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Tém tit

C6t soi thiy tinh (GFRP) 1a mot loai vat liéu méi dang dudc titng budc ing dung vao thi truong xay dung & Viét
Nam. Thanh cét s¢i thily tinh v6i déc tinh dan hdi tuyén tinh khién dam bé tong cot soi thiy tinh ludn bi pha
hoai gion, din dén 1am gidm kha ning chiu mdé men udn. Viéc st dung két hop cdt thép va cot GFRP sé gitip
cai thién vAn dé nay. Tuy nhién, viéc x4c dinh kha ning chiu m6 men uén ctia dim bé tong cdt hdn hop thép
va GFRP hién chua c6 tiéu chuin huéng din. Dua theo cic quan hé ting suét-bién dang cda vat lidu theo tiéu
chuin TCVN 5574:2018, bai bdo trinh bay mot phuong phap xac dinh kha niing chiu luc nay bing cic nghién
citu 1y thuyét. Két qua ctia bai bao c6 thé 1a tai liéu tham khao tdt cho céc ky su thiét ké va 1a dinh huéng cho
cac nghién ciu thyc nghiém.

Tir khod: cbt GFRP; cbt thép; c6t hdn hop thép va GFRP; kha ning chiu m6 men udn; TCVN 5574:2018.

MOMENT CAPACITY OF REINFORCED CONCRETE BEAM USING HYBRID (STEEL AND GFRP)
BARS CONFORMING TO TCVN 5574:2018

Abstract

Glass fiber reinforcement polymer (GFRP) is a new kind of material that is being gradually applied to the
construction market in Vietnam. GFRP-reinforced concrete beams always fail in brittle because of linear elastic
property of GFRP bar. As a result, the moment capacity of GFRP-reinforced concrete beams is decreased.
Combination of steel and GFRP bars will help improve this problem. However, the prediction of moment
capacity of reinforced concrete beam using hybrid (steel and GFRP) bars has not been guided in the design
code. Based on theoretical study using stress-strain relationships of materials conforming to TCVN 5574:2018,
this paper presents a method for predicting the moment capacity of the reinforced concrete beam. The results
of this paper could be a good reference for design engineers and could lay a foundation for experimetal studies.

Keywords: GFRP bar; steel bar; hybrid (steel and GFRP) bars; moment capacity; TCVN 5574:2018.
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1. Giéi thiéu

Soi thiy tinh GFRP (Glass fiber reinforced polymer) 12 mot vat liéu méi ¢6 nhiéu dic tinh vu viét
nhu cudng do chiu kéo 16n hon thép nhiéu 1an, trong lugng nhe lai khong bi gi, in mon, khong nhiém
tir tinh [1, 2]. Cot thép soi thily tinh GFRP da dudc ting dung thay thé cbt thép trong két cAu bé tong
trong mot sé6 pham vi nhit dinh nhu trong cac cong trinh bién, d4o, cac phong chéng nhiém tif tinh
ctia bénh vién, mit ciu, dudng bi phi tuyét...
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Gan day, mot sb doanh nghiép & Viét Nam da truc tiép san xuét duge cbt GFRP va dang cb gang
dua vao thi trudng dé thay thé cbt thép thuong [3]. Tuy nhién, do dic tinh ctia vat liéu GFRP 1a dan
hdi (gion hon c4 bé tdng) nén dam bé tong c6t GFRP thudng bi pha hoai dot ngot, it tinh canh bio
[1, 2], hon nita do c6 md dun dan hoi thip nén dam GFRP thudng c6 d6 vong va vét niit 16n nén kho
dua vao ap dung trong thuc té [4]. D€ khic phuc nhiing nhugc diém trén mot sd nghién citu da két hop
cbt thép v6i cbt GFRP d€ 1am thanh dam bé tong c6 c6t hdn hop thép va GFRP (c6t SGFRP) v6i muc
dich cii thién dudc kha ning chiu m6 men udn gidi han cia dim va ciing nhu khdng ché hay giam
thiéu do vong va vét nit.

