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TGM TAT

Bai bao nay trinh bay két qué nghién ciu vé anh hudng cia ti |8 da
cirng doc tryc cia cdt thanh polyme cdt sgi (FRP) dén mamen gay
chay cdt thép va kha nang chiu lyc trén tiét dien thdng goc cia dam
bé tang dat cdt lai FRP/thép. D& ma phang ing xir cia dam, tac gia
d& xay dung ma hinh ddm dit cdt lai ket hop tir cac thanh cét soi
thuy tinh va thanh cdt thép trén phan mém Lira-Sapr. K&t qua ma
phang ing x&r cia ddm duge kiém ching béng két qua nghién ciu
thirc nghigm. Dua trén ma hinh ddm trén phan mém Lira-Sapr, tac
gia da phan tich img xr cia ba nham dém khac nhau vé ham lugng
cit thép, ham lrgng cét FRP va ma dun dan hdi cia cat FRP. Tir da
danh gia anh huéng cia ti 18 dd cimg doc tryc cia cot FRP dén ma
men gay chéy cdt thép va kha nang chiu lyc cia dam. Két qua nghién
ciru cho théy, khi cd dinh ham lrgng cét thép, ting ti |8 dd cing doc
truc cia cdt FRP tir .06 dén 1,67 lam tang ma men gay chay cdt
thép cia ddm 9l% va tang kha nang chiu lyc cia dam dén 87%,
dang thai kha ndng chiu lyc va md men gay chéy cdt thép cia céc
dam str dung cac loai cdt FRP vai ma dun dan hai khac nhau nhung
co cong ti 18 da citng doc truc 13 nhu nhau. Nguge lai, khi cd dinh
ham legng cat FRP, vigc tang ti 8 da cing doc truc cia cdt FRP tr
Il dén 1.67 s& lam gidm md men géy chay cdt thép 73.3% va giam
kha nang chiu lyc cia dam 35.4%.

Tir khaa: Dam; bé tang cdt thep; FRP; cdt |ai; Lira-Sapr; da cing doc
truc.

ABSTRACT

This paper presents the research results on the influence of the axial
stiffness ratio of fiber-reinforced polymer (FRP) bars on the steel
yielding moment and the load-bearing capacity of the cross-section of
FRP/steel hybrid reinforced concrete beams. To simulate the behavior
of the beam, the author constructed a hybrid reinforcement beam model
combining glass fiber bars and steel bars using the Lira-Sapr software.
The simulation results of beam was verified with experimental research
results. Based on the beam model in Lira-Sapr, the author analyzed the
behavior of three different beam groups concerning steel reinforcement
ratio, FRP reinforcement ratio and the elastic modulus of FRP. thereby
assessing the impact of the FRP axial stiffness ratio on the steel yielding
moment and the load-bearing capacity of the beam. The research results
show that, with a fixed steel reinforcement ratio, increasing the FRP axial
stiffness ratio from 1.06 to 67 increases the steel yielding moment of
the beam by 5% and the Ioad-bearing capacity by up to 87%.
Simultaneously, the lnad-bearing capacity and steel yielding moment of
beams using different types of FRP with various elastic moduli but the
same axial stiffness ratio are equal. Conversely, with a fixed FRP
reinforcement ratio, increasing the FRP axial stiffness ratio from 1l to
.67 decreases the steel yielding moment by 73.8% and the |oad-bearing
capacity of the beam by 30.4%.

Keywords: Beam; reinforced concrete; FRP, hybrid reinforcement;
Lira-Sapr; Axial stiffness.

1.TONG QUAN

D6 bén va tudi tho cta két ciu bé tdng cét thép (BTCT) bi chi
phéi béi nhiéu yéu t6, trong d6 dién hinh Ia sy &n mon clia cét thép.
An mon cét thép lam gidm d6 bén co hoc clia két cdu BTCT va trang
thai lién két gilia thép va bé tong. D& khdc phuc tinh trang an mon

