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Study on Shear Behavior of Ultra—high Performance Seawater Sea—sand
Concrete Beams with FRP Bars
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Abstract: To study the shear behavior of Ultra—high Performance Seawater Sea—sand Concrete (UHPSSC)
beams reinforced with Fiber Reinforced Polymer (FRP) bars, the three—point bending loading test was used to ex-
plore the influence of shear span ratio, stirrup spacing and reinforcement type (CFRP, BFRP, HFRP) on the shear
performance of FRP—UHPSSC beams. The test results showed that the cracks of FRP-UHPSSC beams developed rap-
idly during loading, and the beams had marked brittle failure characteristics. The mid—span load—deflection curves
showed bilinear change before and after the first crack appeared. After the crack appeared, the slope of load-
deflection curves became smaller, and the deflection growth speed increased. The shear capacity of FRP-UHPSSC
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beams decreased with the increase in shear span ratio and stirrup spacing. The cracking loads of test beams with the

same shear span ratio were basically the same. The larger the elastic modulus of the reinforcement, the higher the

shear capacity of test beams and the more vertical deformation is inhibited. Finally, the shear formulas of four codes

are used for analyzing the test results. The minimum errors of the formulas for calculating the shear capacity of
BFRP-UHPSSC beams and HFRP-UHPSSC beams are over 40% and 30%, respectively. The difference in the cal-

culated shear capacity under the testing conditions of different reinforcement types varies greatly.
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#1 UHPSSCE&LL
Tab.1 Mixture ratio of UHPSSC

P! P! P! P P! Wk W
(kgrm™)  (kgm™)  (kg'm™)  (kgem™)  (kgem™) % %
736.5 168 946.6 210 105 2 0.8

R2 ANIiEKELERS

Tab.2 Chemical composition of artificial seawater

ROy NaCl MgCl, Na,S, CaCl, KCI NaHCO,
e/ (g- L") 2453 520 4.09 1.16 0.695 0.201

3 UHPSSC /15146E
Tab.3 Mechanical properties of UHPSSC

/f../MPa J./MPa E /GPa f/MPa J/MPa
128.15 102.77 45.68 11 6.94

&4 FRPfH 1A
Tab.4 Mechanical properties of FRP bars

ke d/mm f.,/MPa E/GPa 81%
CFRP 8 1246.89 129.34 1.20
CFRP 16 1238.15 115.18 1.08
HFRP 8 2 438.64 146.87 1.66
HFRP 16 2438.67 137.81 1.78
BFRP 8 1331.61 59.13 2.25
BFRP 16 1351.49 54.32 2.49

300 mm, {472 K 30 mm, 56 T 00 A BEUA S5
W25 T P51 Lo CUB A H 43 HIR £
CFRP f§j . BFRP /i Hl HFRP #if ; Bif 3 480740 2 5 77
], A B2 i /N EICR FR 0 R 19 B9 1% L, 491 4 €150~
1.88 Y 5 Sy 4 7577 16 #E K 150 mm B 85 b oM 1.88 1Y
CFRP-UHPSSC X5 %% . W F 5% 8 B5 L (R 5200, FRP-
UHPSSC 22K & H] 3 Ff 4 B (1 300 mm. 1 700 mm Fl
2 100 mm) , 2 0 i1 4825 R A o A DL ] 2. AR G
FIT AT G 359 A 8 A B A5 A Ok B & A A2 S IR LR
1 000 kN ¥ T 7 ToO6 i 36 22 36 47 4 o 2k, il 5
DRl DR B4 b o2, JEG vl TS50 o 80 e ARG 5 S 43
Hef) 5a B 70 mm.
#5 KBRSt

Tab.5 Parameters design of test beams

(a) CFRP

(b)BFRP (¢)HFRP 1
A1 FRP##A&@H

Fig.1 Section of FRP bars
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DL B5 1Y (1.88.2.70.3.54) | fifi B4 25 A (CFRP,
BFRP HFRP) i (8] (100 mm 150 mm 200 mm) -}y
WIS BT T 7H UHPSSC 2, #k E R )4 150 mmx

