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Axial compression performance of FRP-galvanized corrugated steel tube seawater

sea-sand concrete columns

SHAO Lingfeng , WEI Yang' , WANG Gaofei , ZHANG Yirui , LI Guofen
(College of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: A new combined column of fiber reinforced polymer (FRP)- galvanized corrugated steel tube (CST)-sea-
water sea-sand concrete (SSC) were proposed in this paper. The structure was composed of inner seawater sea sand
concrete, intermediate corrugated steel tubes, and outer FRP sheet. To investigate the axial compression perform-
ance of this new combined column, a total of fourteen specimens were prepared, with the main parameters being
the number of FRP layers (0, 1, 2, 3) and FRP types (Basalt fiber reinforced polymer (BFRP), Carbon fiber reinforced
polymer (CFRP)). The test results show that the primary damage mode of the FRP-galvanized corrugated steel tube
seawater sea-sand concrete columns is shear damage and local buckling damage, and increasing the number of FRP
layers could improve the ultimate load and ultimate strain of the columns. The unique corrugated structure makes
the steel tube only provide circumferential confinement and avoid axial load transfer, which plays a confinement
role similar to a stirrup. Compared with the specimens without FRP confined, the ultimate load and ultimate strain
of BFRP-confined specimens increase by 13.9%-15.8% and 16.2%-33.7%, respectively, and those of CFRP-confined
specimens increase by 19.6%-28% and 14.5%-24.1%, respectively. The strength calculation model of the existing
FRP-stirrup composite confined concrete is evaluated in conjunction with the test data. The existing FRP-stirrup
composite confined concrete strength calculation model is evaluated in conjunction with the experimental data.
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tube, respectively; SSC—Sea-sand concrete; CST— Corrugated steel tube

K1 bR S HEL (FRP)-HEBE SUN KIS
RBE LSS A

Fig.1 Structural concept diagram of fiber reinforced polymer (FRP)-

(b) Cross-section

galvanized corrugated steel tube seawater sea-sand concrete columns
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Table1 Detailed parameters of FRP-galvanized corrugated steel tube seawater sea-sand concrete columns

Specimen H/mm Dy/mm tp/mm t/mm N, /kN Jfew/MPa Eeu Outer FRP layer FRP type
CST1.6-1 600 320 1.60 N/A 3020.9 36.6 0.0041 N/A N/A
CST1.6-2 600 320 1.60 N/A 3051.1 37.0 0.0042 N/A N/A
CST1.6-B1-1 600 320 1.60 0.167 3483.2 42.5 0.0054 1 BFRP
CST1.6-B1-2 600 320 1.60 0.167 34324 41.8 0.0057 1 BFRP
CST1.6-B2-1 600 320 1.60 0.334 3908.2 479 0.0069 2 BFRP
CST1.6-B2-2 600 320 1.60 0.334 4 049.8 49.7 0.0069 2 BFRP
CST1.6-B3-1 600 320 1.60 0.501 44759 56.0 0.0078 3 BFRP
CST1.6-B3-2 600 320 1.60 0.501 4532.3 55.8 0.0080 3 BFRP
CST1.6-C1-1 600 320 1.60 0.167 3582.8 43.7 0.0051 1 CFRP
CST1.6-C1-2 600 320 1.60 0.167 36725 44.9 0.0052 1 CFRP
CST1.6-C2-1 600 320 1.60 0.334 4744.2 58.5 0.0063 2 CFRP
CST1.6-C2-2 600 320 1.60 0.334 4 658.1 57.4 0.0061 2 CFRP
CST1.6-C3-1 600 320 1.60 0.501 5604.3 69.4 0.0071 3 CFRP
CST1.6-C3-2 600 320 1.60 0.501 5644.3 69.9 0.0071 3 CFRP

