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M6 hinh héa su lam viéc cia dam bé téng cét
phi kim loai duoc gia cuong bang tam FRP

Fem modeling for frp-reinforced concrete beams strengthened in shear by FRP laminates

> TRAN CAO THANH NGOC

Khoa Ky thuat va QLXD, Trugng DH Qudc té - Dai hoc Quéc gia TP.HCM.

Pai hoc Quéc gia TP.HCM.

TGM TAT

Rai bao trinh bay phan tich vé tng xir cia ddm bé tang cdt phi kim
loai Fiber-Reinforced Polymer (FRP) dugc gia cwang béng tdm
FRP. Dua trén nghign ctu thue nghigm da thyc hign, ma hinh ma
phang phan tir hitu han (PTHH) dugc thigt lap va ddi ching vai ket
qué thi nghiém. Sau da, ma hinh dugc st dung d& danh gia higu
qué cia mat sd phuong &n gia cudng ddm bing tam FRP. Két qua
ma phang cho théy vai viéc gia cudng ddm bang tam FRP cai thign
dang ke strc khang cét cia dam, t7 1@ thuan vai ham lreng duge gia
cuwing. Cu thé vai viec gia cudng toan ba dam bang 2 lap FRP, sic
khang tang len tai 97% so vai ddm khang gia cudng.
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ABSTRACT

This research presents an analytical study on the behavior of
FRP-reinforced concrete beams strengthened in shear by FRP
laminates. The FEM model is used to verify the results from the
experimental studies. The parametric studies are conducted to
study the effects of number of FRP layers on the behaviors of
such beams. The analytical results indicate that the shear
strengths of the beams are increased with the increase in the
number of FRP layers. As comparing with the controlled beams,
the shear strength of the beams with two layers of FRP increases
by a7%.
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cach gan két cac sgi (thay tinh, armid, cac bon, bazan) bdi cac chat
nén la nhua polyme. C6t thanh FRP ¢6 uu diém rat 16n la cudng do
chiu kéo cao hon c6t thép truyén théng, trong lugng rat nhe,
khéng nhiém tir va dac biét la khéng bi an mon. Hé théng tiéu
chudn Viét Nam da c6 tiéu chuin vé c6t thanh FRP va loai thanh sgi
thay tinh da dugc san xuat trong nudc ti nam 2015 [1], [2]. Tuy
nhién cac tiéu chudn trén mdi chi néu cac quy dinh téng quan vé
nguyén tac st dung, thiét k&, cac quy dinh vé vat liéu va phuong
phap thir. Trong khi d6 moét s6 cong trinh da dugc ting dung thanh
FRP & vlng bién- dao, céng trinh nuédi tréng thly sdn nudc man
hay tudng vay ga tau dién ngam [3-71. Chinh vi vay, viéc c6 nhiing
hu héng trong qué trinh khai thac clia cdc cong trinh st dung
thanh FRP trén la diéu kho tranh khoi, nhat la trong béi canh két
cdu con chiu nhiéu tac déng cda tai trong khac ngoai an mon.

Dé khic phuc, gia c6 hu héng, phucng phap phé bién dugc ap
dung hién nay la dan tam FRP théng qua cac chat két dinh nhu
epoxy, polyester, vinylester. TAm FRP c6 nhiéu uu diém nhu cudng
d6 chiu kéo cao, ch6ng an mon, trong lugng nhe, dé thi cong, tiét
dién sau gia cudng hau nhu khéng thay déi. Hiéu qua cta tdm phu
thudc rat nhiéu vao qua trinh thi cong ciing nhu loai soi. Lam rd su
lam viéc ctia két ciu bé téng c6t phi kim dugc gia cudng FRP vi thé
la mot van dé cap thiét.

1.6l TUGNG NGHIEN CUU

Hai m3u dam giéng nhau c6 chiéu dai 1,5m, mat cat ngang
200mm x 300mm dugc ché tao dé khao sat trong nghién cdru. Mau
1 (C-2.3) la dam chua dugc gia cudng va mau 2 (FRP1-2.3) dugc gia
cudng bang 1 16p tdm FRP. Bé tong st dung c6 cudng dd chiu nén
trung binh 35 MPa. Bdng 1 thé hién cac théng s6 cla c6t thanh
thay tinh FRP va tdm dan carbon FRP.

