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1. TONG QUAN
1.1 Vai gia cwong F

Vai gia cworng FRP 13 vat liéu gia c6 CFS (tAm soi carbon) cho co sé ha tang, dwoc cau tric béi CF
(soi carbon) hiéu suat cao “TORAYCA® hoac soi twong duwong khac”. Vai FRP gia cuong két cau

RP

thworng dwoc st dung la CFRP (Polyme gia cb bang soi carbon) dwoc ngdm tam véi EP (keo
Epoxy), dwoc dan bén ngoai két cAu va dong cirng trén bé mat clia két ciu.

1.2 Tinh nang

Sau day, chung t6i chi ra cac dac diém sau ctia mot sb loai CFRP.

-Hang Toray:

B Specifications of TORAYCA® G-FABRIC

Typical Fiber Properties

CF Areal

Product h Thickness Width Roll Length
Name Tensile Tensile V[\le!:‘?.h't (mm) (cm) {miroll)
Strength Modulus =
(MPa) (GPa)
UT70-20G  Unidirectional T700S 4900 230 200 0.1 25,33,50 50
UT70-30G  Unidirectional T700S 4900 230 300 0.167 25,33,50 50
UT7040G  Unidiectional  T700S 4900 230 400 0.222 50 50
UT7045G  Unidirectional  T700S 4900 230 450 0.25 50 50
High
Swength  UT70-60G  Unidirectional  T7008 4900 230 600 0.333 50 50
0° 100 ©° 0056
BT70-20 Bi-directional T700S 4900 230 100 50
-drectiond 90° 100  90° 0.056
0° 150 0> 0083
BT70-30 Bi-directional T700S 4900 230 100 50
-dreetions 00° 150  90° 0.083
UM46-30G  Unidirectional  M46J 4020 436 300 0.163 25
yoSh  UM4G-34G  Unidrectional M6 4020 436 340 0.185 25
lodulus
UM46-40G  Unidirectional M46J 4020 436 400 0.217 25

*The above fiber properties are nominal data.

B Composite Properties with AUR80S

CATEED Fiber Impr_egna
Fiber Areal Sl
Sheet Weight Resin

UT70-20G 200g/m2
UT70-30G ’7;9‘:13' 300g/m2
ig
Strength AUR80S
UT70-40G Type 400g/m2
UT70-60G 600g/m2
UM46-30G 300g/m2
‘M4BJ’
UM46-34G High 5 400m2  AURSO0S
A Modulus g/m
Type
UM46-40G 400g/m2

1,671

1,864

1,698

1,907

1,247

1,249

1,535

ASTM D3039

Tensile

Strength
(N/mmz2)

93.6

103.1

94.7

115.2

177.9

182.4

2014

Tensile
Modulus
(kn/mm2)

(%)

1.72

1.89

1.79

1.66

0.68

0.69

0.76

Tensile
Strength
(N/mm2)

Strain

4,390

4,735

4,513

4,137

3,043

3,126

3,347

1SO 10406-2

Tensile
Modulus
(kn/mm2)

246.1

261.4

251.7

249.8

434.2

456.4

439.1

SHETR

(%)

1.72

1.89

1.79

1.66

0.68

0.69

0.76

-Hang FYFE:
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B Specifications of AU Resin series
Impregnation Resin

Normal Type Winter Type Product N Normal Type Winter Type R —
roduct ame es etho
Product Name e AT EStised AUP40S AUP4OW
Usable time 40 minutes 20 minutes e e 40 minutes 20 minutes
Temperature
T i ~ ~
CRonge 15C~35C  5C~20°C Range R
Density 147+0.1 JIS K 7112 ey 11701 SIS KT112
: Mix Ratio 21
Tensile 30N/mm JIS K 7161 (Base resin - Hardening) .
SEER Package size 17kg
Flexural
skengin 40M/mm JISK 7171 Putty
- Normal Type Winter Type
Compression Product Name Test Method
Strength T NS K781 AUF60S AUFGOW
Co;n;)(;zi;ion 15001/mm IS K 7181 Usable Time 40 minutes 20 minutes
Temperature TE’;::’;“'E 15'e~35°C se~20e
15MN/mm 17N/mm JIS K 6850
Range Density 1.47+0.1 JISK 7112
Mi?( Ratio } 29 Mix Ratio 21
(Base resin : Hardening) (Base resin : Hardening) i
Package size 17kg Package size 20kg

Primer

Typical Dry Fiber Properties

Material properties are based on standard laboratory conditions
(23°C, 50 percent relative humidity.)

