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Tom tét: Bai bao tdp trung dénh gié hiéu qud
chju cét cida dam bé téng cét thanh FRP ¢c6 st dung
két hop Iwéi soi. Lwéi soi duoc st dung thay thé
cho cét dai truyén théng. Nghién ctu thuc nghiém
da tién hanh trén 2 m4u ddm cé va khéng co Iwéi
soi dét. Két qua cho thdy st dung luéi soi thdy tinh
hoan toan phu hop déi véi ddm bé téng cét thanh
FRP chju cdt. M6t md hinh mé phdng phén td hiu
han ciing da duoc xay dung va kiém chung véi két
qud thi nghiém. Cuéi cung, khao sat vé dnh huéng
cta mot s6 tham sé téi img xd chju cat cda ddm cét
thanh FRP ciing duwoc tién hanh.

Tl khéa: lwéi soi, FRP, ing xi& cét, ddm, pha
hoai.

Abstract: This paper focus on the contribution of
textile to the shear performance of concrete beams
reinforced with FRP rebars. Glass textile is used to
replace the traditional transverse reinforcement. The
experimental program includes two rectangular
concrete beam specimens reinforced with and
without of stirrups.The experimental results indicate
that the glass textile can substitute the traditional
transverse reinforcement in shear resistance of FRP
reinforced concrete beam. A finite element model
was also developed and compared against the test
results. Finally, the parametric study was conducted
to quantify various parameters on
behaviour of concrete beams reinforced with FRP
rebars.

the shear

Keywords: textile reinforced concrete (TRC),
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1. D&t van dé

Tudi tho cta cdng trinh xay dwng phu thudc vao
nhiéu yéu td, trong d6 d6 bén cuta bé téng va tdc do
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gi cla cbt thép trong bé tong la mot trong nhivng
yéu t6 quan trong nhét. Viét Nam 1a nwéc cé dwdng
bd bién dai, véi nhiéu cong trinh xay dwng ndm
trong moi trwdng co tinh an mon cao. Day la mot
van dé lon véi cac cong trinh bang bé tong cét thép
(BTCT) do viéc &n mon cét thép co thé gay hw héng
nghiém trong cho cong trinh. Mot gidi phap hiru hiéu
dé co thé han ché dwoc tinh trang nay 1a st dung
polymer cét soi (fiber reinforced polymer — FRP)
dang thanh dé lam cét gia cwdng trong két ciu bé
tong, thay thé cbét thép théng thwéng. Thanh FRP 1a
mét dang vat liéu composit chra sgi (thay tinh, cac
bon, aramid,...) dwoc gan két bdi chat nén 1a nhya
polymer (nhw epoxy, vinylester) [1, 2]. Cac soi tao
ra cwong dd va dé cieng cho thanh, trong khi chét
nén cé tac dung bao vé va truyén luc gitka cac soi.
Uu diém ndi bat cda vat liéu FRP la c6 cwdng do
chiu kéo rat 16n, trong lwong rat nhe, va dac biét &
khéng chiu &n mon. Gan day, thanh FRP thiy tinh
(GFRP) da bat dau san xuét trong nwéc va ban ra
thi trwong. Tiéu chudn TCVN 11110:2015 vé cét
composite polyme dung trong két cAu bé tong va dia
ky thuat da duwgc Bo Khoa hoc va Céng nghé céng
bb vao thang 12 ndm 2015 vira qua [3]. Tuy nhién,
b&i cét FRP khong udn dwoc tai hién truéng, do dé
cac k§ sw gdp nhiéu khoé khan khi can bé hoac ubn
& cac géc dé lam cbt dai chiu cét. Day |a mét nhwoc
diém 1am han ché sy phd bién cua loai cét chiu lwc
nay.