Bang 1. Dac trung co hoc clia vat liéu

MG PAU

Déi vdi cac cong trinh xay dung ven bién néi riéng hay & mai
trudng nhiém man néi chung, an mon c6t thép la méi nguy co
hién hitu. Ngoai cac gidi phap chéng én mon cho cét thép, mét
hudng mai c6 tinh bén viing la st dung cac vat liéu cot phi kim loai
dé thay thé c6t thép truyén thdng. Trong s6 cac loai vat liéu phi
kim loai c6 thé lam c¢é6t chiu luc cho bé tong thi c6t thanh phi kim
loai Fiber-Reinforced Polymer (FRP) d& dugc nghién ctiu va dua vao
st dung tir hon 2 thap ky qua. C6t thanh FRP dugc tao nén bang
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Dang EF Cutng do chiukéo |  Dién tich tiét Chiéu day
(GPa) (MPa) dién (mm?) (mm)
Thanh FRP D6 810,0 19,6 -
Thanh FRP D16 42,5 800,2 165,0 -
Thanh FRP D20 801,3 240,4 -
Tam FRP 82,0 8343 - 0,51
Keo Tyfo S Epoxy 3,18 72,4 - -

Céc mau dugc thi nghiém theo so d6 udn 3 diém. Ty I gila
canh tay don chiu lyc v6i chiéu cao c6 hiéu la a/d=2,3. Cac mau
dugc gia tai theo chuyén vi taing dan cho dén khi pha hoai.
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Hinh 1. Kich thudc dam nghién ciu
2. MO HINH MO PHONG PTHH Dang pha hoai ctia cac mau dam dugc thé hién tai Hinh 4. Vi

Thiét Igp mé hinh

Mé hinh dugc xay dung dya trén phan mém PTHH Cast3M. Day
la phan mém cé ma nguén ma, dugc xay dung va phat trién bdi
vién nghién clu nang lugng nguyén tir (CEA) clia Phap. Ludi phan
td hitu han ca mé hinh phéng dugc thé hién trén Hinh 2. Bé téng
dugc miéu ta bang phan tr 4 nut (SEG4), c6t thép dugc mo hinh
bang phan t thanh 2 nat (SEG2). Téng cdng, lugi phan ti hitu han
gém c6 3080 phan tu. Cac két qua thu dugc trén cac lugi phan tu
min han khéng cho thay su chénh léch dang ké so vdi lugi phan ti
dugc gidi thiéu & trén. Su dinh bam giiia bé téng, thép hinh va cot
thép dugc gia thiét 1a dinh bam tuyét d6i. Ung xr clia bé tong
dugc miéu tad bang mo hinh Mazars trong Cast3M. M6 hinh nay
cho phép miéu ta cac ung xtr phi tuyén cla bé tong khi chiu tai.
Mé hinh dan déo tuyét déi dugc st dung dé miéu ta (ng xUr cla
thanh FRP.

Hinh 2. Lu6i PTHH

So sdnh két qua mé hinh va két qua thi nghiém

Pudng cong quan hé gilta luc cdt va chuyén vij tai gilta dam
dugc thé hién, so sanh tai Hinh 3. V& mat téng thé, mé hinh mé
phong bam sat su két qua da thu dugc tir thuc nghiém. Sau giai
doan dan héi, cac vét nat dan xuat hién khi tai trong tac dung ting
Ién. V&i viéc gia cudng bang mét I6p FRP, d6 ciing clia dam FRP 1
dugc cai thién dang ké. Luc cdt t6i han thi nghiém cda dam gia
cudng tang khoang 50% so véi dam doi ching (216 kN so vai 144
kN). Céc gid tri nay 8 md hinh mé phong 1a 210 kN va 155 kN.
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Hinh 3. Quan hé lyc cdt - chuyén vi gitta dam

mau dam khéng gia cudng C-2.3, cac vét nat nghiéng dau tién
xuat hién mép phia dudi, & 2 phia trong ctia g6i. Khi tai trong tang
I&n, cac vét nut lan dan 1én vi tri tac dung luc. Bén canh d6, cac vét
ntt khac lan dan ra phia ggi réi cling tiép tuc kéo dai l1én dong quy
tai diém dat luc. M6 hinh mé phéng ciing cho thdy dang phé hoai
kha tucng déng vé su phan bé Ung suat, khdng dinh méd hinh c6
kha nang phan tich chinh xac tng x{ ctia dam.