Property

Tensile Strength
Tensile Modulus
Ultimate Elongation

Density

Minimum weight per sqg. yd.

Typical Test Value
620,000 psi (4.3 GPa)
36.0 x 10° psi (250 GPa)

1.7%

0.064 |bs./in.? (1.77g9/cm?®)
19 oz (644 g/m?)

Composite Gross Laminate Properties

Property®

Ultimate Tensile
Strength in Primary
Fiber Direction

Elongation at Break

Tensile Modulus

Tensile Strength per
inch width

Tensile Stiffness per
inch width

Nominal Laminate
Thickness

ASTM
Method

D3039

D7565

D1777

ACIl 440.2R
Properties’

131,000 psi
(903 MPa)

0.90%

14.6 x 10° psi
(100 GPa)

5,240 Ibf/in width
(918 N/mm)

584 x 107 Ibf/in
width (102 kN/mm)

0.04 in.

Design Properties?

131,000 psi
(903 MPa)

0.90%

12.6 x 10° psi
(87 GPa)

5,240 Ibf/in width
(918 N/mm)

504 x 10% |bf/in
width (88 kN/mm)

0.04 in.
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Additional Composite Properties

ASTM Typical Test

Property* Method Values Design Values
110,000 psi 82,500 psi
Flexural Strength (758.4 MPa) (568.8 MPa)
D790
8.5 x 10° psi 7.0 x 10°% psi
Flexural Modulus (58.6 GPa) (48.3 GPa)
Longitudinal Compressive Ga 50,000 psi 42,500 psi
Strength (344.8 MPa) (293 MPa)
Longitudinal Compressive 1.2 x 10° psi 9.5 x 10° psi
Modulus (77.2 GPa) (65.5 GPa)
- o D149
Longitudinal Coefficient of 3.6 ppm/°F

Thermal Expansion

Transverse Coefficient of
Thermal Expansion

D570  20.3 ppm/°F

* Contact FyfeFRP LLC engineers to confirm project specification values and design methodology.

(1) Tinh nang

Ty trong clia CFRP x4p xi 1.6 g/cm3, va nhd hon 5 14n so v&i vat liéu thép. Nén viéc anh
hwéng ting tai trong 1én két ciu do gia cwdng 1a nhé.

Céac vai soi carbon cé cwdng do kéo va mé dun dan hdi cao:

+ Cuwong do soi kéo khd: >=3400 Mpa.

+Cuwong do kéo vait+keo epoxy: fu=900-1900 Mpa (tuy loai vai va keo).

(2) Hiéu qua

Vai CFRP c6 hiéu suét lam viéc on dinh.

C6 thé gia cuwdng don hwdng bang vai CFRP-UD (don hwéng) dé gia cwong két cdu. Hodc
chon loai vai CFRP-BD hai huéng dé gia cwdng cac vét nirt va ngan chin khéi bé téng bong
troéc, v.v...

C6 thé tao I&p mang gia cb6 CFRP, giup gia cudng két chu mét cach hiéu qua va kinh té.

(3) Kha nang lam viéc

Phwong phép thi cong don gidn, vai CFRP dwoc ngdm tAm trong keo tai chd va dan Ién két
cAu va doi dong két lai giip giam cong nhan lam viéc va thoi gian thi cong ngén.

Vai CFRP c6 khéi lwgng nhe nén khong can thiét bi, cong cu n&ng dé thi cong.

Vai CFRP dé dang gia cdng theo kich thwé'c mong mudn bang kéo.

