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Tém tit

Thanh cbt sdi thiy tinh (GFRP) c6 cudng dd cao nhung mé dun dan hdi thap, khién dim bé tong ct GFRP
thuan tdy thudng c6 do vong 16n. Viéc st dung két hop cot thép va cot GFRP sé gitip cai thién van dé nay. Tuy
nhién, viéc xdc dinh do vong dim bé tong c6t hon hop thép va GFRP (c6t SGFRP) hién chua c6 tiéu chuin
huéng din. Dua theo céc quan hé ting suit-bién dang ctia vat liéu theo tiéu chuan TCVN 5574:2018, bai bdo
trinh bay mot phucng phap xac dinh do vong ngan han bang céc nghién ciiu ly thuyét. Qua d6 nghién citu da
khao sat dd vong ngan han dim bé tong cdt SGFRP véi cac thong sb thay d6i, da so sinh dd vong ngan han
dam bé tong cdt SGFRP véi do vong dam bé tong cot thép va dam bé tong cbt soi thiy tinh thuan tuy.

Tir khod: cbt GFRP; cbt thép; cbt hdn hop thép va GFRP; d6 vong ngan han; TCVN 5574:2018.

RESEARCH ON CALCULATION SHORT-TERM DEFLECTION OF REINFORCED CONCRETE BEAM
USING HYBRID (STEEL AND GFRP) BARS CONFORMING TO TCVN 5574:2018

Abstract

The glass fiber reinforcement polymer (GFRP) has a high yield strength but a low elastic modulus, causing
the pure GFRP reinforced concrete (RC) beams to have a large deflection. Using a combination of steel and
GFRP bars will help to improve this. However, prediction of the deflection of RC beams using hybrid (steel
and GFRP) bars (denoted as SGFRP bars) has not been implemented in any common design codes. Based on
a theoretical study using the stress-strain relationship of materials proposed in TCVN 5574:2018, this paper
presents a method to predict the short-term deflection of the SGFRP RC beams. The authors then conduct a
parametric study to investigate the short-term deflection of SGFRP RC beams with different parameters. The
results of the short-term deflection of three types of beams (SGFRP RC beam, normal RC beams, and pure
GFRP RC beam) are then compared.

Keywords: GFRP bar; steel bar; hybrid (steel and GFRP) bars; short-term deflection; TCVN 5574:2018.
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1. Giéi thiéu

Thanh polyme cbt sdi thiy tinh GFRP (Glass fiber reinforcement polymer) véi cudng dd cao,
trong luong nhe, khong bi dn mon va c6 gia thanh thip hifa hen 13 vat liéu méi thay thé cho cbt thép
truyén thong [1, 2]. Tuy nhién trong thuc té, do c6t GFRP c6 md dun dan hdi thip (chi bing khoang
1/4 cta cdt thép), dam bé tong cdt GFRP thuan tiy thudng bi vong 16n, vugt qui gidi han st dung
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1am han ché kha ning ting dung ctia loai vat liéu nay [3]. D& khic phuc vAn dé nay thudng phai ting
kich thuéc dam hoic bd tri thém nhiéu cbt GFRP, diéu nay lam ting gid thanh va khién c6t GFRP khé
dua vao ap dung trong thuc té. Mot giai phap gitp cai thién van dé nay da dudc dé xuét 12 st dung ct
GFRP két hop véi cot thép tao ra mdt vat liéu méi, vat liéu c6t hon hop thép va GFRP (cbt SGFRP)
[4].

