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Study on Flexural Behavior of Seawater Sea—sand Reactive Powder Concrete

Beams Reinforced with B/CFRP Bars
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Abstract: To study the flexural performance of B/CFRP-SSRPC structures, four—point bending tests were
conducted on 5 B/CFRP-SSRPC beams taking reinforcement ratio and beam section height as research factors, the
influence law of research factors on the ultimate bearing capacity, mid—span deflection, and failure mode of
B/CFRP-SSRPC beams was explored. The test results show that increasing the reinforcement ratio only improved the
flexural performance of test beams after cracking, while increasing the beam section height improved beam flexural
performance before and after cracking, and the improvement of beam flexural performance before cracking was more
obvious; all test beams exhibited brittle failure, and the failure mode was closely related to the reinforcement ratio;
the current design codes for FRP reinforced concrete structures in both China and the United States underestimated
the flexural and shear capacity of B/JCFRP-SSRPC beams, and the calculation error was affected by the failure mode

and shear span ratio of the test beams, respertively.
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Fig.1 The section views of B/CFRP bars
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Fig.2 The views of CFRP bars
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Tab.1 Mechanical properties of FRP bars

IZELES dfmm E/GPa f/MPa N
CFRP 8 83.48 9522 0.011
8 136.52 19273 0.014
B/CFRP 10 123.62 21892 0.018
16 102.64 2016.4 0.020
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Fig. 3 The stress—strain curves of FRP bars
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Fig.4 The test specimens (unit: mm)
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Fig.5 B/CFRP bars damage patterns

1.1.2 SSRPC

SSRPC iy A kv, e BE AL BLR I PO 42.5 9438
i RERR $h K U8 L Si0, % 1 97% LA L kK B 1T 0853
SR 5 BB R LR 75 5 SR RV 5 A 551 R FH sl K %
R 22% (1) B SR TR 7Y 1= O K R BT e 99% A
MURET 7] s N T KR ASTM D1141—98(2013)™
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SSRPC il & L FE AN T - Fe K e ik K A JE
FRAFHE RSB AL FEALAR T 3 min; Bl 5 R 42 AT AC
N T K UK R B TR B 3 min

2 ATEKULERES (RERE)

Tab.2 Chemical composition of artificial seawater

(mass concentration) gL
NaCl ~ MgCl,  NaSO,  CaCl, KCl  NaHCO,
24.53 52 4.09 1.16 0.695 0.201
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Tab.3 Mechanical properties of SSRPC

/., /MPa /. /MPa E /GPa J, /MPa /.'IMPa e,
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Fig. 6 The geometry and reinforcement details of test beams
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Tab.4 The results of B/CFRP-SSRPC beams four—point bending tests

IR G pl% P /N M J(kNem) P/N  MJ/(kN-m)  D/mm B /(kN-m?) B/(kN-m?) [N E:N
8-3-300 0.39 16 5.670 212 74.200 38.0 1679.0 980.6 ZRIWIR
10-3-300 0.61 15 5.250 242 84.700 35.8 1630.0 1025.0 Z JERR
16-3-300 1.58 20 7.000 340 119.000 27.0 1 669.0 1 554.0 RN
10-3-250 0.76 10 3.605 165 57.750 34.3 913.5 888.8 RN
10-3-350 0.51 25 8.610 335 117.250 34.5 2237.0 1789.0 Z IR

VE sp=A,/(bhy) , Er 1 Ak AT 24 PR AR AR I TR, mm? by 43050y AR 55 2 B A5 FE .
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Fig. 8 The load-midspan deflection curves
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K s o, Ry 52 e TR BE 4 14 N 07 (1] 45 30 3 5, I
0.9;8, MR EE 132 e X SR T & BE R AL, I K3
FE R 23 31 5 0.7 ,0.65.

i ¢ 5 ] J, il e 2 1 i R B X 5 p/1.5p,, (GB
50608—2020*") 8% p/p, (ACI 440.1R-15")) %5 Y] A
K BEE p 3, I B W e A2 PR Sy 32 e
IR, e A8 Jy 5 IR . 2 PR Y p add K, #5rh
BE R e 4% Wi T 1Y) R e 32 B PR 5 s IX R R4
P & Bl F245%  SSRPC 1 4 202 B o k) 2L, 1)
55 1 HAioyie

5 EAHERMBHIFER M

Tab.5 The effect of reinforcement ratio on the failure

(2)

modes

- {22 pl1.5p, plpy/

B (GB50608—20202*)  (ACI440.1R—15"))
8-3-300 S 0.79 1.07

{1272
10-3-300 ZJE 1.69 2.32
10-3-350 3R 1.41 1.94
16-3-300  BJE 4.40 6.06
10-3-250 W3R 2.10 3.01

222 FuRJEidAE

WE 9 FiR , Z 0 32 e S 35 FE B SRR =032 (Y i
Y48 R e ik RRARRL , 5 S AR 5 v SO 3 s Ak
P T 4%, 22 S BT 2, IAE N2 R B X
XPFR L B A} AL B 1) Jn 2 e R R S 3 R R B IR
AR 2