Vai CFRP c¢6 thé dwoc dan vao két cdu mot cach dé va linh hoat.

ver. 1



———— CHi DAN KY THUAT THI CONG GIA CUONG
— ~ ~ o Feb-2021
. KET CAU BAN FRP
BK.(:mup
(4) D6 bén vachéng an mon
Vai gia cwdng CFRP c6 kha n&ng lam viéc dn dinh trong méi triérng &n mon.
Theo két qua nghién clru, dd bé&n mai cia vai gia cwdng CFRP cao hon vat liéu thép.
2. KY THUAT THI CONG
2.1 Lwong Epoxy str dung thong thuong
Tab. 2-1 Lwong Epoxy str dung thong thwéong
. ra > . 2
S | Khi ) Khoi lwgng su dung danh dinh (kg/m?)
Loai keo u’o’ngzv 8l ™ Under coating Over coating Total
(9/m?) "y o X o
Lép lot L&p phu Tong cong
Keo 6t - 1.0
\'f;o ngam tam | 4g0 0510 0.6 031004 0.9
Ghi chu;

*1 Khéi lwong st dung tiéu chudn la 1.0 kg/mi. Néu bé mat cAu kién gb ghé khong bang phang
do &n mon ho&c khe hé do dwdng han, can phai thi cong 16p 16t day hon dé tao bé mat.

2.2 Thiét bj thi cong

Tab. 2-2Danh muc thiét bj
Céng cu
- Thiét bi loai bd 1&p phi ( may mai, may théi, may phun cat v.v...)
- Thiét bi stra chira ( bay, thia trét ba, v.v.)
- Thiét bi bdo hod (mii béo hod phun cat, kinh bao ho, géng tay, v.v.)
- Dung cu thi cdng (con lan tdm, con I&n son, chdi quét, dao tron cao
su, bay, con lan khtr bot khi, v.v.)
- Dung cu can do va pha trén (6ng dung, hop dwng, can, may trén
cam tay, dao tron, v.v.)
- Dung méi rira dung cu (chéat pha loang epoxy, v.v.)
- Nhirng thr khac (kéo, dao cat, thwdc ké, V.V.)

Céng tac
Chuén bj bé mat

Thi cdng bot b3,
Thi cong CFS

2.3 Trinh tw thuc hién

(1) Quy trinh
Tab. 2-3Quy trinh Iam viéc tiéu chuan
STT | Cbng tac Céng viéc chinh Ghi chu
Slra chiva bé | Stra chira vét | - Han va tram khe nit -
mat npt
Chuan bj bé Loai bé I&p - Dé 16 bé mat thép -
mat son phd va
I&p bao vé
Mai bé mét - Loai bé phan bj &n mon
va dé 10 bé mat thép
Lam sach - Lam sach ri sét va bui - B& mat phai kho rao
ban, v.v.
ver. 1 4
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Kiémtradd | -Do do do ghé - do gb ghé = 20um
gd ghé
3 Trét bot ba Kiém tra bé - Bé mat khéng duoc ri
mat sét
Tronbdtba | - Tron déu - Kiém tra nhiét do va dé am
- Kiém tra thoi gian séng clia
bot ba
- Xac dinh ty I& tron va khéi
lwvgng str dung
Trét b6t - D6 déc hoan thién cho Xac dinh thoi gian st dung
phép 1:200 dbi v&i cac vi
tri bi gé ghé
- Chiéu day bot ba tdi da
1mm ddi v&i cac vi ttris
bang phang
Bao duwdng - Ngan cach bui va nwéc | - Gilr nhiét do 5 °C tr& Ién.
(khong it hon - Ngan nuérc tiép xuc.
1 ngay.)
4 Marking - Xac dinh d6 crng clia - Kiém tra tinh trang ctng
Panh dau bot ba clia bot ba bang cach cham
ngon tay.
- Ghi nhan vi tri danh dau | - Xac nhan chiéu dai méi noi
vao ban vé
- Banh dau vj tri méi ndi
han éng thép
5 Gia cong vai CFS - Cat vai theo yéu cau clia | - Xac nhan chiéu dai

ban vé

6 Duéi lép pht | Tron keo - Tron déu keo dé khdong | - Kiém tra nhiét do va do am
keo tAm bi phan tach - Kiém tra thoi gian sbéng clia
b6t ba
- Xac dinh ty I& tron va khoi
lvong st dung
Thi cong keo | - Quét déu trén bé mat - Xac dinh thoi gian st dung
7 Ngam tadm vai CFS - Dbat vai CFS trén I1&6p keo | - Xac dinh hwéng lam viéc
6t clia vai CFS
- TAm nhap keo vao vai - D4y va lan con 1&n ngdm
CFS va loai bd bot khira | tAm keo doc theo huéng
ngoai SOi.
8 Lép phu Tron keo - Tron déu keo dé khdong | - Xac dinh ty 1& tron va khi
bi phan tach lwong st dung
Thi cong keo | - Quét déu trén bé mat - Xac dinh thei gian st dung
9 B&o dwong (khdng it hon 1 - Ngan cach bui va nwéc | - Gilr nhiét do 5 °C tr& Ién.
ngay.) - Ngan nuwéec tiép xuc.
10 Hoan thién
Cha y;

