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M6 hinh gian ao cho dam bé téng cé6t FRP

Strut-and-tie model for FRP-reinforced concrete beams
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TGM TAT

Phuong phap gian &o co ké dén dang gap cia bé tong duge dé xuét
trong bai bao nay dé du doan kha nang khang cét cia dam bé tang
ct FRP. Ma hinh ké dén dang gop ciia cé co céu ching gidng va co
cdu thanh chang xign. Dang gop cia bé tang trong khé nang khang
cét duge quy ddi thanh dién tich cdt dai FRP twong dwong. Ma hinh
dé xudt dua trén cong thic khang cét cho bé tang cia El-sayed et
al [1] va cho cot dai FRP coa CSA SB06 [2]. Ma hinh duoc so sanh
vari ket qua thuc nghiém thu thap duge cho dam cdt FRP duge thue
hién tir cac nghién ciu trude. Ket qua ciing duge so sanh vai céc
tiéu chudn hién hanh cho dam beé tang cdt FRP nhu ACI 440.1R [3]
va CSA SBO6 [2]. Két qué cho thdy ma hinh gian &o dé xuét cho két
qué kha chinh xac vai két qué thi nghigm.

Tir khoa: FRP; dam; ing xir cat; ma hinh gian &o.

ABSTRACT

A strut-and-tie model is presented in this paper to predict the
shear strength of FRP-reinforced concrete beams. Both
contributions from truss and direct strut mechanisms are
considered in this paper. The concept of equivalent transverse
FRP reinforcement is applied to integrate the concrete
contribution into the proposed truss model. The proposed model
is validated with the existing experimental results to examine the
accucracy of the proposed model. The comparison has shown a
good correlation between the experimental data and analytical
results. The results from this research shows that the properly-
treated truss analogy can be used to assess the shear strength of
concrete beams reinforced with various types of FRP bars
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1.MEPAU

Vai tro clia thanh FRP da dugc cac nha nghién clttu cong nhan
nhu la moét loai vat liéu thay thé cho c6t thép truyén théng trong
cac két cdu bé tong (Thomas va Ramadass [4], Elamary va Abd-
ELwahab [5]). C6t thanh FRP cé uu diém rat I6n la cudng dé chiu

kéo cao hon cét thép truyén thong, trong lugng rat nhe, khéng
nhiém tu va dac biét la khong bi an mon. Tuy nhién Gng x cua
thanh FRP réat khac véi iing x(r clia c6t thép truyén thong, dac biét
la dudng cong (ing xuat bién dang cla 2 loai vat liéu nay rat khac
nhau. Su khac biét nay dan dén su khac biét trong kha nang khang
cat clia hai loai két cdu nay. Nhu da biét, pha hoai do cat 1a loai pha
hoai nguy hiém, né c6 thé dan dén nhing hau qua nghiém trong.
Do d6, cdn mét mé hinh khang cit c6 d6 tin cay cao dé tinh kha
nang khang cét clia cac cau kién dam bé téng cét FRP.

Duva theo md hinh gian o truyén théng cua Bresler va
MacGregor [6], Li va Tran [7] d& dé ra mot mo hinh tinh kha nang
khang cét ctia dam bé tong cot thép. Kha nang khang cét cla bé
téng dugc quy ddi tuong ducng véi thép c6t dai. Mé hinh nay
dugc so sanh vai dam bé tong cét thép bi pha hoai do cat vdi ti s6
nhip chia cho chiéu cao hiru hiéu tir 2 dén 3. Kha nang khang cat
ctia dam tinh ti mé hinh cho két qua kha tuong déng vai thi
nghiém. Dua theo mé hinh nay cua Li va Tran [7], md hinh gian do
cho dam bé téng cét FRP sé dugc dé xuat trong bai bao nay dé
tinh kha nang khang cat clia loai dam nay.

2. MO HINH GIAN AO

2.1. Thiét Idp mé hinh

Hinh 1 thé hién mé hinh gian 3o cho dam bé téng c6t FRP vdi ti
s6 nhip chia cho chiéu cao hitu hién tir 2 dén 3. Thanh nén la
dudng nét dut, con thanh kéo dugc thé hién thong qua dudng nét
lién. Tuong tu nhu mé hinh cda Li va Tran [7], chiéu cao clla mo
hinh dugc gid st 1a khong d8i doc theo nhip clia dam.

