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TCXDVN 327 : 2004 “ KÕt cÊu bª t«ng vµ bª t«ng cèt thÐp – Yªu cÇu b¶o vÖ chèng ¨n mßn trong m«i tr­êng biÓn “ quy ®Þnh c¸c yªu cÇu vÒ thiÕt kÕ, thi c«ng vµ sö dông vËt liÖu nh»m ®¶m b¶o kh¶ n¨ng chèng ¨n mßn cho c¸c kÕt cÊu bª t«ng vµ bª t«ng cèt thÐp x©y dùng ë vïng biÓn.
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 XuÊt b¶n lÇn 1

KÕt cÊu bª t«ng vµ bª t«ng cèt thÐp-
Yªu cÇu b¶o vÖ chèng ¨n mßn trong m«i tr­êng biÓn  
Concrete and Reinforced Concrete Structures-
Requirements of Protection from Corrosion in  Marine Environment 

1 Ph¹m vi ¸p dông 
Tiªu chuÈn nµy quy ®Þnh c¸c yªu cÇu b¾t buéc ¸p dông vÒ thiÕt kÕ, vËt liÖu vµ thi c«ng nh»m ®¶m b¶o kh¶ n¨ng chèng ¨n mßn cho c¸c kÕt cÊu bª t«ng, bª t«ng cèt thÐp (th«ng th­êng vµ øng suÊt tr­íc) x©y dùng ë vïng biÓn víi niªn h¹n sö dông c«ng tr×nh tíi 50 n¨m. 
Tiªu chuÈn nµy ®­îc sö dông kÕt hîp cïng c¸c tiªu chuÈn hiÖn hµnh kh¸c vÒ thiÕt kÕ, yªu cÇu  vËt liÖu vµ thi c«ng bª t«ng vµ bª t«ng cèt thÐp. 

2 Tiªu chuÈn viÖn dÉn
- TCVN 5574:1991 :  KÕt cÊu bª t«ng cèt thÐp. Tiªu chuÈn thiÕt kÕ.
- TCVN 2737:1995 : T¶i träng vµ t¸c ®éng. Tiªu chuÈn thiÕt kÕ.
- TCVN 4116:1985 : KÕt cÊu bª t«ng vµ bª t«ng cèt thÐp thñy c«ng. Tiªu chuÈn thiÕt kÕ.
- TCVN 2682:1999 : Xi m¨ng poocl¨ng. Yªu cÇu kü thuËt.
- TCVN 6260:1997 : Xi m¨ng poocl¨ng hçn hîp. Yªu cÇu kü thuËt.
- TCVN 6067:1997 : Xi m¨ng poocl¨ng bÒn sunfat. Yªu cÇu kü thuËt.
- TCVN 1770:1986 : C¸t x©y dùng. Yªu cÇu kü thuËt.
- TCVN 1771:1987 : §¸ d¨m, sái vµ sái d¨m dïng trong x©y dùng. Yªu cÇu kü thuËt.
- TCVN 4506:1987 :  N­íc cho bª t«ng vµ v÷a. Yªu cÇu kü thuËt.
- TCVN 1681:1985 : ThÐp cèt bª t«ng c¸n nãng.
- TCVN 6284:1997 : ThÐp cèt bª t«ng dù øng lùc.  PhÇn 1 - Yªu cÇu chung.
- TCVN 6284:1997 : ThÐp cèt bª t«ng dù øng lùc.  PhÇn 2 - D©y kÐo nguéi.
- TCVN 6284:1997 : ThÐp cèt bª t«ng dù øng lùc. PhÇn 3 - D©y t«i vµ ram.
- TCVN 6284:1997 : ThÐp cèt bª t«ng dù øng lùc.  PhÇn 4 - D¶nh.
· 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 5592:1991 : Bª t«ng nÆng. Yªu cÇu b¶o d­ìng Èm tù nhiªn.
· TCXDVN 262: 2001: Bª t«ng nÆng - Ph­¬ng ph¸p x¸c ®Þnh hµm l­îng clorua trong cèt liÖu vµ trong bª t«ng.
· TCXD 238: 1999: Cèt liÖu bª t«ng – Ph­¬ng ph¸p ho¸ häc x¸c ®Þnh kh¶ n¨ng ph¶n øng kiÒm –silic.