*1 Trao dbi v&i don vi thiét ké, nha san xuét / nha cung cap, néu thiét k&, ban vé hoac cac tai liéu

khac chi ra quy trinh khac.

*2 L&p lai ttr bwdc 5 dén 9, néu thi cong nhiéu 16p
*3 Theo tuan tir tr bwdc 5 dén 9 c6 thé ap dung cho vai CFRP

(2) Chi tiét thyc hién

ver. 1
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Nuwdc va dd Am gay ra nhidu van dé khac nhau, d6 1a “chét lwong thap, do cirng kém va mét dinh
két v&i nhya epoxy khi dwa vao lam viéc”. Qua trinh déng cirng dugc kiém soat béi nhiét do va do
4m. Do d6 phai tuan thi cac diéu kién sau day mot cach can than.

1) Nhiét dé I6n hon 5 °C, 6 4m nhé hon 85%.

2) Khéng c6 nwérc trén bé mat cua thép.

3) Néu nhiét dé thap hon (khoéng 10 °C tré xudng) va dé 4m cao hon (khoang 75% tré
Ién) trong qud trinh thi céng va bdo dwéng, cé thé tao I6p cacbonat trén bé mat cta
nhwa chwa déng cieng, va I6p cacbonat sé lam mét tinh két dinh cua keo. Méi trurong
tai ché phai dwoc cha y.

a) Stra chiva bé mat
(1) Han va bit kin vét nirt néu c6 vét nit.
(2) Néu bé mat khdng déng déu cé khe hé va réng, hay tao dd phang nhw hinh 2-1.

Loai bd bang may Tao déc bing bot

ba
|

D6 doc Tram trit bang
1:200 bot ba

Fig. 2-1 Substrate repair

b) Chuan bi bé mat
(1) Loai bd cac chi tiét bi &n mon, ri sét va I&p pht bang may mai.
(2) St dung may cat cét bd dé tao thanh cac bac cip cé chiéu cao hon 1mm hodc st dung
bot ba dé tao bé mat cé do déc 1:200.
(3) Lap day cac 16 hdng bang bot ba

Mai nhan b& mét bang
may mai

Fig. 2-2 Surface preparation

c) Trat bot ba
(1) Kiém tra bé mét sao cho bé mét khd réo, khdng dé lai vét ri sét va bui.
(2) Dé xac dinh lwong bdt ba thi cdng can can nhéc dén thdi gian séng clia bot ba va pham vi thi
cong. Tiép theo troén déu thanh phan nhwa va thanh phan tao cing theo ty 1& phu hop.
(3) S dung thia ho&c bay dé trét ba Ién bé mét thép.

ver. 1 6



o000 . . R R .
e — CHI DAN KY THUAT THI CONG GIA CUONG

——

' Er R ¥ Feb-2021
BK.(imup KET CAU BAN FRP

(4) Sl dung bot ba dé phui Ién bé mat thép gidp ngdn chan &n mon tinh dién.
(5) Bao duéng trong qua trinh hinh thanh do cing. Tuyét déi khéng deer nuwéde tiép xuc.
d) Banh dau
(1) Xac nhan dd cing clia bot ba banh tay.
(2) Vach dwong thang l1am ddu pham vi tAm CFS duoc lap dat theo ban vé
(3) Banh d4u vi tri mdi néi han éng thép, mdi ndi tAm CF phai bao pht cac méi ndi han va khéng
dwoc trung véi mdi ndi han.

