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Study on Calculation Method for In—plane Stiffness and
Bearing Capacity of Thin—walled Steel Composite Floor
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Abstract: In order to investigate the in—plane stiffness and bearing capacity of cold—formed thin—walled steel
composite floor, a floor model was established through ABAQUS software and verified by the in—plane cyclic loading
test results. Further, the effect of different parameters on the in—plane stiffness and bearing capacity of the floor
model was studied. The results showed that the influence of the joist size,the opening area and spacing of joist web,
flat strap and blocking layout on the in—plane stiffness and bearing capacity of composite floors was insignificant.
The in—plane stiffness and bearing capacity of composite floors can be improved by decreasing the screw spacing and
the length—to—width ratio of floor. The change of slab thickness in the range of 20~40 mm had a certain effect on the
in—plane stiffness and bearing capacity of composite floors. Based on the failure modes and mechanical behavior of
composite floors, the ultimate bearing capacity of floor can be estimated by the load—carrying capacity of the single

self—tapping screw and the number of self-tapping screws connected on both sides of floor. The calculation method
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for in—plane stiffness of composite floors was established based on the degenerate quadri—polyline model, which pro—

vided a theoretical basis for engineering design and application of thin—walled steel floors.

Key words: cold —formed thin —walled steel; floors;stiffness and load —carrying capacity ; calculation method;
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Fig.1 Construction of composite floor FL-2
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Fig.2 Finite element model of composite floor
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Fig.3 Comparison of damage characteristics of composite floor
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Tab.2 Analysis results of screw spacing models
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SP-1A 125/125 1174 020 1663 1.03 293.4 9.57 249.4 14.36 596.5
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Fig.5 The effect of screw spacing

HE S, &2 008 1) SJELIRETRIEE N 125
mm, FEEET A EEAR RN 125 mm 3 2 500 mm B,
PTG (A B W BE AR R FRAIG 1.9% 71 7.6% , 1% PR Any 2
WK FEAR 0.3% M1 1.3%; 24 A BRET [R] B 4 125
mm, JEIZET RIFEAR R 125 mm 35 2 500 mm B,
PTG B SPE I BE AR B AR 52.3%F1 48.3% , 1 PR Aot
BRI AR 44.7% .25 JE M2 4T TR #E K 250 mm, H ]
TEETTRIFEAR R M 125 mm 3 E 500 mm B, #2855 R0
P I BEAK IR AR 2.99% F11 13.6% , 1% R f 28 1K TR [ AEG
0.7%H1 0.2% ; X [BIBRET A5 250 mm, J& 2%
TEJHEAR YN 125 mm 3 2 500 mm B, 15 55 A SRR
FER R AR 52.8% 1 49.9% , 1% BR i 285 48 Yk PG
44.9%FN 44.5%. 5 JE I IRET ] FE A 500 mm, H[A] 3R
ETTRIFEAR RN 125 mm 3 & 500 mm BF, #4555 A
I BE A YR FAR 5.8%F1 17.7% , % R 1y 244 TR P A%
0.2%H1 0.6% ; 24 [RIIRETE]RE A 500 mm, J&] 1 82ET
T EEAR N 125 mm 3 2 500 mm B, 15 55 A SRR
JEE R UK AR 55.8% F1 52.3% , 1 B 107 28406 Yk P& AR
44.39% 1 44.7%.2 ) F TCIZET (A1 FE 252 0w 21 & 44 55 1T
W2 SPERER B BN R, X T R 24T 6] BE AR ] Y
BRI, Phe A e PR AT T S X o e A O JBE AR 4% BB
HRE TR SEMa /I TG T r (]SR4T (8] R AH [
(AR TR | A A R A WA T T B XA 5 T A RO JE A 4% B
BOKE IR B Z MK, 3) 8/ A BOIRET 8] #E v]
B A AR 35 Y T M 32 1k RE.

TE TR, S B8R AR A B B 0 Sk
[L4]H BT ] B %) 0, i 180 J) 0 BT i) B B Ry R
FRUBH B0 FE AR E0RT 150 mm AYHRe/ME,  Hh1AJER
ETTRIFRISCN JE iR T TRl R Y 2 5.

2.2 BiREE RN

TR T AR H AR A B TR A R S U A
JEEEM 20 mm & 80 mm. A5 FRIOCHEARYSPERI B K 4%
W Bk a8 T R RS L2 3. RAOHRJEE B Xop 2 A5 = i
PP I RS IS i 282014 5 i) T £ UL I 6.



