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Abstract. This paper presents an experimental study investigating the behavior of edge-
restrained concrete bridge-deck slabs reinforced with glass fiber reinforced polymer (GFRP)
bars. The tests with four groups (one group used steel reinforced and three groups used GFRP
reinforced) included twelve full-scale edge-restrained concrete deck slabs simulating a slab-
on-girder bridge deck commonly used in Vietnam. The deck slabs measured 2500 mm long X
2500 mm wide x 200 mm thick. The investigated parameters included (1) reinforcement type
(GFRP and steel), and (2) reinforcement ratio in main direction of bottom layer (0,4% - 1,0%
- 1,2%). The slabs were supported on two parallel steel girders and were tested up to failure
under monotonic single concentrated load acting on the center of each slab over a contact area
of (510x362)mm to simulate the footprint of sustained truck wheel load (HL93 truck). All
deck slabs failed in punching shear, with carrying capacities exceeding the design service load
specified by the Vietnamese Highway Bridge Design Specification (TCVN 11823-17) from
1,5 to 2,2 times. The experimental punching capacities of the reinforced slabs were compared
to the theoretical predictions provided by TCVN 11823-17, JSCE-97, CAN/CSA S806-12,
AASHTO LRFD-09, ACI 440.1R-15, ... with average experimental-to-predicted punching
capacity ratio ranged from 0,67 to 1,89 times.
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Tom tat. Bai béo trinh bay nghién ctu thuc nghiém nham khao séat ang xir cua két cau ban
mat cau bé tdng cét thanh GFRP c6 lién két & hai dau. Thi nghiém tién hanh vaéi 04 nhém mau
(mot nhém sir dung cét thép va 3 nhom sir dung cdt thanh cot soi thuay tinh), bao gom 12 mau
ban md phong két cdu ban dit trén cac dam cau duoc st dung phd bién tai Viét Nam. Ban cé
chiéu dai 2500 mm, rong 2500 mm va day 200 mm. Cac théng sb khao sat bao gom: 1) loai
cot (cbt thép va cbt soi thay tinh); 2) ham lwong cét ¢ I16p dudi theo hudng chinh (0,4% -
1,0% - 1,2%). Cac mau ban duoc dit trén hai dam thép thi nghiém cho dén khi phé hoai cé
chiéu dai nhip 2,0 m dudi téc dung caa mot tai trong tap trung tac dung trén pham vi
(510x362)mm tai trong tam ban dé mod phong vét banh xe (HL93). Tat ca cAc mau ban déu
phé hoai do choc thing véi kha ning chiu tai gap 1,5 dén 2,2 1an tai trong khai thac quy dinh
tai Tiéu chuan Thiét ké Cau duong bo cua Viét Nam. Két qua thuc nghiém caa cac mau ban
duoc so sanh véi gia tri du bao theo cac cong thic cia TCVN 11823-17, JSCE-97, CAN/CSA
S806-12, AASHTO LRFD-09, ACI 440.1R-15, ... cho ty I¢ trung binh cua gia tri thuc nghiém
va ly thuyét dao dong tir 0,67 dén 1,89 lan.

Tir khéa: Thanh cbt soi thuy tinh, ban mit cau, choc thung.

© 2020 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN DE
Ban mit cau 1a b phan bi suy thodi nhanh nhat trong céc bo phan cua cong trinh cau do
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chiu tac dong truc tiép cua cac didu kién moi trudng, cac tac nhan hoa hoc va tai trong xe.
Hau qua cua tac dong dn mon cdt thép qua thoi gian khai thac 1a sy su pha hoai 16p bé tong
bao vé lam phét sinh chi phi stra chita va gay gian doan giao thong.

Do kha ning khang dn mon manh, thanh polimer cét soi gitp cai thién d6 bén cua ban
mit cau va giam thiéu chi phi phi sta chira thay thé. Thanh polimer cét sgi da duoc nghién
ctru dua vao trong thiét ké cAu nhu 1a c¢dt chiu luc chinh tai c4c tai liéu nhu: AASHTO LRFD
- 2009 [1] da cho phép st dung cét thanh Glass-FRP (GFRP), tiéu chuan Canada (CAN/CSA
S6 - 2012 [2]) da cho phép sir dung cét thanh Cacbon-FRP (CFRP), Aramid-FRP (AFRP),
GFRP. Tiéu chuan thiét ké cau cua Canada cung cip hai phuong phap thiét ké ban mat cau:
(1) Phuong phap kinh nghiém, (2) phuong phap thiét ké chiu ubn. Ca hai phuong phép nay da
xéac dinh duong kinh tdi thiéu caa thanh GFRP 1a 16 mm va khoang cach téi da giita cac thanh
la 300 mm, véi thanh GFRP ¢6 md dun dan hoi xap xi 40 GPa.

