment and each damage level for testing.

(2)
The  physical  mechanical  property  of  concrete  that  shall  be  tested  in  all  cases  is  compressive  strength. Moreover, some other properties, such as water absorption, concrete neutrality depth, elastic modulus, and coefficient of variation of concrete strength should also be tested.

(3)
The test may be carried out as the following procedures:

(a)
Take  one  to  two  groups  of  concrete  cores  from  each  part  or  member  of  the  structure  selected  for testing,  each  group  consists  of  three  cores  according  to  TCVN  3105:  1993.  For  parts  or  members situated at dry locations with no corrosion of concrete, the compressive strength and coefficient of variation  of  concrete  strength  may  be  determined  by  non-destructive  methods  such  as  ultrasonic method, rebound hammer in accordance to TCXDVN 239:2000; TCN 162:87; TCXD 225:1998.

(b)
Observe, photograph and record the state of corrosion (if available) on the testing cores. Determine the  neutralizing  depth  of  concrete  by  dropping  phenolphthalein  solution  in  the  external  surface  of concrete  cores.  Then  determine  the  water  absorption,  compressive  strength  and  elastic  modulus  of concrete according to TCVN 3113: 1993, TCVN 3118:1993 or BS 1881- Part 120: 83.

If  it  is  required  to  determine  cement  content  in  hardened  concrete,  after  testing  for    the  compressive strength, the cores should be stored for determination of cement  content in concrete according to ASTM

1084:1997.

3.5.2.3 Inspection of reinforcement corrosion state

(11) For  parts  or  members  of  structure  that  do  not  have corrosion  of reinforcement  (damage  level  II)  or  lightly corroded reinforcement, it is required to select 10% to 15% of typical parts or members to assess the corroded state  of  reinforcement.  Non-destructive  testing  (NDT)  may  be  carried  out  in  accordance  to  TCXDVN

294:2003 or ASTM C 876:1999, in combination with chiseling a window to expose reinforcing bar in some places for control purpose.

(12) For seriously damaged parts or members of structure (damage level III), it is necessary to inspect all damages parts or members. The method of inspection may be chiseling surface of structures to expose reinforcing bars, measuring the rusty layer and the remaining diameter of reinforcing bars by a palmer.

(13) For important structures of the maintenance category A (see item 1.2.3), it is required to inspect the corroded state of reinforcement for the whole structure or structural element.
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(4)  At the parts or members where corrosion of reinforcement are checked, the thickness of concrete cover should

be measured. The measurement is made by a specialized electromagnetic cover meter according to TCXDVN

240:2000  or  the  British  standard  BS  1881-Part  204:88  or  by  exposing  the  reinforcement  with  a  chisel  for direct measurement of covers. It is recommended to select the location to test reinforcement corrosion state, as the same location for the determining the physical and mechanical properties of concrete, and for determining the penetration depth of corrosion agents.

3.5.2.4 Determination of the content and penetration depth of corrosion agents for concrete and reinforcement, and the chemical compositions of concrete

(15)  The location for testing samples should be selected as the same location of structure for testing the physical- mechanical properties of reinforcement, which has corroded. At least three parallel samples at three different locations should be taken for each representative aggressive zone of each damage level of structure.

(16)  Samples shall be taken in the form of powder by the dry-drilling method. Use the drill bar of diameters of

12mm to 16mm to drill a series of holes in a minimum area of 400 cm2  according to a layer of different thick nesses of 0 to 1cm; 1 to 2cm; 6 to 8cm or deeper, from the exterior to the interior, respectively. The quantity

or  amount  of  powder  required  for  each  layer  should  be  at  least  200g.  Powder  samples,  after  being  taken, shall  be  stored  in  a  closed  bag  to  avoid  carbonation.  For  structural  elements  entirely  submerged  in  water, coring method shall be applied. Then the concrete cores should be cut into layers and grinded into powder for analyzing.

(17)  For all the samples, determine pH value and content of acid-soluble chloride according to ASTM D5015: 95 and  ASTM  C1152:  94.  In  case  of  any  doubt  on  the  corrosion  of  concrete,  it  is  necessary  to  analyze  the content of soluble SO3, CaO, SiO2  according to TCVN 141: 1986 and ASTM C 1084:1997.

3.5.2.5 Collection of the data for assessing load-bearing capacity of structure

(15) At the locations which are critical in terms of load bearing requirement, and the damage is severe (i.e. damage level III), it is necessary to assess the actual load bearing capacity of the structure. The data required for such assessment are as follow:

(a)
Geometrical dimensions of structure, and the cross-sections;

(b)
Location of reinforcement;

(c)
Compressive strength of concrete and coefficient of variation of concrete;

(d)
The rust level of reinforcement, and the remaining diameter of reinforcing bars;

(e)
Loads and actions acting on the structure;

(f)
Cracks and levels of deformation of structure.

In some cases, if the above-mentioned data may not be determined accurately, loading tests are carried out to examine directly its load bearing capacity. See item 3.1 of this code for more details.

(16) The geometrical dimensions and cross-sections of the structure may be measured by direct measurement. The location of reinforcement should be identified, based on the as-built drawings. In case of non-availability of the  as-built  drawings,  the  location  of  reinforcement  shall  be  determined  by  using  an  electromagnetic instrument according to TCXDVN 240:2003 or BS 1881: Part 204:88. Concrete compressive strength and its coefficient of variation (if not previously examined according to the item 3.5.2.2) may be determined by non- destructive methods according to TCXDVN 239:2000, TCXD 225:1998, and 20TCN 162:87.

The loads acting on the structure should be directly determined at the site, according to TCVN 2737:1995.

Cracks  and  deformations  of  structure  under  the  action  of  loads  or  due  to  settlement  of  foundation  (if  any)

should be inspected according to the guide shown in the sections 3.1 and 3.2.

3.5.2.6 Checking relevant stored documents and determination of aggressive nature of the environment

The relevant stored documents that should be checked are as follows:

162

TCXDVN 318: 2004

(20)Soil investigation document and the document evaluating aggressive nature of the environment;

(21)Design document;

(22)As-built drawings/document;

(23)Recorded  document  from  initial  inspection,  routine  inspection  and  regular  inspection  (see  Part  2  of  this

Code).

Moreover, the following data should be collected:

(10) The importance and maintenance level of structure, the initial design service life, the actual service life, and record of previous repairs (if any) of structure;

(11) The  materials  used  for  production  of  concrete  such  as  cement,  aggregates,  mixing  water,  admixtures,  and other parameters such as concrete grade, cement content in concrete.

(12) The  aggressive  nature  of  the  environment  such  as  chemical  composition  of  seawater,  air  humidity  and temperature, content of chloride ions.