Notes: Specimens were numbered according to the different parameters of the specimens. CST represents the corrugated steel tube; 1.6
represents the thickness of the corrugated steel tube; B/C represents the types of FRP (Basalt fiber reinforced polymer (BFRP)/Carbon fiber
reinforced polymer (CFRP)); Furthermore, the numbers 1, 2, 3 represents the number of FRP layers (1, 2, 3); The labels 1 and 2 were
assigned to differentiate between two specimens with identical parameters; H—Height of all specimens; Dy—Nominal of the corrugated
steel tube; t,—Thickness of the CST; tt—Thickness of the outer FRP; N,—Ultimate load of specimen; f.,—Ultimate stress of specimen;
&.,— Ultimate strain of specimen; N/A—Not applicable.
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(d) Preparing seawater

(e) Pouring concrete
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Fig.2 Manufacture process of FRP-galvanized corrugated steel tube seawater sea-sand concrete columns
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B;—Width of galvanized steel sheet before pressing corrugated sheets; By—Width of spirally coiled sheet; &—Helical angle of the CST; h— Corrugation
height; [—Corrugation length; I, /i, [,—Length for the crest, middle, and trough of the CST; c,—Ripple length corresponding to one ripple period

K3 BLAE LS
Fig.3 Geometry of corrugated steel tube
R2 HOYUNEEERY

Table 2 Section size of corrugated steel tube

Ixh/(mmxmm) I/ mm Imia/Mm

l/mm

¢,/mm Aot/ % Ania/ % Al %

68x13 17.25 35.91 17.25

70.41 24.5 51.0 24.5

Notes: 1,,—Length coefficient of the crest; A,,;;—Length coefficient of the middle; 1,—Length coefficient of the trough.
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Fig.4 Testloading and measuring device
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Fig.5 Failure modes of galvanized corrugated steel tube seawater

sea-sand concrete columns
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tube seawater sea-sand concrete columns
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Fig. 8 Axial load-displacement curves of FRP-galvanized corrugated steel tube seawater sea-sand concrete columns
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Fig.9 Axialload-strain curves of FRP-galvanized corrugated steel tube seawater sea-sand concrete columns
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Fig. 10 Parametric analysis of axial compression test results of FRP-galvanized corrugated steel tube seawater sea-sand concrete columns
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galvanized corrugated steel tube seawater sea-sand concrete columns

Horr: fis MU BUME 24 LN 15 fil ks
B4 HMI FRP 44 LAV 75 E; i FRP AR 3
PERE S o A FRP AR} AR B4 11 10 25
3.2 FRP-EFRSNE BKSHER THRIRE A
BT Ay

2 PE AR ST B 25 4 T Ry B 2 I i S T
h T HE— 2 W A O TR ARR N, SR
Wang 5 B4 A 00, MO B i 48 o 25
SCH A R A ) far 2, ARR R D iR A R 5K

Fr 7
o = Nu—=Nest _ Nu= vnsAs
“ A A
Horr: fo, MZOIREE RN 75 Ny kiR
SNHIEAT 205 Nesy MBS0 K2 1 ff 2

B SUEN A8 ) DO RE TG L BE S ELAM T i 0 AN
M1 35 25 Ab FE D\ 1) 52 T B, 98 WA A0 R 38 45 P20
] 320, T I8 e PR A RO A A Ak G 1) A2 L D
U T i 4% 26 B A S i B T RS, anEl 13 B,
HCAH T KBB4 Ik 00 5 A 388 1% ol 1o 7 2, B 80AN
B FRERZIREE F AR M AR, BT
Gt 97 0 29 SR AE AT DR U S04 48 T Ak A g A
P, A SCEgh 1 B N AMEDE FRP-4i 7 &2 A 29 0K
TR EE LA TR, N5k 4 FR

B0 B P A S AR R, TR
FRP-4ifi i1 5 A 249 SRR - A0 A00 1) o 0 2 R 38 T
AR T FBIME (Ay) . dRiE2E (Sp) F1-F- X 48 %)
W22 (Axp) 3 M HEAR HEAT E 2 4347

1= 3 e | 09
1 <~ [ Theo. 2
Sp= J n l_:Zl(Expe. _AV) (20)

(18)




3298 -

EEMRER

Tensile zone Compressive zone

External surface

Tensile zone Compressive zone

Internal surface

(b) Stress state at trough
P13 BSUIE AN R X 7R

Fig. 13 Stress state in different zones of corrugated steel tube

|[Expe. — Theo.| /
AAE = n 21
A=) Expe] (21)