Bé tong cbét lwdi soi (Textle Reinforced
Concrete, TRC) la mét loai vat liéu méi, dang thu
hat sy quan tdm cda nhiéu trung tam nghién ctu
I&én do kha nang ap dung bén vitng cho két clu
cong trinh. TRC 1& bé tdng hat min c6 cbt dang lwoi
duwgc dét tr sgi cac bon hay s¢i thuy tinh khang
kiém. Lwdi soi la vat liéu c6 nhiéu wu diém dic biét
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nhw cé cwdng dd cao, trong lwgng nhe va c6d db
bén v&i moi trwdng rat cao [3]. TRC da dwoc ap
dung rat hiéu quéa dé ting cuong két ciu bé tong
cili, ché tao cAu kién bé tdng mai, dac biét la két cau
dic sén. O Viét Nam hién nay, TRC da béat dau
dwoc nghién clru, tap trung chinh vao viéc str dung
dé tdng cwdng kha nang uén va chiu cét cho dam,
ban BTCT [4, 5, 6], tdng cwdng kha nang chiu nén
cho két cu cot BTCT [7, 8]. Bén canh d6, TRC
ciing dang dwoc nghién ctru dé tng dung cho két
céu ban bé tong dy ng lwc cng trwdc [9]. So vdi
cbt thanh FRP, cbt lwéi dét dé thi cong, dé udn cong
dé hinh thanh cét dai chiu cat hon so vé&i thanh
FRP. Ngoai ra, do c6 kha nang chiu kéo va mé dun
dan héi Ién hon so véi thanh FRP nén viéc ap (rng
dung cbt lwéi sgi lam cét dai chiu cat cho dam bé
téng la rat tiém nang.

Bai bao nay trinh bay phan tich vé rng x& chiu
cat ciia dam bé téng cét thanh FRP s& dung lugi
soi nhw la cét dai chiu cat. Pau tién, nghién ctu
thwe nghiém dwoc tién hanh véi 2 mau dam cé ti sé
chiéu dai chiu cat trén chiéu cao hiru hiéu (a/d)
bang 2,8 nham danh gid hiéu qua trong viéc st
dung Iwéi sgi lam cdt dai. Sau d6, mo hinh md
phéng phan t& hiu han (PTHH) duogc thiét lap
nhadm kiém ching két qua thi nghiém cing nhw
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phan tich mét sb tham sb anh hwéng dén ng x
chiu cét ctia ddm bé téng cbt phi kim loai st dung
cbt doc la thanh FRP va cét dai 1a lu6i soi dét.
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Hinh 1. So d6 thi nghiém

2. Thi nghiém dam chiju cat
2.1 So' dé thi nghiém

Hai m&u dam thi nghiém c6 chiéu dai 1,8m, mat
cat ngang 200mm x 300mm. Dam st dung bé téng
hat min c6 cwdng do chiu nén 52 MPa, cbt thanh
FRP c6 md dun dan hoi 43 GPa, cwdng d6 chiju kéo
800 MPa. So dd b tri thanh FRP dwoc thé hién
trén hinh 2 trong d6 mau 1 khéng cé cbt dai, mau 2
st dung 1 16p lwéi dét dong vai tro cbt dai. Loai lwdi
soi st dung la lwéi thay tinh cé md dun dan héi 120
GPa, cwdng do chiu kéo tAm soi la 1800 MPa.

So dd thi nghiém theo dang uén 3 diém. Mau
duoc gia tai theo chuyén vj tding dan cho dén khi
pha hoai. Trong qua trinh thi nghiém, cac LVDT
dwoc b tri dé do chuyén vi.
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Hinh 2. C4u tao cAc m3u ddm va so dé thi nghiém

2.2 Két qua thi nghiém

Dang phéa hoai cGa cac mau dam dwoc thé hién
tai hinh 3. V&i mau 1 (hinh 3a) la m&u chi c6 cbt doc
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FRP, cac vét nirt chd yéu 1a vét nirt vudng goéc truc
dam do uén. Vét nit dau tién xuét hién to gitra
dam, lan dan t» dwéi Ién. Bén vét nit thang goc
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khac cling xuét hién sau dé, ndm déi xing & hai
bén. Tuy nhién, khi lwc cét tdng 1&n- vét nit nghiéng
dau tién xuét hién va gay ra pha hoai dam. Vét nit
ndi lién diém dat lwc t&i vi tri gbi phai ctia dam.
Trong khi d6, d6i v&i mau 2 (hinh 3b), voi
sw c6 méat cia 1 16p lwdi dét - sb lwong vét nit
nhiéu hon, ngén hon, gan nhau hon. Cac vét

J %

nt ubn ciing xuat hién trwdc tién nhwng chi
phan bd chl yéu & sat canh dwéi dam, sau d6
chuyén hwéng véi cac géc nghiéng khac nhau.
Sé lwong cac vét nit nghiéng do cét phan bd
déi xtrng 2 bén dam va vét n&t gay pha hoai
cling la vét n&t ndi gitra diém dat lwc va gbi cha
dam.