3.5.3 Identification of deterioration mechanism and determination of the rate of deterioration

3.5.3.1 Identification of deterioration mechanism

The main reason causing marine structures to be deteriorated is the rusting of its reinforcement. Moreover, it may also be due to concrete corrosion. It shall be identified as follows:

(12) Concrete  is  considered  to  be  corroded  if  the  corrosion  signs  (as  stated  in  item  3.5.2.1)  are  found  with  the following proving data:

(a)
The compressive strength of concrete in corroded area is reduced by more than 20% in comparison with that in the non-corroded dry area;

(b)
The  pH  value  and  CaO  content  are  substantially  reduced;  the  porosity  and  water  absorption  of concrete are obviously increased in comparison with that of concrete in non-corroded area. Note that the pH value is under 9.0, and water absorption of concrete is more than 10%;

(c)
The SO3  content in concrete sample, which is sufficient to cause sulphate-corrosion is more than 6%

of cement content;

(d)
Soluble SiO2  content in concrete sample, which is sufficient to cause alkali-silica reaction, is much more than that in non-corroded concrete sample.

Concrete is considered damaged due to corrosion and leaching off, if its strength is reduced in combination with an increase in water absorption and a substantial decrease in both pH values and CaO contents.

Concrete is damaged due to sulphate corrosion if it has cracks characterizing this type of corrosion, with a high content of SO3, while the water absorption remains unchanged and CaO content may not have reduced.

Concrete is damaged due to alkali-silica reaction if it has cracks, characterizing this type of corrosion, with the soluble SiO2  content being higher than that of non-corroded concrete.

In the Vietnam marine environmental conditions, the corrosion of concrete structures is likely to occur.

(13) Reinforcement is considered rusted if rust signs are exposed on the external surface of concrete, as described

in item 3.6.2.1. Even if these signs are not visible, the reinforcement is considered rusted if the following are detected:

(a)  the corrosion voltage is  Ecorr   -350 mV,

(b)  the pH value is less than 10.5

(c)  the content of Cl-  is more than 1.2 kg Cl-/m3.
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For  the  part  of  structure,  which  is  submerged  in  seawater,  the  reinforcement  may  not  be  rusted  due  to

corrosion if the voltage that is higher than the above limit. Corrosion of reinforcement is the main cause that leads to deterioration of concrete structure built in Vietnam marine environment.

(14)
Beside the main causes mentioned above, there are some other causes that may act simultaneously on the deterioration process of structure such as strong action of loads, settlement of foundation, and cyclic action of

hot humid climate. In these cases, it is required to refer to instructions shown in sections 3.1, 3.2 and 3.3 to identify the deterioration mechanism.

3.5.3.2  Determination of deterioration rate

(1)   General principle:

The main factor that causes reinforced concrete structures in marine environment to deteriorate is the rust of reinforcement,  leading  to  cracking  and  breaking  down  of  the  concrete  cover,  loosening  the  bond  between concrete and reinforcing bars. This in turn will reduce the cross-section of the reinforcement and, in some cases, resulting in the collapse of the structure.

Therefore, the determination of the deterioration rate as well as forecast of the remaining service life of the structure shall mainly be based on the reinforcement corrosion process. The reinforcement corrosion process

is divided into two main periods as shown in Table 3.5.2.

In  the  period  of  accumulation  of  conditions  for  rusting,  the  factor  deciding  the  deterioration  rate  is  the penetration rate of chloride ions (Cl-) into the concrete. The limiting value is the content of Cl-  accumulated

on the surface of reinforcement that will induce the rust process in reinforcement.

In   the   period   of   rusting  development,   the   factor   deciding   the   deterioration   rate   is   the   rust   rate   of reinforcement  versus  time.  The  limiting  value  is  the  minimum  cross-section  of  reinforcing  bar  use  in analyzing  the  ultimate  limit  state  of  the  structure,  in  terms  of  load  bearing  capacity,  which  according  to Vietnamese standard TCVN 5574: 1991 is based on the specific performance indices such as moment, axial force, and shear force.

(2)   Determining the deterioration rate for the period of accumulation of conditions for rusting:

In this period, the deterioration rate is expressed by the content of chloride ions at the location of reinforcing bar versus time of deterioration, which commence at the moment of the initial action of marine environment. The content of chloride ions in concrete versus time of deterioration, is calculated according to Fick’s second law as follows:
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(3.5.1)

where:

164


C(x,t): Content of Cl-  in concrete at any distance (x), at any moment (t),   measured in  Kg/m3  of concrete;

C(x,0): Initial content of Cl-  available in the concrete mixture containing the input materials, measured in

Kg/m3 of concrete;

Co: Content of Cl-  on the concrete surface of structure, measured in  Kg/m3  of concrete;

x: The location from the surface of concrete where the content of Cl-  in concrete is determined, measured

in  cm;

tin: The duration of Cl-  penetration into concrete, calculated from the initial moment, measured in  year;
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D: Diffusion coefficient of Cl-  in concrete, measured in  cm2/year.

erf: error function.

Table 3.5.2  Description of periods of reinforcement corrosion in concrete in marine environment

	No
	Periods of corrosion
	Nature of the phenomenon
	Factor deciding determination rate
	The limiting value

	1
	Period  of accumulation of conditions for rusting of reinforcement
	Penetration of chloride ions onto reinforcement surface, sufficient to cause rusting process in reinforcement.
	Penetration rate of chloride ions into concrete
	The limiting chloride content causing reinforcement to start rusting.

	2
	Period of development of corrosion of reinforcement
	Reinforcement has corroded, causing cracks in concrete and concrete cover to break off. This process continues until the load bearing capacity of structure is entirely lost.
	The rusting rate of reinforcement
	Minimum cross-section of reinforcement that still

ensures load-bearing capacity of structure.


From the above expression, the time in which reinforcement starts to rust   (tin  max ) can be forecasted

(when  the  content  of  Cl-  at  the  location  of  reinforcement  reaches  the  rusting  limit).  The  procedures

in calculation are as follow:

(a)  Determine the content of Co  from the inspection results obtained according to item 3.5.2.4;

(b)  Determine the coefficient D, based on the diagram of distribution of Cl-  content in concrete versus the time at the actual moment of inspection of structure, as stated in the item 3.5.2.4.  The values for C(x,

0), x and tin , are obtained from investigation results, which can be inserted into the expression of 3.5.1

to calculate for D in the next step (c);

(c)  Forecast the time when corrosion starts for the reinforcing bars by letting the value x to be equal to

the thickness of concrete cover, and, the value C(x,t) to be equal to the limiting content of Cl-  (i.e. 1.2 kg/m3  of  concrete)  in  which  corrosion  process  starts.  Then,  insert  the  calculated  value  D  from  the above step (b) to the expression of 3.5.1, to calculate for the moment tin max.

(3)  Determining the deterioration rate during the period of corrosion development: For this, refer to Section 3.4, in particular, the item 3.4.2.

3.5.4 Determination of deterioration level and selection of remedial measures

3.5.4.1 General requirement

The determination of deterioration level shall be carried out by examining the performance  indices on the load bearing  capacity  (safety),  the  normal  serviceability  and  the  existing  durability  of  the  structure  (Ptt.)  to  compare with their respective required values (Pyc). The whole structure or each structural element may be examined. The examination of performance shall be undertaken before and after repairing the structure.