Ar: Expe WikEa{l; Theo NELTHHEE; nh
RN

14 73 R W BIR B T A 455 78 B O S S
TR0 22 ] X B 28 5 o A A o A B B 7 ik

5 H 5 R R BE L BAE R PR R f, B9 LB,
LA bR A BN D7 HEE S R TR BE L IR AR A T
JESRE f., BOLUAE . WN3% 5 BT/, Issa et al A& 71 10
Chastre et al £ 81*  Hu et al S A2 | Il Miao et al.
R S0 S 44 {1 3 B 1119, 1,053, 1.102 £l
1.194, H PHLAXRER K, 2% 08 T W
fifi A1 FRP B ER I 29 VR T, AR E5dl o T F AR £&
L7, B ECE I A e 22 Ak s RO, Tk et al.
BRI PEAR S5 ARG, Ay, Sp Fil Apg 735108
0.959. 0.034 1 4.8%, X535 B FITH A (E 1R 22 8/,
I8 7% 8T FRP 1PN & 4 Al 19 A R 10 29 31 ),
H.7% [ FRP K & 3% [ [ ] 22 F FRP 20 sAS0R &
B, BEARE G, 18T A SO BR R )
T

4 it

(1) B BT 43 58 52 G b ORL (FRP)-98 B i1 804K
I 7KV R R A T AR X A S e A
INFNBTUIREIR 27 YA A AR T A% O TR BE 1 5
DA I AU e it 9 B, ELAm T 0 SO A Gl )
Z R, NN WA A0 TR R A 0 X3, Dk
W b VR R - M ) S A N T R

(2) FRP-9¥ 4 Ik 20 4K 45 g 7K g b VR B £ A 1
i 28 - 057 #% 1 42 v 21 2 A J2 H506F ) Bk I E 52 e ¢
N, FHEARZBOER, KR AN G MR
(BFRP) 2 i 1 50k 2T 4 34 5 52 45 41 B (CFRP) 24
TR 1 R Y A8 2 5 7.8%~11.3%; CFRP 2 5O {4
¢ BFRP 24 ik 17 % B2 £y 28 4 15 4.9%~24.9% ., Bl
LT YA TR RGN, A B e 2 AN AR PR AR
FyE R, W PR e 2 B KB R 33.7%, Wk BIR N AR d

+R 4 FRP-FEFARER THAREITEHER

Table 4 Strength calculation models of FRP-stirrup confined concrete columns

Model source Calculation formula
11k et al. (2008)! Ju _yin 54— +4.54== fis
Jeo feo
Issa et al. (2009) oo _ 1+34—=——— fis+ fir
Jeo
Chastre et al. (2010)"" Jeu _ 1+3.5— + (2 254 [1+7.94=2 Ji L -2. 254)
feo foo fco
Hu etal. (2014)1"2 Ju _ LSHDIH g oo fis +0.6/ic
f;:() 2 co
fcu ( fl( ) fls Ac
; —=075+27(1+ +4.1—. —
Miao et al. (2021)"*! feo (1+7) feo feo Ag
y=1.03

Notes: f,,—Ultimate stress of specimen; f.,,—Peak stress of unconfined concrete; fi;—Lateral confining stress exerted by the stirrup;
Jir—Later confining stress exerted by FRP; D—Diameter of the column; H—Height of the column; A.—Area of the core concrete; A,—Area

of the total specimen area; y—Correction coefficients.
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Table 5 Evaluation of strength calculation models of FRP-
hoop confined concrete columns

Model source Ay Sp App/%

11k et al. (2008)P! 0.959 0.034 4.8

Issa et al. (2009)1*"! 1.119 0.031 11.9

Chastre et al. (2010)!*" 1.053 0.028 5.3

Hu et al. (2014)1*2 1.102 0.029 10.2

Miao et al. (2021)"*! 1.194 0.113 19.5

Notes:  Ay—Average value; Sp—Standard  deviation;

Apg—Average absolute error.
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