Trén thé giéi da c6 nhiéu nghién ctu ang dung cbt thanh GFRP cho két cau ban mat cau,
dién hinh nhu [3, 4, 5]. Céac nghién ciu nay da chiang minh @ng xir thyc té cua ban mat cau
khi pha hoai la cat hai chiéu, véi kha ning chiu tai 16n hon gia tri du béo theo cac cong thirc
ly thuyét. Dicu nay dwoc giai thich dya trén anh huéng cua co ché tac dong vom nén hinh
thanh trong két cau ban mat cau, nho vao lién két giira ban va cac dam d nhu dugc minh hoa
& Hinh 1.
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BANH XE

y
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Hinh 1. Sy hinh thanh tac dong vom nén trong ban mat cau.

Bén canh do, két qua do dac trén cong trinh cau thuc té theo cac nghién ctu [6, 7, 8, 9],
cho gia trj bién dang cua cét, bién dang cua bé tong do vong déu nho hon gid tri du tinh. Cac
két qua do dac thuc té ciing cho thdy ung xir ciia két ciu ban mat cau sir dung két hop hai loai
cot GFRP va ¢t thép ciing twong tu nhu két cau chi sir dung maot loai cét.

Hau hét cac du an déu st dung cét thanh GFRP do cd chi phi thip hon cac loai thanh
FRP khac (CFRP, AFRP). Pa s cé4c cdy cau dugc xay dung sir dung thanh GFRP ¢6 mé dun
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dan hoi tir 40 dén 45 GPa. Mot vai cay cau da qua thoi gian khai thac hon 15 nam va chua co
bat ky du hiéu hu hong nao [10].

Tai Viét Nam, cho dén nay di cd mot sé nghién ctiu tién hanh sir dung thanh GFRP trong
két cau dam [11, 12] va két cdu ban chiu udn mét chiéu [13]. Trong khi d6 chua c6 nghién
ctru ndo sir dung cdt thanh GFRP cho ban mit ciu, ciing nhu chwa ¢ tiéu chuén, huéng dan
thiét ké ap dung ddi véi loai cot nay.

Nghién ciru nay tién hanh trén md hinh ban mat cau sir dung cét thanh GFRP chiu tai
trong tap trung (md phong vét banh xe) nham khao sét tmg xur cua két ciu dua trén cac quan
hé gitra tai trong - do vong, tai trong - bién dang cua bé téng, tai trong - bién dang cua cét
tang cudng va kha nang chiu tai. Trén co s két qua thuc nghiém, tién hanh phén tich, danh
gia kha nang du bao cua cac md hinh ly thuyét.

2. THi NGHIEM

2.1. Vat li¢u
C6t thanh GFRP dugc sir dung trong nghién ciu c6 duong kinh 10 mm, 16 mm va 20
mm v&i bé mat thanh c6 dang go xoin duoc cung cap tir Cong ty Co phan Cét soi Polyme
Viét Nam (FRP VIETNAM.JSC) vai mét sé tinh chit co hoc nhu thé hién ¢ Bang 1.
Bang 1. Cac tinh chat co hoc ctia c6t GFRP (ngudn FRP VIETNAM.JSC).

Diéntich Khéiluong Cuongdochiu Modun  Biéndang  Cudngdo

E;;ﬁfv’( rlr‘]‘r?]})’ tétdien  donvi  kéotinhtoan danhoi B kéothictké  dinn bam
(mm?) (kg/m) ' (MPa) (GPa) £ (%) (MPa)
10 56,71 0,110
16 165,04 0,320 900 45 1,60 12
20 240,4 0,530

Mau ddi chung duoc ché tao su dungrcét thép cé du(‘mg kinh 14 mm cho 16p chiu luc
chinh va 10 mm cho cac 16p con lai. Mot so déc trung cua cot thep: fy = 420 MPa, Es = 200
GPa. Bé tong bdn c6 cudng d6 chiu nén yéu cau ¢ 28 ngay tuoi fc = 45 MPa (mau hinh try
duong kinh 150 mm, chiéu cao 300 mm).

2.2. Miu thi nghiém

Mau thi nghiém duoc lua chon co kich thude dam bao chiéu dai nhip ban (khoang céch
gitta 2 gdi twa) thudc pham vi Gtng dung cia ban mat cau. Lién két gitra ban va dam d& sir
dung bu long c¢6 dwong kinh 25 mm, cach khoang 250 mm, dugc tham khao tir cac nghién cuu
[3, 4, 5], nham md phong lién két giita ban mit ciu va cac dam d& trong thyc té. Ham lwong
cot chiu lyc chinh (16p dudi theo phwong chiéu dai nhip ban) trong cac mau ban dugc chon
trén co s& nhu sau: voi nhdm mau ban bé téng cét thép (S1) ldy theo ham lugng cdt thi thiéu
(570 mm?/m) quy dinh theo phuong phép kinh nghiém (TCVN 11823:2017); nhom mau G1
(cbt thanh GFRP) ¢6 ham lugng twong duwong nhom mau S1; cac nhém G2, G3 ¢6 ham luong
cot thay ddi so véi nhém mau G1 nham khao sat anh huéng cta ham luong cot.

