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Abstract; This paper was proposed in order to study the influence of performance defects of
components and fittings on the stable bearing capacity of fastener-style formwork support system,
and according to the experimental results, provide a useful reference for the layout of components
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and fittings with performance defects in the support system in practical engineering. By writing
Python script to drive ABAQUS, the stochastic finite element analysis of the bearing performance
of different numbers of poles under the action of different degrees of performance defect factors
was realized, and the influence of deep / shallow coupling of single factor and multi factor
different performance indexes on the bearing capacity of the system was discussed respectively ,and
the spatial distribution and instability mode of defective components under the highest / low
bearing capacity of each working condition were inversely output according to the calculation
results. If the distribution position of components and fittings with performance defects ( from the
number of vertical rod rows) appears in a full row and concentrated state, the stable bearing
capacity of the frame body reaches the lowest; Moreover , the instability mode of the support system
will change under the performance defects of different isomorphic accessories and the sampling
proportion. During the erection of the support system, the defective components and fittings shall
be matched, dispersed and used at intervals,and the defective components and fittings shall not be
arranged in full rows and close to each other as far as possible, so as to prevent the overall
instability and collapse of components and fittings due to the overlapping of weak stability
directions.

Key words: fastener-style formwork support system; performance defects of components and
fittings ; factor coupling ; stochastic finite element;stable bearing capacity
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Table 1 The steel pipe size and performance

parameters
EiEL7D D/mm t/mm E/MPa
¥l 48.057 0.0548  2.06x10°
brifE 2 0. 548 0.267 8 5150

WAL, SR T O A T 2R 2
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48.3 mm x3.6 mm, PR, 4% BB HL Y 2L
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GRS TR B 94 B R, 2,06 x 107 MPa
VER AR R R S8 4IRS TR A s 6 )
B, LU TG B S P 254 1 R BIYE ) (JGI
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S 35(kN-m)/rad, SCHk [ 15 ]38 1 % i T30
Y04y B 00 5 A TS B D A5 A R % B
W EE iR N B R IE & 4 A, 3 E R
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Table 2 The influencing factors and performance indicators

TUH D/mm t/mm E/MPa SPR/( (kN-m)-rad ")
HUE 1 47.16 (97.6%) 2.397 2(66.5% ) 1.98 x10° (95.9% ) 7.5 (30%)
B 2 48.057(99.4% ) 2.8377(78.8% ) 2.06 x10°(100% ) 12.5(50% )
B 3 48.3 (100% ) 3.6(100% ) 2.14 x10°(104.1% ) 19.5(70% )
B 4 — — — 22.5(90% )
HRfE 5 — — — 25(100% )
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Table 3 The coupling mode of influencing factors
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Fig. 1 The stochastic finite element analysis flow of multi factor deep / shallow coupling support system
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Table 4 The statistics calculation results of system stable bearing capacity under the influence of single factor

AT I 40% STAHA R E AR T W 60% ST ATA R E AR S I 80% ST ATA RARE KA T
(HEREsEbR) ¥IfE/N FrifE22/N ¥IE/N FrifE22/N BM/N FrifE22/N
D(97.6% ) 13 319. 12 1.33 13 293. 42 1.37 13 267.92 1.18
D(99.4% ) 13 360. 17 0.37 13 355.02 0.27 13 349. 93 0.26

1(77.8% ) 13 239. 39 2.91 13 173.58 3.08 13 107.25 2.55

1(66.5% ) 13 132.47 5.51 13 011.29 6.04 12 889. 05 5.04
E(104.1%) 13 396. 42 0.70 13 409. 44 0.59 13 422. 42 0.57
E(95.9% ) 13 342. 64 0. 69 13 328. 81 0. 69 13 314.93 0. 54
SPR(90% ) 12 948. 39 11.43 12 742. 02 11. 80 12 537.75 9.25
SPR(70% ) 12 025. 51 34. 14 11 373.07 35.82 10 732. 82 27.87
SPR(50% ) 10 975. 08 62.06 9 833.27 60. 43 8 714. 59 47.89
SPR(30% ) 9 769.26 95. 42 8 077. 10 96. 91 6 441. 48 71.01
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Fig.2 The location distribution of defective fasteners
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Table S The mean value of deep/shallow coupling stable bearing capacity with partial multi factor functional

degradation N

ANTFISEAT i L R IE AR S

SEM A R (PEREARTR)

ANFISLAF &7 LR Z RS

AP 40% AT 60% SRR 80%  SiAT R 40%  STAT A 60%  STAT S F 80%

D(99.4% YE(104. 1% )SPR(90% ) 12 961.59 12 762.29
D(99.4% YE(104. 1% )SPR(70% ) 12 036. 11 11 388.99
D(99.4% YE(104. 1% )SPR(50% ) 10 980.89 9844. 13
D(99.4% YE(104. 1% )SPR(30% ) 9 769.21 8 083.83
1(78.8% YE(104. 1% ) SPR(90%) 12 859. 10 12 609. 17
1(78.8% )E(104. 1% )SPR(70% ) 11 957.95 11 281.97
1(78.8% ) E(104. 1% )SPR(50% ) 10 933.88 9771.34
1(78.8% )E(104.1% )SPR(30% ) 9 745.79 8045.75