Fig. 2-3 Marking

e) Gia con thm CFS
(1) Céttadm CFS theo dung ban v&. chi y dén hwéng lam viéc clia soi.

f) Lo lot
(1) Sau tbi thiéu 3 ngay, ké tir khi thi cong 1&'p bot ba, tién hanh tao nham bé mét bang gidy nham.
(2) Dé xac dinh lwong keo thAm nhap thi cong can can nhac dén thdi gian séng clia keo va pham
vi thi cong. Tiép theo tron déu thanh phan nhuwa va thanh phan tao cirng theo ty & phu hop.
(3) Quét déu lwong keo danh dinh I&n trén bé mat thép tai vi tri dan vai CFS.

Fig. 2-4 Under coating of impregnating resin

g) Dan vai CFS va thAm nhap keo
(1) Xé&c dinh vi tri dan vai CFS theo ban vé.
(2) Dan vai CFS lén trén 16p keo |6t thdm nhap.
(3) Lam phéng bé méat CFS bang thia cao su, ho&c ru 16 1&n thAdm tAm keo, dé tAm nhya vao bén
trong tAm CFS.

ver. 1 7
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Fig.2-5 CFS Impregnation

(4) Sl dung ru 16 tdm keo chay doc theo huwéng sgi carbon dé day khong khi va ngoai. Khéng
dworc Ian theo hwdng chéo va vubng goc vai soi vai carbon vi nd gy nhan hoac bién dang

Acceptable <~ = |

=V o

|

E Inacceptable

= The Carbon fiber direction

Fig. 2-6 Hwéng lan ru 16

h) L&p pha
(1) Dé xac dinh lwong keo thdm nhap thi cong can can nhac dén thdi gian séng clia keo va pham
vi thi cong. Tiép theo tron déu thanh phan nhuwa va thanh phan tao cirng theo ty & phu hop.
(2) Quét déu lvong keo danh dinh Ién trén bé mat vai CFS bang con lan son

The Device to Check Impregnating
Thié bj kiém tra tham nhap keo.

San phdm tdm CFRP ¢4 trang bi thiét bj kiém tra viéc thAm nhap nhwa Epoxy

Théng thwong tAm CF c6 mau den, Ia mau tw nhién cla soi carbon. Nén rat kho xac dinh liéu
tAm CF c6 dwoc thAm nhap véi nhwa dén mire d6 ndo. Dac biét, tAm CF c6 ty trong cao Ién hon
400 g/m? s& kho thAm nhap nhwa hon va khéng dé dé danh gia mirc do thAm nhap tir bén ngoai.
Vai CFRP néu khoéng duoc thAdm nhap hoa toan cé thé la nguy&n nhan gay ra sw phan tach va méat
lién két trong twong lai.

Do d6, San phdm TORAYCA G Fabric da bb sung dai soi thdy tinh GF ¢ mau trdng bén trong
tAm CF, mirc d6 thAm nhap nhwa c6 thé dwoc xéac dinh mire do trong subt clia soi thiy tinh GF

ver. 1 8
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CF/sheet ‘i

Tam CF khd CFRP
(Trudce khi thdm nhap keo) (Sau khi thdm nhap keo)

i) Bao duéng
(1) Bé&o duéng tAm CFS cho dén khi nhya hinh thanh d6 cing.
Tab. 2-4 Th&i gian lwu héa nhwa

Nhiét d6 trung binh Thoi gian bao duwdng
<10°C 2 ngay
10°C dén 20°C 1 dén 2 ngay
>20°C 1 ngay

(2) Thoi gian bdo duwéng dén khi xuét hién tai trong chiu kéo theo bang dwdi. Ngoai ra, phai gitv
cac b6 phan gia cwdng khéng chiu tac dong clia ngoai lurc trong thoi gian bao
Tab. 2-5 Thoi gian Iwu héa nhwa
Nhiét dé trung binh Thoi gian bg’ao duwdng
10°C 2 tuan
20°C 1 tuan

j) Hoan thién
Co thé st dung vat liéu hoan thién la son, vira géc nhya, vira thong thuong. Khi ap dung cac vat
liéu hoan thién can tham khao nha san xuét cach stv dung.