96| XAYDUNG 07.2024 | ISSN 2734-9888

c6t thép cua két cau BTCT, dugc khai thac trong moi trudng an mon,
¢6 thé st dung c6t thép ma kém hodc bé sung phu gia Uc ché an
mon cho bé tong [1, 2]. Bén canh d6, thanh polymer c6t sgi (FRP —
Fiber reinforced polymer) dugc coi la su thay thé ly tudng cho c6t
thép truyén théng cho két cau bé tong dat cot khai thac trong mot
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s6 méi trudng dac biét [3]. So véi ¢t thép truyén théng, cot FRP ¢
nhitng uu diém vuot troi nhu: cudng dé chiu kéo cao, trong luong
nhe, khong bi an mon, khong dan dién, khéng bi nhiém tur v.v... [4,
5]. Tuy nhién, c6t FRP ciing ¢ nhiing nhugc diém nhat dinh nhu:
trang thai iing suét-bién dang ctia thanh FRP la tuyén tinh ma khong
€6 chay déo, cac cau kién bé tong dat c6t FRP thudng pha hoai gion,
kha néang chiju nén rat kém, mé dun dan hai thap. Do c6t thanh FRP
b md dun dan héi nho, vi vay cau kién chiu uén dat cét FRP c6 dé
ciing udn bé, theo d6 dé vong va bé rong vét nut cla két cdu dudi
tac dung cla tai trong co gia tri lon [6, 7]. Vi vay, dé dap Uing yéu cau
st dung theo trang thai gidi han 2, cau kién chiu u6n bé téng dat
c6t FRP thudng dugc dat nhiéu (du) cét FRP trong viing kéo nham
tang do ciing udn, diéu nay gay lang phi va tang gia thanh xay dung.
Dé& khic phuc nhugc diém nay ctia c6t FRP, nhiéu tac gid da nghién
ctru st dung c6t FRP két hgp vdi cét thép truyén théng (cot lai hodc
c6t hén hop) cho cdu kién chiu uén nham cai thién tinh déo, ting
d6 cing, khéd nang chiu lyc v.v... [6, 8-11]. Trong trudng hgp nay, dé
tranh tinh trang &n mon, c6t thép c6 thé dat sdu hon trong bé téng
(&16p tha 2 tré di) [11-13].

Trong nhiing ndm gan day, ing x& ngan han va dai han cda ciu
kién chiu uén bé tong dat co6t hén hgp FRP/thép dugc nghién cdu
rong rai trong va ngoai nudc. Cac nghién clu nay tap trung vao
nghién ctu dnh hudng clia cac tham sé khac nhau nhu: tinh chat co
hoc cua vét liéu, ti & dién tich c6t FRP/c6t thép (A/As), ham lugng
c6t doc v.v... dén Ung xU cGia dam, do vong, md men gay nut, kha
nang chiu luc, khép déo, d6 déo, do dai v.v... [6, 8-15]. Song song
VvGi cac nghién cliu ting xU, cac phuong phap tinh toan thiét ké cau
kién chiu udn ciing dugc xay dung vai do tin cdy cao.

Tuy cdu kién chiu udn bé téng dat c6t hén hgp FRP/thép da
dugc nhiéu tac gia quan tam nghién ctu, nhung van con nhiéu khia
canh can dugc lam sang td. Mét trong nhimng khoang tréng do la
danh gia anh hudng cua ti 1é d6 ciing doc truc ctia c6t FRP dén tng

a) M6 hinh 3D cda mét nia dam (d6i xing)

xU clia cau kién chiu uén dat c6t hdn hgp FRP/thép. Bai bao nay
nghién ctu anh hudng cda ti I&é d6 cling doc truc clia c6t FRP dén
Uing x cGla dam bé tdng dat c6t FRP/thép nham lam sang té hon vé
ban chat cha c6t hén hgp va dam bé téng dit c8t hén hop. DE dat
dugc muc dich nghién clu, tac gia xdy dung mo6 hinh moé phéng
dam trén phan mém Lira-Sapr va kiém ching véi két qua thuc
nghiém, trén co s& dé ti€n hanh khao sat ting x& ctia 3 nhém dam
(mbi nhém c6 4 dam) bé tong dat c6t hdn hop FRP/thép vai cac
tham s6 thay déi: dién tich c6t thép; dién tich c6t FRP va mé dun
dan héi ctia cot FRP. TU két qua khao sat nhan dugc, tac gia tién hanh
danh gia anh hudng cua tilé dé cliing doc truc d&n mé men gay chay
c6t thép va kha nang chiu luc ctia dam.