Hinh 1. M6 hinh gian do xét dén co cdu chdng giang va co cau thanh chdng xién.

DaGi véi dam cé nhip chia cho chiéu cao hitu hiéu tir 2 dén 3, ca hai
€0 cdu chén giang va cd cau thanh chéng xién can phai dugc xét dén
khi tinh kha nang khang cit cia dam. Nhu thé hién & hinh 1, co cau
thanh chéng xién dugc mé phéng bdi mét thanh chiu nén tir diém dat
luc dén g6i théng qua kha nang chiu nén cia bé tong.
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NGHIEN CUU KHDA HOC

Bang 1. D{ liéu cac dam bé tong c6t FRP

ID Dam Cot doc Cot dai
fe b d a/d Ar Er fru Ar s Edw frwu
MPa mm mm mm? GPa MPa mm? mm GPa MPa
Maruyama & Zhao [9]
FF1-20 36.2 150 250 2.5 206 94 1308 36 200 94 1308
FF1-10 383 150 250 2.5 206 94 1308 36 100 94 1308
FF2-20 35.0 150 250 2.5 396 94 1308 36 200 94 1308
FF2-10 33.1 150 250 2.5 412 94 1308 36 100 94 1308
FF3-10 31.3 150 250 2.5 522 94 1308 36 100 94 1308
FF4-10 30.5 150 250 2.5 792 94 1308 36 100 94 1308
FF4-13 30.5 150 250 2.5 792 94 1308 36 130 94 1308
FF4-16 31.3 150 250 25 792 94 1308 36 160 94 1308
FF4-20 34.9 150 250 2.5 792 94 1308 36 200 94 1308
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Hinh 2. Chiéu cao hitu hién cta thanh nén xién

Co cau chéng giang truyén luc cat théng qua thanh chéng
xién, c6t dai FRP, thanh chju nén va kéo ndm ngang & phia trén va
dudi ciia mo6 hinh. Mé hinh gian do nhu hinh 1 Ia mé hinh siéu tinh.
DE giadi dugc moé hinh trén, cac tinh chat clia tiing thanh trong mé
hinh can dugc xac dinh.

2.2. Tinh chdt cua cdc thanh kéo nén trong mé hinh gian do

2.2.1. Thanh kéo va nén ndm ngang

Vi tri cGia thanh kéo va nén nam ngang dugc gia st lan lugt tai
tdm cda c8t FRP ndm ngang va tdm cda phan bé téng chiu nén khi
phan tich dam chiu uén. Kha nang chiu kéo cla thanh kéo nam
ngang dugc tinh bang Adfw. Khd nang chiu kéo clia bé téng dugc
bd qua trong tinh toan nay. D6i véi thanh chiu nén, kha nang chiu
luc 1a 0.85f,bB;c nhu dé xuat cla tiéu chudn ACI 440.1R [3]. Do
kha ndng chiu nén clia thanh FRP thap, nén déng gép cua thanh
FRP trong kha nang chiu nén ctia thanh nén nam ngang dugc bo
qua. Chiéu cao hitu hiéu ctia thanh nén nam ngang dugc tinh bang
Byc [31.

2.2.2. Thanh nén xién

Mién Ung xudt nén trong dam bé téng cét FRP dugc mé hinh
théng qua céac thanh chiu nén xién nhu Hinh 1. Chiéu cao hiru hiéu
clia cac thanh nén xién nay dugc tinh dua vao hinh hoc nhu trong
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Hinh 2. Tai pha hoai, c6 kha nhiéu vét nat xién dugc hinh thanh
trong dam, do d6 dé xét dén dnh hudng cla cac viét nit xién nay,
hé s6 giam cudng d6 chiu nén cla bé tdng 0.4 dugc ap dung trong
mo hinh cua Li va Tran [7]. Trong nghién ctiu nay, hé s6 dugc dé
xuat bai tiéu chudn thiét ké EC2 [8] dugc dp dung:
v, = 0.6(1 — f7/250) M

2.2.3. Thanh kéo dung

Vi tri clia cac thanh chiu kéo ding dugc xac dinh tuong tu nhu
mé hinh cta Li va Tran [7] nhu Hinh 1. Ca kha nang chiu kéo cla
thanh c6t dai FRP va bé tong dugc k& dén trong mé hinh. Kha
néng chiu kéo ctia thanh FRP c6t dai dugc tinh bang Ay, ff,,. Trong
dé fr dugc tinh theo tiéu chudn CSA S806 [2].

