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Overall Mechanical Property Analysis and Design Scheme
Optimization of Standard Plate-type Support

ZHANG Xin, ZHANG Fang, LU Jiahan
(School of Civil Engineering, Shandong Jianzhu University, Jinan ,Shandong 250101, China)

Abstract; The socket plate-type support has been widely adopted in the formwork system of construction
projects. While extensive research has been conducted on the joint stiffness and structural configuration of
socket plate-type support, there remains a lack of studies focusing on the overall mechanical performance
of the plate-type support under varying erection conditions. This paper addresses this gap by investigating
key factors such as the spacing of the vertical standards, cantilever height (a value), formwork height,
and materials used for primary and secondary keels. A total of 40 group schemes are established,
including configurations with purely support structures without primary and secondary keels, as well as
those incorporating beam-supported formwork. Using finite element software ANSYS, the study conducts
a comparative analysis of the influence of these factors on the overall mechanical performance of the plate-
type support. The analysis results show that the cantilever height has the most significant impact on the
ultimate load-bearing capacity of a single vertical standard, with the load-bearing capacity varying by a
factor of two times between the maximum and minimum limits specified in the standards. Additionally,
the spacing of the vertical standards has the greatest effect on the mid-span deflection of the secondary
keels, with higher bending strength keels allowing the plate-type support system to fully utilize its
mechanical performance. Based on theoretical calculations, this paper provides a reference table for
support formwork in concrete slab construction, which is validated through practical application.

Keywords : plate-type supports ; mechanical properties; keels ; ultimate bearing capacity ; deflection ; finite

element analysis ; optimization
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Fig.1 Structure of the plate-type support

formwork system
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Fig.2 Layout of the standards
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Table 1 Design for the support construction scheme
S SEFFE] S IKEFFH i/ a/mm s [ A}
mm mm m a, a, as Ay FFA
ES! 600x600 1 500 5.5 350 450 550 650 B b 2 85
EY 600%900 1 500 5.5 350 450 550 650 B 2 85
FE3 900x900 1 500 5.5 350 450 550 650 el 2 5
EX! 900% 1 200 1 500 5.5 350 450 550 650 (H) b 2 5
TES 1 200x1 200 1 500 5.5 350 450 550 650 H] e 2 5
FE6 600x600 1 500 8.5 350 450 550 650 fH] b 2
FET 600x900 1 500 8.5 350 450 550 650 (e b 2 5
ESX 900x900 1 500 8.5 350 450 550 650 B b 2 5
Ve 900x 1 200 1 500 8.5 350 450 550 650 (] P& 2 5
FTE 10 1 200x1 200 1 500 8.5 350 450 550 650 E) P 2 5
Fx2 WRERBIEAREIT
Table 2 Design for formwork system construction scheme
s SRR KPR B a/mm FIHE/ wles 1% ) BHT
i/ mm I/ mm JE/m a, a, a; a, mm mm i
ED! 600x600 1 500 5.5 350 450 550 650  $48.3x3. 6 A 40x70 A#j [P 2 #5
VEY) 600x900 1 500 5.5 350 450 550 650  $48.3x3. 6 WHE 4070 A )b 2 5
FE3 900x900 1 500 5.5 350 450 550 650  $48.3x3. 6 AN 40%x70 A H] b 2 B
HE4 900% 1 200 1 500 5.5 350 450 550 650  $48.3%x3. 6 AUHE 40x70 Kt I B 2 5
FES 12001200 1500 5.5 350 450 550 650  $48.3%3. 6 AUHE 40x70 At )b 2 5
FE6 600x600 1 500 8.5 350 450 550 650 80x60x3 JTE  50x50x3 JrEE ] B 2 5
FET 600x900 1 500 8.5 350 450 550 650 80x60x3 TN 50x50x3 ENE  NIFE2
HES 900x900 1 500 8.5 350 450 550 650 80x60x3 JNE  50x50x3 HHE B 2 5
VE L) 900% 1 200 1 500 8.5 350 450 550 650 80x60x3 JIE  50x50x3 JrEE )P 2 5
F% 10 1200x1200 1500 8.5 350 450 550 650 80x60x3 A S0xS0x3 HHE kg2 B
“ENIPEESE BURIEAR S HUE, 2 M BS503R 3 Fos,
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Fig.3 Semi-rigid calculation model
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Table 3 Material parameters of plate-type support

IMEGHK, BER(5E)/ iRy PR/ BRI R/ PR .
A =) /mm mm cm? cm* H#/em® (kN - m™) (N + mm™) THHL
SEAT 48.3 3.2 4.53 11.58 4.80 7 850 2.06x10° 0.30
IKFAT 48.3 2.5 3.60 9.46 3.92 7 850 2.06x10° 0.30
RHF 48.3 2.5 3.60 9.46 3.92 7 850 2.06x10° 0.30
BUR 48.3 3.6 5.06 12.71 5.26 7 850 2.06x10° 0.30
VK k=g 50.0 3.0 2.40 16. 94 6.78 7 850 2.06x10° 0.30
VN 70.0 40.0 28. 00 256. 00 64. 00 550 9.50x10° 0.45
i 1 o, SRR B B 0, S04 IR A R EOH ]
L Lo NN 3) B ST E 1 B0 K, R 7 T B 28
TR \ T3/ o AR ST (8] B[] BRI 300mm , B
e / \ HRST AT BR AR 2 1 T W 1% ~ 3. 4% ; 24 57 4T [ B
! 0.577 214; “107317“:}( )27“,:.;(‘,14:”“4{(,)179 19518 ! r;(zuw * l‘uz 142}‘ };‘0:7214 fuj))j $sse3s XXIJEJ i jJ[] 300mm N glnc 'TZI: i% W 1:& BE 7’;’( ﬁ jj F IK%
a BRI Rl-q, b 3k Rl-a,