Toan bd thi nghiém gém 4 nhém (12 mau) ¢ cau tao chi tiét nhu thé hién ¢ Bang 2 va
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Hinh 2. M6t s6 hinh anh minh hoa trong qua trinh dic mau dwoc thé hién ¢ Hinh 3.

Bang 2. Chi tiét bd tri cdt trong cac mau thi nghiém.

Nhém Séhiegu  Loai Ham Ludi dudi Ludi trén
Mau Mau cot lqug Ot et doc Cébt ngang Cét doc Cét ngang
chiu lyc
chinh p
(%)
1 Slabc Cét thép 0,4 11$14@250 13610@200 13¢p10@200 13$10@200
2  Glabc GFRP 04  11¢16@250 13$10@200 13¢10@200 13p10@200
3 G2a,b,c GFRP 1,0 25¢16@100 13¢p10@200 13¢p10@200 13$10@200
4  G3abc GFRP 12 21420@125 1310@200 13$10@200 13$p10@200
R ] I S A-A
j o] o] TO
i ‘ $10@200  $14@250
o ! o o ! o g | Y *:.?‘:—: i%
} \ | | i
M | o L6 D27 o ! o g M 7@4 2500 7@‘
} CK 250 mm \ 7 $10@200  $16@250
o] ‘ Q ‘ o] i i ‘ Mjk
| | GlL |, N $$ N
! ‘ {Sﬁf 2500 jﬂf
°° ° $10@200  $16@100
I l 11 N
o L] ! ! L] .‘ CFPP
1170 160 160 170 | G2 |, *ﬁ N -
250 [ 2000 1 250 ﬁ 2.50.0 N
$10@200  $20@125
| | || |
T T = — o] &F
o * * o gl G3 |\ o<l .8
L | | I | -ej:
2500 f& 2500 1@(

Hinh 2. Cu tao chi tiét cac mau thir nghiém.

a) Lap dat cam bién do bién dang trén ct

Hinh 3. Ché tao mau thir nghiém.
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2.3. Cic thiét bi do dac

Céc thiét bi duoc sir dung trong nghién ciru bao gdm bo thu nhan va xu ly sé liéu duoc
két ndi vai cac cam bién va may tinh phuc vu cho viéc thu thap sé liéu thi nghiém, cuing voi
cac thiét bi nhu sau:
2.3.1. Thiét bj tao va do luc

Thiét bj tao luc 1a may nén thuy luc nhan hiéu “Incerface - MFG In Scottsdale, Arizona,
USA; Model 10507, 1a thiét bi truyén dong véi tai trong tac dung téi da 1000 kN. Gia tri luc
tac dung dugc do thong qua cam bién lyc duoc ndi v6i may tinh dé dong bo hda vé thoi gian
Vi cac gia tri bién dang, do vong tir d6 thiét 1ap cac biéu do tai trong - d6 vong, tai trong -
bién dang.
2.3.2. Cam bién do bién dang

Dé tai st dung loai cam bién do bién dang cua hang Tokyo Sokki Kenkyujo (Hinh 4) dé
do bién dang cua bé mit bé téng chiu nén, bién dang cua cét thép hoic cét thanh GFRP.

Hinh 4. Cam bién do bién dang trén cbt va bé tong.
2.3.3. Cdm bién do dj ving

Dé tai str dung cam bién do do dich chuyén 1 chiéu ky hiéu DTH - A50 cua héng
Kyowa, Nhat Ban (Hinh 5), véi cac thdng sé ki thuat do nha san xuat cung cap: Gia tri bién
dang do duoc téi da 50 mm, d6 nhay 200x108 mm.

2.3.4. Bg géi uén

Pé md phong diéu kién 1am viéc caa ban mat cau trong thuc té, dé tai sir dung gdi udn
gom hai dam 1300 duoc lién két bang hai hé giang ngang (Hinh 6). Ngoai ra, mot tam thép c6
kich thuéce (510x362)mm, day 60 mm duoc dit tai trong tdm cua ban d¢é md phong tai trong
vét banh xe.