Da c6 kha nhiéu nghién citu vé su 1am viéc ctia dam bé tong cdt FRP thuan tdy, ci vé nghién cifu
thuc nghiém va 1y thuyét, riéng vt liéu c6t hon hop thép va FRP thi sb lugng nghién cifu con rt han
ché, méi chii yéu 1a 1am céc thi nghiém. Tan [5] da thi nghiém c4c dim bé tong ct hdn hop thép va
FRP, két qui cho thdy khi ham lugng c6t FRP bé hon mdt nita ham luong tdng thi c6t hon hop thép
va FRP da di thoa man diéu kién st dung vé han ché bién dang. Aiello va Ombres [6], qua céc thi
nghiém dam c6t hén hop thép va FRP, cho thiy hiéu qua ctia cbt thép gitip dam cdt FRP cai thién
dang ké ca vé bién dang va kha ning chiu luc. Lau va Pam [7] lam thi nghiém 12 miu dim c6 cbt
GFRP, cbt thép va cbt hdn hgp thép GFRP, két qui cho thy viéc bd tri thém cdt thép lam ting do
déo ctia dam va khuyén c4o nén bd tri ham lugng cbt thép 16n khi thiét ké dam cdt hdn hop. Viéce tinh
toan kha ning chiu m6é men udn ctia dim bé tong c6 cdt hén hgp SGFRP chua c6 huéng dn tinh toan
cu thé theo céc tiéu chuin nhét 1a tiéu chuin Viét Nam TCVN 5574:2018 [8], vi vay viéc nghién cifu
tinh loai dAm nay 1a rt can thiét. DAy ciing 12 ndi dung chinh ctia bai bdo.

2. Ly thuyét tinh toan dam bé tong c6t hén hop SGFRP

Tiéu chudn TCVN 5574:2018 [8] dudc ban hanh vao cudi nim 2018 vé6i nhiéu diém méi ding
dugc quan tAm chy ¥, nhu thay d6i mo hinh ing suat sang mo hinh bién dang (chip nhan gia thiét tiét
dién phang) khi tinh toan tiét dién cAu kién. Su thay ddi dang ké nim & cac gia tri ciia cic dic trung
bién dang. Tiéu chuin niy c6 quy dinh rd céc gid tri bién dang (k€ ca bién dang gidi han) clia bé tong
va thép. Dua theo cdc tiéu chi nay ta c6 thé khao sat dudc su 1am viéc ctia dAm bé tong cdt hdn hop
SGFRP.

2.1. Cdc dang phd hoai cia dam bé tong cét hén hop SGFRP

Trén tiét dién thang géc, dam bé tong cbt thép thuong dudc thiét ké ct thép khong qua nhiéu dé
cbt thép chdy déo trude khi bé tong bi ép vd. Su chdy déo cua thép tao nén tinh déo ctia dam gitip
canh bdo su phé hity ciu kién (pha hoai déo) [4, 9]. C6t GFRP khong c6 thém déo nén 1y luan nay
khong diing nita. V6i dam bé tong cdt GFRP, do c6t GFRP con dan hdi hon ci bé tdng nén trong cic
chi dan [1, 2] déu khuyén khich bd tri nhiéu c6t doc GFRP dé pha hoai bé tong ving nén trude khi
cot GFRP duit.

V6i dam cbt hdn hop SGFRP c6 thé xdy ra cac dang pha hoai sau theo Hinh 1:

- Dang 1 (Hinh 1(a)): Ph4 hoai do diit c6t GFRP (& = &) khi cbt thép da chdy déo (g > &40) va
bién dang ctia bé tdng chua dat bién dang cuc han (g, < &5);

- Dang 2 (Hinh 1(b)): Ph4 hoai do bé tong bi nén v3 (g, = &) khi cbt thép da bi chay déo
(5 > £50) va cbt GFRP chua bi dit (e < &7,);

- Dang 3 (Hinh 1(c)): Ph4 hoai do bé tong bi nén v3 (g, = &37) khi cdt thép chua bi chdy déo
(5 < &y) va cOt GFRP chua bi dit (g7 < &7,).
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Hinh 1. C4c so dd ting suit dim cdt hdn hgp SGFRP & trang thai gidi han