12 564. 80 12 963. 45 12 764. 38 12 566. 42
10 753.01 12 040.23 11 392.19 10 754.23
8 728.27 10 983. 64 9 808. 15 8 726.32
6 446. 50 9 783.07 8 054. 88 6 447.35
12 362. 18 12 850. 53 12 601. 16 12 358. 67
10 611. 95 11 930. 96 11 251.32 10 599. 13
8 644.00 10 881. 07 9724.89 8623.28
6 405. 08 9 684.58 7 985.21 6375.22
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Table 6 The standard deviation of deep / shallow coupling stable bearing capacity with partial multi factor

functional degradation N

ANFISEAF 5 HOF )2 RS

SEMN 2R (PR EfEAR)

ASEISEAT & HE R RS

AP 40% ST H 60%

VAP 80% SIAFA L 40%  SiAFS L 60% A 80%

D(99.4% YE(104. 1% )SPR(%0% )~ 12.35 11.41
D(99.4% YE(104. 1% )SPR(70% )~ 34.10 34,88
D(99.4% YE(104. 1% )SPR(50% ) 62.10 60.81
D(99.4% )E(104. 1% )SPR(30% ) 100.73 99.46
1(78.8% ) E(104. 1% ) SPR(90% ) 13.04 13.14
1(78.8% ) E(104. 1% ) SPR(70% ) 35.72 34.76
1(78.8% ) E(104. 1% ) SPR(50% ) 62.70 61.25

t(78.8% ) E(104. 1% ) SPR(30% ) 101. 06 100. 99

9.61 11. 56 11.55 9.43
28.22 33.97 36.01 27.60
48.80 67.27 60. 40 46.79
69.19 103.43 95.58 70.97
10. 61 9.71 9.70 8. 60
28.78 33.12 33.29 26.71
48.63 59.12 60. 06 46. 60
72.95 9.72 93.32 68.77
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Fig. 4 The distribution of defective components and fittings under different coupling degree and proportion

of vertical pole when the stable bearing capacity is the highest / lowest
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Fig.5 The instability mode of deep / shallow coupled support system

M 4 7 AE L REREIE T 77
TP R BRI AL TC 2 A 7 B AR T (AASE
FHAFRC R, B IO F I HE EARAR ) | R
PRRBI A, BLX Mo A LR BEE B A B
BEFTE B S LR ST S e

BV DI N AN Y VS S
P B B T BE B B 1 0 o A 3 R
SE AFAEVEREBRIE AT, 751 R 3R o L
o ELAT B R T (A SEATHREL B s B 40
PERTAE R SCAT I HE ELARAR ) | R AR 3800
MU, I H, X R A AU BEE B SR AT
RS LR ST B B, tesh, IIET 4
(b) ((d) Al i, 2 D E SPR PERERS 152
PRty DL IR I H BEAE —ARSEAT, HAZRATF
AN R 408 b A (R ) R R ) | 4R
PRIRE 1B

i35 HIE 5 XA RS AR I
A5 18] B R Z0R AT SR A
PE P HE AR A

4 4 e

() BRZESHH, Dt E =FhIHE M
REAR AL XS T A 2 B2 AR 4807 16 5% i O B
i, SPR PEBEIR T X 1A F B 7k 48 ) 15 i)
ek, Hr, X4 SPR MEREFE RN 30% |,
BT AR5 He A 80% I, R s R 35 1 T [ i
%, M 51.8% . WA TE SPR VERETE bR 30%
IZAET , fEU S FF & LR 40% F1 60%
I, LA I 14 2 TR A7 3 A % B K

IR, A YA IR E) 80% B,
LA BB A2 )7 B o A A e AR 38
SN,

(2) ZHRMME XRS5 m L SPR h
T, HigmfeERiE SPR YGRS b5 0y $2
1o I T REAIR

(3) KT B B R e T A5 553 4 ] AR —
3, HAPEBE B BE F0 R 10 o A A B
M A 18 S e 2, DT XS 2484 ) S 7R 2
T, S5 ETHRE R AN R AR
SRR TC A A5 0, P S Rl A AR
()2 Al | SCPE IR R 5 O 2 v AR AE R 1Y
FATC A LA TE | 43 a) B P ol o L
A BB R TC AT HE | AR A

S Sk

[1] D52 okl skl 55 BB S IR R P

B[], AR TR 54 B 4R, 2018, 35
(4).137 - 145.
(HE Fangdong, ZHANG Xiao, ZHANG Wei,
et al. Regularities for collapse accidents of
formwork support system [ J]. Journal of civil
engineering and management, 2018, 35 (4)
137 -145.)

[2] JIAL,LIU HB,CHEN Z H,et al. Mechanical
properties of right-angle couplers in steel tube-
coupler scaffolds [ J]. Journal of constructional
steel research,2016,125:43 - 60.