Hinh 5. Cam bién do d¢ vong. Hinh 6. B g6i udn.
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2.4. Phuwong phap tién hanh thi nghi¢m
2.4.1. So do thi nghigm

S0 dd b tri thi nghiém duoc thé hién nhu trén Hinh 7 va Hinh 8. Cac mau thir duoc gia
tai den khi pha hoai. Tai trong dugc truyen Ién gitra tam bang kich thuy luc c6 kha néng kiém
soat ap luc thdng qua mot tam thép co kich thudc (510x362x60) mm.

o7
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342
4
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=) b =4
————————;—0—?6 Tﬁ@o——————————% z
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7 .

© <] o 9 < o o O °

o
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o ] Q of o o ] o]
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=3
o
o

250 |

250 %
2500

@ Cam bién do bién dang c6t thép 16p dudi
o - ® Thiét bi do do vong cta ban (LVDT)
mm Cam bién do bi€n dang bé tong mat trén

Hinh 7. So dd b tri cac thiét bi do.

TAM THEP PEM KICH THUY LUC
KT 510x362mm

O 510 - . . gv
a ‘ - ‘ ’ N
(]
&
| ./ GIANG NGANG CK 1,0 m ——
L 250 L 2000 L 250 ‘

7 7 7 1
Hinh 8. So d bé tri thi nghiém.
2.4.2. Trinh tg thi nghiém
Thi nghiém duoc tién hanh véi toe do gia tai 5 kN/phtit, trong qua trinh thi nghi¢m, ghi
lai gia tri tai trong gay nut (gla tri tai trong tai thoi diém xuét hién vét nut dau tién quan sat

tryc tiép trén mau), do chiéu rong vét nut tng vai tai trong khai thac va tai trong thiét ké.
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Ngoai ra dang phan b vét ntt va mé hinh phé hoai ciing dwoc thu thap.
3. KET QUA THI NGHIEM VA PHAN TiCH
3.1. Mé hinh pha hoai va dang vét nirt

Két qua thi nghiém cac nhom mau duoc trinh bay & Hinh 9 va cac Bang 3, 4. Dang pha
hoai & mat trén va mat dugi caa ban duoc thé hién trén cac Hinh 10, 11.

Cac mau ban déu pha hoai do choc thung (cét hai chiéu) va xay ra dot ngot véi kha ning
chiu tai trung binh caa cac nhom mau S1, G1, G2, G3 twong tng la 660 kN, 468,7 kN, 640,2
kN va 672,4 kN. Mit trén bi pha hoai xuyén thang theo chu vi caa tam thép truyén tai, cac vét
nit & mat trén c6 dang bao gdm nhitng dudng tron dong tdm voi dudng ngoai cing co dudng
kinh bang khoang céch giita hai dam d& ban va cac duong nut huéng vao tdm cua dién chiu
tai. Cac vét nut & mit day c6 dang hudng vao tam dién chiu tai, dién hinh nhu thé hién & Hinh
11b. Véi ham lugng ¢t nhiéu hon, ban thudc nhém G3 ¢6 nhiéu vét nit phan bd hon so voi
ban thuéc nhdm G1 nhu thé hién & Hinh 10b, c.

800
= 655,0 6650 660,1 637.6 6349 6482 O8L1 6650 6711
= 600
§ 465,2 4715 4694
S 400 A 7/
o
5 200 / / /
ﬁ 0 A 4 4 e’

Sla S1b Slc Gla GIb Gle G2a G2b G2¢ G3a G3b G3c
Hinh 9. Kha ning chiu tai ciia cac mau ban thi nghiém.

Tai trong gay nut trung binh trén cac nhém mau S1, G1, G2, G3 twong ung la 132,1 kN,
118,7 kN va 137,5 kN, 133,7 kN, céc gia tri nay déu I6n hon tii trong tiéu chuan tinh véi
banh xe hoat tai thiét ké HL93 (Ps = 1,25x1,0x72,5 = 90,6 kN). Chiéu rong vét nut cho phép
quy dinh theo AASHTO LFRD-09 dbi vai két cau ban mit cau 1a 0,5 mm.

Bang 3. Téng hop két qua thi nghiém cac mau ban vé tai trong va do vong.

Mau P Prnax A (mm) Dang pha hoai
ban (kN) (kN) P P, Pro
Sla 132,2 655,0 0,58 1,50 22,79
Sib 131,3 665,0 0,45 1,01 19,98 Choc thung
Sic 132,8 660,1 0,49 1,11 21,98

S1-TB 132,1 660,0 0,51 121 21,58
Gla 118,3 465,2 1,45 6,12 26,09
Glb 116,5 471,5 1,72 6,23 31,25 Choc thung
Glc 1214 469,4 1,55 6,20 29,02

G1-TB 118,7 468,7 1,57 2,76 28,79
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G2a 138,5 637,6 0,72 1,42 24,76
G2b 137,5 634,9 0,77 131 27,49 Choc thung
G2c 136,6 648,2 0,69 1,56 25,96