2. MO HINH DAM BE TONG DAT COT HON HOP FRP/THEP
TREN PHAN MEM LIRA-SAPR

2.1. Mé phdng dam béng phdan mém Lira-Sapr

Téac gid sit dung phan mém Lira-Sapr dé mé phéng ting x{ phi
tuyén clia dam bé tong dat cot hdn hop FRP/thép. Lira-Sapr la goi
phan mém da chiic ndng dé thiét ké va tinh toan cac két cu xay
dung va ca khi v6i cac muc dich khac nhau trén nén phuong phéap
phan t& hitu han (PTHH). Vat liéu bé téng dugc mé phong bang
PTHH FE236, day la PTHH dadng tham s6 khong gian tdm nut phi
tuyén vé mat vat ly va thudng dugc dung dé tinh toan cudng dé clia
cac vatthé lién tuc va két cau co xét dén tinh phi tuyén vat ly clia vat
lieu. Tuong ty, cac thanh c6t cling dugc moé phéng bang PTHH
FE236. 3 day, cac thanh cét ciing cé thé dugc md phong dang thanh
bdng PTHH FE410, day la PTHH thanh khéng gian c6 xét dén phi
tuyé&n vat ly va hinh hoc [16]. D& gidm khdi lugng tinh toan, cé thé
mo phdng mét nia dam cho trudng hgp déi xting va gan cac diéu
kién lién két tuong Ung. Hinh 1 thé hién mé hinh 3D clia mét nla
dam va tiét dién ngang.
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b) Mdt cdt tiét dién ngang

Hinh 1. M6 hinh dam trén phan mém Lira-Sapr

Bi€u d6 ung suat-bién dang cuda vat liéu dugc khai bao theo
cac quy luat dugc tich hgp sdn trong chuong trinh. Theo d6, biéu
dé quan hé Ung suat-bién dang cla bé tong dugc khai bao theo
quy ludt ham ma tich hgp sdn trong chuong trinh nhu trén Hinh
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a) Bé tong

Care

b) GGt thep

2a. D€ don gian, bi€u d6 ung suat-bién dang cua cét thép dugc
khai bdo dang ba doan nhu trén Hinh 2b, con biéu dé quan hé
Ung suat-bién dang clia c6t FRP khi kéo khai bdo dang doan
thdng nhu trén Hinh 2c.

¢) (6t FRP

Hinh 2. Bi€u d6 quan hé (ing sudt-bién dang ctia vt liéu
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2.2. Kiém ching két qua mé phéng tng xir ddm trong chuong
trinh Lira-Sapr

Dé kiém ching m6 hinh trén chuang trinh Lira-Sapr, tac gia su
dung két qua nghién ctu thuc nghiém dam bé téng dat cét hén hop
GFRP/thép B5(2G14-2512) cla tac gid Duy va Hiép trong [11]. Dam
thi nghiém c6 chiéu dai /= 2.7m, nhip thi nghiém lp = 2.4 m, va dugc

Bang 1. Cac théng s6 clia dam thi nghiém B5(2G14-2512)

gia tai theo so d6 udén 4 diém véi khodng cach gitia 2 diém dat luc
(vuing uén thuan tuy) la 400 mm. Cau tao c6t thép doc chiu luc cta
dam gém co hai thanh c6t GFRP dét & 16p thi nhat va hai thanh c6t
thép &16p thi hai. Chi tiét vé cac thong sé cia dam thi nghiém dugc
thé hién trong Bang 1.

B5(2G14-2512) Tiét dién Cot doc GFRP Cot thép doc Bé téng
b, h C C Ry, E; o. o. Rb Ry Es
20012 4 4 A s, fr r sy suy z t ”
=| | ¢ & Thép mm mm mm mm Thanh MPa | GPa Thanh MPa | MPa | MPa | MPa | GPa
) S
20014 / J 148 250 16 48 2014 970 443 2012 412 577 354 2.5 34.17
GFRP|_ b

Ghi chi: R va Estuang uing la cutng do chiu nén va md dun dan hoi ctia it GFRP; gy va os tuong ting la gidi han chdy va gidi han bén cda cdt thép doc; R, Retva Es tuong ting la cutng dd chiu nén,