Céc nghién ciiu vé dam bé tong c6t SGFRP rit dudc quan tAm trong nhitng nim gan day ca vé thuc
nghiém 14n 1y thuyét. T nhiing cong bd vé nghién ctiu thuc nghiém ctia Tan [4] , Aiello va Ombres
[5], Lau va Pam [6], ..., cdc nha khoa hoc di tién t6i tong quat héa bang cac nghién ciu 1y thuyét.
C6 thé k& dén cac nghién ctiu Iy thuyét ctia Leung [7] vao nim 2004, Jia va cs. [8] nim 2014, Ge va
cs. [9] nam 2015, Pang va cs. [10] ndm 2015 va Kheyrodin & Maleki [11] ndm 2017. Cac nghién ctu
nay déu dua trén cong thic dé xut trong tiéu chuin ACI 440.1R-06 [2] clia Branson dé chinh xac héa
cong thifc tinh do vong dam bé tong cbt hdn hdp qua gid tri md men quan tinh hiéu qua I, theo tiéu
chuéin Hoa Ky. Pay 1a cach lam di tif thuc nghiém va hoan thién cong thiic tinh todn c6 sin nén kha
ning ng dung cic cong thiic con han ché, chi phit hgp v6i mot pham vi hep.

O Viét Nam, cic nghién ciu tinh todn ly thuyét vé do vong cta loai ddm nay con khd han ché.
Trong TCVN 5574:2018, trinh bay tinh todn do vong dam bé tong cbt thép trén co s xdc dinh do
cong ctia dam (gid tri nghich dao ctia do ciing). Do ciing clia dim theo cong thiic stic bén vat lidu 1a
EI dudc thay bang do cing chéng udn D cé ké dén su thay ddi do cing & nhitng ving dim bi khong
ntt va nit, thudng dudc chinh xadc héa qua hé s6 thuc nghiém . Tiéu chuin Viét Nam chua dé cap
dén tinh toan do vong dam bé tong c6t SGFRP. Trong nghién cttu ctia Tuin [12] da trinh bay tinh todn
kha niing chiu md men udn ctia dam bé tong cdt SGFRP theo TCVN 5574:2018 [13]. Nghién ctiu nay
ké thita va hoan thién nghién ciu trudc d6, dé xuat mot cach tinh todn do vong ngan han dam bé tong
cbt SGFRP theo TCVN 5574:2018 c6 bd sung thém &nh hudng cia bién dang bé tong viing kéo va
bt doc chiu nén A’,. Qua d6 c6 thé khio sit do vong ngin han dam bé tong cdt SGFRP véi céc thong
s6 thay ddi. So sanh do vong ngin han dAm bé tdng cdt SGFRP véi dd vong dam bé tong cbt thép va
dam bé tong cdt soi thity tinh GFRP thuan tdy.

2. Ly thuyét tinh toan dé vong ngan han ctiia dam bé tong c6t SGFRP

Nhu di biét, viéc tinh toan d6 vong dam bé tong cbt thép ngin han 13 mot cong viée phiic tap do
bi 4nh hudng ctia nhiéu yéu t6 nhu kich thuéc tiét dién, &nh hudng cta viéc bd tri cbt doc, anh hudng
ctia vt liéu, sy 1am viéc chung giita c6t thép va c6t GFRP, anh hudng ctia vét nit 1am thay ddi do
cling. .. Bai b4o nay dé xuAt mot mot phuong phap tinh todn thuc hanh don gian d€ tinh toan do vong
& gilta dam véi cac gia thiét: tiét dién sau khi bién dang vAn phang, tng sut trong bé tong, cbt thép
va c¢6t GFRP dugc xic dinh tir dudng cong ting suit bién dang, gia thiét do cing dAm khong thay ddi
trong sudt chiéu dai dam va do ciing dim dudgc 14y bang do ciing nhd nhit & giita dam.

Quan hé dng suit-bién dang cda vat liéu theo TCVN 5574:2018 [13, 14] va tiéu chuin SP
295.1325800.2017 [15] dugc biéu dién nhu Hinh 1. Trong d6 o), va & lan lugt 1a ung suit nén
va bién dang nén ctia bé tdng; Ry, 1a cudng do chiu nén tinh toan clia bé tong & trang thai gii han thit
nhét (MPa); E;, 12 mo6 dun dan hdi ban dau ctia bé tong khi nén (MPa); &5 12 bién dang nén tuong dbi
cla bé tong, g5 = % = @; £po 12 bién dang tuong dbi gidi han clia bé tdong khi nén déu ting