[3 ] REAESR  sKOSME BB, 45, dnih U A R A
SCHRIA FIRE T TSR] TR HTR
el (AR BESA ) L 2019,35(2) £ 246 -
254.

(LU Zhengran, ZHANG Maosheng, ZHAO
Mingge, et al. Reliability study on bearing
capacity of fastener-style steel tube formwork
support system [J]. Journal of Shenyang



870

Tk B B OR E eE R (A SRR )

%38 %

[10]

[11]

[12]

jianzhu university ( natural science ) , 2019, 35
(2):246 -254.)

FNK BRSBTS A SR AUK
BRI SE [T]. Tk #57, 2018,48 (1) :
150 - 156.

(SUO Xiaoyong,ZHANG Jinlun. Research on
bearing capacity of fastener-style steel tube

support system with imperfections [J].
Industrial construction, 2018, 48 (1) 150 -
156. )

ZHANG H, CHANDRANGSU T,

PASMUSSEN K J R. Probabilistic study of the
strength of steel scaffold systems [J].
Structural safety,2010,32(6) :393 —401.
CIMELLARO G P, DOMANESCHI M.
Stability analysis of different types of steel
scaffolds [J]. Engineering structures, 2017,
152535 - 548.

AR TR AR, SRR LA ES N R N
BT ARERBE ST ], SR (A AR
2F0R) ,2021,49(2) 188 — 194,

(ZHAO Zhongwei, ZHANG Hongwei, WU
Gang. Axial bearing capacity of circular steel
pipes with random pitting corrosion [J].
Journal of tongji university ( natural science) ,
2021,49(2):188 —194.)

IREAE LA 5 1 5 S AR i 5 e IR
SREE R TR T ] HUCT AR, 2015,39
(10) ;74 -78.

(XU Shanhua, REN Songbo. The calculation
model of elastic modulus and yield strength of
corroded steel [J]. Materials for mechanical
engineering ,2015,39(10) .74 -78.)

LIU H B, ZHAO Q H, WANG X D, et al.
Experimental and analytical studies on the
stability of structural steel tube and coupler
scaffolds without X-bracing [J]. Engineering
structures 2009 ,32(4) :1003 - 1015.
CHANDRANGSU T, RASMUSSEN K J R.
Investigation of geometric imperfections and
joint stiffness of support scaffold systems [J].
Journal of constructional steel research, 2010,
67(4) :576 - 584.

PENG J L, CHAN S L, WU C L. Effects of
geometrical shape and incremental loads on
scaffold systems [J]. Journal of constructional
steel research,2007,63 :448 —459.

FRAEAE. w8 IR SCHE AR 28 ) 5 2 43 A7 45 0F
FE[D]. P P92 HFRHE RS, 2012,

[13]

[14]

[15]

[16]

[17]

[18]

( CHENG lJiajia. Computation and analysis of
reliability on high-formwork support system
[D]. Xi"an; Xi’'an University of Architecture
and Technology,2012. )

i E A SUREF AT B SR T A0 AR R A
T 4822 A FORMLYE - JGT 130—2011 [S].
Jemt . AR Tolk H AL, 2011
(China Academy of Building Research. Technical
code for safety of steel tubular scaffold with
couplers in construction; JGJ 130—2011 [S].
Beijing: China Architecture & Building Press,
2011.)

A N R LA A 5 R & B 8. SR
T B S 4% 45 44 £ R L : JGI300—2013
[ST. dbat: AR Tl i ik, 2013.
(Ministry of Housing and Urban-Rural Development
of the People’s Republic of China. Technical
code for temporary supporting structure of
building construction: JGJ300—2013 [S].
Beijing: China Architecture & Building Press,
2013.)

TR R R S AR 0 T S 1k A S 22 4
PEPEH [ D], b5t AL AT 5giH K24 ,2010.
(LIANG Renzhong. Reliability analysis and safety
evaluation of high falsework [D]. Beijing:
Beijing Jiaotong University,2010. )

SRR PR Ak BT T
it s AT o (7], LR J14%,2012,29

(2).:107 - 113.

( CAI Xuefeng, ZHUANG lJinping, ZHOU
Jizhong. Experimental research on torsional
performance of right-angle coupled steel pipe
joints [J]. Engineering mechanics, 2012, 29
(2):107 -113.)

e N REFN R D IR & 8. A S
TR 2 4 H AR RS JGI 162—2008 [S].
e AR Tl S A ,2008.

(Ministry of Housing and Urban-Rural Development
of the People’s Republic of China. Technical
code for safety of forms in construction: JGJ
162—2008 [ S]. Beijing: China Architecture &
Building Press,2008. )
5K P o RS S 5 AR i 172 4 XU A
WHFE[D]. P44 PH R AR HIRHERY:,2012.
(ZHANG Hu. The study of high-formwork
support system’ s construction safety risk
management [ D]. Xi’an; Xi’ an University of
Architecture and Technology,2012. )

SRR (XIFE SR YN )



