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Experimental analysis of axial compression performance of
medium-long steel concrete columns confined by PVC-CFRP pipes
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Abstract: To address the complex construction techniques and poor durability of traditional steel-concrete
composite structures, this paper proposes steel concrete columns confined by PVC-CFRP pipes, that is a new
type of composite structures with steel sections embedded in PVC-FRP tubes and concrete filled inside. Based
on axial compression tests and finite element analysis of nine medium-length concrete columns confined by PVC-
CFRP pipes, the influence patterns of slenderness ratio, concrete strength, steel content ratio, CFRP strip
spacing, number of CFRP strip layers, and PVC pipe thickness on the axial compression performance of

medium-to-long columns are investigated. Results indicate that all specimens failed within the range of 1/4 to 1/2
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of the column height, with the failure modes of CFRP strip rupture, PVC pipe fracture, and concrete crushing.

As the slenderness ratio and CFRP strip spacing increased, and as concrete strength, steel content, number of

CFRP layers, and PVC pipe thickness decreased, the ultimate bearing capacity of specimens gradually

decreased. Among which the slenderness ratio has the most sensitive influence. By regressing the quadratic

function relationship between slenderness ratio and stability coefficient, a calculation formula for the axial

compression bearing capacity of medium-long steel concrete columns confined by PVC-CFRP pipes is

proposed. Theoretical calculations showed good agreement with experimental results.

Keywords: steel concrete columns confined by PVC-CFRP pipes; medium-long columns; axial compression

performancel; slenderness ratio; bearing capacity calculation; finite element mode
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Fig.1 Schematic diagram of test piece
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Table 1 Main parameters of specimens
Wipgsy L BEL TR AT T i R C'FR}.)%W
% /mm mm A9 ] /mm 5 L
Z-1 250 1500 24 C30 100 mm X 100 mm X 6 mm X 8 mm 5.03 40 2
7-2 250 2 000 32 C30 100 mm X 100 mm X 6 mm X 8 mm 5.03 40 2
Z-3 250 2 500 40 C30 100 mm > 100 mm X 6 mm X 8 mm 5.03 40 2
7-4 250 1500 24 C30 100 mm X 100 mm X 6 mm X 8 mm 5.03 20 1
7-5 250 1500 24 C30 100 mm > 100 mm X 6 mm X 8 mm 5.03 60 3
Z-6 250 1500 24 C40 100 mm > 100 mm X 6 mm X 8 mm 5.03 40 2
z-7 250 1500 24 C50 100 mm X 100 mm X 6 mm X 8 mm 5.03 40 2
Z-8 250 1500 24 C30 100 mm > 100 mm X 6 mm X 12 mm 6.94 40 2
Z-9 250 1500 24 C30 100 mm > 100 mm X 6 mm X 16 mm 8.85 40 2
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Fig. 2 Diagram of the test loading device
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Table 2 Concrete mechanical properties

VR o B f.o/MPa f./MPa E./10* MPa
€30 37.9 28.8 3.21
C40 43.8 33.3 3.34
€50 51.1 38.8 3.47
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Table 3 Mechanical properties of steel sections
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Fig.3 Design of steel profile sheets(Unit: mm)
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Fig. 4 Comparison of section steel sheet before and after stretching
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Table 4 Mechanical properties of PVC materials
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Fig. 6 Comparison of PVC sheet before and after stretching
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Table 5 Mechanical properties of CFRP material
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Figure 9 Damage pattern of axial compression specimen
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—=—S-1

——S§-2
ottt g
KA ol v S4
Fo |+ S5
e | | S-6
3 \ | ST
| 58
s 89

0 2 4 6 8 1012 14 16 18
frF&/mm

B 11 i e -0 [ A% B 2k
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Fig. 13 Stress-strain relationship curve of PVC pipe
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Table 6 Numerical comparison of simulation-test results
G o N,./kN N/kN A,/mm Ar/mm Ni/Ny. A/Ay R 2/ % iR/ %

Z-1 2403 2 257 14. 30 12.91 0.939 0.903 6 10
7-2 2 306 2 200 20.49 18.83 0.954 0.919 5 8
Z-3 2 240 2112 24.98 25.11 0.943 1. 005 6 1
7-4 2379 2362 14.07 13.61 0.993 0.967 1 3
Z-5 1968 2214 10. 10 10. 40 1.125 1.030 13 3
7-6 2428 2321 11.65 10. 90 0.956 0.936 4 6
7-7 2442 2 388 15.71 15.42 0.978 0.982 2 2
7-8 2467 2341 11.67 10.79 0.949 0.925 5 8
Z-9 2479 2 664 8.92 8.90 1.075 0.998 7 1

YIH 0.990 0.963

b i 22 0.062 0.014

T 0.063 0.015

T Ny N I3 500 2 U (85 B E I B BRIR B TT 5 A v A 2350 D 1000 15 AE UL 19 402 PR R 28 77 68 7 199 8 1) 37 25

Eurocode 4 5 5k 1 414 25 Hy 8 B

p=(p+ Jo"+ 2 )" (18)