a) Mdu 1

~ TRC
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b) M4u 2 )
Hinh 3. Dang phéa hoai cda cac mau thi nghiém

Méi quan hé gitra lwc tac dung véi chuyén vi
thang dirng tai gitta dAm dwoc thé hién trén hinh 4.
Nhuw ta thdy, &ng x( cGa 2 mau la gibng hét nhau &
giai doan dau tién - giai doan dan hdi. Dén thoi diém
khoang hon 30 kN, giai doan dan héi két thic cung
IGc xuAt hién vét nit dau tién do udn. Bbi véi mau 1,
dwdng cong nghiéng dan thé hién sy suy giam do
cng kha nhanh. Tai thoi diém lwc tac dung khoang
70kN, dudng cong xuét hién diém gép khuc dét ngot,
twong ng sw xuét hién cha vét nit do cat dau tién.
Ké tir thoi diém dd, do cirng dam tiép tuc gidm voi
tdc d6 nhanh hon trwéc khi dat gi¢i han tai gia tri lwc
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tac dung bang 84 kN, v&i chuyén vi & gitra dam la
4,3 mm. Sau dé, dworng cong ddi chidu, mau bj pha
hoai do vét nirt cat lan dai, mé rong nhw da quan sat
& hinh 3. Ciing nhv mau 1, sau khi vét nit nghiéng
do cét xuét hién, d6 clrng cta dam bi suy gidm. Tuy
nhién, d6 nghiéng ctia dwdng cong khong thay dbi
nhiéu nhw mau 1, nghia la tbc d6 suy gidm cham
hon. R rang 1&p lwédi soi da giup lwc cat duwoc
truyén di tot hon, khdng gay ra sy thay déi dot ngot.
V6i sw xuét hién rat cham, phan bé déu cla cac vét
nirt nghiéng, mau chi bi pha hoai khi lwc tac dung dat
t&i 151 kN, twong ng chuyén vi gan 11 mm.
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Hinh 4. Buong cong luc tac dung - chuyén vj giita ddm

3. M6 hinh m6 phéng PTHH
3.1 Xay dung mé hinh

Véi muc tiéu kiém chiing két qua thi nghiém, mét
md hinh PTHH dwoc xay dung dua trén phan mém
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ATENA. M6 hinh khéng gian 3D dwoc siv dung dé& mo
phéng tng xt chiu cat ctia dam bé tong co cbt doc la
céc thanh FRP va cét dai la lwoi soi. D& phan anh chi
tiét sw lam viéc cta cac cu kién, mé hinh phan ti bé
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tong dwoc lwa chon & cac phan ti khdi bac cao dang
hinh hép dé cho két qua chinh xac nhat cé thé. Trong
khi d6, FRP va lwéi soi dwoc md hinh hoa béng phén
tlr c6t chiu luc (reinforcement) ¢ dang thanh mat chiéu

r&i rac. Khi st dung dang phan td nay, lién két gitra cac
nut ctia phan t&r bé tdng va cac nat ct soi dét dwoc tao
ra tw dong. Dinh bam gitra thanh FRP, lwéi soi va bé
téng duoc gia thiét 1a tuyét dbi.

Hinh 5. Lwéi PTHH cda md hinh ddm phi kim loai

3.2 Két qua mo6 phéng va so sanh véi thi nghiém

Mau dam sb 2 & phan thwc nghiém duwoc
st dung d& moé phéng va dbi chiéu két qua.
Hinh 6 thé hién dang pha hoai cia méau trong
moé hinh mé phéng. So sanh véi két qua thi

nghiém (hinh 3b), sw phan bd vét n&t ciing
nhw dang pha hoai cta dam la kha tuwong
déng. Cac vét nirt cha dao la vét nit nghiéng
twong ng v&i dang pha hoai do cét xuat hién
cling vi tri trén dam.
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Hinh 6. Dang pha hoai cda méu 2

bPuwdng cong quan hé gilra Iwc tac dung va
chuyén vi thdng ding tai gitta ddm ciing dwoc kiém
chng (hinh 7). Nhw ta thay, dwong cong mé phéng
bam kha sat dwdng cong thwc nghiém trén ca
phuwong dién dé clrng lan tai trong t&i han. Sai s so
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voi két qua thi nghiém & gia tri tai trong I&n nhéat chi
vao khodng 9%. C4c két qua trén cho thdy mé hinh
dwoc xay dwng la dang tin cdy, c6 kha nang mo
phdéng chinh xac &ng x& chiu ct cta dam bé téng
cbt phi kim loai.
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Hinh 7. So sanh méi quan hé luc ngang - chuyén vi dinh cda méu 2