b b
véi ting suit trong bé tong dat t6i cudng dd tinh toan Ry, x50 = 0,002 khi c6 tic dung ngan han cta tai
trong; 5, 1a bién dang nén tuong dbi gidi han cia bé tdng khi né bi pha hoai, 14y bang 0,0035 dbi véi
bé tong ning; o, 1a ing suit kéo clia cdt thép; &, 1a bién dang kéo ctia cbt thép; R, 1a cudng do chiu
kéo tinh todn ctia c6t thép & trang thdi gidi han thi nhit (MPa); E; 1a md dun dan hdi ctia cbt thép
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Hinh 1. Quan hé ting suit-bién dang ctia cac vt liéu

(MPa); &40 12 bién dang gidn dai tuong dbi ctia cbt thép khi ting suat dat téi cudng do tinh todn Ry; £,
12 bién dang nén tuong dbi ciia cdt thép, 1iy bang 0,025; o la cudng do chiu kéo cia cb6t GFRP; ¢ I
1a bién dang kéo ctia ct GFRP; E 1a mo6 dun dan hoi ctia cbt GFRP; grula bién dang tuong dbi gidi
han c6t GFRP.

Dua vao cdc quan hé dng suét bién dang trén ta di thiét 1ap cac budc tinh toan cho dim bé tong
c6t SGFRP. Hinh 2 thé hién so d6 ting suit dim bé tong c6t SGFRP.
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Hinh 2. So do ting suit cia dam bé tong ct SGFRP
Tién hanh chia tiét dién dAm dugc thanh cac phan nhé hon c6 chiéu cao 1a &;. Ung véi mdi bién

dang &5, cho tru6c ctia bé tdng, mot gia tri chiéu cao x (khoadng cich tif mép ngoai ciing clia bé tong
chiu nén dén truc trung hoa) ban dau dudc gia thiét. Dua trén gia thiét tiét dién phing, bién dang ctia
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mdi phan chia clia bé tong &; dudc xdc dinh theo cong thic:

X — X
& =— ‘&) (1)
Xti
& = 7t8b (2)

trong d6 x; 12 khodng cach tit mép bé tong chiu nén dén trong tim phan ti bé tong thi i.
Gia thiét bé tong dinh chit (perfect bond) v6i cdt chiu Iuc, bién dang trong cbt thép &, &£, va bién
dang &y trong c6t GFRP dudc x4c dinh ti cong thifc:

x—h
g, = 2ep 3)
X
s i, )
X
_ hf—x 5
8f = X Ep ( )

trong d6 hy, h', va hy 1an lugt 1a khoéng cdch tt mép bé tong chiu nén dén trong tam cbt thép chiu kéo,
cbt thép chiu nén va trong tim cot GFRP.
Dua vao phuong trinh quan hé ting suét va bién dang ctia bé tong ta c6 thé x4c dinh dudc ing suit
O pi, Oy Ca phan tir bé tong chiu nén va bé tong chiu kéo thit i. Hop luc clia bé tdng C dugc xic dinh
bing cong thiic sau:
n
C = ) (0pibhi = Thibhyi) (6)
i=1

trong d6 b, h;, hy; 1an luct 12 bé rong dim, chiéu day (chiéu cao) clia phan tif bé tong nén thif i va bé
tong kéo thu i

h
hi = — (7

n

h—x

hii = ®)

n

trong d6 4 14 chiéu cao dAm v n 12 t6ng s6 phan ti chia nho clia dAm.
Gia tri chiéu cao ving nén ctia phan ti bé tong nén va kéo thii “4” dudc tinh theo cong thic:

xi = (i —0,5)h; 9)
Xi = (i = 0,5)hy; (10)

Luc kéo T trong cbt thép, T'f trong cbt GFRP va lyc nén T trong cdt thép chiu nén dugc xéc dinh
1an lugt theo céc cong thiic:

Ty = EsgA; (11)
Ty =ErepAy (12)
T/ = EelA (13)

trong d6 Ay, A, Ay 1an lugt 1a dién tich cta cbt thép chiu kéo, cbt thép chiu nén va c6t GFRP.
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Thiét 1ap phuong trinh can bang luc, ta co:

