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Compression Performance of Seawater and Sea Sand Concrete

Filled RPC Tube Composite Columns under Axial Load
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Abstract: An innovative composite structure, named seawater and sea sand concrete (SWSSC) filled reactive
powder concrete (RPC) tube (SFRPCT),was presented in the paper. In the hybrid system, carbon fiber reinforced
polymer (CFRP) hoops are arranged in prefabricated RPC tube and then SWSSC is cast in tube. From the material
durability point of view, SFRPCT has excellent corrosion resistance and it can be potentially applied in marine
construction. A total of 15 large—scale columns were conducted under axial compression test, including 12 SFRPCT
specimens and 3 CFRP hoops confined SWSSC (FRPHSC) specimens. Composite effect between RPC tube and
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internal SWSSC and influence of mechanical properties from lateral confinement level were investigated in test. The
results showed that only slight crack on RPC tube of SFRPCT column occurred without any spalling when axial load
approached its peak value. Compressive strength and ductility of the SFRPCT columns were significantly higher than
those of the corresponding FRPHSC specimen and increased with the increase of the volumetric hoop ratio in RPC
tube. Therefore, SFRPCT hybrid system effectively combined the super—high strength of RPC and confinement effect
by CFRP hoops. Based on existing test data and model, a calculation method for carrying capacity of SFRPCT was
proposed. Contribution ratio of RPC tube for carrying capacity of SFRPCT columns was quantified and its value varied
from 0.39 to 0.42.

Key words: seawater and sea sand concrete ; reactive powder concrete (RPC ) ;fiber reinforced polymer(FRP);
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Tab.l1 Test matrix and partial results

K45 s/mm pl%  f'peo/MPa  f' . /MPa N,/kN Ny /KN N, /kN
SFR-20 20 2.06 135.3 43.6 5 331 5 667 5539 5512 2165 3347
SFR-40 40 1.03 132.0 443 4990 5126 5018 5045 1974 3071
SFR-60 60 0.69 133.0 43.0 4 585 4 780 4 479 4615 1855 2760
SFR-80 80 0.51 135.3 4.3 4303 4115 4293 4237 1791 2 446
FRPH-20 20 2.06 - 432 4 433 4311 4 380 4375 — —
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Fig.1 Schematic of typical cross section of SFRPCT

FRPH-20 S %f He Ak, HAME RF . B &
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1.2 iR EHIME
1.2.1 Ak
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T A IR PR PR R0 BB A 43, Al 2
(a) 7R 5B BE N 120 mm, 21 E 2(b) . H:
BER LR EE £ M 1 801 MPa, #PEAR & E=130

GPa, I FRAFHC AR 8, = 1.39%.

RPC JE AP BHASEAE O 7K Jeh 52.5 Aot
FRER/KVE (P1) s MK R T K, LE R Bl 615
m*kg( L EEARADFR ) 5 BE V- FIRIAR A 0.1 pum; A 5
WHHIAR N 350~833 wm(20~40 H ) ; A BEHHIAR Jy 47
um(325 H ) ; BB = HEREUK A (7)) s ANERLT
dE, AR O02 mm, KEN 13 mm. BL& RV 4
Vg 2 Vo 2V ossw 2V ogsen 2 VooV remmas =
1.0:0.1:0.25:1.1:0.1:0.015 : 0.02, /KK FE A 0.18.
TE 90 °C HUK FE4P 48 h J7, 100 mm 75 1R R BE

5 153.8 MPa.
o’

(a )i i B 1A
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Fig.2 CFRP circular hoop
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SWSSC [ T8 EESEH N €50, JRpPRHGSEA
TELA KR 42.5 B RERRER K VS ML E B Bk
BiAEN 25 mm IREAT s 40E B KSR TEGRD , A FEAEL
g 2.84. RN Tk FERIRE L, HE T kg
ZRESCHRAIEC ], W 2 IREEERC AR V etV ser
Vigw: V orme = 1235 1.15 : 0.38. bRifEFRI 15T
IrARBTHSRE A 55.7 MPa.
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Tab.2 Chemical composition of the artificial seawater

Bsr  EWE (e ) || BEASY ERWEE(g L)
K* 0.463 cr 21.629
Na* 11.903 SO 2.481
Ca* 0.345 €O 0.517
Mg 1.617 HCOs 0.103
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Fig.3 Prefabricated process of specimens
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Fig.4 Instrumentation details

2 REHER

2.1 WITES

X} b4 FRPH-20 i CFRP 4 i 2 5 SWSSC
A, IR AT 65% 2547 i fF i Lt
PR 5 1) 4, B Ao 2 398 o, 4% 5 J3E U
BRIk B T 4R 1Y 85% 2 A7 I, ik 1h T 24
MG, PR Z T IR FIT% 5 35 B 67 2O (E I, fR A
JZ RIS , CFRP 4 i /M, an&l 5(a) Fiw. e
J& AR TR R R R IR EE T 5 R,
fiE AT, SO, W& 5(b) PR,

SFRPCT i R A A SR, L SFR-20 A
), finzk = W AE AR 2R Y 85% Zi AT, AE RPC 45 rhf It
U B LARAN/INI A 1) 44 VR 245% , JRREE 3k
HENINANWT & J& 5 IR B far 4R B, RPC A8 3R THA KiE
YT R 24 4% (R AT BRIV B4, IR 6(a) BT
N Bl B i 20818 T R, RPC 45 R i 24 Rk
PRI, AR B — 4k 9\ 2L I )
Ui A, FRET AEAN TR 5 Be )5 , CFRP i i il 22
Wr%d, T RPC MR A BB ARV 4, an
& 6(b) /R,



108 IR R A4 (A AR B R)

2020 4F
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Fig.5 Failure mode of FRPH-20

(b)SFR-20
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B 6 SFRPCT # 3 &
Fig.6 Failure modes of SFRPCT
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Fig.7 Average load—axial strain curves of each group
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Fig.8 Load-hoop strain responses on hoops
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Y AE M 2R AN o BB RO SR P2 R G, X R
SRAGII 295, WHEEES SFRPCT H7R#E J1 FAS T fig
1A B EEAL
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Tab.3 Mechanical properties of each group

oo O Ee o, & & k. Eecfip
K /MPa /% /MPa /% /% # /GPa /107

SFR-20 77.98 0.743 6239 3.972 2.10 6.69 40.34 4 3394
SFR -40 71.37 0.580 57.09 2.886 142 544 39.37 311438
SFR -60 6528 0.283 5223 1.856 0.73 3.59 39.58 9722
SFR -80 59.95 0.220 47.96 0.839 0.41 2.18 3892 892.0
FRPH-20 61.89 0.721 49.51 3.684 1.65 4.92 29.97 3953.8
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0 &y e & &

B9 stk R KRS
Fig.9 Definition of ductility ratio
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Fig.10 Effective confined core
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Fig.11 Ratio of the calculated value and the test value
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Fig.12 Result of regression analysis
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