4. Khao sat tham sé

Dwa trén mé hinh dwoc da dwoc kiém ching &
phan 3, anh hwéng cla mét sé tham sb tdi kha
nang chiu cat cia dam bé téng cét phi kim loai sé
dwoc phén tich dwdi day.
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4.1 Ham lwong lwéi soi

Nghién ciru thwc nghiém da tién hanh danh gia
kha nang s dung 1 16p luwéi soi lam cét dai (twong
¥ng ham lwong 0,1%). Cac gia tri ham lwong cét
soi khac tir 0,05% dén 0,3%. dwoc danh gia & hinh
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8. Hoan toan logic, strc khang cét ctia dam dwoc
tang 1&n khi ham lwong soi lam cét dai tdng lén. Cu
thé, strc khang cét ca dam cé ham lwong soi 0,3%
c6 gia tri ting 30% so v&i dam cé ham lwong soi
0,05%. V& mat tong thé, sw phan bd vét nut gitra

cac mau khéng c6 nhiéu khac biét. Tuy nhién, sé
lwong vét n&t nghiéng (do cét) gidm di khi ham
lwong soi tdng 1én. Diéu doé khéng dinh rang sw pha
hoai cét cGa ddm da cham lai khi st dung lu6i soi
lam cét dai.
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Hinh 8. Anh hudéng ctia ham luong Iuéi soi

4.2 Ty |é cdnh tay don chiu luc véi chiéu cao hitu hiéu
Ti 1é canh tay don chiu Iyc voéi chiéu cao hiru
hiéu (a/d) 1a mét chi sb rat quan trong ddi véi rng
Xt chiu cat ctia ddm. Hinh 9 cho ta thdy sw khac
nhau vé &ng x& gitra 4 dam co ti 1& canh tay don
chiu lyc v&i chiéu cao hivu hiéu khac nhau. Két qua

khao séat xac dinh rang khi ti 1& canh tay don chiu luc
v&i chiéu cao hiru hiéu thay déi tir 1,5 1én 2; 2,3 va
2,8, thi strc khang cét cia ddm gidm twong (ng
27,9%, 31,5% va 42,5%. Bén canh d6, sb lwong vét
ntet do cat cling ti 1é thuan v&i gia tri canh tay don
chiu lwc véi chiéu cao hiru hiéu.
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Hinh 9. Anh huéng cda t7 1é canh tay don chju luc véi chiéu cao hitu hiéu

5. Két luan

Nghién clru vé &ng x& chiu cat ctia dam bé téng
cbt thanh FRP két hop voi luwéi soi da dwoc trinh
bay & bai bao nay. Két qua tv nghién ctu thuc
nghiém cho thay viéc s dung lwéi sgi lam cbt dai la
hoan toan kha thi va cé tiém nang &ng dung trong
thwc t&. V&i mot 16p lwei soi dét lam cbt dai, stc
khang cét ctia dam ting gan gap doéi so v&i dam
khéng cé lwéi soi va lam gidm thiéu sé lwong cling
nhw sw phat tan cta vét nirt. Bén canh d6, mot md
hinh mé phéng PTHH dwa trén phan mém ATENA
da dwoc xay dwng nhdm kiém ching két qua thi
nghiém ciing nhv lam rd hon cac tham sé anh
hwéng téi kha nang chiu cat cha loai ddm nay. Mo
hinh da ching minh dwoc dd chinh x&c tin cay khi
mé phdng chinh xac &ng x& cta dam. Cac phan
tich khao séat cho thay strc khang cét ciia dam c6
ham lwong soi 0,3% c6 gia tri ting 30% so véi dam
c6 ham lwgng s@i 0,05%. Khi ti Ié canh tay don chiju
lwe véi chiéu cao hivu hiéu thay ddi tr 1,5 1én 2; 2,3
va 2,8, thi strc khang cét ciia dam gidm twong (ng
27,9%, 31,5% va 42,5%.

L& cam on
Nghién clru nay dworc tai tro béi B6 Gido duc va

Dao tao trong khuén khd dé tai ma sb B2021-DQN-
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