(3) Thi céng tdm CFS da I&p
(1) Théng thudng sau ti thiéu 4 tiéng co thé thi cong I6p tiép theo. Tuy nhién, thdi gian bao
duwdng phu thudc vao nhiét do.
(2) Cham vao bé mat clia nhwa xem nhwa cé xuét hién do cirng khong. Néu nhya ciing, thi
cong 16p tiép theo.
chu
- Khi thi cdng I&p tiép theo ma huéng soi vudng gbc véi hudng soi I6p dwéi, can kiém tra
I&p dwdi dich chuyén trwée khi thi cong.
Khéng thi cong trén 16p nhwa phi va dwdi 1ép 16t cho I6p tiép theo. B&i vi nd sé tao ra
cac nép nhan, bién dang va gay truot khi vi tri 1&p dét.
St dung lwgng keo thich hgp cho tirng I6p.
- Lwong nhya thap sé dan dén pha hly dwéi cudng dd nhd hon.
(3) Thai gian thi cong da I6p trong vong 3 ngay. Néu khoang thdi gian cach nhau tir 4 ngay tré
lén, can tao nham bé m&t CFRP bang gidy nham dé dam bao lién két gitra cac 16p.

(4) Méi ndi CFS

ver. 1 9
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a) Méi ni theo huwéng soi
Lam theo hwéng dan hodc ban vé clia don vi thiét ké dbi vai mbi ndi theo hwéng soi.

Mbi néi

 ——————————— ———— —
| Huwéng soi |
| M&indi|  Khoan cach | M6i ndi
/4 ) NZZ
|‘M6i noi Khodn cach Moi n@
Fig. 2-7 Mbi néi

Chiéu dai méi nbi va khoan cach gitra cac mdi ndi dwoc xac dinh theo hudng dan ctia don vi thiét
ké va ban vé
Tab. 2-6 Chiéu dai méi néi theo tiéu chuan Nhat (Tham khao)

2 ..z | Khodn cach gilra
£, X a . Chiéu dai moi ST ¢
Két cau Muc tiéu gia cuwdng £ cac moi nOi
noi L(mm)
) Lg(mm)
Toa nha Chiu uon, chiu keo, dia 2200 Khéng yéu ciu
- chan

Ketcaugiao | cpiy uén, chiu cét 2200 >300
théng ]
Ham Chong bbng tréc =100 =100

b) Khoan cach gilra cac thm CFS
Khi thi cong cic tAm CFS canh nhau, d6 dai khe hé gitra cac canh ctia tam CFS [a tir 0 dén 5 mm

Gap

X Fiber direction >

A

Fig. 2-8 Gap

(5) Phwong phap gia cwéng xung quanh vat can
Khi cé chwéng ngai vat nhw 6ng thoat nwéc va khe hé nhéd trong khu viee dan CFS, can phai dan

ver. 1 10
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CFS dbng thdi tranh chuéng ngai vat. Vi CFS bi cét va khong dan lién tuc, kha nang gia cwdng clia
CFS ¢4 thé bi giam mét phan. Bién phap ddi pho, gia cong cac tAm CFS dé dan xung quang chuéng
ngai vat. Ngoai ra, vi tim CFS c6 tinh dan dién nén can phai cé khodng cach xap xi 10mm tir mét bén

clia hdp dau ra dén tAm CFS.

Hwéng soi

N v

X

=2200mm W | 2200mm

a) Gia cwdng theo phuwong

b) Gia cwong chéo

Hwéng soi

N
PR R RARA

¢) Gia cuwong théng ding

Fig. 2-9 B6 tri bd sung tdm CFS xung quanh chwéng ngai vat

(6) Giam sat hién trwwong ( Dan gia va nghiém thu)

a) Kiém tra trec quan(Hwéng soi va dd phdng)
Hwéng soi sau khi thi cdng dwoc danh gia bang cach kiém tra tric quan tai hién trwéng.
Tam CF duwoc nghiém thu khi d¢ Iéch nhé hon 5 d6 ( khodng 75 mm/m) so v&i quy dinh trén

ban vé thiét ké.

Néu tm CF c6 do 1éch I&n hon 5 do so véi ban vé thiét ké, can bao céo cho don vj thiét ké

dé danh gia va nghiém thu.
Kiém tra b& mat xem cé hién twong phdng dop khong. Cé kha nang tach I6p khong.

b) Khuyet tat (tach lop)

Khuyét tat tach I&6p co thé kiém tra thdng qua tiéng gd trén bé mét bang thanh gb.
Delaminations are evaluated in accordance with the criteria of delaminations of CFRP are
shown in the table below.