3 Ph©n  vïng x©m thùc trong m«i tr­êng biÓn 
3.1 C¨n cø vµo tÝnh chÊt vµ møc ®é x©m thùc cña m«i tr­êng biÓn ®èi víi kÕt cÊu bª t«ng vµ bª t«ng cèt thÐp, m«i tr­êng biÓn ®­îc ph©n thµnh c¸c vïng x©m thùc theo vÞ trÝ kÕt cÊu nh­ sau:
3.1.1 Vïng ngËp n­íc: VÞ trÝ c¸c kÕt cÊu n»m ngËp hoµn toµn trong n­íc biÓn, n­íc lî;
3.1.2 Vïng n­íc lªn xuèng:  VÞ trÝ c¸c kÕt cÊu n»m gi÷a møc n­íc lªn cao nhÊt vµ xuèng thÊp nhÊt cña thñy triÒu, kÓ c¶  ë c¸c khu vùc bÞ sãng t¸p;
3.1.3 Vïng khÝ quyÓn: VÞ trÝ c¸c kÕt cÊu n»m trong kh«ng khÝ, chia thµnh c¸c tiÓu vïng:
3.1.3.1  KhÝ quyÓn trªn mÆt n­íc biÓn hoÆc n­íc lî: VÞ trÝ c¸c kÕt cÊu n»m trªn mÆt n­íc biÓn hoÆc n­íc lî;   
3.1.3.2	KhÝ quyÓn trªn bê: VÞ trÝ c¸c kÕt cÊu n»m trªn bê trong ph¹m vi nhá h¬n hoÆc b»ng 1km c¸ch mÐp n­íc;
3.1.3.3 KhÝ quyÓn gÇn bê: VÞ trÝ c¸c kÕt cÊu n»m trªn bê trong ph¹m vi 1  30 km c¸ch mÐp n­íc.
3.2 Tuú thuéc vµo vÞ trÝ kÕt cÊu ë vïng x©m thùc nµo mµ lùa chän biÖn ph¸p b¶o vÖ chèng ¨n mßn t­¬ng thÝch. §èi víi mét kÕt cÊu lín n»m ®ång thêi ë nhiÒu vïng kh¸c nhau cÇn ph©n ®o¹n kÕt cÊu theo tõng vïng x©m thùc ®Ó chän biÖn ph¸p b¶o vÖ. §èi víi kÕt cÊu nhá ®ång thêi n»m ë nhiÒu vïng kh¸c nhau, chän vïng cã tÝnh x©m thùc m¹nh h¬n ®Ó lËp biÖn ph¸p b¶o vÖ. §èi víi c¸c kÕt cÊu n»m ë vïng cöa s«ng chÞu t¸c ®éng x©m thùc cña n­íc lî, ph¶i ¸p dông c¸c biÖn ph¸p b¶o vÖ t­¬ng tù nh­ kÕt cÊu n»m trùc tiÕp trong vµ trªn mÆt n­íc biÓn.
Chó thÝch: Vïng n­íc lªn xuèng vµ sãng t¸p lµ vïng cã tÝnh x©m thùc m¹nh nhÊt ®èi víi bª t«ng vµ bª t«ng cèt thÐp. Vïng ngËp n­íc biÓn chñ yÕu g©y ¨n mßn bª t«ng. Vïng khÝ quyÓn biÓn chñ yÕu g©y ¨n mßn cèt thÐp trong bª t«ng víi møc ®é yÕu dÇn theo cù ly tõ mÐp n­íc vµo bê.