3.5.4.2  The limiting value of performances

The limiting values for each type of performance are selected as follow:

(1) The limiting values for safety (load bearing capacity of the structure)

(a)
The structure has collapsed or broken down (ruptured);
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(b)
The  minimum  value  of  moment,  axial  force,  and  shear  force  which  shall  satisfy  the  limiting  values

calculated  by  the  first  limit  state  according  to  TCVN  5574:  1991,  corresponding  to  the  actual  loads subjected to the structure;

(2) The limiting values for normal serviceability of structure:

(a)
The maximum deflection and tilt shall not be more than that regulated in TCVN 5574: 1991;

(b)
The maximum crack width a max   is 0.2 mm;

(c)
The thickness of concrete cover shall be no less than the required value of current Vietnamese standard. Concrete cover shall not be so damaged that it will be flaked off on slight touch with a hammer.

In  the  case  that  the  corrosion  of  concrete  is  serious,  it  is  necessary  to  examine  Long-term  performance  of structure. The concrete requirements are as follows:

(i)
For the structure of maintenance category A:

This  considers  the  starting  time  of  rusting  process  of  reinforcement  to  be  the  limit  of  durability  of structure. The content of Cl-  at the site near the reinforcing bars shall be less than 1.2 kg/m3  of concrete;

(j)
For other structures of maintenance category B, C and D:

The loss of section of reinforcing bar shall be less than the value Fmax  or rmax  determined according to

TCVN 5574: 1991.

3.5.4.3 Classification of structures according to deterioration levels

The  existing  performance  indices  of  the  whole  structure  or  its  elements  shall  be  examined  and  compared  with their limited  values regulated in the item 3.5.4.2. Then structures shall be  classified according to the following deterioration levels:

(13)For load bearing capacity:

The structure or structural element will be considered not to satisfy load-bearing capacity if the following are detected:


The structure is broken down, collapsed or partially but seriously damaged;


The structure’s reinforcing bars are corroded at the level C and the corrosion level has exceeded the limiting value of Fmax  or rmax  as determined according to TCVN 5574: 1991.


Structures, which are examined at critical locations in terms of load bearing capacity (according

to  item  3.5.2.5)  and  compared  to  their  limiting  value  (as  stated  in  item  3.5.4.2),  are  found  not satisfying the minimum requirement of moment, axial force and shear force.

(14)For normal serviceability

The structure will be deemed not to meet the requirements of normal serviceability if the following are detected:


The deflection, and width of cracks (for all types of cracks) at present is greater than their limiting values as described in item 3.5.4.2;


Concrete has been entirely spalled or will be spalled on slight touch with a hammer.

(15)Durability of structures should be examined as follows:

(a)
The structure of maintenance category A, after the first half of the design service life will be considered not to satisfy the durability if the content of Cl-  in concrete near reinforcing bars is more than 1.2 kg/m3

of concrete, or the reinforcing bar has been corroded;

(b)
The structure of maintenance categories B, C, D or A, in the second half of the design service life, will

be considered not to satisfy durability if the reinforcing bar is so rusted that the loss of cross-section is

either more than Fmax  or rmax;

3.5.4.4 Selection of remedial measures

The selection of remedial measures may be based on the deterioration level (in accordance to item 3.5.4.3), the rate of deterioration (in accordance to item 3.5.3.2), the importance of the structure and the source of finance.  The owner may select the remedial measure as shown in Table 3.5.3. The basis for selection of remedial measures is as follows:
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(1)  For damaged level I:

To repair as a preventive solution for the structure of maintenance category of A if its durability has reached the limit value (see item 3.5.4.3).

(2)  For damaged level II:

To repair and to protect as preventive solution for the structure of maintenance category of A or structures of maintenance category of B if the financial resource is available or the remaining service life of the structure is relatively long. For other cases, it is required only to monitor structure continuously.

(3)  For damaged level III:

To repair or strengthen structures of all maintenance categories. However, if the remaining service life is not

so long, it may be required only to monitor them continuously, or to shore them temporarily for safety.

(4)  For damaged level IV:

Dismantle the structure in all cases.

3.5.5 Repair and strengthening of structure

3.5.5.1 Selection of remedial solution

The  required  repair  and  strengthening  solutions  are  selected  according  to  the  damage  levels  of  structure  as described below:

(1)  Structures of damage levels I, and II:

There  is  a  need  to  apply  preventive  solutions  against  corrosion  of  reinforcement  such  as,  repairing  and caulking  cracks,  adding  a  protective  membrane  to  the  external  surface  of  the  structure,  or  protection  of reinforcement by a cathodic protection method.

(2)  Structures of damage level III (without losing load bearing capacity):

It is required to apply repair solutions for reinforcement, and restoration of sections of structure, protection of the external surface of structures and protection of reinforcement by a cathodic protection method.

(3)  Structures of damage level III (with reduction in load bearing capacity):

Besides applying the above solutions, it is required to strengthen the structure.

(4) Beside corrosion in reinforcement due to action of aggressive Cl-  agent, reinforcement may be rusted due to other  causes  taking  place  at  the  same  time,  such  as:  settlement  of  the  foundation,  overloading  action,  and cyclic action of hot-humid climatic conditions. In this case, it is required to refer to technical specifications in Sections 3.1, 3.2, and 3.3 for selection of appropriate remedial solutions.

3.5.5.2 Preventive protection

(1)  Repairing or filling up cracks: See item 3.4.2 (1).

(2)  Protection of the external surface of structure:

The external surface of the structure is protected by providing an isolation membrane, which restricts or prevents

the penetration of Cl-, carbon dioxide, oxygen, water and other aggressive agents into the concrete.   This would retard the concrete carbonation process and inhibits the corrosion rate of reinforcement.

The protection method and materials to be used are selected based on the type of structures (i.e. civil or industrial),

the  environment  surrounding  the  structure  (i.e.  seawater,  tidal  and  splash  zones;  or  at  the  sea  atmospheric condition.) and the decorative requirements of the external surface of structure.

In the case where there are some cracks on the structure’s surface, it is necessary to fill up these cracks as specified in (1). Then it is required to provide a membrane for protection of the external surface, of which some examples are as follows:

(a)  Covering  the  external  surface  with  a  paint  layer:  This  method  is  applicable  to  civil  structures  whose external  surface  is  required  to  be  decorated  at  a  rather  high  level.  The  paints  used  are  of  epoxy, polyurethane,  silicon,  or  acrylic  resin  base,  which  is  diluted  in  water  or  other  solvents.  For  structures situated in tides and plash zone and have no decoration requirement, it may be advisable to use bitumen or bitumen-resin parts. However, waterproofing cement-polymer paints may  be used. For more details on specifications of materials and application procedures, refer to instructions of specialist manufacturers.
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(b)  Waterproofing plaster: See item 3.4.5.2 (2b).

(c)  Dry shotcrete: See item 3.4.5.2 (2c).