G2-TB 137,5 640,2 0,73 1,43 26,07
G3a 134,3 681,1 0,55 1,52 23,21
G3b 133,6 665,0 0,55 1,61 24,21 Choc thung
G3c 133,2 671,1 0,67 1,45 22,32

G3-TB 133,7 672,4 0,59 1,53 23,25

Chu thich: Per la tai trong gay nut trén cac mau ban, Pray 12 tdi trong gay pha hoai méu.qGié tri d6 véng A(mm)
tai cac cot P, Pc, Pmax 12 gid tri @6 vdng cta cdc mau thir twong rng vai tai trong tiéu chuan, tai trong tinh toan va
tai trong gay pha hoai mau.

Bang 4. Tong hop két qua thi nghiém cac mau ban vé bién dang va nut.

Mau &r (ue) &c (pe) Wmax (MM) Ghi cha
ban - p. P P Pe P Pmx Ps Pe
Sla 222 409 7223 -137 -304 2630 - 034 . )
Trén mau chua xuat
Sib 245 450 7631 -112 -237 -2423 - 032  hién vét nt ang voi
Slc 200 368 6868 -103 -216 -2554 - 032 mic tai sir dyng
SI-TB 222 409 7241 -117 -252 -2536 - 0,33
Gla 373 1461 0121 -193 521 -2547 - 055 . .
Trén mau chua xuat
Glb 308 1349 9381 -181 -416 -2816 - 058  hién vét nit tng véi
Glc 279 891 0015 -165 -500 -2668 - 0,57 mic tai sir dyng
GI1-TB 320 1233 0172 -180 -479 -2677 - 057
G2a 197 806 09366 -140 -288 -2460 - 035 . .
Trén mau chua xuat
G2b 247 748 8533 -151 -283 -2437 - 035  hién vét nit ang voi
G2c 199 823 8585 -151 -339 -2570 - 036 mic tai sir dyng
G2-TB 214 793 8828 -147 -303 -2489 - 035
G3a 224 704 8774 -126 -295 -2248 - 037 o .
Trén mau chua xuat
G3b 169 538 8085 -107 -281 -2419 - 038  hién vét nit tng véi
Ml
G3c 171 547 8854 -151 -323 -2355 - 038 muc tal srdung
G3-TB 188 596 8571 -128 -300 -2341 - 038

Chu thich: Gid tri & tai cac cot Ps, Pc, Prmax 1a bién dang cua cdt trong wng voi cdc muc tai trong tiéu chuén, tai
trong tinh toan va tai trong gay phé hoai mau; Gid tri & tai cac cot Ps, Pe, Pmax |2 bién dang caa mat bé tong chiu
nén tuong ng v4i C4C mirc tai trong tiéu chuan, tai trong tinh todn va tai trong gay phé hoai mau; Gié tri Wiax tai
cac cot Ps, P¢ 1a chiéu rong vét nut 16n nhét trén mau trong tng voi c4c muc tai trong tiéu chuan, tai trong tinh
toén.

992



Tap chi Khoa hoc Giao théng van tai, Tap 71, S6 8 (10/2020), 984-999

Chiéu rong vét nat do dwoc voi tai trong tinh toan (Pc = 1,25x1,75x72,5 = 158,6 kN)
trén cac nhom mau S1, G1, G2 va G3 c¢6 gia tri trung binh tuong ung la 0,33 mm, 0,57 mm,
0,35 mm va 0,38 mm. Chiéu rong vét nut phu thudc vao do cing doc truc tinh ddi cua cot
(pE) va khoang cach giira cac thanh cét.

a) Nhém mau S1b b) Nném mau Gla ¢) Nhém mau G3b
Hinh 10. M@ hinh pha hoai va dang ntt & mat trén caa cac nhdm mau thi nghiém.

a) Nhom mau Sla b) Nhém mau G2c¢ ¢) Nhém mau G3a

Hinh 11. Dang nut & mat duéi cia mot sé mau thi nghiém.
3.2. Bién dang ciia bé tong va cdt ting cwong

Biéu do quan hé giira tai trong - bién dang cua cot; tai trong - bién dang caa bé tong cua
cac mau thi nghiém dugc thé hién trén cac Hinh 12a, b. Bién dang trung binh cua cbt thép
hodc cot GFRP trong cac mau thir S1, G1, G2, G3, véi mic tai tiéu chuan tuong tng 1a 222
ue, 320 pe, 214 pe, 188 e, (g véi muc tai tinh toan (tinh véi tai trong béanh xe thiét ké 3
truc ctia HL93) tuong ung 1a 409 pe, 1233 pe, 793 pe, 596 pe. Céc gia tri bién dang tuong
g voi tai trong thiét ké dat tir 3,1% dén 9,5% so véi gia tri bién dang gisi han cua cot thanh
GFRP (&4 = 0,014). Tai thoi diém cac mau ban bi pha hoai, bién dang 16n nhét caa cét dat tir
55,7% dén 70,6% gia tri bién dang thiét ké cua vat liéu.