4 Yªu cÇu thiÕt kÕ
TÝnh to¸n kÕt cÊu ngoµi viÖc ®­îc thùc hiÖn theo c¸c tiªu chuÈn thiÕt kÕ hiÖn hµnh: TCVN 5574:1991, TCVN 4116:1985, TCVN 2737:1995 hoÆc c¸c tiªu chuÈn quy ph¹m chuyªn ngµnh kh¸c, ®ång thêi ph¶i ¸p dông bæ sung c¸c biÖn ph¸p chèng ¨n mßn quy ®Þnh ë ®iÒu 4.1, 4.2, 4.3, 4.4, 4.5 vµ 4.6 cña tiªu chuÈn nµy. 
4.1 Yªu cÇu tèi thiÓu vÒ m¸c bª t«ng, ®é chèng thÊm cña bª t«ng, chiÒu dµy líp bª t«ng b¶o vÖ cèt thÐp, bÒ réng khe nøt giíi h¹n vµ cÊu t¹o kiÕn tróc bÒ mÆt cña kÕt cÊu c«ng tr×nh ®­îc quy ®Þnh ë b¶ng 1.
4.2 C¸c kÕt cÊu thi c«ng b»ng ph­¬ng ph¸p ®æ bª t«ng d­íi n­íc (cäc nhåi, ®µi mãng) ph¶i t¨ng 20 mm chiÒu dµy b¶o vÖ so víi yªu cÇu tèi thiÓu ghi ë b¶ng 1. Mèi nèi hµn c¸c cäc ®ãng cÇn ®­îc b¶o vÖ b»ng 3 líp bitum nãng m¸c III hoÆc IV.
4.3 §èi víi c¸c kÕt cÊu khã cÊu t¹o ®­îc chiÒu dµy líp b¶o vÖ cèt thÐp theo yªu cÇu ë b¶ng 1 th× cã thÓ dïng chiÒu dµy nhá h¬n kÕt hîp ¸p dông mét trong c¸c biÖn ph¸p b¶o vÖ hç trî nh­ sau:
· B¶o vÖ thªm mÆt ngoµi kÕt cÊu b»ng mét líp bª t«ng phun kh« hoÆc mét líp v÷a tr¸t chèng thÊm (hoÆc kÕt hîp c¶ 2 líp) cã m¸c t­¬ng ®­¬ng m¸c bª t«ng kÕt cÊu vµ chiÒu dµy b»ng tæng chiÒu dµy bª t«ng b¶o vÖ cßn thiÕu;
· B¶o vÖ thªm cèt thÐp b»ng líp s¬n phñ chèng ¨n mßn, sö dông chÊt øc chÕ ¨n mßn kÕt hîp s¬n chèng thÊm mÆt ngoµi kÕt cÊu, hoÆc b»ng ph­¬ng ph¸p catèt. C¸c ph­¬ng ph¸p b¶o vÖ nµy ®­îc ¸p dông theo chØ dÉn riªng. 
Trong mäi tr­êng hîp kh«ng thiÕt kÕ chiÒu dµy líp bª t«ng b¶o vÖ nhá h¬n 30 mm ®èi víi kÕt cÊu bÒ mÆt trùc diÖn víi h¬i n­íc biÓn hoÆc n­íc biÓn vµ nhá h¬n 20 mm ®èi víi kÕt cÊu n»m trong nhµ.
B¶ng 1 - C¸c yªu cÇu tèi thiÓu vÒ thiÕt kÕ b¶o vÖ kÕt cÊu chèng ¨n mßn trong m«i tr­êng biÓn

