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Axial compression performance of cold-formed steel-geopolymer
foam concrete column

LI Yanchun, HAN Aihong, NIU Hongxiang, XIE Yanfen

(School of Civil Engineering and Communication, North China University of Water Resources and
Electric Power, Zhengzhou 450045, China)

Abstract; In order to suppress the buckling deformation and enhance bearing capacity of cold-formed steel
columns, a systematic study was conducted using a combination of experimental testing, numerical simulation, and
theoretical analysis on cold-formed steel-geopolymer foam concrete composite columns. The load-axial displacement
curves, test process and failure characteristics of the members were analyzed. The failure modes and bearing
capacity results of different types of members were compared and the effects of different factors on the axial
compression performance of the members were discussed. The results show that: the ultimate bearing capacity of the
composite column is 1.4 times higher than that of the CFS built-up column. When the width-thickness ratio is in
the range of 60-100, the utilization rate of geopolymer foam concrete is higher. For every increase in the density of
foam concrete, the ultimate load of the composite column increases by about 1.5% . From the perspective of steel
consumption, the setting of symmetrical single ribs has a more significant impact on enhancing the ultimate bearing
capacity of composite columns. Based on the experiment and numerical simulation, the ultimate bearing capacity of
composite columns is calculated according to the calculation methods in existing relevant codes. It is found that the
calculation method given by the 'Code for design of composite structures’ can roughly estimate the ultimate bearing
capacity of the composite columns. Finally, a calculation method suitable for the axial compression bearing capacity
of the composite columns is proposed, and the accuracy of the formula is verified.

Keywords: cold-formed steel-geopolymer foam concrete; composite column; failure mode ; ultimate bearing capacity
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Tab.1 Summary of specimen information
- AT/ mm WRREEE TR, KAl MR E
h b, by d, d, ; (kgrm™) He A U/mm

C140450-1 141.1 50 49.8 16.9 17.5 1.79 T 12.25 448
C140-450-2 139.9 49.5 49.8 16.6 17.0 1.78 Jc 12.25 440
C140-450-3 141.2 50 49.9 17.4 17.5 1.81 Jc 12.25 442
P140450-1 139.7/139.8  49/49.3 49.5/49.5 17.3/16.7 16.8/16.4 1.77/1.76 T 5.68 447/450
P140450-2  139.9/140 49.4/49 49/49.2 17/17.3 16.8/17.2  1.76/1.78 Jo 5.68 450/449
P140450-3  140/139.7 49.5/48.8 49.1/49.5 17.2/17.1 17.2/17.2  1.77/1.76 T 5.68 4507450
7140450-1 139.7/139.4  49.1/48 49.9/49.7 16.7/17.4  16.8/17.4 1.8/1.8 A07 9% 7.79 4477446
7140450-3 139.6/139.2 49.3/49.9  49.6/49.2 17/17.2 17.3/16.8 1.77/1.76 A07 % 7.79 447/447
7140450-3  139.8/140  49.4/49.5 49.9/49.8 16.8/17.1 16.9/16.1 1.76/1.76 A07 7.79 447/448
C140-600-1 141.2 50.0 50.0 16.8 17.1 1.79 Jc 16.33 600
C140-600-2 140.3 50.0 50.1 16.9 17.0 1.79 T 16.33 601
C140-600-3 141.1 49.7 49.6 17.3 16.6 1.78 T 16.33 603
P140-600-1 139.9/139.8 49.6/49.1 50.1/49.7 16.7/17.1 17.3716.8  1.76/1.77 T 7.57 597/597
P140-600-2 139.9/139.7 49.4/50.1 49.6/49.1 17.4/17.3  17.4/16.9  1.82/1.81 " 7.57 602/601
P140-600-3 139.4/139.9 49.7/49.1 48.7/49.8 17.6/16.8 17.3/16.5 1.82/1.8 7o 7.57 598/600
7140-600-1 140.1/139.7 49.6/49.2 49.3/49.3  17.8/16.6  16.9/16.8 1.76/1.77 AO07 %% 10.39 597/597
7140-600-2 140.4/139.3  49.2/48 49.4/49.5  16.9/17.5 17/16.9 1.79/1.8 AOT 10.39 600/596
7140-600-3  139.9/139.3 49.7/49.8 49.7/48.9 16.7/17.3  16.9/16.9 1.8/1.78 A07 %% 10.39 597/598
C140-900-1 139.5 50.2 49.5 16.6 17.1 1.77 Jc 24.5 900
C140-900-2 139.9 49.8 49.4 16.7 17.5 1.79 Jc 24.5 901
C140-900-3 139.8 49.1 49.8 17.2 16.9 1.81 Jc 24.5 900
P140-900-1 139.5/140.2 49.7/49.5 49.2/49.9 17.1/16.5 17.1/16.4  1.78/1.77 Jc 11.36 897/899
P140-900-2 140.2/140.3 50.1/49.9 49.6/49.7 16.4/16.8 16.7/16.6  1.78/1.78 T 11.36 898/898
P140-900-3 139.5/140.2 50.1/50.2  49.9/50.1 17.1/16.9 17.1/17 1.79/1.8 T 11.36 899/899
7140-900-1 140.4/139.6 50.2/48.3 49.3/49.9 17.3/16.2  16.3/17.5 1.82/1.8 A07 2% 15.59 900/899
7140-900-2 140.8/140.8 49.9/49.9 49.7/50.4 16.4/16.2 17.1/17.2 1.76/1.78 A07 4% 15.59 900/902
7140900-3 140.1/140.2 49.7/49.8 49.1/49.5 16.9/16.6  17.3/17.1 1.77/1.79 A07 2% 15.59 900,901
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Tab.2 Mix proportion of geopolymer foam concrete