(d)  Covering  the  structure  by  waterproofing  concrete:  This  method  is  applicable  to  structures  situated  in seawater or tides and splash zones. The waterproofing concrete used contains fine aggregates, and is self- compacted and self-leveled. The minimum grade of waterproofing concrete shall be at least 30 MPa and the  waterproofing  level  shall  be  at  least  B10  with  the  cover  thickness  to  be  not  less  than  70mm.  The construction procedures are specified in relevant technical guides.

(3)  Protection of reinforcement by cathodic method:

For important structures with long remaining service life, and do not have the ability to protect reinforcement from corrosion, due to the following reasons:


concrete cover is thin,


concrete is penetrated by Cl- ion over a large area.

Then the direct protection to reinforcement by cathodic method may be applied. The application procedures are specified in relevant technical guides.

3.5.5.3 Repair of structure

The procedures of repair and rehabilitation of structural sections should be carried out according to the following steps:

(1)  To shore the structure:

The structure should be shored to release, partially or wholly, the loads it has to bear. The large structure may be divided into smaller parts for repairing.

(2)  To remove damaged concrete:

The damaged parts may be removed entirely by chiseling, of the flaked and corroded concrete parts and concrete area penetrated by chloride ion more than 1.0kg Cl-/m3  of concrete. It is usual to chisel, damaged concrete part in some 20-30mm deeper than the location of reinforcement.

(3)  To remove corrosion products around reinforcing bars:  See item 3.4.5.3. (3).

(4)  To make the adhesion between the new and the old concrete/mortar: See item 3.4.5.3. (4).

(5)  Construction solutions and repair materials: See item 3.4.5.3. (5).

The repair of structural parts situated in seawater zone should be carried out according to the specified technical guide.

3.5.5.4 Strengthening of structure: See the item 3.4.5.4.

In some cases, even after repairing the structure, it is still not able to protect the reinforcement of the structure from corrosion for a long time, due to the following reasons:


concrete is severely penetrated by chloride ion over a large area, and


the concrete cover is thin

Hence,  it  is  necessary  to  use  additional  protection  methods  for  the  structure,  such  as  protection  of external surface, and protection of reinforcement by cathodic method. For more details, see item 3.5.5.2.

3.5.6 Recording and storing of records

All the process of inspection, setting up remedial solutions and undertaking of repair and strengthening works shall be fully recorded according to the current regulations on management construction quality and handed over to the Owner for long-term safekeeping. The following documents shall be set up:

(7)
Initial, routine and regular inspection reports;

(8)
Report of detailed inspection of structure;

(9)
Design, repair and strengthening documents and commentary;

(10)   Construction diary/ records;

(11)   Minutes of control of materials and construction quality of each stage;
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(12)   As-builtdrawings/materials

169

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


TCXDVN 318: 2004

3.6 Repair of structures damaged due to the action

of aggressive industrial environment

3.6.1 General

This section provides technical guidelines for repair of structures damaged due to corrosion of reinforcement and concrete  in  the  industrial  aggressive  environment.  The  content  of  this  section  includes:  detailed  inspection  of structure, determination of mechanism and level of deterioration, forecasting the remaining service life, selection

of methods of repairing and strengthening damaged structures that are widely applied in practice.

There  are  various  aggressive  agents  in  an  industrial  plant  that  can  affect  performance  of  structures.  The mechanism of corrosion is multiform and complex. This section regulates only some main aggressive agents that

are usually found in Vietnam practice such as the basic chemicals (such as inorganic acids, alkali NaOH, Na2CO3, sulfate salts, ammonia, chloride and nitrite salts); synthetic fertilizers, and organic acids. These agents are usually found in liquid or solid forms. Those air aggressive agents found in the air environment include acid gas, gas of CO2, SO2, H2S, NH3, HF and others.

The above aggressive agents are usually found in industrial plants producing basic chemicals, fertilizer, and food products. Concrete structures of these plants are usually maintained in the category B.

3.6.2 Detailed inspection

3.6.2.1 Preliminary inspection and classification of deterioration levels of structures

Preliminary  or initial inspection is carried out by observing the whole structure or structural system and taking notes or marking out in drawings in combination with photographing, and recording the following damage signs

(with details such as the type, location and scale of damages):

(15)    Flaking  off  and  cracking  of  material  cover  which  provide  protection  to  the  surface  of  structure  from corrosion, such as paint and mortar layers, and ceramic tile layer;

(16)    Signs of concrete corrosion, such as: leaking out lime slurry, decaying concrete, and presence of cracks due

to sulphate attacks;

(17)    Signs  of  reinforcement  corrosion,  such  as  yellow  rust  traces  exposed  to  external  surface  of  concrete, appearance  of  cracks  along  the  reinforcement  or  flaking  off  of  concrete  cover  exposing  the  rusted reinforcement;

(18)    Other structural damage signs such as:

(a)
Structural cracks (of nature other than cracking of concrete cover due to rusting of reinforcement);

(b)
Deformation of structure such as deflection, inclination, and tilt;

(c)
The structure is broken, ruptured, or collapsed.

From  the  initial  inspection  results,  the  structures  (parts  or  members)  may  be  divided  into  the  following  typical damage levels:

(17) Level I:  Structure (part or member) that have no damage signs visible or exposed to external surface;

(18) Level II:  Structure (part or member) has light damage signs. These include:

(a)   The protective layer to structural surface to prevent corrosion is damaged (flaked off or cracked). The internal concrete is not damaged, or damaged lightly only;

(b)   The  external  concrete  shows  integrity,  but  there  is  leaking  out  of  lime  slurry,  and  the  surface  of concrete is lightly decayed;

(c)   Reinforcement  is  lightly  rusted  with  rust  traces  exposed  to  external  surface  of  concrete,  or  small cracks appear in the concrete cover (with maximum crack width of 1.0 mm), the concrete cover will not be flaked away if lightly touch with a hammer.

(d)   Other structural cracks of width less than 0.5mm.

(19) Level III:  Structure (part or member) has serious damage signs. These include:

(a)  Concrete has strongly corroded, with deep and wide sections being decayed or dislodged;
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(b)  Reinforcement  has  rusted  extensively  and  its  concrete  cover  has  large  crack  widths,  with  large

sections being flaked off;

(c)  The  load  bearing  capacity  of  structure  is  reduced,  with  serious  cracks  accompanied  by  large deformations.

(20) Level IV: Structure has entirely or completely lost its load bearing capacity.

The single super structures such as bridges, culverts, silos, water tanks, revetment wall, dams, towers, vaults, and arch may be divided into different damage zones. For structural frame having various members such as columns, beams, and slabs, each member may be classified according to the above damage levels.

The scope and level of detailed inspection should be selected based on the damage level, aggressive nature of the environment and the importance of the structure (see Table 3.6.1).

