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Experimental and theoretical research on capacity of unbraced steel
tubular formwork support based on sway frame with
semi-rigid connection theory

CHEN Zhihua', LU Zhengran' , WANG Xiaodun' , LIU Hongbo' , LIU Qun’
(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China;
2. China Academy of Building Research, Beijing 100013, China)

Abstract; Based on the three-column subassemblage model, the governing equations for determining the effective
length factor of columns in sway frames were derived considering the semi-rigid character of beam-to-column
connections. Through transforming stability analysis of the formwork support into that of single post, the bracing
capacity of steel tubular formwork support without X-bracing was calculated using the theory of sway frame with semi-
rigid connection. Advanced non-linear finite element models of six steel tubular formwork supports with different
geometric parameters were established considering the semi-rigid character of the couplers to evaluate the critical loads
and failure modes under idealized conditions in ANSYS. Six steel tubular formwork supports were built and tested to
failure in order to examine their stability behavior and failure modes. The FEM results were well consistent with those
of the test. Compared with the results of tests and FEM, the theoretical results have the same changing rulers with the
tests and FEM, and more conservative. It can conclude that the sway frame with semi-rigid connection theory presented
in this paper has feasibility and applicability in forecasting the critical load of unbraced steel tubular formwork support
with coupler under uniform load, and it is considerable to apply this theory in code (Technical code for safety of steel
tubular scaffold with couplers). The results obtained in this paper can be a significant reference for later research and
design.
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Fig. 1 Three-column model for sway frame
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Fig.2 Beam element restrained by semi-rigid connections
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Table 1 Rotation of coupler calculated using formula (10)

Fo4 B S0 30N - m o4y B 15N 40N - m FOt47 & R SON +m
M/kN+m 6,/mm &, /mm 0 /rad M/kN+m 6;,/mm §,/mm 0 /rad M/kN+m 8,/mm §,/mm 6 /rad
0.2 2.046  7.474  0.0270 0.2 0.244  5.281  0.0252 0.2 0.224  3.444  0.0161
0.4 2.281  11.921  0.0482 0.4 0.440  7.020  0.0373 0.4 0.506  4.486  0.0199
0.5 2.434  14.054  0.0581 0.5 0.584  8.644  0.0403 0.5 0.624  5.124  0.0225
0.6 2.544  16.144  0.0680 0.6 0.760  10.680  0.0496 0.6 0.728  6.088  0.0268
0.7 2.672  18.752  0.0804 0.7 0.960  13.220 0.0613 0.7 0.940  7.640  0.0335
0.8 — — ESIZUPN 0.8 1.170  14.810  0.0682 0.8 0. 948 8.968  0.0401
0.9 1.360  16.460  0.0755 0.9 1.118  11.158  0.0502
1.0 1.562  18.702  0.0857 1.0 1.266  13.486  0.0611
1.1 1.410  15.410  0.0700
1.2 1.522  17.502  0.0799
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Fig.4 Schematic of torsional stiffness test

on right angle coupler
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Table 2 Bearing capacity of formwork support without
bridging in different geometric parameters

R STAT SCATREIEE SEAMMHRTZ R R RES
5 HHE/m /m KFATEKE a/m /m /kN

1 1.80 1.50x1.50 0.55 8.05  8.25

2 1.50 0.90x0.90 0.55 8.25 19.54

3 1.50 1.20x1.20 0.55 8.25  10.21

4 1.20 0.90x0.90 0.55 8.05  20.39

5 0.90 0.60x0.60 0.55 8.05  16.08

6  0.60 0.40x0.40 0.55 8.05  22.80

(b) R4 (c) BRI
El6 A BRI B SZ 4L AR L

Fig. 6  Failure modes of formwork support
test model 1, 4, and 5 in FEM
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Table 3 Results of material coupon test

B PrhrmE EIRSREE FAESUE WUS MR TR

45 /MPa /MPa /MPa /% /%
1 455.45  403.40 2.07x10°  10.00 44.14
2 418.95 350.45 2.08x10° 13.76 39.27
3 436.35 370.90 2.02x105  14.92 42.01
W 436.92  374.92 2.06x10°  12.89 41.81
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Table 4 Summary of geometric dimensions

and critical loads for formwork support during test

WO SEFF SCAFEEE SIAFMHTUZR SRR RERE)
G5 HHE/m /m KPAFKE a/m /m /kN

1 1.80 1.50 x1.50 0.50 8.00 6.40

2 1.50  0.90 x0.90 0.50 8.20 15.40

3 1.50 1.20x1.20 0.50 8.20 12. 11

4 1.20  0.90 x0.90 0.50 8.00 17.18

5 0.90 0.60 x0.60 0.50 8.00 21.16

6 0.60 0.40 x0.40 0.50 8.00 20.52

(b) {4

x5 BEEIRREARBRNERTIHEER
5 &R bR
Table 5 Comparison of bearing capacity
between FEM analysis and test results
PSS 1 2 3 4 5 6
RELER/KN 6.40 15.40 12,11 17.18  21.16 20.52
AIRU4EHR/KN 8.25 19.54  10.21 20.39  16.08 22.80
WE/ % 28.90 26.89 -15.69 18.68 -24.00 11.11

TRIRAE A I B W R (8 S AT A B SEAT AL G P A 5
BB HO AR SR R AR E AR B B i S A
— S AESEAT A A [ 175 B0 T 9/ S2 AT 18] Bl
FESLAT AN BEAR )75 0 T D6/ N 200 B RE ol A S 2R
AT AR E i, B HGIER] T AT BROTAE A g 5
M IERME

5 HbE A% LA FROCEE AR A

SR FH TR 0B~ W 1 122 2 HE R B Xof TG S 4%
LS TG Y S YTERIE WA Bria iy - NI L G U 5 N
19— JBARAE 40 ~ 50N - m Z[8], fFr LA B T %0 4
H P HRET B 146 K 40N - m, FNFH; £ 35 5 0. 08rad
FIE A 55 Sl W EE SN « m/rad 1 Sy % 9 S 560 55 ) 2
R, BIHUE, IO FE el A 3 I 3 24 R 2 S e %
XL F T 6 4170 S HE A% 1 T B S 4 IR A 0

AR S, s (2) A (4) TR R Ml

[

Ce) WS

K9 TGS AR S SRR ARG (Y AR A 0
Fig.9 Typical failure modes of formwork support test 1, 4, and 5
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Table 6 Comparison of bearing capacity with all results

S BE/m SrEFRE/m *‘ﬁ%ﬁ:ﬁﬁ ﬁ%:ﬁﬁﬁ ﬁ%ﬁvﬁzﬁ I;if:%iﬁ% Iﬂifisﬁ FRIT

RIAEI/KN ARICE /KN BSR4 /KN R/ % R/ %
1 1.80 1.50 x 1. 50 6. 40 8.25 7.56 18.13 -8.36
2 1.50 0.90 x0. 90 15. 40 19.54 9.59 -37.73 -50.92
3 1.50 1.20 x1.20 12. 11 9.52 -21.39 -6.76
4 1.20 0.90 x0. 90 17.18 20. 39 11.65 -32.19 ~42.86
5 0. 90 0. 60 x 0. 60 21. 16 16.08 16.47 -22.16 2.43
6 0. 60 0. 40 x0. 40 20.52 22.80 25.36 23.59 11.23
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