	S
T
T
	Yªu cÇu
thiÕt    kÕ
	KÕt cÊu lµm viÖc trong vïng

	
	
	NgËp n­íc (4)
	N­íc lªn xuèng
	KhÝ quyÓn

	
	
	
	
	Trªn mÆt n­íc 
	Trªn bê, 
01 km c¸ch mÐp n­íc
	GÇn bê, 
130 km c¸ch mÐp n­íc

	1
	M¸c bª t«ng , Mpa(1)
	30
	40
	40
	50
	30
	40
	50
	25
	30
	40
	25
	30
	40

	2
	§é chèng thÊm n­íc, at(2)
	8
	10
	10
	12
	8
	10
	12
	6
	8
	10
	6
	8
	10

	3
	ChiÒu dµy líp bª t«ng b¶o vÖ cèt thÐp, mm (3)
- KÕt cÊu ngoµi trêi
- KÕt cÊu trong nhµ
- N­íc biÓn
- N­íc lî  cöa s«ng
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	4
	BÒ réng khe nøt giíi h¹n , mm  (5)
- KÕt cÊu ngoµi trêi
- KÕt cÊu trong nhµ
	

  0,1
-
	

  0,05
-
	

  0,1
  0,1
	

· 0,1
  0,15
	

  0,1
  0,15

	5
	CÊu t¹o kiÕn tróc
	- BÒ mÆt kÕt cÊu  ph¼ng, kh«ng g©y ®äng n­íc, kh«ng g©y tÝch tô Èm vµ bôi,
- H¹n chÕ sö dông kÕt cÊu BTCT d¹ng thanh m¶nh (chíp, lan can ch¨n n¾ng),
- Cã kh¶ n¨ng tiÕp cËn tíi mäi vÞ trÝ ®Ó kiÓm tra, söa ch÷a.



Chó thÝch:
(1) §èi víi kÕt cÊu bª t«ng kh«ng cã cèt thÐp ë vïng khÝ quyÓn biÓn kh«ng b¾t buéc thùc hiÖn yªu cÇu vÒ m¸c bª t«ng theo b¶ng 1;
(2)  §èi víi kÕt cÊu bª t«ng kh«ng cã cèt thÐp ë vïng khÝ quyÓn biÓn kh«ng b¾t buéc thùc hiÖn yªu cÇu vÒ ®é chèng thÊm n­íc theo b¶ng 1.
(3)  ChiÒu dµy líp bª t«ng b¶o vÖ cèt thÐp ®­îc tÝnh b»ng kho¶ng c¸ch gÇn nhÊt tõ mÆt ngoµi kÕt cÊu tíi mÆt ngoµi cèt thÐp ®ai.
(4) KÕt cÊu trong ®Êt ë vïng ngËp n­íc vµ vïng n­íc lªn xuèng ®­îc b¶o vÖ t­¬ng tù nh­ kÕt cÊu trong vïng ngËp n­íc. 
(5) BÒ réng khe nøt giíi h¹n cho trong b¶ng øng víi t¸c dông cña toµn bé t¶i träng, kÓ c¶ dµi h¹n vµ ng¾n h¹n.  §èi víi k Õt cÊu bª t«ng cèt thÐp øng suÊt tr­íc kh«ng cho phÐp xuÊt hiÖn vÕt  nøt.