M hinh dadm trong chuong trinh Lira-Sapr dugc kiém ching
béng cach so sanh biéu d6 quan hé tai trong - d6 vong va biéu do
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a) Biéu dd quan hé ti trong-dg véng gitia ddm

cuding dg chiu kéo va mé dun dan hdi cia bé téng.
quan hé ti trong - bién dang clia c6t GFRP trén tiét dién thang goc
trong vung udén thuan tuy so vdi két qua thuc nghiém (Hinh 3).
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b) Biéu d6 quan hé tdi trong-bién dang 6t GFRP

Hinh 3. So sanh két qua thuc nghiém va mé phong

Phan tich d6 thi so sanh trén Hinh 3 cho thay, vé téng thé, bién dang
va d6 vong dugc du doan bgi phan mém mé phong Lira-Sapr tuong déi
trung khdp véi két qua thuc nghiém, ti 1é tai trong gay chay c6t thép
gilramo phdng va thuc nghiém la 1.04, con ti lé nay ddi vdi tai trong pha
hoai la 1.02. Hon nira, két qua nghién ctiu cho thay bién dang kéo trong
c6t GFRP phat trién 6n dinh khi tai trong tdng dan. Diéu nay cho thay
Ung sudt lién két gilra cac thanh cét FRP va bé tdéng xung quanh van
dam bao cho dén khi mau dam bi pha hoai.

3. ANH HUGNG CUA Ti LE DO CUNG DOC TRUC COT FRP PEN
UNG XU CUA DAM

Pé danh gia anh hudng cla ti 1é d6 cing doc truc clia c6t FRP,
1+EA/EAs, dén ting xUt clia dam bé tong dat cét hdn hgp FRP/thép, tac gia
da ti€n hanh mo phdng ting xt clia 03 nhém dam khac nhau vé dién tich
c6t FRP, dién tich cét thép va mo dun dan héi ctia c6t FRP. méi nhom dam
€604 dam. Dam khao sét co kich thudc tiét dién ngang 200 x 400 mm, chiéu

Bang 2. Chi tiét cdc dam va két qua dé khao sat tham s6

cao hiéu qua clattiét dién 360 mm, c6t FRP va c6t thép dat trén cing 01 16p,
chiéu dai / = 4200 mm, nhip b = 4000mm. Dam chiu tac dung ctia 02 tai
trong tap trung (P) véi viing uén thuan tuy & gitia nhip la 400 mm. Bé tong
va c6t thép doc c6 cac tinh chét co hoc tuong tu nhu dam B5 trong Bang 1.
Chi tiét cac thong s6 vé cac dam khao sat duoc thé hién trong Bang 2. Cac
dam &nhém D1 (Dam D1-1... D1-4) dugc st dung dé khao sat anh hudng
clia ti 1é d6 ciing doc truc ctia c6t FRP khi dién tich c6t FRP thay d6i va dién
tich c6t thép ¢6 dinh dén ting x{t clia dam dat c6t hén hop. Ngugc lai véi
nhom dam D1, cac dam &nhém dam D2 (Dam D2-1...D2-4) dugc st dung
dé khao sat anh hudng cla ti lé do ciing doc truc clia ¢St FRP khi dién tich
6t FRP 6 dinh va dién tich c6t thép thay déi. Nhém dam D3 c6 dién tich
6t thép c6 dinh, mé dun dan héi va dién tich c6t FRP thay d6i sao cho ti lé
d6 ciing doc truc clia c6t FRP trong cac dam tring véi cac dam tuong tng
cCia nhém dam D1, nhém D3 dé so sanh véi nhdm dam D1 va dénh gid anh
hudng clia mo dun dan héi va dién tich c6t doc FRP dén ting xtrctia dam.