0 59664 111933 1167899 2.238
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Fig.4 Finite element displacement of plate-
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Table 4 Ultimate bearing capacity of single standard of
plate-type support kN
. PARR ST AR PR AR 3R
TR a; =350mm a,=450mm a;=550mm  a,=650mm
VES! 120. 07 97.74 79. 61 65.28
EY 116. 47 94.92 76. 09 62.39
HE3 113.63 92. 49 75. 84 62.2
EX! 111. 60 91.11 73.11 59.59
HES 108. 25 86. 60 70. 49 57.80
VEX 118.75 96. 66 79.26 68.32
VE X 114.95 93.75 76. 87 61.50
EX 111.50 90. 86 72. 82 59. 64
TE9 109.97 89.73 72.33 57.86
FE 10 107. 55 87.37 70.77 56. 62
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Table 5 Ultimate bearing capacity of the steel pipe +

wood brace formwork system (N - mm™')

FE IR W R R
Ve WU (Pp48. 3%3.6) AA7 (40mmx70mm)
a; =350mm  a,=450mm  a;=550mm a, =650mm
ES 23.35 18.68 15. 69 12.55
VE Y 15.32 11. 80 9.32 7.55
FE3 10. 35 7.97 6.37 4.91
VEX! 8.23 6.51 5.21 4.17
FES 5.83 4.49 3.59 2.73
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Fig.5 Finite element displacement of secondary keels of the formwork system
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Table 6 Ultimate bearing capacity of the square

steel pipe formwork system (N-mm™')

FIEMEL T
kS (100mmx50mmx3mm )

WA R O A

(50mmx50mmX3mm)

a; =350mm @, =450mm  a;=550mm a, =650mm
VEX 88.91 70. 24 55.49 42.73
FET 58.22 44.24 34.06 26.91
VE R 38.96 30. 54 24.13 18.82
VEL) 31.95 25.24 19. 56 15.45
10 20.33 16. 26 12.83 9.99
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Table 7 Reference for formwork support of concrete floor (steel pipe + wood brace) mm
5 TSR+ AR 5 T
h<200 200<h <300 300<h <500 500<h <600

PR R R A = IR AR A R

SRR AL STAT(p48.3%3.2) HEFFFFHT (p48.3%2.5)

N .. FEI B MR RN (48. 3%3. 6, 1183 2. 7 BEJE
EKERAHE R Rt At i) B0

AT IR 900% 1 200 900x900 600900 600600
AT PR AR TR KT 2 350~ 650
8 BEIBNIEBRWNSE(FTWNE)
Table 8 Reference for formwork support of concrete floor (square steel pipe) mm
S TR BE MR
h<300 300<h <600 600<h <1 000
SRR R PR Y A 40 2 S AR AR AR AR R

SCHESR AL SEAT (48, 3%3.2) HKPAFFIRHT (p48. 3%2.5)

. X T ERRL . I BT (80X 60x3

£ KRARE mﬁ%;/?*ZTd;%gfgoi(50x3) ,I‘Eﬂéﬁ 200

AT 1 200x1 200 900x1 200 900x900
AR R 2 AR T2 KT B 350~650

DX, BT T DR, 9 A 2% B w4 DAL, B ) % LA
PO 4 FER> 1 ~3 SRR ¢ TR SR EE
oS m R 61 998.74m’, ML R & K R
32452.97m*, EE RN 1 S, 2
SRERINVA S, 3 5 MRS B A, BEHRZ I H
H1 300mm JEAEHR , SRR R 4. 6m , i MEAUR TSR
Aoy 268 R P e SRR g | O ey SR 4 e Tt T
T RESRIATIRT
4.2 HENE

BEASCEE RN T 300mm REM SRS BT 5
HRHEF 7,8 Bit 2 Fh SRR T 2, SR TR B 4
A IR R LTS R p48. 3%3. 2, K FFFFI
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JE G MR ASAR
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& IRIFE A 900mm , 3 6B 15 FE o 900mm ; sE AT 1R
1 500mm , SEAFTERINZE A 1 000mm ; SEAFH K AT
Z AP TRFER BE A 300mm , 37 AT HAT 545 01 2R B
k7 300mm ; "8 ] P IT AAE 17) BEF 2 BT

2) 5% 2, AFEIEE 1 500mmx1 500mm, K 1%
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Fig. 6 Standard plan for each scheme
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Fig.7 Finite element displacement for each scheme
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Table 9 Finite element results for construction schemes

Ee] ST T T LS
VES! VEY
RIEBBEE vy /mm 1.80 1.00
WIB PRI 7/ (N - mm™) 0.91 9.68
W B R oy /MPa 8. 14 60. 67
FRHEBE v/ mm 1.45 0.55
F BB R 7 /(N - mm™?) 29.47 34.49
F I HHE o ./ MPa 189.79 196. 86
S FFRE T oy /MPa 87.18 146. 14

K, B Z 2 SRR B 12 R T &
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R ERERE, TR MR 2 w18
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