R i A3 A B/ mm By 1L R/ mm
€100-1.88 100 1.88 1300
C150-1.88 150 1.88 1300
€200-1.88 200 1.88 1300
B150-1.88 150 1.88 1300
H150-1.88 150 1.88 1300
€150-2.70 150 2.70 1700
C150-3.54 150 3.54 2100

2 RIEERNDHT

FRP-UHPSSC ZiR 55 45 R an 5k 6 s , R4
Fr R TACT I s th R A 0 R AR P A
XTI S B A B AR EE I TR B P, )
B far 282 P, LA B LI 1) 5 Th e B (B A, FIE SRS
21 TFE-EEMLE

P 3 by it v fr 2 — B R £k .l 1 3 T i 2
15 fr s - B B e M 2 B B SR LB Bl
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R-BEE LU F e 2 E A B R, X 2
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Tab.6 Test results of FRP-UHPSSC beams

R
i

P45 PN A/mm P /N P/AN  A/mm

C100-1.88 5655 0.60  113.10 380.95 8.67 Uik
C150-1.88 53.57 0.55 9230 33035 7.68 Gk
€200-1.88 53.57 050 8330 27083 6.65 Uik
B150-1.88 5655 058 9230  303.90 7.86 Bk
H150-1.88 59.52  0.63 9230  497.02 9.78 Bk
C150-2.70  26.80 070 8040  280.00 13.77 Bk
C150-3.54 1190 048 68.50  250.00 17.29  &Hi
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Fig.3 Load-deflection curves at mid-span
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Fig.4 Crack distribution and failure mode of test beams
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Fig.5 Concrete block spalling of C150-3.54

B 6 iy % o Ak L
Fig.6 Broken at the bend of stirrup
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Fig.7 Stirrup strain curves
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Fig.8 Effect of different factors on ultimate load and cracking load
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V.=V +V, (2)
41 BEMEITEAKX
4.1.1 FEME(GB 50608—2020)"2"

V., = 0.86f.b kh, (3)
k= z'pfa+(pfa)2 TP (4)
V.= A, fihols (5)
£ = min{0.004Eﬁ,, (0.3 + 0'25 & ) ffu} (6)

A R IRBE L BUPL R L 5 b, R I VE B 5 & A T
ORI R A7 R X SR IR B S A RCm B Z L s hy
T A 0 B 5 p R AL 737 2% 5 o O FRP ff7 3 PR 4B
B S IREE SRR 2 L, B EJE A, AR P B
3 775 4% FRC S TET AR 5 £, R FRP BT o BE e T 5 s M i
il EIFE 5 £, R FRP $ 05 s PR s r /d, RS R AR S
HARZ s f, N FRP itk BRATTF7 50 3

4.12 % BEME(ACI 440.1R—2015)*'

V. = %/7 b kh, (7)
o IREE L BRSPS

fi P BT AR R VTR A RS GB 50608—2020
A, 5% (5) 2X(6).
4.1.3 3% E M (BISE 1999)2

Er 173 400 1/4 f:_.u 13
V(,,=0.79(100p,E\‘) (ho ) (25) b.h, (8)
V,=0.0025E, A, h,/s (9)

K2 E B9 7 s AR 6 f, R BE 1 S 5 IR B

RS

4.1.4 A% KX H3E (ISIS Manual 03—07)"

Xt F hy<300 mm FYFRIE 22 .

V.= 0210, /f. b,hoJEJE, (10)

Vi, =0.9A, fih,cotOls (11)
0.3 + 0.05r./d,

fio = minye E, ( I Sr\ ‘)ff" (12)
12

£, =0.0001] f'pEJ(p.E,) ] (13)