Nhom Dam As, mm? A, mm? Er, GPa 1+EA/EAs My, kNm My, kNm My/My
D1-1 730 200 443 1.06 106 155.4 0.68
D1 D1-2 730 700 44.3 1.21 119 195 0.61
D1-3 730 1500 44.3 1.46 141 221.6 0.64
D1-4 730 2200 44.3 1.67 160 254.2 0.63
D2-1 1500 730 443 1.11 212 252.3 0.84
D2 D2-2 1000 730 443 1.16 154 215.7 0.71
D2-3 370 730 443 1.44 74.4 172.5 0.43
D2-4 240 730 44.3 1.67 56.6 162.9 0.35
D3-1 730 49.2 180 1.06 105.6 136.1 0.78
D3 D3-2 730 172.3 180 1.21 119.3 189.1 0.63
D3-3 730 369.2 180 1.46 141.1 232 0.61
D3-4 730 541.4 180 1.67 159 254.5 0.62
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Mé men gay chay c6t thép va kha nang chju lyc tir két qua mo
phéng bang chuang trinh Lira-Sapr cGa cac ddm khao sat dugc thé
hién trong Bang 2. Hinh 4 va Hinh 5 thé hién biéu d6 quan hé tai
trong va do véng clia cac nhom dam khao sat. D6i v6i nhom dam
D1 va D3 c6 ham lugng c6t thép c6 dinh va ham lugng c6t FRP thay
d6i, d6 ciing clia ddm chl yéu dugc quyét dinh bai cét thép, vi vay
dé ciing chia cac dam trong 02 nhém nay & giai doan trudc khi c6t

210 ___ 4 D1-3 -
(aly >
S - D3N | FD33 ——
g_ 120 }i’ P - |
= '1.1"’ - —~D1-3
S s ) ——D3-3
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80 i —
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Do véng f, mm
Hinh 4. So sanh biéu d6 quan hé giia tai trong va d6 vong cia nhom dam D1va D3

Phan tich biéu d6 quan hé kha ning chiu luc cla cac dam bé
téng dat c6t hon hgp FRP/thép vdi ti lé d6 cling doc truc clia cot FRP
trén Hinh 6b c6 thé thay, trong trudng hop ¢6 dinh c6t thép doc,
viéc tang ti 1é d6 ciing doc truc clia c6t FRP sé lam tang kha nang
chiju luc ctia dam, déng thdai ti 1& nay gan nhu la tuyén tinh (nhém
dam D1, D3). Cu thé, khi ting ti 1&é 6 cing doc truc cla c6t FRP tur
1.06 dén 1.67, kha nang chiu luc ctia dam tang dén 87%. Ngoai ra,
quan hé giira ti 1& d6 ciing doc truc va kha nang chiu luc ctia dam
khéng phu thudc vao mé dun dan hoi cia vat liéu FRP. Khi ¢é dinh

220 '
% = D1
. 175 o= D2
s D3 L=

130 __L,,_-) ——

—
85
40 '
1 1.2 14 16 1.8

Tilé aé ctiing T+A f Ei/(AE,)
a) M men gdy chdy cGt thép

thép chay la tuong dong nhau. Ngugc lai, d6i véi nhom dam D2 c6
ham lugng c6t FRP ¢ dinh va ham lugng c6t thép thay déi, viec tang
ti lé d6 cling clia c6t FRP sé lam gidam d6 cing clia téng thé ctia dam.
Ngoai ra, két qua so sanh cac dam cé cung ti1é d6 ciing doc truc trén
Hinh 4 cho thay, khi c6 dinh c6t thép doc, d6 ciing clia dam chi phu
thudc vao ti 1&é dé ciing ctia c6t FRP ma khong phu thudc vao loai
FRP st dung.
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Hinh 5. Biéu d6 quan hé giia tai trong va do vong ctia nhém dam D2

c6t thép doc va ti 1é d6 cling doc truc clia cot FRP, kha nang chiu luc
clia dam bé téng daat cac loai c6t FRP c6 moé dun dan héi khac nhau
nhung cé cung ti [é d6 cling doc truc thi kha nang chiu luc sé tuong
duong nhau, diéu nay c6 thé thay khi so sanh biéu dé ctia nhém
dam D1 va D3. Con d6i véi nhém dam D2, khi ¢é dinh ham lugng
c6t FRP, viéc tang ti 1é d6 ciing doc truc cta cét FRP (tuong tng la
gidm ham lugng cét thép) sé dan dén giam kha nang chiu luc cda
dam. Cu thé, véi nhém dam D2, khi ting ti & d6 ciing doc truc cla
c6t FRP tur 1.11 dén 1.67, kha nang chiu luc ctia dam gidm 35.4%.