4.4 §èi víi c¸p øng suÊt tr­íc ®Æt trong kÕt cÊu, ngoµi viÖc ®­îc b¶o vÖ b»ng líp bª t«ng theo quy ®Þnh ë b¶ng 1, cÇn ph¶i b¬m chÌn v÷a xi m¨ng kh«ng co ngãt vµ kh«ng t¸ch n­íc víi m¸c tèi thiÓu 40 MPa vµo trong èng luån c¸p. C¸p øng suÊt tr­íc ®Æt ngoµi kÕt cÊu ®­îc b¶o vÖ b»ng dÇu trong èng luån c¸p theo chØ dÉn riªng.
4.5 §èi víi c¸c kÕt cÊu trong vïng ngËp n­íc vµ n­íc lªn xuèng cã yªu cÇu niªn h¹n sö dông trªn 50 n¨m (tíi100 n¨m) thi ngoµi viÖc ph¶i thùc hiÖn quy ®Þnh ë b¶ng 1 cßn ph¶i ¸p dông thªm mét trong c¸c biÖn ph¸p b¶o vÖ hç trî víi møc tèi thiÓu nh­ sau:
· T¨ng  m¸c bª t«ng thªm 10 MPa, t¨ng ®é chèng thÊm thªm mét cÊp (2 at) vµ t¨ng thªm 20 mm chiÒu dµy líp bª t«ng b¶o vÖ so víi quy ®Þnh ë b¶ng 1;
· T¨ng c­êng b¶o vÖ mÆt ngoµi kÕt cÊu b»ng mét líp bª t«ng phun kh« cã m¸c b»ng bª t«ng kÕt cÊu dµy 30 mm hoÆc mét líp bª t«ng phun kh« cã m¸c cao h¬n bª t«ng kÕt cÊu 10 MPa víi chiÒu dµy tèi thiÓu 20 mm;
· T¨ng c­êng b¶o vÖ trùc tiÕp cèt thÐp b»ng ph­¬ng ph¸p catot (theo chØ dÉn riªng). 
4.6 §èi víi c¸c kÕt cÊu trong vïng khÝ quyÓn trªn mÆt n­íc, trªn bê vµ gÇn bê cã yªu cÇu niªn h¹n sö dông trªn trªn 50 n¨m (tíi100 n¨m) thi ngoµi viÖc ph¶i thùc hiÖn quy ®Þnh ë b¶ng 1 cßn ph¶i ¸p dông thªm mét trong c¸c biÖn ph¸p b¶o vÖ hç trî nh­ sau:
· T¨ng m¸c bª t«ng thªm 10 Mpa vµ ®é chèng thÊm thªm mét cÊp hoÆc t¨ng chiÒu dµy líp bª t«ng b¶o vÖ thªm 20 mm;
· T¨ng c­êng b¶o vÖ mÆt ngoµi kÕt cÊu b»ng mét líp bª t«ng phun kh« cã m¸c b»ng bª t«ng kÕt cÊu dµy tèi thiÓu 15 mm;
· T¨ng c­êng thªm líp s¬n chèng ¨n mßn phñ mÆt cèt thÐp tr­íc khi ®æ bª t«ng (chÊt liÖu vµ quy tr×nh s¬n phñ cèt thÐp theo quy ®Þnh riªng);
· QuÐt s¬n chèng thÊm bÒ mÆt kÕt cÊu, dïng chÊt øc chÕ ¨n  mßn cèt thÐp hoÆc b¶o vÖ trùc tiÕp cèt thÐp b»ng ph­¬ng ph¸p catot (theo chØ dÉn riªng).
5 Yªu cÇu vËt liÖu
5.1 VËt liÖu ®Ó chÕ t¹o bª t«ng chèng ¨n mßn cÇn ph¶i ®¶m b¶o yªu cÇu kü thuËt theo c¸c TCVN hiÖn hµnh vµ mét sè yªu cÇu bæ sung quy ®Þnh ë b¶ng  2. 
5.2 §Ó ®¶m b¶o ®ång thêi m¸c bª t«ng theo c­êng ®é nÐn vµ ®é chèng thÊm n­íc ë b¶ng 1, thµnh phÇn bª t«ng cÇn ®­îc thiÕt kÕ theo "ChØ dÉn kü thuËt chän thµnh phÇn bª t«ng c¸c lo¹i" ban hµnh theo quyÕt ®Þnh 778/1998/Q§ - BXD ngµy 5/9/1998. Ngoµi ra cßn ph¶i ®¶m b¶o mét sè yªu cÇu kü thuËt sau ®©y:
· Hµm l­îng xi m¨ng tèi thiÓu trong 1m3 bª t«ng ë trong vïng khÝ quyÓn vµ vïng ngËp n­íc lµ 350kg/m3, trong vïng n­íc thay ®æi lµ 400 kg/m3. Hµm l­îng xi m¨ng tèi ®a kh«ng v­ît qu¸ 500 kg/m3;
· Hçn hîp bª t«ng dïng lo¹i cã ®é sôt thÊp vµ kh«ng qu¸ 8 cm. Tr­êng hîp ph¶i dïng hçn hîp bª t«ng cã ®é sôt cao ®Ó thùc hiÖn c«ng nghÖ thi c«ng ®Æc biÖt (b¬m bª t«ng, ®æ cäc nhåi...) th× sö dông kÕt hîp víi phô gia dÎo hãa hoÆc siªu dÎo.
5.3 §èi víi kÕt cÊu cã yªu cÇu niªn h¹n sö dông trªn 50 n¨m (tíi100 n¨m) n»m trong vïng ngËp n­íc vµ n­íc lªn xuèng, bª t«ng cÇn dïng xi m¨ng poocl¨ng bÒn sunfat th­êng hoÆc xi m¨ng poocl¨ng th­êng kÕt hîp cïng c¸c lo¹i phô gia kho¸ng ho¹t tÝnh cao  ( silicafume, tro trÊu....)