C+T,=T;+Ty (14)

n
> ovibhi + ALEE], = AEes + AsE ey (15)
i=1
Tir phuong trinh (15) ta sé xdc dinh dudc chiéu cao x Gng véi mdi bién dang nén &, bing cach
chay 13p dan x cho t6i khi gid trj C + T, — Ty — T, tién dén t6i bang 0.
Do cong clia dAm ¢ ting v6i mbi gid tri x va &, dugc xdc dinh tif cong thiic:

Y =¢p/x (16)

Véi gia thiét do cting dAm khong thay ddi trong sudt chidu dai dim va do ciing dam dudc 1y bang
do cting nho nhét & gitta dam, khi x4c dinh dudc d6 cong ¢ clia tiét dién giita dam, ta c6 thé tinh dugc
do vong f ¢ gilta dAm ctia dAm don gidn nhip L chiu hai luc tap trung véi nhip chiu cit bing a theo
cong thuc:

(3L* - 4a%)
24

Ung véi mbi gid tri &, cho trudc sé xac dinh dugc mot gia tri chiéu cao bé tong ving nén x. Tir
déy sé& x4c dinh cdc gia tri luc tidc dung P, do cong ¢ va do vong f tuong ting. Tap hop cic gid tri &
thay d&i tir 0 dén &5, sé xay dung dudc dudng cong quan hé luc tic dung va do vong ctia dam.

f=9 (17)

3. Khao sat do vong dam bé tong c6 cac loai c6t doc khac nhau

Tién hanh khao sat dd vong dam bé tong cbt SGFRP d€ so sanh véi dim bé tong cdt thép va dam
bé tong cot GFRP thuan tuy.

0} 2010-THEP 0 2010-THEP 0 2010-THEP
TS TS TS
P |p
=3 =3 =
S , S . S
s 2014-THEP ¥ 2014-THEP ¥ 2014-GFRP
¢ ¢ 1|e . 20 K . 20 K . 20
L 2 » 2 » 2 p
20t 2014-GFRP 201 2014-THEP 201 2014-GFRP
200 200 200

Hinh 3. So dd va mit cit cdc dam bb tri cbt doc khdc nhau

Khao sat dim don gidn nhu Hinh 3 ¢6 nhip L = 3600 mm, chiu hai luc tap trung P v6i khoang
cach tir luc tap trung dén gbi tua a = 1200 mm. So sanh d6 vong dam bé tong c6t SGFRP v6i dam bé
tong cot thép ciing dam bé tong c6t GFRP thuan tdy. Céc thong sb dau vao: chiéu cao h = 400 mm,
bé rong b = 200 mm, bé tong B30, thép CB400-V, GFRP c6 cudng do fru = 900 MPa, mddun
Ey = 45000 MPa, cbt chiu nén A’ (2¢10). PO vong gidi han cia dam fen = L/200 = 18 mm.

Dam bé tong cbt SGFRP (2F14+2T14) c6 c6t GFRP 2¢14, cbt thép A, (2p14).

Dam bé tong cbt thép (2T1442T14) c6 bb tri cbt thép A; (2p14 + 2¢14).

Dam bé tong cbt GFRP (2F14+2F14) ¢6 bd tri cbt GFRP A; (2¢14 + 2¢14).
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Hinh 4. Khio sit d6 vong dAm c6 cic loai cdt doc khac nhau

Béng 1. Bang gid tri lyc P tai f,; cta ddm c6 cdc loai cot doc khac nhau

Dam 2F14+2F14 2F14+2T14 2T14+2T14
P (kN) tai f, 41,51 50,89 67,84
% so sanh 100% 123% 163%