= 280
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190 rh; -—
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100 '
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Tilé do cuing 1+Af E¢#/(AGES)
b) Kha ndng chiu luc

Hinh 6. Bi€u d6 quan hé gidia ti & d9 ciing doc truc ctia c6t FRP vdi md men gdy chay c6t thép va kha nang chiu luc cia dam bé tong dat c6t hon hgp FRP/thép

Anh huéng cua ti 1& d6 cling doc truc cta c6t FRP dén mé
men gay chay c6t thép trong dam bé tong dit cét hon hop
FRP/thép dugc thé hién trén Hinh 6a. Phan tich cac biéu d6 quan
hé nay c6 thé thay, dnh hudng cla ti 1é d6 ciing doc truc dén mé
men gay chay c6t thép hoan toan tuong tu nhu déi vai kha nang
chiu luc cia dam nhu da phan tich & trén. V&i nhom dam cé ham
lugng c6t thép ¢ dinh (nhém D1 va D3), khi tang ti 1& d6 cing
doc truc clia c6t FRP tir 1.06 dén 1.67, mdé men gay chay c6t thép

tang dén 51%. Ngugc lai, véi nhom dam cé ham luong cét FRP
c8 dinh (nhém D2), khi tang ti [& dé cliing doc truc ctia c6t FRP tu
1.11 dén 1.67, mé men gay chay c6t thép giam dén 73.3%.

Hinh 7 thé hién biéu d6 quan hé gidia ti 1&é d6 cing doc truc
clia cOt FRP dén ti lé mé men gay chay c6t thép va kha nang chiu
lyc cta dam (M,/M.). Qua hinh vé nay c6 thé thay, viéc ting ti lé
d6 ciing doc truc ctia c8t FRP sé lam gidm ti [é M,/M., dac biét véi
nhém dam cé dinh cét thép (D2), ti 1& gidm nay la dang ké.

ISSN 2734-9888 | 07.2024 XAY1DUNG |99



NGHIEN CUU KHDA HOC

> 1.0 I
3 B
= 08 8§ S—
o ) '

0.6 Wl L n

04

0.2

1 1.2 14 16 1.8

Tile a6 cung 1+A¢ E+/(AE,)

Hinh 7. Quan hé giita ti [& M,/M, va ti 1é d0 c(ing doc truc cta c6t FRP

4, KET LUAN

Tu két qua nghién ctru chia bai bao c6 thé rat ra mot s6 két luan
chinh sau:

- Phan mém Lira-Sapr v6i bd PTHH da dang cho phép mé phong
tuong doi chinh xac Ung x& ngdn han cta dam bé téng dat lai
FRP/thép;

-Ti lé dé cling doc truc clia c6t FRP c6 anh hudng 16n dén tng
xU cGla dam bé tong dat ¢t hén hgp FRP/thép;

- Trong dam dat c6t hén hgp FRP/thép vai ham lugng cét thép
¢6 dinh, (ing x{r ctia cac dam c¢é cung ti 1é d6 ciing doc truc giéng
nhau la tuong déng nhau va khong phu thudc vao loai va tinh chat
co hoc ctia c6t FRP. Trong trudng hgp nay, khi tang ti Ié d6 ciing doc
truc ctia c6t FRP sé lam tdng mo men gay chdy c6t thép va mé men
gay pha hoai ddm. Cu thé, khi tang ti 1é d6 cing doc truc ctia c6t FRP
tir 1.06 dén 1.67, mdé men gay chay c6t thép va kha nang chiu luc
cla dam tang tuang tng 1a 51% va 87%;

-Trong dam dat c6t hén hgp FRP/thép véi ham lugng cét FRP ¢6
dinh, viéc tang ti 1& d6 cling doc truc clia cot FRP sé anh hudng xau
dén (ng xt chia dam. Cu thé, khi tang ti 1& d6 cing doc truc cla cét
FRP tr 1.11 dén 1.67, m6 men gdy chay c6t thép gidm dén 73.3%.

Clng luu y thém rang, két qua nghién ctu cla bai bdo nay chi
dugc tién hanh trén cac dam cé dang pha hoai phé bién cla loai
dam dat c6t hén hgp FRP/thép la chay cét thép va pha hoai bé téng
vling nén. Hon nifa, cac két luan trén dugc rut ra ti két qua nghién
clu trén s6 mau con han ché. C6 thé, véi cac dang pha hoai khac,
cac két luan nay khéng phu hgp va day ciing la hudng nghién ctu
clia cac tac gia trong thdai gian téi.
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