W9 (a) BT 7N, 52 57 IR 2 59 1255 DX 1) Rk 4 4% 1
PG, Bt far 28 i , 2R 9 7 A2 7 DX 359 s B B S P A
R 32 He DX ) N2k i % i . Y N 28 22 329%M,
IF AR X B R AR B )R Y P T AL
I ] 5 v FE A . 203 ZE 80% M, B, SZ i XA AR 2 4%
A 58 52 WK I A2 R7 X FRP i E ik 21 4% BR Bz
AR T ARSI 2 89% M I, 2 R IR B N K
T2 R IR EE IR AT R A R R mn s E
TR SE AR BRI, 52 PR 32 27 1R IX R B+ I
WS, 217 X FRP i .

mE 9(b) 9(e) Fr7n , 32 H il IR 3 — L Hp 4k 2]
70%M ~T5%M A TN ST HIEAT 2440, 15 24k
LEINERE 709%M ,~99%M, , Nz o5 T 52 5 X R e -2

AR 3 VLS e ) | E S et o 1) 27 N 2 R
J X YR B S A A 9, S s X 3 e B 24 o S A
FE) 1/3.

wmE 9(e) 9(d) Frzn , Y He il IR 92— T Hp 2k 2]
70%M, A FE MR AT HBOEAT A, 5 4k 2 ik
2 85%M ~95%M, , N EH T 52  DXIRBE - - A7
SRR 5 N E 5T R AE TE B
B 15 X S JRE BRI Ak 2 4 A i 2k s AR 3R IR
WLZ2 3 5 5 TR BE LR M A2 DI RN 24P AT IR
A, 32 X S 32 e X Fi P IR 4l 3 A A A e v B
2512 kb Wi 24
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sy iivg

(a)8-3-300
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Fig. 9 The failure modes of B/CFRP-SSRPC beams
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Fig.10 The load-strain curves of B/CFRP bars in tensile region
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Fig.11 The load-strain curves of SSRPC in mid—span
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f £ Jop = 1.5p,,
P

2 E HLVE ACI 440.1R-15 2= T 4% PR 25 46 1y 14
NI (6)~7(8):

M, = fiAihy = 5) (6)
ﬁ'eAf >
Ogsf;rb sP Z Py,
x = (7)
Eu
Bl(gm n gm)ho’P <Ppu
Bih, — x
Ee ——,p=
ffc - 1€ x P P (8)
fop <py

A WIREE T R R X S B, mm; f;, b2 IX
B/CFRP i A3 RLPTH 58 3 , MPa.

32 644 A% 3 b s it il R Bk 8-3-300.10-3-300.,
10-3-350 Ay ST a5 7k 2k I P, 5 3E i R RE T
BIRIUE KRB P, T T HUEL . HLTE GB 50608—
2020'* 5 ACI 440.1R-15" 318 i 4% P, 552 P,
FUAB A EIME 43591 4 0.89.0.91, Hirh 32 i il bR % 83—~
300 1 P, /P, KT 32 IR GE ) P, /P, , 3R] bk 2
Fh L JE HBAR AL T B/CFRP-SSRPC %2 AU H1 25 7K 4% /7 ,
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Tab.6 Calculation results of flexural capacity according to

Chinese and the United States design codes

P JP,
g B PN GBS50608—  ACI440.1R-
202024 15120]
8-3-300  ZHiEIR 212 0.91 0.94
10-3-300  ZJEBEIR 242 0.90 0.92
10-3-350  ZJEBEIR 335 0.87 0.89
SR — — 0.89 0.91

T R R 2 4 D DR SR D B R
Z L XY A RTHE SR FE £ X — 1A B X B2 ik
N £ TG, (H SR 5T S 32 R R R B4 T
TR A (G50 2 6 AR TR I B AR HE)
(GB 50608—2020) & F £, (T AKX [ (5) 8
TR A, HAE$-0.55 J& i #T FRP #3538 TR
+ B0 25 LA 15 Y, BON PR IE T FRP-
SSRPC 2 . 25 [ MYE ACT 440.1R-15 ¢ T £, i35
[ F(8) 15 TR BE 4 BRI AR e, % YI AR G, T
SSRPC 1Y &,,(0.002 5)/NF-E-/ iR %E 119 &,,(0.003 3) ,
R AR R 2 ) B R A
3.2 MEAHANTE

Q£ 4 33 5 58 A b4 RE TR W 2 A bR i) (GB
50608—2020) ' 5 3 [E #L 35 ACI 440.1R-15" 71}
BT AR T T FRP AL A 85 81 07 vt A
X —2, X TIREE L RAL BT Y 1 VAt B A XA
E5 VR GIREE 0 RS ) R LIRR:
505 LM R, i E R K 25 BRI OCFHiey
R RE AKX (9)~(12)

V.=V, +V, (9)

