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Axial compressive behavior of FRP nonuniformly wrapped

seawater sea-sand concrete in square columns

YANG Junlong , WANG Jizhong, LU Shiwei , ZHANG Lihua , WANG Ziru
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: To facilitate the practical application of fiber-reinforced polymer (FRP) strengthened seawater sea-sand
concrete (SSC) structures in marine infrastructures and alleviate the brittleness of abrupt failure of FRP confined
SSC columns, the mechanical performance of carbon fiber-reinforced polymer (CFRP) nonuniformly wrapped
square SSC columns under axial compression was explored. Test results show that the failure pattern of nonuni-
formly CFRP confined square SSC columns exhibits less brittle since the rupture of thinner CFRP band between two
adjacent strips can provide a warning sign due to the inequivalent number of CFRP layers at different locations
along the height of the specimens. Compared to the specimens uniformly wrapped with CFRP sheets and strips un-
der the same volumetric ratio of CFRP, CFRP nonuniformly wrapped SSC columns possess superior mechanical
properties, especially for the specimens with a smaller clear spacing. Besides, with the decrease of clear spacing ra-
tio and the increment of the thickness of external CFRP strips, the ultimate strengths and strains of confined speci-
mens increase obviously. In specific, the enhancement of ultimate strengths ranges from 5.4%-18.5% as the decreas-
ing of clear spacing ratio. Moreover, under the same clear spacing ratio, the maximum ultimate strength improve-
ment and strain improvement are equal to 15.8% and 21.8% respectively when the thickness of external CFRP strips
doubles. Finally, several representative stress-strain models were selected to examine their validity in predicting the

ultimate conditions of FRP nonuniformly wrapped concrete and the accuracy and reliability of each model were
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also assessed.
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Table 1 Details and test results of carbon fiber reinforced polymer (CFRP)
nonuniformly wrapped seawater sea-sand concrete (SSC) specimens
Test results
Group Specimen ID w/mm s/mm  s/b np/ply
fcc/MPa fcc/fco fcu/MPa fcu/fco Ecu/% Ecu/gco Eh,rup/%

C(W3A2F)S-1 30 105 0.7 47.4 1.31 42.6 1.17 1.21 6.05 1.08
C(W3A2F)S-2 30 105 0.7 49.2 1.36 43.7 1.20 1.39 6.93 1.17
C(W4A2F)S-1 40 90 0.6 51.3 1.41 45.8 1.26 1.49 7.46 1.19
C(W4A2F)S-2 40 90 0.6 50.7 1.40 45.1 1.24 1.37 6.83 1.20
C(W5A2F)S-1 50 75 0.5 52.6 1.45 49.5 1.36 1.57 7.86 1.25

! C(W5A2F)S-2 50 75 0.5 2 51.9 1.43 46.9 1.29 1.43 7.14 1.02
C(W6A2F)S-1 60 60 0.4 52.7 1.45 50.5 1.39 1.87 9.37 1.20
C(W6A2F)S-2 60 60 0.4 51.8 1.43 48.8 1.34 1.72 8.62 1.15
C(W3B2F)S-1 30 30 0.2 52.4 1.44 50.4 1.39 1.97 9.83 1.28
C(W3B2F)S-2 30 30 0.2 53.0 1.46 51.9 1.43 2.03 10.15 1.30
C(W3A4F)S-1 30 105 0.7 50.5 1.39 50.5 1.39 1.62 8.08 1.11
C(W3A4F)S-2 30 105 0.7 49.0 1.35 49.0 1.35 1.45 7.27 0.92
C(W4A4F)S-1 40 90 0.6 51.7 1.43 51.7 1.43 1.62 8.12 1.22
C(W4A4F)S-2 40 90 0.6 53.6 1.48 53.6 1.48 1.44 7.22 1.13

9 C(W5A4F)S-1 50 75 0.5 4 53.0 1.46 53.0 1.46 1.74 8.69 1.16
C(W5A4F)S-2 50 75 0.5 55.1 1.52 55.1 1.52 1.92 9.59 1.17
C(W6A4F)S-1 60 60 0.4 58.0 1.60 58.0 1.60 2.23 11.16 1.21
C(W6A4F)S-2 60 60 0.4 56.8 1.56 56.8 1.56 1.91 9.55 1.15
C(W3B4F)S-1 30 30 0.2 59.2 1.63 59.2 1.63 2.17 10.87 1.26
C(W3B4F)S-2 30 30 0.2 58.7 1.62 58.7 1.62 2.54 12.71 1.23

Notes: In specimen ID: C—CFRP; W3, W4, W5, W6—Width of CFRP are 30 mm, 40 mm, 50 mm and 60 mm, respectively; A, B—CFRP
number are 3 and 5, respectively; 2, 4—Layer number of CFRP; F—Bottom is wrapped with CFRP; S—SSC; 1, 2—Specimen number.