Nhan xét: Tinh & cing miic do vong gidi han f, thi dim bé tdng cbt GFRP thuan tiy c6 muc tai
P nhé nhit, mdc tii ny ting 1an lugt khi sit dung dAm bé tong c6t SGFRP va dam bé tong cbt thép.
Diéu nay 12 do anh hudng ctia do cing ctia cbt doc véi yéu té chinh 12 md dun dan hoi. C6 thé thiy,
cbt thép c6 md dun dan hdi 16n hon c6t GFRP 4,4 1an nén sé c¢6 do cting 16n hon. Khi dam c6 cling
mot dién tich c6t doc thi dam st dung nhiéu cbt thép hon sé c6 do cting 16n hon va chiu dudc tai trong
P 16n hon. C6 thé thiy sau khi cot thép chay déo thi dudng quan hé P — f ctia dim bé tong cdt thép
hau nhu ndm ngang, trong khi & dAm bé tong c6t GFRP va dam bé tong c6t SGFRP thi vén tiép tuc
chiu thém tai trong va c6 kh ning chiu luc tiép tuc ting 1én cho dén khi c6t GFRP bi pha hoai.

4. Khao sat do vong dam bé tong cbt hdn hop SGFRP

Khéo sat dim don gian chiu 2 Iuc tap trung véi nhip L va khodng cich a nhu muc 3.

Truong hop 1: Kho sit dd vong dam beé tong cdt SGFRP khi chiéu cao dam thay ddi 4 = 200, 300,
400, 500, 600 mm cac thong sb khac khong thay ddi: bé rong b = 200 mm, cbt chiu kéo A, (2¢14),
Ay (2¢14), cot chiu nén A’ (2¢10), bé tong B30, thép CB400-V, GFRP c6 cuvng do fru =900 MPa,
modun Ey = 45000 MPa.

Trudng hop 2: Khio sit do vong dam bé tong cdt SGFRP khi cdt thép chiu kéo thay d6i Ay =
2012, 2¢14, 2416, 2¢18, 2¢20, cic thong s6 khac khong thay ddi: b = 200 mm, i = 400 mm, cot
GFRP chiu kéo Ay (2¢14), cbt thép chiu nén A, (2¢10), bé tong B30, thép CB400-V, GFRP c6 cuong
dd fr, = 900 MPa, moddun E; = 45000 MPa.
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Hinh 6. Mit cit tiét dién dim cho trudng hop 2

Trudng hop 3: Khao sdt do vong dam bé tong cdt SGFRP khi cbt GFRP chiju kéo thay d6i A =
2912, 2¢14, 2416, 2418, 2¢20, cac thong s khac khong thay d6i: b = 200 mm, & = 400 mm, c6t
thép chiu kéo A (2¢14), cbt chiu nén A’ (2¢10), bé tong B30, thép CB400-V, GFRP c6 cudng do
fru = 900 MPa, mddun Ey = 45000 MPa.

20 2010-THEP 20 2010-THEP 20 2010-THEP 20 2010-THEP 20 2010-THEP
d o d e d ® d ® d Yo
§ 2014-THEP § 2014-THEP § 2014-THEP § 2014-THEP § 2014-THEP
a_ s a_ pfF Lla_ sfF% Lla_ sfF% s sFF
208 N/_2o2Grre 200 N\/__2014rre 208 N/ 2016.6ere 208 N\/__2oisGrre 200 N/ 2020-Grre
200 200 200 200 200
Hinh 7. Mit cat tiét dién dam cho trusng hop 3
Truong hop 4: Khéo sat do vong dam bé tong 20 2010-THEP
cbt SGFRP khi cip do bén bé tong dam thay CA
déi B20, B25, B30, B35, B40, cac thong s khac s
khong thay ddi: b =200 mm, & = 400 mm, c6t chiu h SN 2014 THER
kéo A; 2¢14), Ay 2¢14), cht chiu nén A’Y 2¢10), o ]R__p :‘:20
thép CB400-V, GFRP c6 cudng do fr, = 900 200

MPa, modun Ey = 45000 MPa.

Truong hop 5: Khéo sat do vong dam bé tong
c6t SGFRP khi nhém thép dim thay d6i CB240-T,
CB300-V, CB400-V, CB500-V, cic thong sb khac
khong thay d6i: b = 200 mm, 4 = 400 mm, cbt chiu kéo A (2¢14), A r 2p14), c6t chiu nén A’ (2¢10),
bé tong B30, GFRP c6 f7, = 900 MPa, mddun E; = 45000 MPa.