B¶ng 2 -  Yªu cÇu kü thuËt ®èi víi vËt liÖu lµm bª t«ng vµ bª t«ng cèt thÐp 
®¹t tÝnh n¨ng chèng ¨n mßn trong m«i tr­êng biÓn

	No 
	Material name
	Technical requirements

	






1
	





Cement
	
1.1 Structures in atmospheric area :
- Portland cement according to VN standard 2682:1999;
- Mixed Portland cement according to VN standard 6260:1997. 
1.2 Structures in changeable water area :
-  Sulfate resistant Portland cement according to VN standard 6067:1995; 
- Mixed Portland cement according to VN standard 6260:1997 (C3A clinke should be =< 10%);
- Regular Portland cement according to VN standard 2682:1999 (C3A clinke should be =< 10%); 
1.3 structures in flooding area:
- Sulfate resistant Portland cement according to VN standard 6067:1995;
 - Mixed Portland cement according to VN standard 6260:1997 (C3A clinke should be =< 10%);
- Regular Portland cement according to VN standard 2682:1999 (C3A clinke should be =< 10%); 
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Sand
	
- Modular should be >=2,0;
- Not cause alkali-silicon reation and try regarding to VN construction standard 238:1999;
- Dissovled Cl- content should be =< 0,05% quantity of sand for regular reinforced concrete and <=0,01% for prestressed reinforced concrete and try regarding to VN construction standard  262:2001;
- Other index is accordant with VN standard 1770:1986.
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Gravel
	
- Maximum diameter (Dmax ) is =< 40 mm for concrete with coat thickness > 40 mm;
- Dmax is =< 20 mm for concrete with coat thickness =< 40 mm;
- Don’t  cause alkali-silicon reation, try according to VN construction standard 238:1999;
- Dissovled Cl- content should be =< 0,01% quantity of great aggregate, try according to VN construction standard 262:2001;
- Other indicators are accordant with VN standard 1771:1987. 
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Water for  concrete mixing 
	
4.1 Structures at atmosphere area:
- pH index between 6,5  12,5;
- Cl- content is =< 500mg/l for regular reinforced concrete and =< 350mg/l for prestressed reinforced concrete;
- Other indicators are accordant with VN standard 4506:1987.
4.2 Structures in changeable water and flooding area:
- as item  4.1 in this table;
- SO3 content can not be over 1000mg/l;
- Total number of dissovled salt content can not be over 2000mg/l.
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Reinforcement 
	
Corrosion prone area:
- Regular reinforcement C I, C II, C III regarding to VN standard 1651:1985;
- Prestressed cable regarding to VN standard 6284:1997 in item  1, 2, 3, 4; 
- Encourage to use alloy reinforcement against corrosion.
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Admixture 
	
Depending on specific case, the usage of asmixture types should be suitable with (dose and using process regarding to producer’s indications ) as follows:
· Use plasticizer  and super plastic when wanting to increase the slump of concrete  or decrease water/cement rate to increase strength and water tightness ;
· Use mineral admixture with high-activated such as  (silicafume, ash) when in need of increasing waterproofing capability, decreasing chlorine permeability into concrete, and increasing reinforced protective capability;
· Use reinforced inhibitor (Ca (NO2)2 or other kinds) in case of restricting reinforced corrosive speed of concrete at sea atmospheric area.
      



Notes: Cl- content is controlled separately for each kind of material as written in table 2 or controlled to its total quantity in entire material for making concrete as follows:
· Dissovled Cl- content should be tried regarding to VN construction standard 262:2001, not over 0,6kg/m3 for regular concrete and not over  0,3kg/m3 for prestressed concrete;
· Cl- content written in table 2 can not be practised for material making concrete structure without reinforcement (except for the situation of restricting spots on structure surface).