3.6.2.2 Test of physical-mechanical properties and structure of concrete

(5)
Physico-mechanical  properties  and  structure  of  concrete  should  be  tested  for  selected  part  or  member representing different damage levels and focused mainly at critical points of the selected parts or members. Ideally, select at least 3 parts or 3 elements representing each damage level for testing.

(6)
The physical mechanical property of concrete that shall be tested in all cases is the compressive strength. Moreover, other properties, such as water absorption, structural integrity, and porosity of concrete, concrete neutrality depth, elastic modulus, and coefficient of variation of concrete should also be tested.

(7)
Testing procedures may carry out as follows:

(a)
To  take  one  sample  group  of  concrete  cores  from  each  part  or  member  of  the  structure  selected  for testing   according   to   TCVN   3105:   93.   For   parts   or   members   without   concrete   corrosion,   the compressive strength and coefficient of variation of concrete shall be tested, according to TCXDVN

239:2000, TCXD 225:1998.

(b)
To photograph and record the state of  the surface of testing cores. Concrete structure and porosity are tested according to ASTM C856:88 and ASTM C457:90.  The neutralizing depth of concrete may be determined

by  dropping  phenolphthalein  solution  on  to  the  external  surface  of  concrete  cores.    Then,  the  water

absorption,  porosity,  compressive  strength  and  elastic  modulus  of  concrete  may  be  determined  in accordance to TCVN 3119:1993.  The cores should be stored before testing for cement content in concrete according to ASTM 1084:1997. This test is carried out only for non-corroded concrete parts.

(c)
In the case where the test samples shall be analyzed more accurately for their composition and structure

of cement content, a part of the cement section is cleaved from the concrete core, and then grinded for analysis of chemical composition (according to TCVN 141:1998) DTA, XRD, micro-photograph (by micro -scan electroscope SEM).

3.6.2.3 Inspection of corrosion state of reinforcement

(14) For some parts or members of structure that do not have corrosion of reinforcement or reinforcement is only lightly rusted (i.e. damage level II), it is required to select 10-15% of typical parts or members to inspect the rusting  state  of  reinforcement.  Non-destructive  tests  are  carried  out,  according  to  TCXDVN  294:2003  or ASTM C 876:1999 in combination with hacking a window on the surface to expose reinforcing bars in some places for control purpose.

(15) For seriously damaged parts or members of structure (i.e. damage level III), it is required to inspect all these parts or members. The inspection may be made by chiseling structures to expose reinforcing bar, measuring the rust layer and the remaining diameter of reinforcing bars by a palmer.
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(16) At the position where the corrosion of reinforcement is to be checked, the thickness of concrete cover should

be  measured.  The  measurement  is  made  by  a  specialized  electromagnetic  cover  meter,  according  to

TCXDVN 240:2000 or the British standard BS 1881-Part 204:88 or by exposing reinforcement with a chisel

to  directly  measure  the  covers.  It  is  recommended  to  select  the  location  for  checking  the  corrosion  of reinforcement  to  be  the  same  location  for  the  determination  of  physical  and  mechanical  properties  of concrete, and for determination of cement content and penetration depth of corrosion agents.

3.6.2.4 Determination of the content and penetration depth of corrosion agents

(18)  The location for taking sample concrete cores should be selected at the same location of structure for testing the  physical-mechanical  properties  of  concrete  and  corrosion  state  of  reinforcement  in  structure.  At  least three parallel cores at three different locations should be taken for each damage level of the structure.

(19)  The powder samples should be taken by dry-drilling method. To use the drill bar of diameters of 12-16mm to drill a series of holes to a minimum area of 400 cm2  for layers with thick nesses of 0-1cm; 1-2cm; 6-8cm or deeper, from the outside to the inside of concrete. The amount of powder required for each layer should be at least  200g.  The  powder  samples,  after  being  taken,  shall  be  stored  in  a  closed  bag  to  avoid  carbonation process.

(20)  For all the samples, the determination of pH value is made according to ASTM D5015:95. Depending on the presence of aggressive agents in the environment, it may be required to analyze the amount of relative ions,

-
3
+
+

such as SO 3  , NO3, Cl  , PO 4   , Na   , K


according to TCVN 141:1998 and ASTM C1152:94.

3.6.2.5 Collection of the data for assessing load-bearing capacity of structure

(17) At  the  location,  which  is  critical  for  load  bearing  requirement,  and  the  location  of  the  structure  which  is severely  damaged  (i.e.  damage  level  III),  it  is  necessary  to  collect  data  to  assess  the  actual  load  bearing capacity and serviceability of the structure. The data required to be collected are as follow:

(b)
Geometrical dimensions of structure, and the cross-sections;

(c)
Location of reinforcement;

(d)
The rust level of reinforcement, and the remaining diameter of reinforcing bars;

(e)
Concrete compressive strength and coefficient of variation of concrete;

(f)
Loads and actions on the structure;

(g)
Cracks and levels of deformation of structure.

In some cases, if the above-mentioned data may not be determined accurately, it may be necessary to load the structure to examine directly its load bearing capacity. See the item 3.1 of this code for more details.

(18) Geometrical  dimensions  and  cross-section  of  the  structure  may  be  determined  by  direct  measurement.  The location of reinforcement should be examined, based on the as-built drawings. In case of non-availability of the as-built drawings, the location of reinforcement shall be determined by detecting with an electromagnetic instrument according to TCXDVN 294:2000 or BS 1881: Part 204:88. The concrete compressive strength and coefficient  of  variation  of  concrete,  if  not  previously  examined  according  to  the  item  3.6.2.2,  may  be determined  by  non-destructive  methods  according  to  TCXDVN  239:2000,  TCXD  225:1998,  and  20TCN

162:87.  The  corrosion  level  of  reinforcement  and  the  remaining  diameter  of  reinforcing  bars  are  to  be measured by a palmer.

The loads acting on the structure should be directly determined at the site, and according to TCVN 2737:1995. Cracks and deformations of structure under the action of loads and hot and humid climate should be inspected

according to the guide shown in the sections 3.1, 3.2 and 3.3.

(19) In   case   of   doubt   that   there   are   other   reasons   causing   deterioration   of   structure   (excluding   rust   of reinforcement  and  corrosion  of  concrete),  such  as:  ground  and  foundation  settlement,  cyclic  action  of  hot humid  climate,  and  extraordinary  load  action,  it  is  necessary  to  collect  other  data  related  to  these  types  of damage according to the guide of sections 3.1, 3.2 and 3.3.
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(20)
The  detailed  inspection  is  not  necessary  for  the  entire  damaged  structures.  However  in  the  case  of

confirming  the  reasons  causing  the  damage,  it  is  required  to  collect  the  data  for  reanalyzing  load  bearing

capacity and serviceability of structures.

3.6.2.6   Examination of aggressive nature of environment

(24)Analyze the technological scheme and production line of the plant by determining the chemicals contained in the concrete materials used, in the production plant and in the wastes (liquids, solids and fumes). Investigate and record the contact mechanism of these chemicals on to the structure.

