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PHAT TRIEN BEN VUNG - SU DUNG VAT LIEU FRP PE SUA CHUA VA GIA CO
CONG TRINH BE TONG COT THEP

SUSTAINABLE DEVELOPMENT - USING FRP MATERIALS FOR REPAIRING AND
STRENGTHENING OF CONCRETE STRUCTURES
TS. Nguyén Thdc Bai Huyén
Trwong Pai hoc Cong nghiép Thyc pham TP.HCM
TOM TAT
Stra chira gia ¢b cdng trinh bé tdng cbt thép bang vat liéu FRP 1a mot cong nghé méi duoc sir dung trén thé gisi
tir gitta nhitng ndm 1990. Céng nghé nay khai thdc kha nang chiu lyc cta vat liéu va phuong phap thi cong don gian
da nhanh chéng tro thanh giai phap phii hop so véi céc giai phap gia cé khéac. Vi nhitng uu diém vuot tréi nhu thoi
gian thi céng nhanh, khéng pha v két cau hoic thay doi hinh dang kién trac ban dau, khdng can hé van khuén phic
tap, dac biét phi hop vai moi truong khac nghiét, cho thay 1a cong nghé kha thi va hiéu qua trong diéu kién cua Viét
Nam.
Tir khoa: Vit liéu FRP, nhya epoxy, sira chira, gia ¢d, cong trinh.
ABSTRACT

Repair of reinforced concrete structures with Fiber Reinforced Polymer materials (FRP) is a new technology
used in the world since the mid-1990s. This technology exploit high bearing capacity of the material and
construction method is quite simple has quickly become a suitable solution when comparing with other
reinforcement solutions. With the advantages such as fast execution, not breaking or structural changes original
architectural shapes without complicated formwork system, particularly suitable for the harsh environments, this
technology is still feasible and effective in the condition of Viet Nam.

Key words: FRP materials, epoxy resin, repair, strengthen, structure.
1. PAT VAN PE

Trong linh vuc xay dung, viéc stra chita gia ¢b va nang cap mot sé bo phan, hang muc hoic
ca cong trinh (goi chung la cong trinh) 1a mét hoat dong thuong xuyén. Cé nhiéu nguyén nhan
gdy ra nhu: vat liéu bi xubng cap hu hong do 140 hda; thiéu sot tir cac khau khao sat thiét ké, thi
cong, khai thac va bao tri cong trinh; cong trinh phai chiu céc tai trong dic biét nhu dong dét,
chay nd, qué tai...; phat sinh yéu cau thay ddi cong ning, thém kha ning chiu tai cua céng trinh
tir phia nguoi str dung.

Céch lam truyén thdng 1a ting tiét dién cau kién, thay ddi so do két cdu, op ban thép hay gay
g suat truge. Nhin chung, cac giai phap gia ¢ truyén thong thi kha phuc tap tir khau tinh toan
thiét ké dén thi cong va phai thay dbi hinh dang kién tric ma hiéu qua khéng cao.

Str dung cbéng nghé vat liéu FRP trong sira chita gia ¢ cong trinh xay dung c6 thé xem la
giai phap thay thé va khic phuc nhuoc diém cho cdng nghé dan ban thép vao ving chiu kéo cua
ciu kién bé tdng cét thép nham ting kha nang chiu udn (Flaming va King, 1967). Tai My, van dé
nay duoc quan tdm tir nhimg nim 1930 nhung méi dén 1980 m¢i dwa vao st dung. O Bic, cong
nghé nay dugc st dung sém hon tir nim 1978 (Wolf va Miessler, 1989). Chau Au va Nhat
(Fardis va Kalili, 1981) ciing c6 nhitng bdo cao sir dung FRP vao gia ¢6 cong trinh vao nim
1980, va thé gioi da st dung rong rai cong nghé nay tir gitra nhimg nam 1980.

TAP CHI KHOA HOC CONG NGHE VA THUC PHAM SO 05/2015 127



NGHIEN CUU - TRAO DOI

Vé ly thuyét tinh toan va huéng dan sir dung vat liéu FRP cho cong trinh bé téng cbt thép
ddu duoc cac nuéc My (ACI, 2002), Canada (CSA, 2000), Nhat (JSCE, 2001) va Chau Au (FIB,
2001) nghién ctu va céng bé. Tai Viét Nam tir nam 2005, rat it nghién ctu vé vat liéu FRP cho
cdng trinh xay dung nhung thuc té 4p dung chwa rong rdi va ciing chua c6 tiéu chuan ky thuat
cho cdng nghé nay.