6 Construction requirements 
The works of concrete structure and reinforced concrete construction in marine environment are carried out regarding to VN standard 4453:1995 and other professional regulations. During the construction process, not only obey these above requirements but additional technical requirements written in article 6.1, 6.2, 6.3 of this standard as well.
6.1 Reinforcement maintenance and installation, formwork installation
6.1.1 Maintain reinforcements in indoor storage with porch roof so that they can not be affected by the rain and wind from the sea.
6.1.2 The work of reinforcement installation on site must be carried out quickly. Time between the beginning of reinforcement installation and concrete pour; is not over 24 hour for structure from the edge to sea water, and is not over 48 hour for structure in the area of =< 1km from the edge of sea water to bank. It’s necessary to separate large block structures into small parts to pour the concrete immediately after installing reinforcement. If reinforcement installation time is extending or if reinforcement surface is rusted during installation time, to clean rust before pouring concrete is necessary. 
6.1.4 Thickness of protective concrete layer is created by chairs. The chairs are made from small unit concrete (Dmax = 10 mm), their grade and waterproofing are equal to structural concrete. The chair size is from 40 x40 mm to 50 x50 mm and the thickness is as equal as the thickness of protective concrete layer with deviation of  5 mm. For column structure, the chair beams are placed at stirrup intersection and main reinforced intersection and based on stirrup. For cell structure, the chair side is arranged at cross intersection of reinforced network and based on steel wire exterior which is the nearest to the formwork. The chairs are arranged at the interval of 40-50 times of main reinforced diameter. The way to install chair is demonstrated in picture 1. Before pouring concrete, it is very useful to pour water to make the chairs wet.



Picture1. The chair placement  

6.1.5 Formworks are not only designed and installed certainly, stably, and unyieldingly during construction time under the effect of capacity but ensure the following additional requirements:
- Don’t use load bearing reinforcement to be bearing point for formwork fixing.
-In case of using bolts through structure to fix formwork, the bolts need to be placed in plastic pipes to make it easy to pull out of the structure after pouring. If these bolts still remain in the concrete, cut the two bolt ends, chisel deeply into the concrete and restore the protective layer. (Picture 2)