(25)In  the  absence  of  clear  information  of  the  above  chemicals,  select  samples  of  raw  materials,  products  and wastes of plant to determine the pH value and identify the contents of expected aggressive agents.

(26)Measure the temperature and humidity of environment surrounding the structure.

(27)Determine the mechanical actions being activated, which may have bearing on the structure, such as steam, pressure, and splashing of liquids in the stirring process, and vibration of running machines.

(28)
Analyze  the  influence  of  the  actions  of  aggressive  environment  (chemical,  physical  and  mechanical actions) on the strongly damaged locations of structure to understand their effects and implications.

3.6.2.7 Checking of relevant stored documents

The relevant stored documents that should be checked are as follows:

(1)  Design document;

(2)  As-built drawings/document;

(3)  Construction diary;

(4)  Written records of initial, routine and regular inspections;

(5)  Written records of previous repair jobs done (if any);

(6)  Records  of  used  materials  such  as  cement,  aggregates,  mixing  water,  and  admixtures.  These  include concrete grades used, water-cement ratio and cement content in the concrete;

(7)  The importance and maintenance category of structure, and the remaining service life expected.

3.6.3  Identification of mechanism and determination of the rate of deterioration

3.6.3.1 Identification of deterioration mechanism

(15) To  understand  the  mechanism  and  the  causes  of  deterioration  of  structure,  it  is  necessary  to  refer  to  the following data:

(a)
Aggressive nature of environment, as determined in accordance to item 3.6.2.6;

(b)
Damage signs detected on external surface of structure, determined in accordance to item 3.6.2.1;

(c)
Data on the detailed inspection of the physico-mechanical properties and structure of concrete, rusting state of reinforcement, content and penetration depth of aggressive agents, determined in accordance

to items 3.6.2.2, 3.6.2.3 and 3.6.2.4;

The main reason for the deterioration of structure in aggressive industrial environment is the degrading of concrete sections due to corrosion of rusted reinforcement.

(16) Concrete in aggressive industrial environment may be corroded in the following three ways:

i.
Leaching of concrete on exposure to lime solution Ca(OH)2;

ii.
Disintegration of cement core due to the active reaction of its chemical compositions in the presence of aggressive agents;

iii.
Concrete  cracking  and  disintegration  due  to  formation  of  new  salt  crystals  that  cause internal stress resulting in concrete fracture;

To identify the types of concrete corrosion, the following characteristic data should be examined:
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(b)  Concrete is considered to be corroded by leaching in the presence of Ca(OH)2    if the following hold

true:

i.
Signs of concrete leaching due to Ca(OH)2  and carbonation in the presence of CaCO3  on the surface of structure.

ii.
Aggressive aqueous environment is soft water.

iii.
The  basic  physical  mechanical  properties  of  concrete  has  not  changed  from  its  non- corroded  state,  although  its  chemical  compositions  indicate  a  reduction  in  Ca2+,  Ca(OH)2 and a drastic drop in its pH value.

(c)  Concrete is considered to be corroded by disintegration if the following signs are detected:

i.
Disintegration of its cement core, which suggest that the concrete is soft.

ii.
Aggressive  environment  has  acidic  property  or  shows  strong  alkali  presence,  or  contains neutralizing  salts  that  can  cause  unstable  reaction  with  the  chemical  elements  of  cement core  to  form  compounds  that  are  easily  dissolved  in  water  or  do  not  possess  sufficient strength to maintain its integrity.

iii.
The  compressive  strength  of  concrete  has  reduced  substantially,  while  its  porosity  and water   absorption   capacity   has   increased.   The   analysis   of   its   chemical   compositions indicates a reduction in Ca2+,, Ca(OH)2  and a drastic drop in its pH value.

(d)  Concrete is considered to be corroded by cracking and leaching off in its section due to formation of new  salts  crystals  causing  internal  stress  in  its  structure.
The  following  are  signs  indicating  such corrosion action:

i.
Concrete  is  cracked  and  leached  off,  but  not  due  to  reinforcement  rust  or  load  action  or action of hot humid climate.

ii.
Aggresive  environment  is  caused  by  the  liquid  or  solid  forms  containing  ions  of   SO42-, NO3-, Cl-, CO32-  or in gaseous form containing SO3, SO2, H2S, and NO;

iii.
The  concrete  strength  is  reduced  in  comparison  with  the  non-  corroded  concrete.  The analysis  of  mineral-chemical  compositions  of  cement  core  may  show  the  presence  of minerals that  could easily cause  volume expansion, such as: 3CaO.Al2O3.3CaSO4.32H2O,

3CaO.Al2O3.Ca(NO3)2.10H2O, Ca(NO3)2.4H2O, CaCl2.6H2O, and CaSO4.2H2O.

iv.
Concrete  would  cracked  and  leached  off  due  to  silica-alkali  reaction.  See  item  3.5.2.1  to identify the signs of silica-alkali reaction.

(17) Reinforcement is considered rusted if rust signs are exposed on the external surface of concrete, as described

in item 3.6.2.1. Even if these signs are not visible, the reinforcement is considered rusted if the following are detected:

(a)  the corrosion voltage is  Ecorr  -350 mV,

(b)  the pH value is less than 10.5

(c)  the content of Cl-  is more than 1.2 kg Cl-/m3.

In aggressive industrial environment, the pH value of concrete is decreased and this may be due to concrete being corroded (in the presence of chemicals found mainly in the first and second forms) or concrete to have been carbonated, as described in section 3.4.

(18) The aggressive level of environment for concrete and reinforcement is assessed by the two following data:

(a)  Current corrosion situation of structure.

(b)  Comparison of aggressive agents in environment with regulations of CHu 2.03.11-85.
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(c)  Usually, an aggressive environment will  be detrimental to both the concrete and the reinforcement.

However, for gaseous environment containing carbon dioxide and chloride ions, its aggressiveness is mainly confined to the environment.

(19)
Beside the main causes mentioned above, there are some other causes that may act simultaneously in the deterioration  process  of  structure  such  as  strong  action  of  loads,  settlement  of ground  and  foundation,  and cyclic action of hot humid climate. In these cases, it is required to refer to instructions shown in the sections

of 3.1, 3.2 and 3.3 of this Code for identification of deterioration mechanism.

3.6.3.2 Determination of deterioration rate

(4)   General  principle:  Based  on  the  analysis  results  to  identify  the  deterioration  mechanism  and  the  reasons causing  deterioration  of  structure  as  described  in  item  3.6.3.1,  the  classification  of  the  deterioration  of structure in aggressive industrial environment may be in accordance to following aspects:

(a)  Case 1: Deterioration due to rust of reinforcement under the action of concrete carbonation or action

of chloride ions.

(b)  Case  2:  Deterioration  due  to  rust  of  reinforcement  caused  by  corrosion  of  concrete  resulting  in  the concrete being neutralized.

(c)  Case  3:  Deterioration  due  to  concrete  corrosion,  resulting  in  a  reduced  load  bearing  capacity  of structure.