Khuyét tat tach |&p dworc danh gia theo bang 2-7
Néu c6 tiéu chuén riéng ctia dy an vé khuyét tat tach I&p thi lam theo tiéu chuén doé.

Tab. 2-7 Tiéu chi khuyét tat tach 16p™

Kich thwéc phan tach

Dién tich khuyét tat

Banh gia

Hanh déng khéc
phuc

Nho
(Dién tich: =1,300mm?)

= 5% tong dién tich CFRP
Va =10 tAm/m?2

Nghiém thu

= 5% tbng dién tich CFRP
Hoac =10 mau/m?

Trung binh
(1,300mma2 <dién tich khuyét
tat <16,000mm2)

Tatca

Lén
(Dién tich: =16,000mm? )

Khéng nghiém
thu

Rach bé va Bom
keo vao bén trong

Dan va CFS che
phu khuyét tat

Notes:
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*1  ACI 440.2R-17 Huéng dan thiét két va thi cong hé théng FRP dan ngoai dé gia cudong
két cAu bé tong

(7) Stra chira khuyét tat CFRP
a) Bom keo

®

ClOI®)

Tao mét sb 16 & gbe canh I6p phan tach. Kich thuéc 16 bang dwéng kinh ngoai clia clia dau
kim phun.

Pwa dau kim phun vao 6.

Bom nhwa thdm nhap cho dén khi xuat hién ro ri & tat ca cac 16 thoat.

Két thuc bom, bao dwdng cho dén khi nhiva cirng lai.

| -Lb thoat keo

Bom nhya —j

[ 1
Kiem ——

L 1

Fig. 2-10 Bom nhya

b) Cat roc

(1) Phuwong phap nay chi ap dung ddi v&i vai CFS don huwéng va trwde khi nha tao d6 cirng.

(2) Cétmot sd soi ngang va tao khia doc theo hwéng tAm CF. Hay can than khong cét hodc lam
héng tAm CF.

(3) B sung nhya thdm nhap lén bé mét tach I16p va bd sung nhwa thdm nhap vao bén trong
cac vét cat roc CFS.

(4) Bao dwéng cho dén khi nhiva cirng lai.

(5) Phuong phap cét roc la phuong phap siva chiva hiéu qua cho cac khuyét tat phan tach xuét

hi 1 cac nép nh&n hodc chay xé tAm CFS.

Hwéng soi

07
Dao Cét Chél cao su

Fig. 2-11Céat roc

c) Dan va tim CFRP

@

Phuwong phap nay dwoc ap dung sau khi nhyra hinh thanh dé cirng
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(2) Loai bd 16/p khuyét tat bang may mai.

(3) Xac dinh pham vi tAm va. Sé lwgng tAm va CFS bang s6 lwgng CFS ban dau. Ngoai ra, can
xem xét chiéu dai mdi ndi. Néu chiéu dai méi ndi dwoc quy dinh bdi tiéu chuan hodc don vi
thiét ké, thi ap dung theo.

Tao nham khu virc va béng gidy nham va lam sach.

Lap day cac pha nloaij bd bang bt trét va tao phang sao cho vira véi bé mét ciia CFR ban
dau.

Thi cong dan I&p va CFS thdm nhap nhwa Ién trén khu vie khuyét tat.

Bao dwdng dén khi hinh thanh d6 cirng

0® O®

Téam va CFS

(3 16p )—l

L : splice length
Removed part_| Original CFS
(Backfilling by putty) (3 layers)

Fig.2-12  Dan vé tim CFRP

(8) Thi nghiém kiém tra chat lwong
Théng thudng, thi nghiém kéo va thi nghiém dinh bam dwoc thye hién dé dé kiém tra chat lwong
gia cuong CFRP.

a) Thi nghiém kéo
Thi nghiém kéos dwoc thyc hién tai phong thi nghiém deer kié mtra dac tinh ky thuat cia CFRP
vé cudng do chiu kéo, mé dun dan héi va do gian dai kéo dut.

b) Thi nghiém d6 dinh bam
thi nghiém dd dinh bam dwgc thye hién tai hién trvedng dé kiém tra cwong do dinh bam va hinh
dang pha huy.