Hinh 8. Mt cat tiét dién dam cho truong hop 4
va truong hop 5
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Hinh 9. Khdo sit do vong dam khi chiéu cao thay d6i

Bang 2. Bang gid tri luc P tai f,; khi chiéu cao dam thay ddi

Dam h =200 h =300 h =400 h =500 h =600
P (kN) tai f,p 13,17 31,91 50,89 72,98 98,12
% so sanh 100% 242% 386% 554% 745%

4.1. Khdo sdt do vong dam cét SGFRP cho truong hop 1

Nhén xét: Cung miic do vong gidi han fg, thi dam cang cao thi tai P cang 16n. Céc dudng quan hé
P — f khd xa nhau. DAm cao 600 mm (cao gip 3 1an dd cao ctia dAm cao 200 mm) c6 muc tai P cao
hon 745%, chiing t6 khi ting chiéu cao dam dat hiéu qua rat 16n dé€ khong ché do vong.

4.2. Khdo sdt dé vong dam cét SGFRP cho truong hop 2
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Hinh 10. Khéo sat do vong dam khi dién tich cbt thép A, thay déi
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Béng 3. Bang gid tri luc P tai f, khi dién tich cbt thép A, thay d6i

Dam A 2d12 A 2d14 A 2d16 A 2d18 Ay 2d20
P (kN) tai f,p 44,06 50,89 59,31 69,15 79,79
% so sanh 100% 115% 135% 157% 181%

Nhan xét: Tinh ¢ cung muic do vong gidi han f, thi dam c6 dién tich cbt thép A, cang 16n thi chiu
tdi P cang 16n. Viéc thay d6i dién tich cbt thép anh hudng khong nhiéu dén viéc thay d6i do vong so
véi viée thay ddi kich thudc chiéu cao ctia dAm. Khi dién tich cbt thép ting tit 2d12 (226 mm?) thanh
2420 (628 mm?) thi mtic tai P chi ting 181%.

4.3. Khdo sdt dé vong dam cét SGFRP cho truong hop 3
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Hinh 11. Khdo sat do vong dam khi dién tich c6t GFRP A thay d6i

Béng 4. Bang gid tri lyc P tai f,; khi dién tich c6t GFRP A thay d6i

Dim Af2d12 Af2d14 Af2d16 Af2d18 Af 2d20
P (KN) tai fi 46,96 50,89 55,81 61,07 66,59
% s0 sanh 100% 108% 119% 130% 142%

Nhan xét: Tinh & cing miic do vong gi6i han f,;, thi dam c6 dién tich cot GFRP A cang 16n thi
chiu tai P cang 16n. Viéc thay d6i dién tich c6t GFRP anh hudng khong nhiéu dén viéc thay ddi do
vong, nhd hon ca viée thay ddi dién tich cbt thép. Khi dién tich cbt GFRP ting tit 2d12 (226 mm?)
thanh 2420 (628 mm?) thi miic tai P chi ting 142%. Didu nay 1a do mé dun dan hdi cia c6t GFRP
nhd hon cbt thép nén anh hudng ciia c6t GFRP dén do cing chung cia tiét dién dam khong nhiéu nhu
anh hudng cta cot thép.
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4.4. Khdo sdt dé vong ddam cét SGFRP cho truong hop 4
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Hinh 12. Khéo sit do vong dam khi cAp bén bé tong thay ddi

Béng 5. Bang gid tri lyc P tai f,; khi cip bén bé tong thay ddi

Dam B20 B25 B30 B35 B40
P (kN) tai fop 48,54 50,33 51,58 52,20 53,08
% so sanh 100% 104% 106% 108% 109%

Nhan xét: Tinh ¢ cing mic do vong gidi han f,;, thi dAm c6 cip do bén bé tong cang 16n thi chiu
tdi P cang 16n. Tuy nhién, viéc thay ddi cip do bén bé tong dnh hudng kha nhd dén do vong. Céc
dudng quan hé P — f khd sat nhau, khi cAp do bén ting gip doi (tir B20 ting 1én B40) c6 mic tai P
chi ting 109%. C6 két qua nay 1a do khi & d0 vong f;, thi dam da nit nhiéu, phan bé tong con lai dé
duy tri d cting cho dim 14 khong dang ké.