(5)   Case 1: The rate of deterioration and the remaining service life of structure as determined and described in previous clauses as stated:

(a)  In item 3.4.3.2 if rusting of reinforcement is due to concrete carbonation, and

(b)  In item 3.5.3.2 if rusting of reinforcement is due to the action of chloride ions.

(6)   Case 2: The process of deterioration of structure in this case could be divided in to three periods, as described

in Table 3.6.2.

Table 3.6.2  Description of periods of deterioration of structure due to concrete corrosion causing rust of reinforcement in aggressive industrial environment

It is difficult to determine the moment when the damage of concrete cover starts. This accounts for the time

distance  of  the  period  of  implicity  to  be  determined  only  in  practice,  after  the  protective  layer  has  been damaged  and  aggressive  agents  have  attacked  directly  into  concrete  surface.  That  is  when  the  period  of
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accumulation of conditions for rusting of reinforcement and the period of development of reinforcement rust

begin. The method of prediction of deterioration rate in this period is as follows:

(a)  The  rate  of  deterioration  in  the  period  of  accumulation  of  conditions  for  rust  of  reinforcement  is described by the development of neutralizing depth of concrete according to time . It is determined by the following formula:

x
k
tin




(3.6.1)

where:




x: The concrete depth to be neutralized,  mm;

K: Coefficient describing the rate of neutralization;

tin: The time of action of aggressive agents to concrete, year.

From  the  above  expression  we  can  predict  the  moment  when  the  rusting  process  of  reinforcement begins, as expressed below:

2

C    10

t
 

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in max





(3.6.2)

tin max: The time from the moment of beginning contact of aggressive agents to structure to the moment if reinforcement to begin rust process, year

C: The depth of concrete cover,  mm;

k:  From  the  formula  (3.6.1)
when  the  values  of  x  and  t  are  obtained  from  practical investigation according to items 3.6.2.2 and 3.6.2.4.

The above method of determination of deterioration rate in the period of accumulation of conditions

of reinforcement rust is suitable only for concrete corrosion of the forms 1 and 2. For the corrosion of the form 3, it is necessary to test a case study for control of this method of prediction.

(b)  The  rate  of  deterioration  of  structure  in  the  period  of  rust  development  and  the  prediction  of  its remaining service life in this period is determined according to item 3.4.3.2.

(4)
Case  3:  The  rate  of  deterioration  of  structure  in  this  case  is  described  by  the  rate  of  concrete  corrosion which  will  be  reflected  in  a  decrease  in  concrete  strength  over  time  and  furthermore,  a  reduced  cross- section of structure and a reduced load bearing capacity. In this case it is not possible to predict a model for analysis. In order to determine the rate of deterioration, it is necessary to base on inspection results and data

of mathematical plan to select a model of analysis to understand the change in concrete strength and load bearing capacity of structure over time.

3.6.4 Determination of deterioration level and selection of remedial measures

3.6.4.1 General requirement

The  determination  of  deterioration  level  shall  be  carried  out  by  examining  the  performance  indices  on  load bearing  capacity  (safety),  normal  serviceability  and  durability  of  the  structure  (Ptt.)  in  comparison  with  the required possessed value (Pyc). The whole structure or each structural element may be examined. The examination

of performance shall be done before and after repairing the structure.

3.6.4.2 The limiting value of performances

The limiting values for each type of performance are selected as follows:

(1) For safety (load bearing capacity of the structure)
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The minimum moment, axial force and shear force shall meet the limiting values calculated by the first limit

state according to TCVN 5574: 1991, which shall correspond to the actual loads subjected to the structure;

(2) For normal serviceability of structure:

(a)
The maximum deflection and tilt shall not be more than that regulated in TCVN 5574: 1991;

(b)
The maximum crack width should meet the requirements of TCVN 5574-1991 depending on type and work specifications of structure.

(c)
In  a  strong  aggressive  environment,  it  should  satisfy  the  requirements  of  CHu  2.03.11-85.  The protective layer should not be so damaged that allows aggressive agents to come into contact with the concrete surface over a wide area.

In  the  case  that  the  corrosion  of  concrete  is  serious,  it  is  necessary  to  examine  Long-term  performance  of structure. The concrete requirements are as follows:

(k)
The loss of section of reinforcing bar F or r shall be less than the value Fmax  or rmax  determined according to TCVN 5574: 91.

(l)
The loss of concrete strength and the reduction in cross-section of structure due to corrosion should not exceed the limiting values in TCVN 5574:1991.

3.6.4.3 Classification of structures according to deterioration levels

The  existing  performance  indices  of  the  whole  structure  or  its  elements  shall  be  examined  and  compared  with their  limiting  values  as  described  in  the  item  3.6.4.2.  Then  the  structures  shall  be  classified  according  to  the following deterioration levels:

(16)Examination for load bearing capacity:

The structure or structural element will be considered not satisfying the load-bearing capacity if the following has occurred:


The structure is broken down, collapsed or partially damaged seriously;


The structure’s reinforcing bar has rusted at the damage level III and the rust level exceeds the limit value of Fmax  or rmax  as determined according to TCVN 5574: 1991.


Structural  concrete  is  corroded  at  the  damage  level  III.  The  reduction  of  strength  and  cross- section of the structure has exceeded the limiting value prescribed in TCVN 5574:1991.


Structures showed no signs of deterioration at the critical locations but the results of calculation

(in accordance to the item 3.6.2.5) and comparison to the limiting values (stated in item 3.6.4.2), show they do not meet the minimum requirement of moment, axial force and shear force.

(17)For normal serviceability

The  structure  will  be  classified  not  to  meet  the  requirements  of  normal  serviceability  if  the  following  has occurred:


The  present  deflection,  and  width  of  cracks  are  greater  than  their  limiting  values  shown  in  the item 3.6.4.2;


Concrete  has  been  entirely  flaked  off  or  will  be  flaked  off  upon  slight  contact  with  a  rebound hammer.


In strong aggressive environment, the protective exterior layer has been damaged, hence allowing aggressive agents to have direct contact with the concrete surface.

(18)The durability of structures should be examined as follows:

The structure will be classified to have exceeded the limiting value on durability if the lost cross-section of reinforcing bar due to rust and the reduced concrete strength and cross- section of structure due to concrete corrosion are greater than limiting values as regulated

in item 3.6.4.2.
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3.6.4.4 Selection of remedial measures

Based  on  the  deterioration  level  determined  according  to  the  item  3.6.4.3,  the  rate  of  deterioration  and  the prediction of remaining service life of structure (in accordance to the item 3.6.3.2), the importance of the structure and the financial resources, the owner may select the remedial measures as shown in the Table 3.6.3. The basis for selection of remedial measures is as follows:

(5)  Deterioration level I:

Make  repair  and  provide  preventive  protection  for  some  important  structures  or  elements,  if  either  of  the following has occurred: the reinforcing bar has begun to rust; the content of chloride ion has exceeded their limits; the pH value has exceeded their limits.

For other cases, routine and regular inspections should suffice.