2.2. Phuwong phdp tinh todn dam bé tong cot hon hop SGFRP

Do viéc tinh todn dam bé tdng c6t hdn hop chua ¢6 hudng din cu thé nén ta can thiét 1ap lai cac
cong thiic tinh toan cho dam nay tif cdc s6 d6 tng suit ban dau, dua trén gia thiét bién dang phing va
dua vao cc phuong trinh can bang Ivc. Hinh 2 biéu dién quan hé tng suét-bién dang ctia vt liéu theo
TCVN 5574:2018 [8].
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Hinh 2. Quan hé ing suit-bién dang ctia cac vit liéu

St dung biéu dd 3 doan thang ctia [8], quan hé dng sut-bién dang clia bé tong khi chiu nén dudc
thiét 1ap dua trén cdc cong thic sau:
Khi 0 < g, < g1

gp = Ebsb (1)
Khi g1 < &, < &0
op = [(1 _ ﬂ) & &t @]Rb 2)
Ry ) epo—€p1 Ry

Khi gpy < & < €
gp = Rb (3)
trong d6 o, va &, 1a ting suét nén va bién dang nén ctia bé tong; R, 1a cudng do chiu nén tinh toan
clia bé tong & trang thdi gidi han thd nhit (MPa); E}, 12 md dun dan hoi ban dau ctia bé tong khi nén
(MPa); &5 12 bién dang nén tuong dbi ctia bé tong,

Op1 _ O, 6Rb

E, E,
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£p0 12 bién dang tuong d6i gi6i han cia bé tong khi nén déu ting vdi ting suit trong bé tong dat t6i
cudng do tinh toan Ry, £50 = 0,002 khi ¢6 tac dung ngan han ctia tai trong; 5, 1a bién dang nén tuong
dbi gi6i han ctia bé tong khi né bi pha hoai, 1dy bang 0,0035 dbi véi bé tong ning.
St dung biéu do 2 doan thang ciia [8], quan hé ing suit-bién dang cia cbt thép khi chiu kéo dudc
trinh bay theo cic cong thic sau:
Khi0<g; <éey
oy = E&g &)

Khigg < g5 <ep
o =R, (6)

trong d6 o va & 12 ing suét kéo va bién dang kéo ctia cot thép; R, 1a cudng do chiu kéo tinh toan clia
cbt thép & trang thai gii han thi nhit (MPa); E 1a mo dun dan hoi ctia cbt thép (MPa); &, 12 bién
dang gian dai tuong ddi ctia cbt thép khi ting sut dat t6i cudng do tinh todn Ry; £, 12 bién dang nén
tuong ddi ctia cbt thép, 14y biang 0,025.
Theo [1, 2], quan hé ting suit-bién dang ctia c6t GFRP dudc tinh todn nhu sau:
Khigf < &y,
o= Erey @)

trong d6 o ¢ va &7 lan lugt 1a cudng do chiu kéo va bién dang kéo ctia cdt GFRP; E ¢ 1a md dun dan
hdi ctia c6t GFRP; & o la bién dang tuong ddi gidi han cbt GFRP.

1 &b

hz% xz‘l‘ X “

Es
&f

@As®
o Ar e
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Hinh 3. So d6 tng suét ciia dam c6t hdn hop SGFRP

Hinh 3 thé hién tiét dién dam bé tong c6t SGFRP véi cbt thép va cbt GFRP dudc bd tri & ving
chiu kéo. C6t GFRP dudc b tri ra phia ngoai va cbt thép dugc bd tri vao bén trong d€ ting chiéu day
16p bao vé. Tiét dién dam dudgc chia thanh cdc phan nhd hon c6 chiéu cao 1a A;. Ung v6i mdi bién
dang &, cho truéc clia bé tong, mot gid tri chiéu cao x (khodng cach tif mép ngoai cling clia bé tong
chiu nén dén truc trung hoa) ban dau dudc gia thiét. Gid tri x chinh xdc sé dudc xac dinh dua trén céc
phuong trinh can bang luc kéo T(T = Ty + Ty) v6i luc nén C.