Bai viét cho mét céi nhin téng quan vé cong nghé gia ¢ cong trinh bang vat liéu FRP, gioi
thiéu cac dic trung vat liéu FRP, nguyén 1y cin ban gia cd két ciu cong trinh va bién phép thi
cong trén co sd tidu chuan ACI 440.2R-2008 cua My.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twgng nghién ciru

Theo thoi gian sir dung va trong nhimg diéu kién khi hau moéi truong khac nhau, céc cong
trinh xay dung s& bi xudng cap dan nén can phai stra chira gia cb. Bac biét d6i vai nhitng di tich
lich sir hodc cong trinh vin héa mang tinh nghé thuat cao thi can bao tén va tring tu, tranh thay
d6i hinh dang kién tric ban dau hoac phéa v két cau cong trinh.

2.2. Phwong phap nghién ciru

Dé phu hop véi diéu kién kinh té - xa hoi cua Viét Nam, chang toi s& trinh bay mot
giai phap hiéu qua dé swra chita gia cd cong trinh bé tong cbt thép, do 1a cong
nghé vat liéu FRP. Bao gom:

- Gidi thiéu vat liéu FRP
- Str dung vat liéu FRP trong gia ¢ c6ng trinh bé téng ct thép
- Quy trinh thi cdng stra chira gia ¢
- Phuong phép kiém tra chat lwong va nghiém thu.
3. GIOI THIEU VAT LIEU FRP

FRP la vat liéu composite nén polymer gia cuong bang cac loai soi nhu soi thuy tinh, soi
carbon, sgi aramid, ngoai ra ¢ thé dung soi basalt, gidy, gb va thach cao. Vat liéu polymer
thuong dung la nhya epoxy, vinylester, polyester khdng no va nhya phenol formaldehyde. Vit
licu FRP sir dung da dang trong cac linh vuc: san pham cong nghiép, hang khéng, giao thdng va
xay dung,...

Uu diém cua céc loai soi gia cuong nhu soi thuy tinh, soi carbon, soi aramid 1a cuong do
chiu kéo cao, m6 dun dan hoi 16n, trong lwong nhe, cling nhu kha nang chong mai mon cao, cach
dién tot, chiu nhiét tot, bén theo thoi gian.

Bing 1:Ddc trung co Iy ciia mjt sé Sgi

Loai Bién dang pha Khéi lweng Mb dun dan Sirc chiu
sQi hay (%) rieng(kg/m?®) hoi(GPa) kéo(MPa)
GFRP 1,2-3,1 1250-2150 35-51 483-1600
CFRP 0,5-1,7 1500-1600 120-580 600-3690
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| AFRP | 1,9-4,4 | 1250-1400 | 41-125 | 1720-2540 |

*GFRP, CFRP, AFRP: Vit liéu polymer gia cudng bang cac soi thuy tinh, carbon va aramid.

Vit liéu FRP duogc dung ¢ c4c dang nhu tim Ién, thanh tron, vai cudn hodc thanh dai bang,...
Trong qua trinh sira chira gia ¢6 cong trinh thuong dung vat liéu FRP & hai dang: dang mém nhu
vai cuon va dang cung nhu thanh dai bang.

4. SUA CHUA GIA CO CONG TRINH BE TONG COT THEP BANG VAT LIEU FRP
4.1. Gia c6 bén ngoai cau kién

Véi cudng do chiu kéo va moé dun dan hoi khé 1on, vat liéu FRP duoc dung dé ting kha ning
chiu lyc cua cong trinh hién hiru theo yéu cau st dung ma khong can thay ddi hinh dang kich
thudce. Vat liéu FRP duoc gia ¢ ¢ bén ngoai ciu kién theo hai cach:

- Dén biang cac thanh dii bang cung (Laminate)

- Boc bang cé4c tAm vai cuon mém (Fabric).
4.2. Gia c6 theo so d0 két ciu, so' do tai trong va hinh dang vét nit
4.2.1. Gia c6 két cau chiu uén

& Moment duwong

Cac két cau dam hoic dam khung khi chiu tai trong s& xuat hién vét nit & viing moment
dwong (M = ql%/24 ) tai vi tri & gitra dam, vi vy s& diing vat liéu FRP dé gia c6. Khi thi cong, vt
liéu FRP s¢€ dat tai vi tri moment duong ( Hinh 1a va 1b).

Tuong tu c6 thé dung vat liéu FRP dé gia ¢ cho céc cu kién chiu uén nhu dam, san,
tuong,... va cho ca két cau bé tong cbt thép chiu (ng suat truge. Két qua thyc nghiém theo tai
liu nude ngoai cho thay kha ning chiu udn cé thé tang dén 40%.