4.5. Khdo sdt do vong dam cot SGFRP cho truong hop 5
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Hinh 13. Khao sat dd vong dam khi cip thép thay ddi
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Béng 6. Bang gid tri luc P tai f, khi cap thép thay ddi

Dam CB240-T CB300-V CB400-V CB500-V
P (kN) tai fop 39,07 43,61 51,58 58,77
% so sanh 100% 112% 132% 150%

Nhan xét: O cling miic d vong gidi han Seon thi dam st dung cAp thép cang 16n thi chiu tii P cang
16n. Miic d6 4nh hudng ctia viéc thay ddi nhom thép 16n hon so véi viéc thay ddi cip do bén bé tong.
Khi cip thép tir CB240-T ting 1én CB500-V ¢6 miic tai P ting 150%. Sau khi cbt thép chdy déo, khic
v6i dam bé tong cbt thép, dam bé tong cdt SGFRP van tiép tuc 1am viéc, tiép tuc chiu thém dudc tai
trong, thé hién bang cic dudng nhanh cudi di 1én song song nhau.

5. Két luan

Bai bdo da trinh bay mot phuong phép tinh todn do vong ngin han ctia dim bé tong c6t SGFRP
bing cach khéo sat su bién ddi ctia bién dang bé tong ving nén tir khi chua c6 bién dang dén khi dat
bién dang cuc han dua trén gia thiét bién dang phang va ciac mo hinh vt lidu cia tiéu chuan TCVN
5574:2018. Qua khao sat c6 thé thiy do vong ctia dAm bé tong cdt SGFRP ting ty 1¢ thuan véi viéc
tang chiéu cao, tdng dién tich cdt thép Ay, ting dién tich cbt GFRP A, ting cAp do bén bé tdng va cip
cbt thép. Trong diy thi viéc ting chiéu cao dam gitip khdng ché do vong hiéu qua nhit. Véi cung dién
tich cbt doc, dAm bé tong cdt SGFRP cho dd vong thiap hon dim bé tong cbt GFRP thuan tiy va cao
hon dam bé tong cbt thép.

C6 thé thiy rang ddy mdi chi 1a phuong phap nghién ctiu ly thuyét ban dau nén con can tién hanh
thém céc nghién ctiu thuc nghiém dé déi chiéu v6i phuong phap dé xuat.
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48-2021/KHXD.

Tai liéu tham khao

[1] Cong ty Pau tu va phat trién cong nghé dai hoc Xay Dung NUCETECH (2015). Chi ddn thiét ké va thi
cong két cdu bé tong co cot la thanh polymer cot soi.

[2] ACI440.1R-06. Guide for the Design and Construction of Structural Concrete Reinforced with FRP Bars.
American Concrete Institute, Detroit.

[3] Tuln, P. M. (2015). Nghién ctiu tinh toan dim bé téng cbt sdi thiy tinh GFRP trén tiét dién thang goc.
Tap chi Nguoi Xdy Dung, 289&290:18-20.

[4] Tan, K. H. (1997). Behaviour of hybrid FRP-steel reinforced concrete beams. Proc., 3rd Int. Symp.
on Non-Metallic (FRP) Reinforcement for Concrete Structures (FRPRCS-3), Japan Concrete Institute,
Sapporo, 3:487-494.

[5] Aiello, M. A., Ombres, L. (2002). Structural performances of concrete beams with hybrid (fiber-
reinforced polymer-steel) reinforcements. Journal of Composites for Construction, 6(2):133—140.

[6] Lau, D., Pam, H. J. (2010). Experimental study of hybrid FRP reinforced concrete beams. Engineering
Structures, 32(12):3857-3865.