0.86bkh, f,, " EFLE
) %ﬁbkho,%%%m?i (10
Vi = A, fihols (11)
fi = min{0.004Eﬁ,, (0.3 + % ) fu (12)
i

sk SRy TP L B 57 R DXh 2R B B 5 A R0

Bt A2 B A2 16-3-300,10-3-250 Z fif A
PERT R A B IR, S B Ok i 56 v 4 A5 (A% 8 mm
CFRP i ) 1) S bRt 7 5 i A v (8 B A o 43 531Ky
952.2 MPa,83.48 GPa, izt /N T 9] 4 1% 1 0 b b7 5% i
FRUE(E 1 800 MPa BT A HL PRI 140 GPa ™, 35

FEZ L,k = [ 2pa + (pa)’ - pa, oy B/CFRP fij
PERE G £ SR BE R R B A A, T
e 40 7377 4% JRE B T B, B 100.48 mm?; £, Sk £ A5 1431
FHURLIR A, MPas E, o Fill i 1 s MR B, 0 83.48
MPaj;ry/d,, 5l 77 1 25 il 242 5 BAR R FfE, 13,5,
S R A R FRATCRL 5 B, B 952.2 MPas s N IX.
i 7377 [H] B, X 50 mm.

2 TH AP B B IR 2 16-3-300., 10-3-250
{14 SIS, B A 2 v, 53l 2ok A R 5 T A5 A B A
BV, AT T HE R T ITLUE H AE GB 50608—
2020 5 ACI 440.1R-15" ¥J {% f& T B/CFRP-
SSRPC B2y LBy R 2 )y, BV, /V, FE B 85 L i/ )N i
T/ IS .33k SR DR Sy B 85 LU AR DA 5 i R0 5 R 2K Y
BERR  JFARTE B3R 2 Fp S (40 85 AR 81 3 H3A
O RELH
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Tab.7 Calculation results of shear capacity according to

Chinese and the United States design codes

V.V
KMFgis  BESIEA VAN GB 50608—  ACI 440.1R-
2020[24] 15[26]
10-3-250 3.46 165.0 0.99 0.93
16-3-300 2.80 340.0 0.79 0.72
FEE — — 0.89 0.83

3.3 £16-3-300.10-3-250 & D HT

R 35 L YE GB 50608—2020 5 35 [H MR 7l
ACI 440.1R-15n] AR RIA GG BT R AR 16—
3-300.10-3-250 9 P,,., Fi iR #E % 6 rf P, /P, ~0.89
(GB 50608—2020"**) 5k, P, /P,~0.91 (ACI 440.1R-
157200) ] 3345 2 B R 3R 32 16-3-300,10-3-250
PRGBS 1 (P,). RR 8 A, V, 5 P, Al 2
{EAE 5% LA, A 42 16-3-300 ., 10-3-250 B A5 33T
LR 5 TPRBT Y A E ) FEA AR Y, e TS 2
T HR THRKS: 13 2 AR BY R R 3% 118 S 3000 45 B iy 28 1L
VE RS R AT 530

I R PRPT I AR /N T o R8O A b
PR PUBTARE T (V) SRS R T (P,) FEAM
4, B e 2B 25 R sl BT VI REIR XA T R . b T
B 9590 M, IV S A I 28, B 15 X R 4 O L 4R, 3R
G v B TR HUT e, Wi A 2 B IR . 53 b 2
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Tab.8 Calculation of flexural capacity of the beams 16—3-300 and 10-3-250

P e /KN P, /kN
RS V. /kN - — —
GB 50608—2020"*! ACI 440.1R-15'2/ GB 50608—2020"2* ACI 440.1R-15"2¢
10-3-250 165.0 147 156 165 171
16-3-300 340.0 303 316 341 347

e B A7 2 I, Jon 28 B 3 SSRPC 7288 P fer 40/ IR
FELE TR SR (A X B AR B ), X
WP UIROR A A

4 £

1) Fifi 25 0 A5 %2 34 K, BICFRP-SSRPC 22 1 #% B2
LR E R AR BRR S T M BT W 413 K, F
S5 K 5 T LW B AR R ANAR Bl 2 S I R
K, BICFRP-SSRPC 2 () FF 24 45 4 W B 25 T
SU 8 B 1E AR BRI S T BRI Bk, B
FE 24255 J T 2 W A 34 W A, B A R
o B A AT A P RE A R T ]

2) B/CFRP-SSRPC % 34 4y fifs M i 3 , HL i IR 1k
BIPERE R ZU AR i R 5 AT 3R D AR G . B
T A RGO, e SR % P A2 PR AR S 52 R
MR | B 78 Jy B R IR

3) BRAT FRP i 1R 5+ 25 F i Ry S
T B/CFRP-SSRPC 22 4125 7k 2 )1 L8y k807 ,
BT 7K 280 155 25 PRI R R B0 AR
(I 7T AN (] 5 X e B 7K 38 A 1335 2 DR 28 5
5 LU B AS [R] T AN ]

4) AR SC I EERFST LA 2 S A AT = 2 X B/CFRP-
SSRPC 2T P RE A RZ IR . R 1M, AR Fp 2 FRP Al 2
AT R0 7 50 0 S AR 3Kt 23 5 1 SSRPC
PP ERE . @ 5 SL 9T b 2 R 2356 R
L R RS R Ths A AR
[ Fh 2 FRP-SSRPC 32t 25 M RE A2 .
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