Aorfa A AR EE % B R BUE 15, IR EE - HEHT
B WUE 0.6550 8 RN 1A 5 &, M4 1577 A A PR
42 HEHERICEAMSH

X AT 85 2 2T e B, A [R) R 1 4 A 40 5 7
#H IR AKX VB KA — 2, (HIR 5 - 34 AY
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AR SIREE L PR R B Z M IR O &R M
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T TREE - SR T BY R 28 07 B, BV BISE 1999 FTISIS
2007 W V. IRHE R IE T FRP E N 32 T8 it 5
350 4 777 1) 2% 5, Wegian 250005 o 3 06 F 0 4
500 0 A7 0 1 T A 4 A B R 3 TR L R K
(E/E)" 5153 FRP iR & - M P sy K 807 L E,
S AR AR A — R 200 GPa, B[R] 45 41,
FRP fif R 5 - 4% bR B - X6 59 7 A 5 ik 8 A 5 T 49
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WRIGME (V)N P2 A (V) SR E (v, ) oF
riedse . 45 3 20, ML ACT 440.1R—2015 . BISE
1999 1 ISIS Manual 03—07 15 2] 5935 8 51X 360 14
Z IV V) B EIE 535 0 0.78,0.72 F10.49, &
R 253X 3 R FLTE X FRP-UHPSSC 22 (471 59 7K 2% 1131
SRS . 1SIS 2007 MR B R ARST , PR 7R TR 4
A HR AL 4T BT AR 2 T ) 4 A A PR N A X (13)
552375 FRP i A 0 A8 7 B CO A EG L 20 (13) 13
B RN (DY 1/4, [ I ISIS Manual 03—07 fY
TEEAE R /1N .4 FhoRLTE (14 25 5 2R BOR 25 /08, HorpISIS
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Tab.7 Calculation result of standard formula

Vil Vesp

Beo5 Voo GB 50608 ACI440.1R BISE 519
MPa Manual

—2020 —2015 1999 0307

C100-1.88  190.48 1.01 0.90 0.75 0.48
C150-1.88  165.18 0.91 0.78 0.71 0.49
€200-1.88  135.42 0.96 0.80 0.77 0.55
B150-1.88  151.95 0.57 0.47 0.49 0.30
H150-1.88  248.51 0.67 0.58 0.52 0.37
C150-2.70  140.00 1.07 0.92 0.84 0.58
C150-3.54  125.00 1.20 1.03 0.94 0.65
FEE 0.91 0.78 0.72 0.49
PrifE2E 0.22 0.19 0.16 0.12
5 AL 0.24 0.24 0.23 0.25
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Reinforced Polymer, AFRP) i il [ (% TR ¢ - 44 14, 171
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BRI 15%, Mg uE B, 59 25 L X 36 2 i b 57
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Tab.8 Influence factors considered in shear formula

FAlISES
w3 £ N fiikt
BRI i %
g mow O R
GB 50608— J B B J J
2020
ACI 440.1R— J B B J J
2015
BISE 1999 N N — v J
ISIS Manual B J - J J
03—07

T —RRARA A VR

1) 37 % %) FRP-UHPSSC $2 (O 40 BTPEREAT 1 2%
(R . B 5 A A, T 28 Ao 280 AR B i 28K 2 32 i ik
N BRI R WA X B R IR A A8 Sk R
IR . T IR BE A D90 A KL Ak LA £ 4 1 i
VPR, i3 e B IR I 25 s BRI
G L

2) /N A ) R R A e SR BB 5 AR AR T . S A
[i) S A /N ) B S A 208 R R S A B R i | B
5 DX R A T R TN 7 A, (L4 A3 () B T i v B
p T A

3)FRP-UHPSSC Z2 124 J5 1 Il 2 Al PR BT 57 7
5 B SRR A G | S AT RO, T

S4 5 (1) o 28 — 1% J3E iy 2 A g, A IR 470 5 7 2K g b
. B[R4 44 F , BFRP-UHPSSC 32 i b4 (1) 11 2%
PERE R 5057

4) t B AT FRP /i 1R BE 1+ % 1T B X FRP-
UHPSSC #2193 FH P, 45 R 3R W1 . A 4 58 FRP /iR
Bt A AR T By B 5 2 S R 2 IR Y B L Y R
Wi, L A4 25 K 6] 9 FRP-UHPSSC 32471 55 7K 28, 1
UL LN

S22 3Lk

(1] Rflzs, Bk, IR, 4. R0 SR xR EE 1

FrEPERER R [T]. IR R ol (A AR R L 2022,
49(11):237-244.
ZHU D J,ZHOU L L,GENG ]J Z,et al. Effect of replacement rate
of sea sand from different regions on mechanical properties of
concrete [J] . Journal of Hunan University (Natural Sciences) ,
2022,49(11):237-244 . (in Chinese)

(2] wmss, A, b as . oK IR BE T AT 5T BUIR 5 0 iR
[J]. R%E+,2020(9):155-160.