Hinh 4. Dang pha hoai ctia dam khong gia cutng

3. PHAN TiCH ANH HUGNG CUA CAC GIAI PHAP GIA
CUONG

Cdc phuong dn khdo sdt

M6 hinh mé phong da dugc xay dung sé dugc st dung nham
déanh gia su dnh hudng cla cac gidi phap gia cudng khac nhau déi
vGi dam bé téng c6t thanh FRP chiu cét. Cac trusng hgp khao sat
dugc tém tat & Bang 2.

Bang 2. Cac trudng hgp khao sat

Tén dam Dic diém
(-23 Dam ddi ching, khdng dugc gia cudng
FRP1 Dam gia cudng 116p FRP
FRP 1-50 Dam gia cudng cac dai FRP 50mm cach nhau 50mm
FRP 1-100 Dam gia cudng cac dai FRP 50mm cach nhau 100mm
FRP2 Dam ddi ching, khong dugc gia cudng

Phdn tich anh hudng cdc tham s6

Két qua dugc phan tich dau tién 1a dudng cong thé hién méi
quan hé gitia luc cat va chuyén vi tai gilta dam. Nhu ta thay, tng xd
cla cac dam la tuong déng & giai doan dan héi. Tuy nhién ké tu khi
vét nit dau tién xuat hién, su lam viéc cda cac dam cé su khac
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nhau ré rang. DGi v6i dam déi chiing khong gia cudng, dé cing bi
suy gidam nhanh nhat tuang (ing vai téc do lan truyén cla cac vét
nut xién do chiu cat cho dén khi bi pha hoai tai gia tri luc cat 156
kN, tuong ung chuyén vi gitta ddm 7,7 mm. Cac phuong an gia
cudng bdng cac 1 16p (dai FRP rong 50 mm FRP 1-50, dat cach
nhau 100 mm (dam FRP 1-100), 1 I8p toan bd khéng chi gitp dam
tdng dé cing va diém pha hoai gan nhu tuong déng. Diéu nay c6
thé giai thich dugc la do vj tri cac vét nit phan nhiéu nam trong
vung dai FRP nén su khac biét khéng ré rang. Luc cat I6n nhat cha
3 trudng hgp nay so v6i mau khéng gia cudng tang lén lan luot
21%, 31% va 33%.

Trong khi d6 néu gia cudng toan boé mat dudi va hai mat bén
dam bang 2 I6p (FRP 2), d6 clng cla dam tang lén rd rét. Suc
khang ct ca dam tang lén 245 kN, tuong duong véi 57% so Vdi
dam déi ching khong gia cudng.
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Hinh 5. Quan hé luc cat - chuyén vi giita dam

Hinh &nh phan b6 tng suat thém trén bé mat dam thém khang
dinh su khac biét gilta cac giai phap gia cudng (Hinh 6). R6 rang khi
ham luong FRP du 1én (& 3 trudng hop FRP 1-50, FRP1, FRP 2), dam
da cai thién dang ké vé dé ciing. Dang pha hoai tuong déng vdi
viéc cac vét nut sé phat tan cham hon so vai dam chua gia cudng.

FRP 1- 100
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FRP1

FRP2
Hinh 6. Dang phé hoai clia cac ddm

4, KET LUAN

Trong bai bao nay, su lam viéc ca dam bé tong c6t phi kim
loai gia cudng bang tdm FRP da dugc phan tich dua trén két qua
thuc nghiém va mé phdng s6. Mét mé hinh mé phdng PTHH ¢6
xét dén tinh phi tuyén cla vat liéu dugc xay dung va déi chiing véi
két qua thi nghiém. So sanh va phan tich cho thdy mé hinh dé xuat
¢6 kha nang mé phéng chinh xac tng x{ téng thé 1an cuc bd clia
dam. Mé hinh mé phong sau d6 da dugc sy dung nham lam rd su
anh huéng clia cac phuong an gia cudng tam FRP cho dam chiu
cat. Két qua cho thdy véi viéc gia cudng dam bang tdm FRP cai
thién dang ké stc khang cét ctia dam, ti 1& thuan véi ham lugng
dugc gia cudng. Cu thé véi viéc gia cudng toan bd dam béng 2 16p
FRP, stic khang tang lén tGi 57% so véi dam khong gia cudng. Diéu
d6 khéng dinh hiéu qua cua gidi phap gia cudng dam bé téng cot
phi kim loai khi chiu cdt bang tam FRP, tuong déng cac nghién ctu
déi véi gia cudng dam bé téng cét thép.

L&i cam on

Nghién ctru dugc tai trg bai Dai hoc Quéc gia TP.HCM (PHQG-
HCM) trong khuén khé Dé tai ma s6 B2021-28-04.
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