Moment dwong Gia cé nit do moment dwong

Tal trong tac dung
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Vét nirt do udn xuat hién
& viing moment duong
F

Hinh 1: So do tdi trong c6 moment dwong truwéc va sau khi gia cé bang vt liéu FRP.
(a): Vét nixt xuat hién ¢ ving moment dwong.
(b): Gia cb két cdu bang vat liéu FRP.

& Moment am
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Két cAu chiu udn thuong bi nit & viing gbi do chiu moment am (M = ql%/12)vi vay cé thé gia cb
két cAu bang vat liéu FRP (Hinh 2a va 2b). Két qua thuc nghiém cua céc tai liéu nuwdc ngodi cho

thiy sau khi gia ¢, kha niang chiu uén cua két ciu ting dang ké nhu trudng hop gia c6 moment
duong.

Moment am Moment am

,Ving moment am
Nt do uon

l.l_l_l_l
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Hinh 2:So d0 tii trong c6 moment am truéc va sau khi gia co bang vit liéu FRP.
(): Vét nut xuat hién & viing moment am.
(b): Gia cb vét nut & ving moment am.
4.2.2. Gia cb két cau chiu luc cit
Ddi véi cac két cau c6 nhitng ving chiu luc cit, s& xuat hién nhitng vét nat xién do téc dung
kéo (Hinh 3a).Viéc gia c6 dugc thuc hién bang cach dat ting thanh FRP theo hudng thang ding

hay xién. Céc thanh nay s& duoc dit lién tuc cach khoang déu nhau (Hinh 3b). Viéc gia c6 trén
duoc thuc hién cho cac loai két cau nhu: dam, véch cang, 16i cang.
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Chiu cét Chiu cét

Tai tac dung )
' Vét nirt xién do chiu kéo e
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Viing chiu cat
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Hinh 3:So d6 tai trong caa két cau chiu cit trwéc va sau khi gia cé bang vat ligu FRP.
(a): Vét nut xién do chiu kéo.
(b): Lap dat cac thanh FRP.
4.2.3. Gia c6 két cau chiu nén
Déi véi cac két cAu chiu nén nhu cac dang cot, véch thi khi két cAu nut can phai gia cb bang
cach b cot. Ket qua nghién ctru trén the gidi déu cho thay la sau khi stra chira gia co thi kha nang

chiu nén tang thém 20%. Gia tri nho hon so voi két cau chiu uén nhung lai giam bién dang khé
I6n khi cot chiu tai trong téi han. Két qua 1a d6 bénco thé tang khoang tir 3 dén 4 lan.

Ngoai ra, d6i vai két cau cd dang cot I16n thi khi gia cd can pha nhiéu vong nham gidp két
cau giam bién dang hong.

- ..\ .
&
Ap luc bd

Hinh 4: So’ do tdi treng cia két cdu chju nén trwéc va sau khi gia cé bang vt ligu FRP.

5. QUY TRINH THI CONG SUA CHUA GIA CO CONG TRINH BANG VAT LIEU
FRP

Quy trinh gia c6 cac cong trinh bé tdng can thuc hién cac budc sau ddy:

- CoOng tac chuan bi bé mit bé téng
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- COng tac chuan bi vat lidu
- Thi c6ng gia cb bang vat liéu FRP theo phuong phap kho va uét.
5.1. Cong tac chuin bi bé mit bé tong
Bao gom cé4c cong viéc sau day:
a) Stra chira bé tong: can pha bo céc phan bé tong bi hu hong hoic bj dn mon.

b) Vé sinh bé mit bé tong: phai that sach, phiang va khong con bui. Can dung khi nén hoic
Xit nudc.

¢) Xir ly cac vét nit (néu c6): bom epoxy khi bé rong vét nit Ién hon 0,25mm.

d) Mai cac goc cua cau kién (néu co)

Vé sinh bé mit bé tong

Stra chira bé tong

5a

5¢c ‘K 5d ‘@

Hinh 5: Cong tac chuan bi bé mit bé tong.
(a): Stra chira bé tong (b): V& sinh bé mat bé tong
(c): Xur ly vét nit (d): Lam tron gac.

5.2. Cong tac chuan bj vat liéu

a) Do va cit vat liéu FRP: phai can than va chinh x4c kich thudc.

b) Chuan bj keo epoxy: phai tron dung ty 1& pha tron va dang thiét bi khudy tron pha hop.
Can kiém tra nhiét do, thoi gian va mie do nhidm béan cho phép theo huéng dan sir dung cua nha
san Xuat.
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5.3. Quy trinh thi cong gia c6 bing vat liéu FRP theo phwong phap khé (Dry lay-up)
Bao gom céc budc sau:

a) Quét op son 16t: 1én bé mat bé tdng can gia cd, cd thé sir dung co lan.

b) Trét mat tic bang bay.