¢ =051+ x(1—0.2)+ x] (19)
- N
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N(Z) (EL+EIL+E]IL) (21
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Table 7 Simulation results of specimen bearing capacity

- Wi L/ iﬁuéﬁﬁi B CFRI‘—T%W’ PVC 4% B# CFRg%m TR I
1% /mm mm BEER JZ 8 n J&/mm 1 58 Eb 25 /kN
DZ-1 250 600 €30 100 mm X 100 mm X 6 mm X 8 mm 1 9.6 2 2 444
DZ-2 250 600 €30 100 mm>< 100 mm X 6 mm X 8 mm 1 9.6 1 2 587
DZ-3 250 600 €30 100 mm X 100 mm X 6 mm X 8 mm 1 9.6 3 2381
DZ-4 250 600 C40 100 mm X 100 mm X 6 mm X 8 mm 1 9.6 2 2523
DZ-5 250 600 €50 100 mm X 100 mm X 6 mm X 8 mm 1 9.6 2 2636
DZ-6 250 600 €30 100 mm < 100 mm X 6 mm X 12 mm 1 9.6 2 2510
DZ-7 250 600 €30 100 mm X 100 mm X 6 mm X 16 mm 1 9.6 2 2928

®8 EBABRERH

Table 8 Load-bearing capacity stabilisation factors

1= N,0./kN N,/kN ¢
Z-1 2444 2257 0.923
7-2 2444 2200 0. 900
Z-3 2444 2112 0. 864
Z-4 2587 2362 0.913
Z-5 2381 2214 0. 930
7-6 2523 2321 0. 920
Z-7 2636 2388 0. 906
7-8 2510 2341 0.933
z-9 2928 2664 0.910

TE N KA AR, N, S X8 R S A F A5 40 £

1.08 —=— K4itt
—e— CFRPJE % L
—a— YRR
105F T AR

(I)i/ ¢xmax
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Xi/xmax
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Fig. 17 Relationship between dimensionless design

parameters and stability coefficients
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S T AR AR TR B 0 4 AN Ee R e B, R A FR
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Table 9 Relationship between stabilisation factor and

length to slenderness ratio

KA A Nooo/ N/ i ¢
24 2 444 2 257 0.924
28 2 444 2246 0.919
32 2 444 2200 0. 900
36 2 444 2166 0. 886
40 2444 2112 0. 864
44 2444 2050 0.839
48 2444 1975 0. 808
52 2444 1893 0.775
56 2444 1802 0.737
60 2444 1706 0.698
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W, 2% QR+ 85I AR #E) (GB 50010
—2010) " Hr i UK bR B S R B 15 F) PVC-
CFRP & A ARARIR 5 1 KR e R80T R

¢=—1.243 X 10 2>+ 4.01 X 10 *2+ 0.899

(27)

WG AR TR M, H 5 H Al 235 0 5
WA R AR — %, WX DT H T
PVC-CFRP %8 24 5% 5 A4 15 5E + 45 #4 19 Fo e 3 4l sk
x T A2 S

5 PVC-CFRPE AR ABIWE R L+
KEMERZENDITE AR SIXEIEIE

5.1 HHEAFHAERITEAR
B (16) 5K (27) 18 A (15), Al 45 PVC-
CFRP & 2 o BUAN IR 5k + b KA IS R 2 i3



14 %M, % . PVC—CFRP % % & B4R s £ b K 4 4h B M 48 3K 0 A1 5% 11

% XX 1
10 | 0=1243x102%+4.01>410%2+0.899
' R?=0.999
N
| 5
09 F -~
t
I I
4 % N
{H\OB [~ = SCik[27] -
A - = 3CHR[28] N N
ws = = Cik[29] S ¥ 7w
|— = SCHR[30 ~
0.7 Jﬁﬁ‘[ﬂﬂ’}k N NN N R
— B SO~
— W FEERN
0.6 | k7% Sy
+ iWqu]iMﬁ | , X
20 30 40 50 60
KAtk

E18 RERHEKMEILHXER

Fig. 18 Stability coefficient vs. length to slenderness ratio
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Table 10 Comparison of calculation results and test

results

w45 NJ/KN N, /kN N,/N,, B2/ %
Z-1 2261 2403 0.941 0.059
7-2 2 204 2 306 0.956 0. 044
7-3 2107 2 240 0.941 0.059
7-4 2 268 2379 0.954 0.047
7-5 2259 1968 1.148 0.148
7-6 2457 2428 1.012 0.012
7-7 2 698 2 442 1.105 0.105
7-8 2487 2 467 1.008 0.008
7-9 2712 2 479 1.094 0. 094
¥fH 1.018

T 1 22 0.075

5 5 R 0.074

KRR IR T
6 it
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