Jeo—Compressive strength of unconfined concrete; w, s—Width and clear spacing of primary strips, respectively; b—Width of section edge;

np—Number of layers of external CFRP strips; f..—Peak strength of confined concrete; f,, £.,,—Ultimate strength and corresponding strain

of confined concrete, respectively; &y, ,,,—Hoop rupture strain of primary strips at the midheight outside the overlapping zone.
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Fig.1 Nonuniform wrapping schemes of CFRP nonuniformly wrapped SSC tested specimens

(d) s/b=0.4

(€) s/b=0.2 Unit: mm

A Je 0 50 D) FH R IX 4 1 A T A a1 o
1.2 #FRbEgE

AR SCAHE A S5 A T K 55 08 D ) S A K
TP IR BE + A A HE 3 L Yang 451 A 0 A AR 5T .
R X 3 AR A A AR R R AT T, &
DA B0 5 B, 55 T 0L B R 78 e, 43 301
36.3 MPa Fil 0.002, 4 fig f% 1 4l K 5 CFRP % 44 £t
PEfiE, 18 ASTM D3039/D3039M!™ i iy A G HEL 22



- 2804 -

EEMRER

XFFRAE ST U EAT T hr e ae i, g 45 1
PRI SCHR [16]0
1.3 ARKESNRHE

Bl 2 PRA 7R T AR SO R B0l s & .
AU TR R B TR 2 45 K 15 %5 10 000 kN i
FeArl IR g ML b AT o 1R T T 64 £ 41 B
T A, R b AR B AR A8 T A U Y
e S A7 R/ M AR Qi L B9S2 I o 3R TS A T
AORE S HE AT B B B E R, B R

0.5 mm/min,

Ovcrlapping

Specimen

Steel plate

== Hoop strain gauge
* Axial strain gauge

(a) Test setup (b) Instrumentation

P2 nadsk B 5 I A

Fig.2 Test setup and instrumentations

Sk RE % o A5 21 gl AR TR, SRR 2
AR H (B B 50 mm) T 4 S8 [ R AR (B
20 mum) W0 1 7 A A I A B b R e 2 RS S
RiAE . BRiZ Ah, AR R A B R 1 A
BT 8 bRIEE N 20 mm B IR ) R AR B, Ho 3 A4
£ T CFRP #5422 X N, 1728 Fr A 8 BT DL A 2.

2 RBWLERSHH
2.1 CFRP {FH L3R SSC HIFER

U= R I S E P W S o S N BT D Rtk
1T T2 el 1) RO g 38 B AR 2 AR BE 3R 2 R
B Bl i) AR T2 B9 SE 0, 0T G B R A A
W A28, HhES CFRP IV #h 2 # A4 A T, 25 0 20
HE I W R s 2, PR S T CFRP [a] W 1 M 4
BT AR A, B I e A BT B U T 4 A
WAL E e kA TR, HAR AL B TE M AR
1B Hy T3 A v 0 F2 27 A A R AR, iR A
UPEATS B A8 R TH — 7 9 Jl i r 2, DA T 18 8
3 B IR S5 18 4% B8 CFRP 40 2 TR % + FE TR
PR IR w2, TRREE —F B, il FpEm
CFRP %l A A Wr 5, AR IR o bR IR ad 72
FATRBL T R AR S A F e, B, T4

#B CFRP 547 M FEAE , A4 1 BB A% 75 B 28 Ji 21
WZHr, B —E M Ek, DL R 558 1 e
P A T o 4 2K o

&l 3 3026 T B A R i i R AR =, AT
L&, AN E 45 CFRP 4545 i v I L i JE
FEAar, A e A B A X T A AL, IR
B R A ZEX DM MBI, A7 g &
B, BEE R LRI, B T A A i
PRI, R T, BEE SR Z )
PRGN, UREF Y 45 10 VG B B 2 R R, e
Al B & AE B IR ) CFRP T AR /N, B 22,
Bifi 5 2%t R L P/, AH SR AR Z R kg
N7 U sz FA A, PR ECE L IR A
e e R R IR R S 2 R B TR, O
T 5 SO IR 4 v R B A R, BRI Z A,
AILLE B, AMEB CFRP 45 JZHOE K 1f5 )5, T
W R LE T, A R B R DX AR A R,
WA, A ) 2 5N 7 A BG N 2 il R 24 i IR AR
A5 IR ZY

(a) C(W3A2F)S-2  (b) C(W3A4F)S-2 (c) C(W3B2F)S-2 (d) C(W3B4F)S-2

3 CFRP 12250 SSC IAPFRIIRARS
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Fig.4 Axial stress-axial strain curves of CFRP nonuniformly wrapped SSC specimens
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Fig.5 Comparison of CFRP nonuniformly wrapped SSC specimens under different wrapping schemes
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