Vi muc tai trong tiéu chuan (Ps = 90,6 kN), twong (tng v6i ham lugng tang cudng tang
gap 2,5 lan cua nhém G2 so véi nhom G1, bién dang cua cot ting cudng giam 33,0%, Véi
ham luong cdt ting gap 3 1an ciia nthém mau G3 so véi G1, bién dang cua cét giam 61,7%.

Bién dang cua bé tdng mit trén cac nhém mau S1, G1, G2, G3 tuong Gng Vi tai trong
tiéu chuan 12 -117 pe, -180 pe, -147 pe, -128 pe, tuong ng vGi muc tai tinh toan 13 -252 pe, -
479 pe, -303 pe, -300 pe. Bién dang 16n nhat cua bé tdng & mat trén & muc tai thiét ké dat tir
8,4% dén 16,0% so véi bién dang gigi han caa bé tong (ecu = 0,003).

Vi muc tai gay phéa hoai mau, bién dang 16n nhat cua bé tdng mat trén ciia cac mau ban
dat tir 78,0% dén 89,2% so véi bién dang gidi han cua bé tdng. Cac mau déu bi phé hoai khi
bién dang trong cét thép hodc cbt GFRP va bé tong déu nho hon gia tri bién dang gidi han cua
vat liéu.
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3.3. Ung xir vong - Biéu dé quan h¢ giira tai trong va d9 vong

Puong cong quan hé tai trong - d6 vdng cua cac mau ban bé téng cdt thép va cac mau
ban bé tong c6t GFRP c6 dang gan nhu tuyén tinh trong ca hai giai doan truéc va sau khi bi
nit nhu thé hién trén Hinh 9¢c. Do vng trung cia cac nhém mau G1, G2, G3, ¢ng Vi tai
trong tiéu chuan tuong tng la 1,57 mm, 0,73 mm, 0,59 mm, cAc gié tri nay déu nho hon do
vong cho phép (L/1000 = 2,0mm).

S1-TB G1-TB —SI-IB — GI-TB S1-TB G1-TB
G2-TB G3-TB ——G2-TB —— G3-TB G2-TB G3-TB
———Ps Pe ----Ps Pe ---=-DPs Pc
800 200 800
600 600 o & 600
éjgg 400 2 = 400
[P 0 200 &~ A 500
0 0
> > -3000 -2000 -1000 0 0 5 10 15 20 25 30 35
Bién dang cua cot (ue) Bién dang ciia bé tong (ue) A (mm)
a) Bién dang cua cét b) Bién dang cua bé téng ¢) Po vong

Hinh 12. So sanh bién dang trung hinh cua cét, bé tong va do vong cac nhdm mau.

Vi muc tai gay pha hoai mau, do vong trung binh cia cac nhom mau S1, G1, G2, G3
turong (ng 1a 21,58 mm, 28,79 mm, 26,07 mm, 23,25 mm. Ung véi muc tai 478,6 kKN, nhém
mau G2 ¢6 ham luong ¢t gap 2,5 1an so vai nhdm mau G1 ¢o d6 véng thip hon 41,3%, mau
G3 c6 ham luong c6t gap 3,0 1an so v&i nhdm mau G1 c¢6 do vong thap hon 54,2%. Nhom
mau ban bé tong cét thép (S1) co d6 vdng trung binh nho hon nhém G3 mic du ¢6 ham luong
¢t nho hon nhung gia tri d6 cing doc truc tinh d6i cia cdt (ham lugng cét p nhan moé dun
dan hoi E) 16n hon (mdu S1: pE = 733 MPa, mau G3: pE = 525 MPa).

So sanh ¢ gia tri do vong gi¢i han (L/800 = 2,5 mm), tai trong tiéu chuan cho phép trung
binh cua cac nhém mau G1, G2, G3 tuong ung 1a 135,9 kN, 184,8 kN, 194,9 kN, vuot tir 1,5
den 2,2 lan so véi gié tri tai trong tiéu chuan quy dinh.