[71 Leung, H. Y. (2004). Flexural capacity of concrete beams reinforced with steel and fibre-reinforced
polymer (FRP) bars. Journal of Civil Engineering and Management, 10(3):209-215.

84


https://doi.org/10.1061/(ASCE)1090-0268(2002)6:2(133)
https://doi.org/10.1061/(ASCE)1090-0268(2002)6:2(133)
https://doi.org/10.1016/j.engstruct.2010.08.028
https://doi.org/10.1080/13923730.2004.9636308
https://doi.org/10.1080/13923730.2004.9636308

(8]
[9]
(10]

(1]

[12]
(13]
(14]

[15]

Tuén, P. M., Tam, T. V. / Tap chi Khoa hoc Cong nghé Xay dung

Jia, B., Liu, S., Liu, X., Wang, R. (2014). Flexural capacity calculation of hybrid bar reinforced concrete
beams. Materials Research Innovations, 18(sup2):52-836.

Ge, W., Zhang, J., Cao, D., Tu, Y. (2015). Flexural behaviors of hybrid concrete beams reinforced with
BFRP bars and steel bars. Construction and Building Materials, 87:28-37.

Pang, L., Qu, W., Zhu, P., Xu, J. (2016). Design propositions for hybrid FRP-steel reinforced concrete
beams. Journal of Composites for Construction, 20(4):04015086.

Kheyroddin, A., Maleki, F. (2017). Prediction of effective moment of inertia for hybrid FRP-steel re-
inforced concrete beams using the genetic algorithm. Numerical Methods in Civil Engineering, 2(1):
15-23.

Tuén, P. M. (2019). Kha niing chiu m6 men u6n ctia dim bé tong cbt hdn hop thép va GFRP theo TCVN
5574:2018. Tap chi Khoa hoc Céng nghé Xdy dung (KHCNXD) - DHXDHN, 13(4V):73-81.

TCVN 5574:2018. Két cdu bé tong va bé tong cot thép - Tiéu chudn thiét ké. Bo Khoa hoc va Cong nghé,
Viét Nam.

Minh, P. Q., Phong, N. T,, Théng, N. T, Tung, V. M. (2021). Két cdu bé tong cot thép phcfn cdu kién co
bdn TCVN 5574:2018. Nha xuit ban Khoa hoc va K§ thuat, Ha Noi.

SP 295.1325800.2017 (2017). Concrete structures reinforced with fibre-reinforced polymer bars. Design
rules. Ministry of Construction and Housing and Communal Services of the Russian Federation.

85


https://doi.org/10.1179/1432891714z.000000000498
https://doi.org/10.1179/1432891714z.000000000498
https://doi.org/10.1016/j.conbuildmat.2015.03.113
https://doi.org/10.1016/j.conbuildmat.2015.03.113
https://doi.org/10.1061/(asce)cc.1943-5614.0000654
https://doi.org/10.1061/(asce)cc.1943-5614.0000654
https://doi.org/10.29252/nmce.2.1.15
https://doi.org/10.29252/nmce.2.1.15
https://doi.org/10.31814/stce.nuce2019-13(4v)-07
https://doi.org/10.31814/stce.nuce2019-13(4v)-07

	1 Giới thiệu
	2 Lý thuyết tính toán độ võng ngắn hạn của dầm bê tông cốt SGFRP
	3 Khảo sát độ võng dầm bê tông có các loại cốt dọc khác nhau
	4 Khảo sát độ võng dầm bê tông cốt hỗn hợp SGFRP
	4.1 Khảo sát độ võng dầm cốt SGFRP cho trường hợp 1
	4.2 Khảo sát độ võng dầm cốt SGFRP cho trường hợp 2
	4.3 Khảo sát độ võng dầm cốt SGFRP cho trường hợp 3 
	4.4 Khảo sát độ võng dầm cốt SGFRP cho trường hợp 4
	4.5 Khảo sát độ võng dầm cốt SGFRP cho trường hợp 5

	5 Kết luận