(6)  Deterioration level II:

(a)    Make repair for light damages and provide prevention protection for important structures or elements if their service life is still long, in the following manner:


Repair the protective layer on the surface of structure;


Repair lightly corroded concrete areas and cracks of structure, and provide preventive protection

to the location, where reinforcing bar has begun to rust.

(b)   For other cases, routine and regular inspections should suffice.

(7)  Deterioration level III:

Generally,  repairs  or  strengthening  measures  for  structures  are  required  if  necessary.  However,  if  the remaining service life is not long, or if the structures are not seriously damaged, it may be required only to monitor them continuously, to shore them temporarily for safety reasons or to dismantle them.

(8)  Deterioration level IV:

It is required to dismantle the damaged structure in all cases.

3.6.5 Repair and strengthening of structure

3.6.5.1 Selection of remedial measures

The selection of repair and strengthening measures for damaged structures is based on the damage levels, damage signs and the objectives of repair, as described below:

(5)  For structures of damage levels I and II:


If the protective layer is damaged partly: to repair the protective layer ( according to item 3.6.5.7); If the reinforcing  bar  has  begun  to  rust:  To  provide  a  covering  membrane  as  preventive  protection  to reinforcement  (refer to item 3.6.5.3); or use cathodic method, if necessary (refer to item 3.6.5.4);


If cracks of concrete occur due to rust of reinforcement, and concrete is lightly corroded: To undertake repair of cracks of concrete   (see item 3.6.5.2); provide preventive protection to reinforcement (see item

3.6.5.3) or prevent corrosion to reinforcement by cathodic methods (see item 3.6.5.4).

(6)  For structures of damage level III having load bearing capacity higher than the limiting value:

To repair and overcome corrosion of cross-section of structures as described in item 3.6.5.5; To provide

a  preventive  protection  to  reinforcement  (as  described  in  item  3.6.5.3);  or  use  cathodic  method,  if necessary  (as  described  in  item  3.6.5.4);  To  repair  or  fill  up  the  protective  layer  in  the  surface  of structure (as described in item 3.6.5.7).

(7)  For structures of damage level III having load bearing capacity lower than the limiting value:

To  repairs  and  overcome  corrosion  of  cross-section  of  structures  in  combination  with  strengthening measures (as described in items 3.6.5.5 and 3.6.5.6 respectively; To provide a preventive protection to reinforcement (as described in item 3.6.5.3); or use cathodic method, if necessary (as described in item

3.6.5.4); To repair or fill up the protective layer in the surface of structure (as described in item 3.6.5.7).
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(8) Beside  the  corrosion  of  concrete  and  rusting  of  reinforcement,  there  may  be  some  other  reasons  causing deterioration of structures, such as: settlement of ground and foundation, load action, and cyclic action of hot humid climate.  In these cases, it is necessary to refer to instructions given in Sections 3.1, 3.2 and 3.3, during

the selection of appropriate remedial measures.

3.6.5.2 Repair of cracks

Method of repair of concrete cracks is selected according to the reasons causing the cracks, type of cracks, crack width and changing situation of cracks. See item 3.4.5.2 (1) for more details of method of repair of cracks.

3.6.5.3 Preventive protection

The  effective  method  of  preventive  protection  for  structures  is  to  provide  protective  layers  (or  membranes)  on their surface, which have the ability to absorb the penetration of chloride ion (Cl-), carbon dioxide (CO2), oxygen

(O2),  water  (H2O)  and  other  aggressive  agents  into  the  structure.   These  protective  layers  will  inhibit  rusting process  of  reinforcement.  For  more  details  of  the  method  of  preventive  protection  to  reinforcement  see  items

3.4.5.2 (2) and 3.5.5.2 (2).

3.6.5.4 Cathodic protection to reinforcement

For the important structures designed for long service life, should substandard concrete be used, they would not have  the  ability  to  protect  the  reinforcement  from  corrosion  (such  as,  thin  concrete  cover,  concrete  being neutralized or penetrated by high level of Cl-  ion).  Hence, it may require the use of the cathodic method to protect

the reinforcement. The procedures to provide this protective measure have been specified earlier.

3.6.5.5 Repair and overcoming cross-section of corroded structures

The procedures of repair are as specified in item 3.4.5.3. However the process of removing concrete parts that are corroded or being penetrated by Cl-  ion, and cleaning the concrete surface should be carried out very carefully. They are as described below:

(1)  Remove all concrete parts that are corroded or penetrated by Cl-  ion, until a good quality concrete sections remain, which are characterized as such:

(a)  Concrete  strength  and  mineral-chemical  composition  of  cement  core  of  this  concrete  parts  are equivalent to normal concrete.

(b)  The pH value of concrete is more than 11.0. The content of Cl-  ion is less than 1.2 kg Cl-/m3  of concrete.

In  the  case  where  the  above  requirements  may  not  be  met,  it  is  necessary  to  apply  protective  paint  as reinforcement preventive protection or to provide cathodic methods as protection for reinforcement (see items 3.6.5.3 and 3.6.5.4).

(2)  Clean  the  surface  of  existing  concrete  by  mechanical  method  or  blowing  with  pressed  gas  or  by  clean water under high pressure.

3.6.5.6 Strengthening of structures

The strengthening of structures should be carried out in the case where the structures are seriously damaged, or where their load bearing capacity is lower than the limit. There are various strengthening methods which are as described below:

(4)  Add reinforcement to the damaged concrete parts of the structure without increasing its cross-section.

(5)  Increase the cross-section of structure by steel jacketing

(6)  Provide strengthening by steel plating technique.

(7)  Provide strengthening by external post-tensioning technique.

(8)  Provide strengthening by adding or changing elements.

The  principles  of  selecting  methods  of  strengthening,  its  design  and  construction  may  be  referred  to

Section 3.1.

3.6.5.7 Protection to surface of structures
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(1)    For  concrete  structures  exposed  to  aggressive  industrial  environment,  which  has  strong  aggressiveness  and

neutralization  for  concrete  elements  (in  accordance  with  the  CHu  2.03.11-85.  It  is  certainly  necessary  to provide a protective layer on the surface of concrete structures.

(2)    Materials and composition of protective layer may be selected depending on type and aggressive nature of the environment, and the requirements of protection to the shock, abrasion and action of climatic conditions.

Reference may be made to the technical guide in the CHu 2.03.11-85 for selection of materials used and the composition of the protective layer.

3.6.6 Recording and storing of documentation

All  the  processes  of  inspection,  setting  up  remedial  solutions  and  undertaking  of  repair/strengthening  shall  be fully recorded in accordance to the current regulations on management construction quality and handed over to the Owner for long-term safekeeping. The following documents shall be kept as reference:

(13)   Initial, routine and regular inspection reports;

(14)   Report of detailed inspection of structure;

(15)   Design, repair and strengthening documents and commentaries (if any);

(16)   Construction diary;

(17)   Minutes of control of materials and construction quality of each stage;

(18)   As-built drawings/documents.

.
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