Dua trén gia thiét tiét dién phang, bién dang ctia mdi phan chia ctia bé tong &; dudc xac dinh theo

cong thic:
X — X

&p 8)

& =
X

trong d6 x; 1a khodng cach tir mép bé tong chiu nén dén trong tAm phan tii bé tong thi i.
Gia thiét bé tong dinh chit (perfect bond) vé6i cdt chiu luc, bd qua kha niing chiu kéo clia bé tong,
ting suat kéo trong cbt thép &, va tng suét kéo &/ trong cdt GFRP dugc xac dinh tir cong thuic:

hg — x

€p )

Eg =
X
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h f—X

Ef X Ep (10)

trong d6 hy va hy 1an lugt 1a khodng cdch tif mép bé tong chiu nén dén trong tdm cbt thép va trong
tam c6t GFRP.

Dua vao phuong trinh quan hé ting suit va bién dang ctia bé tong ta c6 thé xac dinh dudc ting suit
i ctia phin tli bé tong thi i. Hop luc clia bé tong C dudc xic dinh biang cong thiic sau:

n
C=) oubh (11)
i=1
trong d6 b, h; 1an ludt 12 bé rong dam va chiéu day (chiéu cao) clia phan tii bé tong th i

hi = - (12)

trong d6 4 1a chiéu cao dAm va 13 tdng s6 phan ti chia nhé ctia dam.
Luc kéo T trong cbt thép va luc kéo Ty trong c6t GFRP dudc xic dinh 1an lugt theo cic cong thiic:

Ty = EsgAq (13)

Tf = EfoAf (14)

trong d6 Ay, A7 1an lugt 1a dién tich cta cdt thép va ctia c6t GFRP.
Thiét 1ap phuong trinh can bang luc, ta co:

C=T;+T, (15)

n
> ovibhi = AEe, + ArEgey (16)
i=1
Tt phuong trinh (16) ta sé xac dinh dugc chiéu cao x ting véi mdi bién dang nén &, bing céach thé
chay 1dp dan x cho t6i khi gid trj C — Ty — T tién dan t6i bing 0.
Thiét 1ap phuong trinh cin bing md men véi truc trung hoa, ta cé:

M = O'bibhi(x - x,-) + Ts(hs - X) + Tf(hf - x) (17)
i=1

Su 1am viéc ctia dAm sé dudc khao sit qua tiing gi4 tri bién dang nén ctia bé tong &, gid tri nay dudc
khdo sat ting dan cho tdi gid tri bién dang nén cuc han &,. Trong qua4 trinh ting dan nay sé xuAt hién
thdi diém cbt thép bi chiy déo, cbt GFRP bi diit hay bé tong bi nén vd. Thif tu xuat hién cédc hién
tugng nay tiy thudc vao ham Iudng cdc cbt va ci ty 1é gilia cac cbt. Gid tri kha ning chiu md men udn
My, 12 gié tri mOmen tai thoi diém dam bi pha hoai, nghia 1a tai cdc thdi di€m bién dang bé tong hodc
cbt chiu Iuc dat t6i bién dang cuc han.
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Hinh 4. S0 d6 chiu luc va mit cit ngang dam cbt hon hop SGFRP

B
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3. Tinh toan s6 kha ning chiu md men ctia dam bé téng c6t hon hop SGFRP
3.1. Truong hop 1

Cho 1 dam don gian, nhip dam L = 2,3 m chiu hai tai trong tip trung P nhu Hinh 4, kho4ng c4ch
tir gdi twa dén luc tap trung a = 0,9 m. Dam c6 kich thuéc b x = = 200 x 300 mm, bé tong cip do bén
B25 c6 Ry, = 14,5 Mpa, dam bd tri c6t GFRP 2¢6 & phia ngoai v6i 16p bé tong bao vé 1a ¢ = 20 mm
va cdt thép 2¢6 & phia trong. Biét cdt GFRP c6 cudng do fr, = 900 Mpa, mddun E; = 45000 Mpa,
thép chiu luc nhém CB300-V c6 R, = 260 Mpa. Hay tinh todn kha niing chiu md men uén gi6i han
clia dam.