(9) Lwu trir va xcr ly vat liéu

a) Lwu trir vat liéu
B6t trét, nhwa ngdm tam, va cac vat liéu khac thudng phai dwoc bdo quén theo luat dia phwong.
Tranh dé vat liéu tiép xuc truc tiép véi &nh ndng mat tréi |, nhiét do cao va do am.

b) Chét thai

Chét thai do cong trinh gia ¢ CFS thai ra dwoc xt ly chinh xac 1a chét thai cdng nghiép theo luat
dia phwong.
(10) Bo tri

Kiém tra ngoai quan va kiém tra béng tiéng gé nhw da dé cap muc (6). Néu phat hién khuyét tat thi
tién hanh stra chiva theo muc (7)

ver. 1 13
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3. An toan lao dong
Hiéu day d0 cac dic tinh cla tirng loai vat liéu, va chi y day da dén didu kién thi cong va moi
trwdng lam viéc dé dam bado an toan. Phai tuan theo cac bién phap phong nglra nhuw sau.
1)  Doc MSDS (Bang di¥ liéu an toan) cho tirng vat liéu dé& xac nhan théng tin an toan.
2) Thuwe hién sau khi xac nhan cach st dung, lwu trir va kiém soat.
3) Chuan bj gian gido, diéu kién dwong xa va cac moi tridng lam viéc khac.
4) Mang mat na bao hg, kinh bao hd, gang tay va day an toan, v.v.

5) Khi str dung dung méi hivu co', hodc ngay ca khi chi sir dung nhwa epoxy, hay chu y day du dén
hé théng théng gié khi lam viéc trong khdng gian kin. Viéc théng gié bang quat gié hodc éng dan
la can thiét.

6) Mét sb loai nhua epoxy nhw son 16t, bét trét va nhwa ngdm tdm co thé anh hudng dén co thé
con ngudi. Cac bién phap d6i pho sau day sé dwoc yéu cau.

a) Sau khi tiép xuc véi mat: Rlra sach bang nhiéu nwdc trong it nhat 15 phut va dén co sé
y té ngay lap ttrc.

b) Sau khi tiép xtc v&i da: Rira ngay béng xa phong va nwéc. Néu bj viém hodc ngira, hay
di kham ngay lap tuc.

c) Sau khi nudt phai: Rtra sach khoang va dén gép bac si ngay lap tirc.

d) Sau khi hit phai: Cung cép khéng khi trong lanh. Néu tinh trang réi loan nhip thd xay ra,
hay dén gap bac si ngay lap tic.

Vi mét sb ngudi bi di rng véi nhwa epoxy, hay cb géng thiét 1ap quy trinh lam viéc khong tiép
xuc trwe tiép voi nhwa epoxy.

7) Visgi carbon co tinh dan dién, soi carbon phan tan cé thé 1am ngén mach céc thiét bi dién. Do
dd, diéu quan trong & phai bit kin phdn mé cla thiét bi d& ngan cac soi tiép xuc véi cap.
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— CHi DAN KY THUAT THI CONG GIA CUONG

£ R ¥ Feb-2021
BK.(imup KET CAU BAN FRP

8) Maéc du cac vién nghién clru trén thé gidi néi rang soi carbon rai rac khéng gay hai cho co thé
con ngudi, hdy deo mét I&p xa hwong chdng bui, v.v ... & khéng hit phai soi carbon vao co thé.

9) Chét thai CFRP, chat két dinh, v nén dwoc xir ly nhw chét thai cong nghiép theo luat dia
phwong.
10) Chuy dén Itra. Khi xt ly dam chay phai chon noi an toan va chuan bi cac phuong tién chira
chay tai ché.

11)  Tron nhwa théng theo tirng phan nhd. Néu nhwa dwoc tron cling mét lic, nhiét va khoi sé dwoc
tao ra.

4. Tham khao

(1) Japan Building Disaster Prevention Association (JBDPA, 1999), Seismic Retrofitting Design
and Construction Guidelines for Existing Reinforced Concrete (RC) and Steel-encased
Reinforced Concrete (SRC) Buildings with FRP Materials (in Japanese).

(2)  Carbon Fiber Repair and Reinforcement Research Association (2004), Quality control manual
for upgrading of concrete structures by using CFRP (in Japanese).

(3)  American Concrete institute (ACI, 2008), Guide for the Design and Construction of Externally
Bonded FRP Systems for Reinforcing Concrete Structures.
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