Picture 2. Restore the protective concrete layer at each end of the bolts fixed formwork
6.2 Bolt construction
       Implement strictly the construction regulations regarding to VN standard 4435:1995, besides, need to obey the following requirements: 
6.2.1 Cements, lands and gravel need to be devided into plots and protected to keep away from the direct affect of sea water. If materials are transferred by seaway or stored in the sea a long time, before mixing concrete, double check and control cl- content of materials regarding to the regulations in table 2. 
6.2.2 The work of concrete production for constructions at the sea as follows:  
· In case, concretes are manufactured and constructed by mechanical entirely (mixed at station, transferred by bomb or specialized vehical, pour and stamp the concrete mix by machine: The concrete mixed at the station have suitable slump with construction condition and the minimum strength shall be at least 1.15 times of the concrete grade value defined in table 1.
· In case, concretes are manufactured and constructed by handcraft connecting with mechanical (measured, transferred and poured by handcraft, mixed and stamped by machine): The concrete mixed at the station have suitable slump with construction condition and the minimum strength shall be at least 1.25 times of the concrete grade value defined in table 1.
6.2.3	In the method of constructive organization, it’s necessary to consider out of powder , raining and sunny situation and equipment problem etc…in order to have method for covering reinforcement and maintaining the concrete quality.
6.2.4	Bª t«ng chØ ®­îc coi lµ thi c«ng ®¹t yªu cÇu b¶o vÖ chèng ¨n mßn khi c¸c chØ tiªu x¸c ®Þnh trªn c¸c tæ mÉu ®óc t¹i hiÖn tr­êng vµ chiÒu dµy líp bª t«ng b¶o vÖ thùc tÕ tho¶ m·n c¸c yªu cÇu qui ®Þnh ë b¶ng 1.
6.2.5	VÞ trÝ ®Æt m¹ch ngõng thi c«ng ¸p dông theo TCVN 4453:1995. §Ó ®¶m b¶o ®é kÝn khÝt cña bª t«ng t¹i m¹ch ngõng, cÇn ph¶i thùc hiÖn c¸c c«ng viÖc sau:
· §¸nh xêm vµ röa s¹ch bÒ mÆt bª t«ng cò b»ng n­íc ngät;
· §æ mét líp v÷a xi m¨ng - c¸t (tû lÖ lÊy nh­ phÇn v÷a cña bª t«ng) dÇy 20 -30 mm, ®Çm kü sau ®ã míi ®æ ¸p líp bª t«ng míi lªn;
· §èi víi m¹ch ngõng hoÆc khe co d·n ch¾n n­íc nªn dïng b¨ng c¸ch n­íc lµm tõ c¸c vËt liÖu kh«ng bÞ gØ nh­ cao su, ®ång, inèc v.v...
6.2.6	§èi víi kÕt cÊu bª t«ng cèt thÐp ®­îc thi c«ng t¹i chç trong vïng n­íc lªn xuèng cÇn ph¶i cã biÖn ph¸p che ch¾n ®Ó bÒ mÆt kÕt cÊu kh«ng bÞ ngÊm n­íc biÓn trong vßng 3 ngµy ®Çu. Trong tr­êng hîp kh«ng thùc hiÖn ®­îc ®iÒu nµy th× cÇn tÝnh to¸n thêi gian ®æ bª t«ng sao cho kÕt thóc c«ng t¸c ®æ bª t«ng tèi thiÓu 6 giê tr­íc khi n­íc thuû triÒu lªn ngËp kÕt cÊu. Ngoµi ra trong tr­êng hîp nµy cÇn ¸p dông c¸c biÖn ph¸p lµm kÝn v¸n khu«n (lãt ni l«ng) kh«ng ®Ó n­íc lµm ph©n r· bª t«ng vµ t¨ng c­êng b¶o vÖ cèt thÐp b»ng c¸ch s¬n phñ cèt thÐp tr­íc khi ®æ bª t«ng.
6.2.7	Concrete curing is implemented regarding to Vietnam standard TCVN 5592: 1991. Don’t use sea water or brackish water to cure reinforced concrete. 
6.2.8	Pouring concrete in sea or brackish water is implemented regarding to the progress of concrete pour in water. 
6.3	Overcome defects in implement progress.
          During the implement progress and constructional insurance time Trong qu¸ tr×nh thi c«ng vµ trong thêi gian b¶o hµnh c«ng tr×nh th­êng xuÊt hiÖn mét sè h­ háng cÇn ®­îc kh¾c phôc ngay lµ:
- ThÊm n­íc hoÆc ®äng n­íc trªn m¸i, ban c«ng, « v¨ng, sªn«, khu vÖ sinh;
- Nøt kÕt cÊu víi chiÒu réng lín h¬n quy ®Þnh ghi ë b¶ng 1 (kh«ng ph¶i nøt do ¨n mßn cèt thÐp); 
- Rç bª t«ng, rç vµ thÊm t¹i m¹ch ngõng thi c«ng 
§èi víi tr­êng hîp thÊm hoÆc ®äng n­íc, ®Çu tiªn cÇn cã biÖn ph¸p tho¸t n­íc triÖt ®Ó; sau ®ã tiÕn hµnh söa ch÷a chèng thÊm côc bé hoÆc toµn diÖn tuú thuéc vµo d¹ng thÊm.
      §èi víi c¸c khuyÕt tËt t¹i m¹ch ngõng, c¸c vÞ trÝ bª t«ng bÞ rç, nøt cÇn tiÕn hµnh söa ch÷a ngay ®Ó võa gia cè kÕt cÊu võa b¶o vÖ cèt thÐp.
Notes: ViÖc söa ch÷a cã thÓ tham kh¶o chØ dÉn: "Bª t«ng - ChØ dÉn kü thuËt thi c«ng xö lý c¸c vÕt nøt, rç, thÊm n­íc b»ng c«ng nghÖ b¬m Ðp hå, v÷a xi m¨ng" (Ban hµnh theo quyÕt ®Þnh 20/1999/Q§-BXD ngµy 6/7/1999) hoÆc chØ dÉn kü thuËt söa ch÷a h­ háng do ¨n  mßn.
7.  Check and take over the construction
     Check and take over the construction are implemented regarding to Vietnam Standard 4453: 1995, and requirements of this Standard. Except the documents complying with regulation, add some technical documents as follow:
· Environmental survey document;
· Anti-erosive design document;
· Certificate of usage material;
· Implementing diary and completing document;
     It’s necessary to save all information related to environment aggressitivity data and serve the future maintenance works such as: reinforcement arrangement, concrete grade and concrete aggregate, material sources to create concrete and quality testing report for inlet material; testing coupon for checking the concrete strength at site, width of reinforced protective concrete, the report for checking and repairing the implementation defect (if any).
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