Dién tich cdt doc tong cong: A, = A; + Ay = 57 + 57 = 114 (mm?). Ham lugng cdt doc:
u= ;7[ x 100% = 0,15%. Ham luong nay 16n hon ham lugng tdi thiéu 0,1% theo quy dinh cta [8].
bé timora hop luc ctia bé tong (ca luc kéo va luc nén), ta tién hanh chia bé tong viing nén ctia dam
thanh n phan ti nhé (1iy n = 200) c6 chiéu cao h; = 300/200 = 1,5 (mm).

Dua vao quan hé ting sut bién dang va cac phuong trinh can bang luc ta sé tién hanh chay lip dé&
tim ra gid tri chiéu cao viing nén x tng véi mbi gid tri &,. Khao sét &, thay ddi tit 0 dén 0,0035 ta sé
thu dugc céc gid tri x va kha ning chiu md men M tuong dng cling nhu cac gid tri &;, T, &7, Ty. Cac
két qui thu dugc nhu trong Bang 1.

Bang 1. Két qua tinh toan dim cho trudng hop 1

i 1 50 100 139
&b 0,000018 0,00087 0,0018 0,0024
er 0,000134 0,00905 0,0157 0,0200
&s 0,000114 0,00776 0,0134 0,0171
x (mm) 31,16 23,80 27,15 29,19
M (kNm) 0,38 9,31 13,58 16,38

Qua khdo sét c6 thé thdy khi bién dang bé tong &, = 0,0024 (g5, < £ = 0,0035) thi cbt thép da
chay déo g, = 0,0171 > g, = 0,0013, con cdt GFRP thi da bi diit do gr=0,02 = g7, nghia la dam bi
phé hoai do diit c6t GFRP trong khi c6t thép da chay déo va bé tong chua bi nén vd. Kha niing chiu
momen dugc 14y tai thdi diém dim bi pha hoai M, = 16,38 (kNm).

3.2. Truong hop 2

Cho dam tuong tu nhu trudng hdp 1 nhung dam bb tri cbt GFRP chiu luc 2¢16 & phia ngoai véi
16p bé tong bao vé 1a ¢ = 20 mm va cbt thép chiu luc 2¢16 & phia trong.
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Hinh 5. S d6 chiu lyc va mit cat ngang dam c6t hdn hgp SGFRP

Dién tich c6t doc tong cong: A, = Ay + A, = 402 + 402 = 804 (mm?). Ham lugng cbt doc:

A 2
o= ﬁ %X 100% = 1,06%. Cac ket qua thu dugc 6 Bang 2.
0
Bang 2. Két qua tinh toan dAm cho trudng hop 2
i 1 50 100 150 200

&b 0,000018 0,00087 0,0018 0,0026 0,0035
Ef 0,000046 0,00184 0,0038 0,0054 0,0067
Es 0,000038 0,00149 0,0030 0,0044 0,0054
x (mm) 74,13 87,01 85,85 88,15 92,41
M (kNm) 0,85 28,69 36,65 43,40 48,26

Qua khéo sat c6 thé thay khi bién dang &, dat cuc han (g, = &5, = 0,0035) thi cbt thép da chay
déo &, = 0,0054 > g5 = 0,0013, con cot GFRP thi chua bi diit do &7 = 0,0067 < £, = 0,02 nghia la
dam bi phd hoai do bé tong bi nén v trong khi cbt thép da chay déo, con cbt GFRP chua bi dit. Kha
ning chiu mémen dugc 14y tai thoi diém dam bi phd hoai My, = 48,26 (kNm).

So véi trudng hgp 1 kha ning chiu mo men clia dim da ting 1én dang ké do dam dugc bd tri nhiéu
cbt doc. Dang pha hoai ctia dAm ciing chuyén tif phd hoai do diit c6t GFRP sang phd hoai bé tong
viing nén. Trong c4 hai trudng hop, cbt thép déu da chay déo.

3.3. Khdo sdt dam bé téng cot hén hgp SGFRP

Khao sat 6 dam thay ddi vé ty 1& dién tich c6t GFRP véi dién tich cbt thép nhung c6 cing vit liéu,
kich thudc, thong sb tdng dién tich cac cot doc (A, + Af) khong thay d6i (ham lugng bang 1,06%) va
chiu ti trong nhu trudng hop 2, két qua cu thé nhu trong Bang 3.