¢) Quét keo epoxy 16p thir nhét bang co lan, thuong day tir 15mm dén 20mm.

d) Lip tim FRP 1én keo epoxy con uét, 4n nhe nhang vao 16p keo dan. Trudc khi 16t gidy
mit sau, ding co lin bang cao su lan theo chiéu doc thé vai.

e) Quét 16p keo epoxy thir hai sau khi Iap tim FRP duogc 30 phut.
5.4. Quy trinh thi cong gia c6 bing vat liéu FRP theo phwong phap wét (Wet lay-up)

Trinh ty thi cong cling giéng nhu phuwong phap khd, chi khac 1a cong doan thoa keo. Trong
phuong phap uét, tim FRP kho duoc tim keo dén khi bdo hoa va dem dén vao mit bé tong da xir
ly. Uu diém cia phuong phap uét 1a c6 thé dan nhiing bé mat két cau co tiét dién Ion, lyc bam
dinh gitra I6p FRP va bé tdng hoac giira cac 16p FRP tét hon. Vi vay sé& ton keo hon va thdi gian
thi cong cho keo kho s€ 1au hon.

6. KIEM TRA CHAT LUQNG VA NGHIEM THU

6.1. Kiém tra

Trong qua trinh thi cng stra chira gia ¢, can kiém tra truc quan vé:
- Vi tri kich thudc cac vi tri can sira chira gia ¢,

- Chét lugng cac méi ndi,

- Chét lugng bam dinh, chit luong cong tac son,

- Chit luong keo epoxy: bé mit phai phang, ddng nhat mau sic, chat liéu, khéng 16i 16m,
khong ho keo.

6.2. Nghiém thu
Cong tac nghiém thu can phai lam 2 thi nghiém: thi nghiém kéo nhé va thi nghiém tach 16p.
6.2.1. Thi nghiém kéo nho (Pull test)

Cén dam bao &p luc nho nhit, khoang 14kg/cm? va tranh xay ra hién tuong phéa huy (béc
tach) lop bé téng trong qua trinh thyc hién thi nghiém.

6.2.2. Thi nghiém tach lop (Tap test)

Can dam bao nhiing yéu ciu sau day:
- Dién tich tach 16p khong dugc 16n hon 12,5¢cm?
- Pdng thoi khong duoc qua 10 vi tri bi tach 16p trén dién tich 1m? thi nghiém
- Tong dién tich bi tach 16p khéng qua 5% dién tich thi nghiém.
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Trudng hep: Tong dién tich bi tch I6p nho hon 160cm?, thi tiy theo truong hop cu thé vé
kich thudc, s6 lugng va vi tri thi c¢d thé gia ¢ bang cach bom keo hay dén lai.

Kiém tra chét lwgng Kiém tra chit lwong
Thi nghiém kéo nhé
Thi nghiém tach I6p (ACI 440.2R) -ASTM D4541
= ACI 503R
= ACI 440.3R
‘“}' .
. )

Hinh 6: Thi nghiém kiém tra chat hrong.
(a): Thi nghiém kéo nhd.
(b): Thi nghiém tach lop.

7. KET LUAN

Hién nay tai Viét Nam, con rat it nghién ctu vé mat ly luan va chua c6 tiéu chuan ky thuat
vé gia cb bang vat liéu FRP dé ap dung vao thuc té, vi vay trong qué trinh d6 thi héa hau hét cac
cong trinh cii khi sira chita bao tri nAng cap ma rong thuong chon giai phap dap bo va xay dung
lai mai hoan toan. Viéc nay vira khdng hiéu qua gy lang phi vira ton thoi gian, lai khdng bao ton
dugc kién trac di tich lich sir cia mot sé cong trinh vin hoa.

Tir céc két qua nghién ciru nuéc ngodi va mot sé it cong trinh nghién ctu trong nudc, cho
thiy wu diém gia taingcuong do khéa cao cua két cau cong trinh khi duoc gia cd bang vat liéu
FRP.Hon nira,viéc gia cdng ché tao vat liéu FRP ciing nhu quy trinh thi cong kha don gian dan
dén rat ngan thoi gian thi céng,giam thiéu chi phi duy tu bao tri ma van bao ton nguyén dang kién
trdc xay dung ban dau... Vi vay néu dugc quan tm nghién ctu sdu thém mang tinh hé thdng cac
van dé vé vat liéu, vé két cau cong trinh, vé tiéu chuan k¥ thuat st dung vat liéu FRP trong diéu
Kién dac thu Viét Nam..., vé 1au dai viéc s dung vat liéu FRP chic chan s& 1a cong nghé gia cb
hiéu qua va bén vimng d6i véi nganh xay dung Viét Nam.
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