HUANG L, XIE J H, LU Z Y. Research progress and prospects
on seawater sea—sand concrete [J] . Concrete, 2020 (9) : 155-
160. (in Chinese)

[3] LR &, 2=k, J0/0VEE A5 I XA 22k 65 T PC SR B 2 P ik

B BT ()] Bkl B2 5 TR 2R, 2021, 18 (4)
966-975.
MAY F,LIJ,SU X C,et al. Experimental investigation on bond
behavior of PC beams with strand corrosion in anchorage zone [J].
Journal of Railway Science and Engineering, 2021, 18 (4) : 966-
975. (in Chinese)

(4] W50, EEBE, 2200, 55, IBENREE R AP sk )]. ]
#E 1L ,2013(5):57-61.

QI G H, WANG Y L, LI S, et al. Review on sea sand concrete
research in Chinal[J]. Concrete,2013(5):57-61. (in Chinese)

[5] GAO Y J,ZHOU Y Z,ZHOU J N, et al. Blast responses of one—
way sea—sand seawater concrete slabs reinforced with BFRP
bars [J] . Construction and Building Materials, 2020, 232:
117254.

[6] ZHANG Q T,XIAO J Z,LIAO Q X, et al. Structural behavior of
seawater sea—sand concrete shear wall reinforced with GFRP
bars[J]. Engineering Structures,2019,189:458-470.

[7] LI Y L, ZHAO X L, SINGH-RAMAN R K. Mechanical
properties of seawater and sea sand concrete—filled FRP tubes in
artificial seawater [J] .
2018,191:977-993.

[8] LILJ,LUJK,FANG S,et al. Flexural study of concrete beams

Construction and Building Materials,

with basalt fibre polymer bars[J]. Proceedings of the Institution
of Civil Engineers — Structures and Buildings, 2018, 171 (7) :
505-516.

(9] ZERIIE. BFRP ffi e bk BE 1+ 2252 Y MERE ISR M 52 (D] 70



168

PN QR 2]

2023 4F

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

JUAR TR, 2014,
LI S W. Experiment studies on the shear performance of sea sand
concrete beam with BFRP tendons [D]. Guangzhou: Guangdong
University of Technology,2014. (in Chinese)

SU C,WANG X,DING L N, et al. Durability of seawater sea sand
concrete beams reinforced with carbon nanotube-modified BFRP
bars in a marine environment [ J] .
292:115642.

HDCRH BRI, AR 55 B AR IRSE LG BT S hUE
SRR WIZET]. Tl #5,2020,50(3):124-130.

YE Q Y, XUE C C, YU M, et al.

Composite Structures, 2022,

Mix proportion design and
compressive strength test of ultra—high performance concrete [J] .
Industrial Construction,2020,50(3):124-130. (in Chinese)

TENG J G, XIANG Y, YU T,

mechanical

et al. Development and

behaviour of ultra=high—performance seawater

sea—sand concrete [ J]. Advances in Structural Engineering, 2019,
22(14):3100-3120.

AAEAE 2R L SRR PR AR KO R R B L MR R N B
Wi PR Z R W T [0 ] W R o i (AR B2 R L 2022,
49(3):187-195.

ZHU D J, LI L F, GUO S C. Research on influence factors
of performance of ultra~high performance seawater sea—sand
concrete [J]. Journal of Hunan University (Natural Sciences) ,
2022, 49(3):187-195. (in Chinese)

P SCIE , S H , BEARJR . FRP AR UHPC 32 5 K #0135 07
KT]. EARRER,2022,39(11) :5109-5121.

XUE W Y, HU X, XUE W C. Calculation method of flexural
capacity of ultra=high performance concrete beams reinforced with
FRP rebars[J]. Acta Materiae Compositae Sinica,2022,39(11):
5109-5121. (in Chinese)

YOO D Y,BANTHIA N,YOON Y S. Flexural behavior of ultra—
high—performance fiber-reinforced concrete beams reinforced with
GFRP and steel rebars [J].
246-262.