Kha nang khang cat cta bé téng theo dé xudt cla El-Sayed et
al. [1] dugc st dung dé tinh trong mé hinh gian &o nay:

173 :

V. = 0.037 ("f’;+”—) bod < p,a 2
1

Trong d6 B; dugc tinh nhu sau:

0.85 > B, = 0.85 — 0.007(f! — 28) > 0.65 3)

Kha nang khang cit nay dugc quy déi thanh dién tich c6t dai
tuong duong va dugc dua vao kha ndng chiu kéo cla thanh kéo
ding trong mo hinh.
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Bang 2. So sanh két qua thi nghiém

ID Kha nang khang cat Tis6
Verp Vero Vesa Vaa Vexp Vexp Vexp
kN kN kN kN VPTO VCSA VACI

Maruyama & Zhao [9]

FF1-20 59 57 41 33 1.04 1.44 1.79
FF1-10 84 84.3 54 50 1.00 1.56 1.68
FF2-20 72.8 68.1 52 38 1.07 1.40 1.92
FF2-10 89 101.7 64 55 0.88 1.39 1.62
FF3-10 95 111 70 56 0.86 1.36 1.70
FF4-10 119.5 130.9 81 60 0.91 1.48 1.99
FF4-13 86 1171 74 53 0.73 1.16 1.62
FF4-16 75 109.8 69 48 0.68 1.09 1.56
FF4-20 825 105.7 66 45 0.78 1.25 1.83
Trung binh 0.88 1.35 1.75
Do lach chuan 0.14 0.15 0.15

3. 50 SANH VOI KET QUA THi NGHIEM

D liéu thi nghiém

DG liéu thi nghiém dugc bdo cdo trong nghién clu
Maruyama va Zhao [9] lién quan dén cac mau dam bé téng c6t
FRP bi pha hoai do cit dugc tap hgp dé kiém chiing dé chinh
xac cia mo hinh gian do dé xuat & phan trudc cda bai bao. Nhu
thdo luan & phan trudc, mo hinh dé xuat xét dén ca hai co cau
truyén luc, do dé chi cdc mau dam ¢o6 ti s6 nhip chia cho chiéu
cao hiu hiéu tur 2 dén 3 dugc thu thap dé kiém ching tinh
chinh xac ca mé hinh. Bdng 1 thé hién cac théng s6 cla cac
mau thi nghiém thu thap dugc tu cac nghién cdu cla
Maruyama va Zhao [9].

Thao ludn két qua mé phéng

Nhu thé hién & Bang 2 va Hinh 3, ti s6 trung binh cla thi
nghiém chia cho mé hinh va d6 léch chuén lan lugt 1a 0.88 va
0.14. Két qua cho thdy do tin cay cia mé hinh gian do dé xuat
trong bai bao nay. So véi cdc mé hinh ti cac tiéu chudn thiét ké
nhu ACl 440.1R [3] and CSA S806 [2], md hinh dé xuét cho d6
chinh xac cao hon cho ca ti s8 trung binh va d6 léch chuin.

4. KET LUAN

Bai bao trinh bay mé hinh gian do dé danh gia kha nang
khéng cdt cho dam bé téng c6t FRP ¢6 ti s6 nhip chia cho chiéu
cao h{tu hiéu ti 2 dén 3. M6 hinh ké dén déng gép cla ca co
cau chéng giang va co cau thanh chéng xién. Péng gop cua bé
téng trong kha ning khang ct dugc quy d6i thanh dién tich
c6t dai FRP tuong duong. M6 hinh dé xuat dua trén céng thuc
khéng cét cho bé tong cla El-sayed et al. [1] va cho c6t dai FRP
clia CSA S806 [2]. M&6 hinh dugc so sanh vai két qua thuc
nghiém thu thap dugc cho dam cét FRP dugc thuc hién tir cac
nghién ctu trudc. Két qué cling dugc so sanh vai cac tiéu chuan
hién hanh cho dam bé téng cét FRP nhu ACI 440.1R [3] and CSA
S806 [2]. K&t qua cho thdy mé hinh gian do dé xuat cho két qua
kha chinh xac vdi két qua thi nghiém.

L&i cdm on: Nghién clu duoc tai trg bai Dai hoc Quéc gia
TP.HCM trong khuén khé Dé tai ma sé B2021-28-04.
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