3.4. Phan tich cac mo6 hinh du bao kha niang chiu tai
3.4.1. Khai quét vé cac cong thirc duw béo khd néng chiu tdi
ACI 440.1R - 2015 [14]

4 -
V. =—=4f.b.c
=2\, @

Trong d6: ¢ 1a cudng do chiu nén dic trung cua bé téng; bo 1a chu vi cua tiét dién nguyén &
khoang céach bang d/2 tinh tir tai trong tap trung; d: 1a khang cach tir mat chiu nén dén trong
tam ¢t ting cuong chiu kéo; n 1a ty s6 mé dun dan hoi; pr 1a ham luong cdt GFRP; ¢ 1a chiéu
cao truc trung hoa cia mat cat nat quy doi, ¢ = k.d;

2
k:\/Zanf"'(anf) — PNy (2)

CAN/CSA S806 - 2012 [2]

Theo CAN/CSA (2012) cudng d6 khang choc thing duoc xac dinh bang gia tri nho nhat
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dugc tinh theo cé&c cong thuc (3) - (5):

2 \1/3
V. :[1+FJ[0,028./1.¢C(E]¢./)]¢.fc) ]bo.d @3)
V, = de ]+ 0,19}.0,147.,1.400 (Erpr-1.) b,d 4)
1\1/3
V, =0,056.1.¢0,(E,.p;.f.) b,d (5)

Trong d6: A: 1a hé sb xét dén trong luong cua bé tong, A = 1,0; as: 1a hé sé diéu chinh V. xét
den vi tri lién keét; Be: 1a ty so gitra canh dai va canh ngan cua tam thép truyén tai hoac goi tua.

AASHTO LRFD - 2009 [1]

Ve rep = 0,84\/f7b0.C (6)
JSCE - 97 [15]
Vc.JSCE = :Bd ﬂpﬂr fpcd bod (7)
1/4
Voi: By = min{[léﬂj ,1.5} (8)
100p,E, "
B, = min[(L] ,1.5] ©)
ES
u=2(cx + cy) (10)
B =1+ (12)
(1+ o.25“)
d
= min(o.z £ ,1.2) (12)
El-Gamal et al. [5]
V.o =033/t b, da(.2)" (13)
E 1/3 8d
Vi =0. S bl 14
Gi a=0 62[,0f 1000} (1+ b j (14)

N: 1a hé sb xét dén tinh lién tuc, N = 0 véi ban mét nhip; N = 1 véi ban lién tuc theo
mot phuong; N = 2 vai ban lién tuc theo hai phuong.
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TCVN 11823 - 17 [16]

VC.TCVN - [o 17

c

0;3J 'b,d, <0,33,/f.bd,

(15)

Trong d6: Pe 1a ty s6 canh dai trén canh ngan cua hinh chir nhat ma qua do tai trong
truyéen Ién ban; dy la chiéu cao chiu cat httu hiéu, dv = d.

3.4.2. Pdnh gid cdc mé hinh dw béo ly thuyét

Két qua thyc nghiém va du béo theo cac cong thic ly thuyét duoc tong hop, danh gia

duoc trinh bay ¢ cac Bang 5 va Bang 6.

Bang 5. Két qua tinh toan theo cac mo hinh dy béo.

Sb Qiéu Vetown Veac Vecan Ve LrrD Veisce VeEl Vern
mau (kN) (kN) (kN) (kN) (kN) (kN) (kN)
Gla 891,69 223,91 307,06 235,17 413,28 483,14 465,20
Glb 891,69 223,91 307,06 235,17 413,28 483,14 471,50
Glc 891,69 223,91 307,06 235,17 413,28 483,14 469,40
G2a 891,69 342,98 416,75 360,24 560,91 655,73 637,56
G2b 891,69 342,98 416,75 360,24 560,91 655,73 634,88
G2c 891,69 342,98 416,75 360,24 560,91 655,73 648,18
G3a 878,09 392,53 457,31 412,28 615,76 718,98 671,05
G3b 878,09 392,53 457,31 412,28 615,76 718,98 681,10
G3c 878,09 392,53 457,31 412,28 615,76 718,98 664,96

Chu thich: Verew, Veact, Vecan, VeLrep, Veasce, Ve, l4n lwot 12 gia tri d bao kha ning chiu cit hai chidu caa miu ban theo
Tiéu chudn Thiét ké ciu duong bo (TCVN 11823:2017), theo Hudng dan cua ACI (ACI 440.1R-15), theo tiéu chuén cua
Canada (CAN/CSA S806-12), theo Huéng dan cia AASHTO LRFD (AASHTO LRFD - 09), theo tiéu chuan caa Nhat
Ban (JSCE - 1997), theo d& nghi cua EI-Gamal va cong su. Ven 12 gia tri thuc nghiém kha nang chiu ¢t hai chiéu caa mau