kg-m ™

B ORBOK A KB Ok muksl ik
337.45 84.36  12.31  86.26 105.47 0.43  34.97
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Tab.3 Material performance test results MPa
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Fig.4 Layout of strain gauge and displacement meter
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Tab.4  Test results of bearing capacity
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x5 WES SRR
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St SR S B A, I 12 8 KR - B b 4 DAY I A2 e it B IR
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[i5aN
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) it Jo S e 0, M AR R 172 7 B e PR 3 — e AL 25 S i A
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Fig. 10  Establishment of finite element model
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Fig. 11 Comparison of experimental and FEA failure modes for

a part of specimens
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3.3.2  GFC % JEEH MR

B 13 AR AR TR BE + % i 48 g i) CFS-GFC
HEFEMfT R - Mg thZe, aTLIE ) A
TRIRIGE 1% B2 34 K, 205 A A i RS i 288 1 il 22 34
I, FEFPERYBE W R TR B A A I A L
R i T 14 K, S B CFS-GFC 204 FE Y W1 1 e 78
Ko WHKIREE + % B 4t 5 — 159, CFS-GFC 4
ARERIM R 2R 236 0 1. 5% . Rk, 32 R iR TR
3% - 10 % B S T LRSI ZE A AT 1) B T] 4t v
A FE Al ) KRR T
3.3.3  JmzhAhisgm

H T CFS INBERSAEHT, CFS SR E + /Y
P RIVE AR IEASEEAR & 14 S PRI+ AR g
=& AT RUE Y AR AT HP O TR - A0 R T )
SENT N GIREE L0 B IR 7R TR B 1 ) F
FIE BN, UL CFS X 1 B IR5E 4 1 2 SR AR B
8T 2k A SRR 555, AR 5T R AR 2 %
CFS-GFC 2H 5 1 44 44 A BR fay 238 174 £ T+ 205K A B xt
TRBE L A SR, %5 e Xt CFS P BERRHIN i 2h i
A BRIOAE R A A 15 fras, Horp, S A ok 1
CFS MM E — B X PR £, D # I A 7E CFS