FERRIER E,MICHEL L,ZUBER B, et al.

Engineering Structures, 2016, 111:

Mechanical behaviour
of ultra—high—performance short—fibre-reinforced concrete beams
with internal fibre reinforced polymer bars [J] .
B:Engineering,2015,68:246-258.

CAO X A, HE D B, QIAN K, et al. Shear behavior of glass

Composites Part

FRP bars-reinforced ultra—high performance concrete I-shaped
beams[J]. Structural Concrete,2023,24(1):1503-1520.

B K. CFRP A} FRCCZ S A REMBTSE D], 1
A AR RA:,2016.

CAO T. Experimental study on shear behaviours of CFPR
tendons reinforced FRCC flexural components [D] . Nanjing:
Southeast University,2016. (in Chinese)

1 R TR B AR M R 5 U U7 ¥ < T/CBMF 37—2018,
T/CCPA 7—2018[S]. Jbat: h STl ikt 2019.

Fundamental characteristics and test methods of ultra~high

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

performance concrete: T/CBMF 37—2018, T/CCPA 7—2018
[S]. Beijing: China Architecture & Building Press, 2019. (in
Chinese)

YOU Y J,PARK'Y H,KIM H Y, et al. Hybrid effect on tensile
properties of FRP rods with various material compositions [J] .
Composite Structures,2007,80(1): 117-122.

EL-SAYED A K, EL-SALAKAWY E F, BENMOKRANE B.
Shear strength of fibre-reinforced polymer reinforced concrete
deep beams without web reinforcement [J]. Canadian Journal of
Civil Engineering,2012,39(5) : 546-555.

X4 i, 2500, 45 4 FRP AR BE + SRR R AR 28 7 i
GEHERELY]. BOREAUS A AR 2017(1):109-115.

LIUZ Q,YUE Q R,LI R, et al. Research progress on shear strength
of concrete beams reinforced with frp rebars and stirrups [J]. Fiber
Reinforced Plastics/Composites,2017(1) :109-115. (in Chinese)
Guide for the design and construction of structural concrete
reinforced with fiber-reinforced polymer (FRP) bars: ACI 440.
IR—2015 [S]. Farmington Hills: American Concrete Institute,
2015.

SAID M, ADAM M A, MAHMOUD A A,et al. Experimental and
analytical shear evaluation of concrete beams reinforced with glass
fiber reinforced polymers bars [J] . Construction and Building
Materials,2016,102:574-591.

ZEPar, el Rk F . WW-FRE ST IR AR S
NI EE LR SR BRI VITE )], EHIE AR, 2022,
43(11):209-220.

QIN W H, HUI Z, ZHANG P, et al. Experimental study on
shearing capacity of concrete beams longitudinal reinforced with
steel fiber composite bars and BFRP bars[J].
Structures,2022,43(11):209-220. (in Chinese)
EL-SAYED A, EL-SALAKAWY E, BENMOKRANE B.

Journal of Building

Shear
strength of one-way concrete slabs reinforced with fiber—
reinforced polymer composite bars[J]. Journal of Composites for
Construction,2005,9(2) : 147-157 .

2T 4 38 5t B A bR B TR T AR AR 1fE - GB 50608—
2020[S]. bt srE TR AR, 2020.

Technical code for infrastructure application of FRP composites :
GB 50608—2020([S]. Beijing: China Planning Press, 2020. (in
Chinese)

Interim guidance on the design of reinforced concrete structures
using fiber composite reinforcement: BISE 1999 [S]. London:
British Institution of Structural Engineers, 1999.

Design manual No. 3: reinforcing concrete structureswith fiber
reinforced polymers: ISIS Manual 03—07 [S]. Manitoba:
Canadian Network of Centers of Excellence on Intelligent Sensing
for Innovative Structures, 2007.
WEGIAN F M, ABDALLA H A. Shear capacity of concrete
Composite

beams reinforced with fiber reinforced polymers [J] .

Structures, 2005,71(1):130-138.