ban.
Bang 6. Panh gia két qua du bao sirc khang choc thung cua két cau ban.
S6 hiéu
miL VinVereww  VinVeact Vin/Veean  Vin/Veireo  VIn/Vessce  Vn/Veer
Gla 0,52 2,08 1,51 1,98 1,13 0,96
Glb 0,53 2,11 1,54 2,00 1,14 0,98
Glc 0,53 2,10 1,53 2,00 1,14 0,97
G2a 0,72 1,86 1,53 1,77 1,14 0,97
G2b 0,71 1,85 1,52 1,76 1,13 0,97
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G2c 0,73 1,89 1,56 1,80 1,16 0,99
G3a 0,76 1,71 1,47 1,63 1,09 0,93
G3b 0,78 1,74 1,49 1,65 111 0,95
G3c 0,76 1,69 1,45 1,61 1,08 0,92
Trung binh 0,67 1,89 11 1,80 1,12 0,96
SD 0,110 0,167 0,034 0,159 0,025 0,021
COV(%) 16,46 8,81 2,22 8,81 2,24 2,19

Gia tri du béo theo cong thirc cua tiéu chuan thiét ké cau hién hanh c6 chénh léch cao
hon trung binh 33% so véi thuc nghiém. Piéu nay 1a do cong thic cia TCVN 11823-17 dung
cho ¢t thép, dé ap dung duoc cho cdt thanh GFRP can phai dua vao mot hé s diéu chinh xét
dén anh huong ciia mo dun dan hoi cua cbt (do md dun dan hoi caa thanh GFRP nhé hon md
dun dan hoi cua cét thép) nhu cong thic cua EI-Gamal. Trong khi d6 két qua thuc nghiém 16n
hon cac gia tri du tinh theo ACI 440.1R, CAN, AASHTO LRFD, JSCE tuong (thg 89%, 51%,
80%, 12%, la do hiéu ttng vom nén hinh thanh tir lién két gitta ban va dim d& dan dén kha
nang chiu tai thuc té cua két cau ban mat cau 16n hon két cau ban hai chiéu cé lién két tya
thong thuong. Két qua tinh theo cong thirc dugc dé nghi boi El-Gamal cao hon gié tri thuc
nghiém khoang 4%.

Biéu dién mdi quan hé giita ham lwong cot GFRP va kha niang chiu tai theo céc cong
thire ly thuyét va thuc nghiém dugc minh hoa trén Hinh 10.

—= - ACI--o--LRFD —— CAN ——JSCE —=—El-Gamal —&—TN
800

600

400

200

Kha ning chiu tai P (kN)

0.2 0.4 0.6 0.8 1.0 1.2
Ham luwong cét GFRP p%

Hinh 13. Biéu d6 quan hé giita kha nang chiu tai va ham luong cét.

Tir cac phan tich trén cho thay can c6 mot mo hinh dy béo kha nang chiu tai cua ban
mat cau cot GFRP vura phu hgp vai thuc nghiém, vira dam bao d6 an toan dé ap dung trong
tinh toan thiet ke ket cau ban mat cau sir dung loai cot GFRP san xuat tai Viét Nam.

4. KET LUAN
Dua trén két qua thuc nghiém, phéan tich va so sanh véi ly thuyét, nhom tac gia rit ra
mot so két luan nhur sau:
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- Cac mau ban thi nghiém déu bj phé4 hoai do cét hai chiéu (choc thung) véi kha ning
chiu tai 16n hon gép 1,5 dén 2,2 lan tai trong khai thac thiét ké theo tiéu chuan thiét ké cau
duong b hién hanh (TCVN 11823-17).

- Cac md hinh ly thuyét caa My [1, 14], Nhat [15], Canada [2] déu danh gia thap kha
nang chiu tai cua két ciu ban mat cau cot thanh GFRP véi chénh léch tir 12% dén 89%, trong
khi cong thirc d& xuat cua El-Gamal va cong thic cia TCVN 11823-17 cho két qua du béo
I6n hon thuc nghiém tuong tng 4% va 33%. Vi vay can xay dyng mot cong thire du béo kha
nang chiu tai cua ban mat cau bé téng cét thanh GFRP phu hop &p dung tai Viét Nam.

- P6 ving 16n nhat do dwoc & muc tai sir dung trén mau ban c6 ham lwong cbt téi thiéu
(theo quy dinh cua tiéu chuan thiét ké cau duong bo TCVN 11823-17) do duoc bang 1,57 mm
nhé hon giéi han cho phép theo tiéu chuan. Viéc ting ty 1& cét cd tac dung giam do vong va
chiéu rong vét nut, va ting kha ning chiu tai. Tuy nhién trong pham vi khao sat, khi ting ham
luong cbt tir 1,0% 18n 1,2% mac do anh huong 13 khong dang ké.

LOI CAM ON

Nghién ctru nay dugc thuc hién tai Truong dai hoc Giao thong van tai. Cac tac gia xin chan
thanh cam on cac thi nghiém vién trung tam KHCN da ho trg trong qua trinh thyc hién nghién
ctru thye nghiém.
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