JiE AR P TE X FR B Sh iy, C R R AE CFS 1A
T E MR, IS AR FE I 15 mm, g
5 CFS iid Tie i, XFHE S v LA W A II#
TR PR AT R A B 3 RO 1. 12 ~ 1. 22, BB #h i
A LLEH AR CFS-GFC 4 AR M w2k, Horpr, C
B 4R T R R R, O 1,223, D i v AR B0
AINF C BRI R R, 1. 217, AR R R
SEmE A 2 v UG I, S SRR R E R
KT D S C I R 14, A AL FH AR 2 1)
VI R BEE SRR B AT LA LLER /D () R R AR
D (1A S A 2R R R

2401

2001 D~ S8

160 M/}/
N
Y/
120 Ed

<
® j
27
sof /7
/ — A07
a0l 7 -—- Al0
oo Al12
1 1 1 1
0 1.5 3.0 4.5 6.0
f7#/mm

B 13 AREZESER TR - HhiE A Mk

Fig. 13 Load axial displacement curves

I
1

(a) HEH=MMN A

(b) IR IREE L=
14 CFS-GFC A& AE

Fig. 14 Stress diagram of cold-formed thin-walled steel composite

column
T | T
[~ Yy = y y
L - L L
x x x
I J k1IN
(a) SKTFRERN (b) DXTFRXAN (c) CHAEEI

E15 CFS matpk
Fig. 15 Stiffening rib form of CFS



4510 14

FHAR, AF . W - R R YR IRBE AL R BE <43 .

RS5  ANRIMENFE DGR PR 23 b
Tab.5 Comparison of ultimate load of specimens with different

stiffeners

9> MEEX RBRATE/KN B REL SRR

7140-900 — 210.78 — —
7140-900-S X FREALRN 236.92 1.124 —
7140-900-D  XHFRWUL 256.52 1.217 1.083
7140900-C M 257.78 1.223 1.088

Pl 16 kg 45 2J 38 1 ) 42 o 350 A 1 TS 45 1 9\ 1w i
Jio A L v il A 3% 28 1 2R W 14 VA TR 5 =l 1)
I S 2, R 36 0 A5 7 T B - T e i
HE 16 7T L ) A A8 4 7E 3k B BR 7 4801 /i)
S 1l SR W R BRE - 1) e RN ) ¥ B AR, B
N7 77 b6 55 A S HE B A 3 KOs, TEH B R
Iy FE AL 1 i 3R TR BB = B KN 4 IR 1. 52F,
2.45f.2.5f, 2.2f, , R E M AL & TR
YIRS N 7, FLREE IS A gk £ | 1
I Z B o REFR B KU B A Rl AL A AE i
G BIREE RN Y ) 4 AR T 1. 917, 2. 0f,
F12.03f,, 5TC A6 3k BRI HE 0 ) 1. 28/, A I
AR T 49. 2% 56. 2% il 58. 6% , =W &
(AL B B i T 2 SR v TR IR B = ¥l g 1 7, I
MK T CFS-GFC 204 FE iy BR TR 2% .

1.247, 1.837,
2 d 2
1.19f, izg’ft 1.76f, ;(1)‘7&:
1.14f, 1.48f, 2:22f2
1.52f, 230/
237
1.09f, - 1.68/, = 2.452
(a) FCnZh (b) XHFR
e 1.92f — .
U oo N : Z;Zf
2.06/: : 1687 1:94§:
1.857, g;‘; — Y 2031
L 1.77 2.28f 597, 2111,
(7 % = |2.357 2201,
2.42f
1707, 2501, 1.51f,
l W2 f
(c) IR (d) AR

E 16 EFRE T m A E

Fig. 16  Longitudinal stress diagram of foam concrete
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Tab.6 Comparison between calculated value of standard formula and test value
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P/kN N, ;/kN N, /P, N, /kN N,1/P, N, +/kN N, /P, N, c/kN N,.c/P,
7140-900 206.28 181.84 0.88 244.23 1.18 260.37 1.26 232.16 1.13
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7140450 210.43 181.84 0.86 261.56 1.24 265.79 1.26 236.97 1.13
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