Qua kh3o sat c6 thé rit ra cdc nhan xét sau:

- Cuing chung tng dién tich cbt doc, khi ti 1¢ dién tich c6t doc Af/As giam dan thi chiéu cao ving
nén x gidm dan va kha nang chiu lyc My, cling gidm dan;

- Kha nang chiu luc M, cia dam D1 16n nhét khi st dung nhiéu dién tich c6t GFRP nhét (Mgp =
51,34 kNm), con khé ning chiu luc ctia dam D6 1a nhd nhat (Mg, = 44,85 kNm), miic do gidm vé kha
nang chiu lyc nay 1a 12,64%.

- Dang ph4 hoai ctia 6 dim déu la do bé tong bi nén vd. Khi pha hoai, bién dang &, dat cuc han
(€p = &po = 0,0035) thi cbt thép da chay déo &, = (0,0052 + 0,0057) > £59 = 0,0013, con cbt GFRP thi
chua bi diit do &7 = (0,0065 + 0,0071) < &y, = 0,02.
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Bang 3. Két qua khao sat dAm c6t hon hop véi tdng dién tich cbt doc khong ddi

N b h ¢f Af P Ay Af+AS X Mgh

PIm-m) @ ™ mm mmd) ™ mm) mmd) YA mmd) mm) kNm)
D1 200 300 2 20,29 647 2 10 157 4,12 804 94,25 51,34
D2 200 300 2 19,18 578 2 12 226 2,55 804 93,82 50,51
D3 200 300 2 17,77 496 2 14 308 1,61 804 93,21 49,49
D4 200 300 2 16,00 402 2 16 402 1,00 804 9241 48,26
D5 200 300 2 13,71 295 2 18 509 0,58 804 91,23 46,74
D6 200 300 2 10,58 176 2 20 628 0,28 804 89,51 44,85
= 5 £ 5 [
e
E 15 |2 g o 7
S <
40 EU’ 85
0 1 2 3 4 5 0 1 2 3 4 5
ArlA AlA
(a) Quan hé A/A, v6i chiéu cao x (b) Quan hé A;/A, v6i My,

Hinh 6. Quan hé ty 1& cot A /A, véi chiéu cao x va My,

4. Két luan

Bai bao da trinh bay mot phuong phap tinh toan kha nang chiu momen theo trang thai giGi han I
vé cudng do ctia dam cbt hdn hop SGFRP bing cach khio st su bién ddi ciia bién dang bé tong ving
nén tir khi chua cé bién dang dén khi dat bién dang cuc han dua trén gia thiét bién dang phang va cac
mo hinh vat liéu clia tiéu chudn TCVN 5574:2018. Phuong phép nay c6 thé xac dinh dugc cic dang
pha hoai ctia dam bé tong c6t hdn hop SGFRP dua trén viéc so sanh cac bién dang ctia vt liéu véi cac
bién dang cuc han. DAm s& ph4 hoai do diit c6t GFRP khi dam bb tri it cdt doc va pha hoai v3 bé tong
viing nén khi dam b tri ham lugng ¢t doc 16n. Qua cic khao sét cho thiy cot thép déu da bi chay déo
trudc khi cot GFRP bi diit do bién dang chay cia thép (g4 = 0,0013) nhé hon rat nhiéu so véi bién
dang diit c6t GFRP (&, = 0,02). Nhu vay, véi viéc bd tri thém cbt thép vao dam bé tong cbt GFRP sé
khién dam déo hon so v6i dim bé tong c6t GFRP thuan tiy. Diéu nay gitp ting thém tinh cinh bdo va
md rong dudc kha ning ing dung chiu Ivc ctia cbt GFRP. Bai bdo ciing chi ra rang, cic dim c6 cling
tong dién tich cbt doc thi dAm c6 bd tri nhiéu lugng cdt doc GFRP hon sé cho kha ning chiu md men
ubn 16n hon. C6 thé thiy rang day mdi chi la phucng phap nghién ciiu ly thuyét ban dau nén con can
tién hanh thém cac nghién ctiu thuc nghiém d€ d6i chiéu v6i phuong phap 1y thuyét dé xuit.
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