36 R RS A4 (A AR BE R

2019 4F

®3 RREEEBESTER

Tab.3 Analysis results of floor thickness models
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fmm AN /mm /AN /mm AN /mm AN /mm mm™)

C20 20 1124 025 1604 1.16 280.9 9.62 238.8 14.31 458.1

C30 30 1144 022 1622 1.11 286.1 8.78 243.1 14.38 519.6

C40 40 117.0 020 166.1 1.05 292.5 8.89 248.6 13.69 585.4

C50 50 117.3 020 167.6 1.08 2932 9.64 249.2 14.54 589.9

C60 60 1173 020 1644 1.03 2933 9.09 249.3 14.67 590.9

C70 70 1176 020 162.6 1.00 293.9 9.23 249.8 14.06 601.2

C80 80  117.8 0.19 162.1 098 2945 9.23 250.3 14.34 611.9
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Fig.6 The effect of floor thickness
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Tab.4 Analysis results of joist dimension
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C205-400 400 116.9 021 1659 1.00 292.2 8.64 2484 14.05 566.6
(255-400 400 116.5 020 164.7 1.05 293.6 8.89 247.5 14.01 585.4
C305-400 400 117.3 0.19 161.2 1.00 293.3 8.74 249.3 14.09 603.5
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Tab.5 Analysis results of floor joist opening area models

AR EHRE OERBE RERE BomE RE

B Rl
i FE oA R A R AL B A MG
Rhom 4N jam AN /mm AN fom AN jmm mm?)

Co 0 1170 020 166.1 1.05 292.5 8.89 248.6 13.69 5854
C30 30 1164 020 1724 1.05 291.1 9.52 2474 14.12 571.8
C40 40 116.0 020 167.5 0.96 289.9 9.52 246.6 14.12 568.3
C50 50 1164 021 1713 1.03 291.1 9.52 2474 14.12 5654
C60 60 1164 021 1682 090 291.0 8.32 2473 1243 562.6
C70 70 1164 021 170.5 1.05 290.9 832 2473 13.81 562.0
C80 80 1156 021 166.6 0.99 289.0 8.32 245.6 13.81 560.8
C90 90 1163 021 170.7 1.06 290.9 832 2472 13.81 5614
C100 100 1162 021 171.0 1.07 290.4 8.32 2469 13.82 557.2
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Fig.9 The effect of floor joist opening area
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Tab.6 Analysis results of floor joist opening spacing models

1 PR B 4 i R R
Him ﬂ;}g SrERB EMRETEB BRBTE BERBE RilfE
G i P, A P A P A P, A /(kN-

e/mm AN /mm /AN /mm /AN /mm /AN /mm mm")

S300 300 117.0 022 1662 1.08 290.2 832 248.6 13.69 533.8
5450 450  116.1 021 170.8 1.08 290.6 832 246.7 13.87 554.4
S600 600 1162 021 1694 1.07 2904 832 247.0 13.85 554.3
S720 720 1162 021 169.3 1.07 291.0 832 246.8 13.86 562.6
5900 900 1164 020 1682 1.00 291.1 832 247.3 13.80 577.8

S1200 1200 1164 020 169.7 1.06 290.6 8.32 247.4 13.85 581.7
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Tab.7 Analysis results of floor aspect ratio models

e MMERTB EMRETEC WRBYE BOREE ?

ik
R

gy I
. K5E
s P A P A P. A. P A KN

A AN fum AN /um AN um AN /om mm)
W-18 05 1204 020 1801 120 3010 845 2558 14.16 6074
W-36 10 1170 020 1661 1.05 2925 889 248.6 13.69 585.4
W-54 15 1169 023 1834 125 2924 837 2485 14.16 S01.9
W-72 20 1168 028 1704 128 292.0 893 2482 14.07 4205
W-108 30 1123 032 1649 120 280.7 873 238.6 11.62 348.6
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Tab.8 Analysis results of floor supporting

system layout models

gy HRE EEME wAmE e A
ge P A P A Pu An P A /KN

AN /mm /AN /mm AN /mm /N /mm mm?)

SPO  116.0 020 1757 106 2899 874 2464 14.11 568.8

SPI-A 117.0 020 166.1 1.05 2925 889 248.6 13.69 585.4

SPI-B 116.7 020 167.1 101 291.7 832 2480 1383 588.6

SPI-C 1174 020 1701 1.01 2935 832 2494 1383 599.1

SP1 117.0 020 167.8 1.02 2926 851 2487 13.78 591.0

SP2-A 117.1 020 1684 1.00 292.8 924 2489 13.13 596.4

SP2-B 1173 020 1679 1.02 2932 852 2492 1386 597.8

SP2-C 1173 019 1685 1.03 2932 899 2493 1401 605.8

SP2 1172 020 1683 1.02 2931 892 249.1 13.67 600.0
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Fig.15 Mechanical mechanism of composite floor
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Tab.9 Comparison of in—plane ultimate capacity

of floor between test and equation

B HRREARER RO BOREIIER ABURET Pa

R REIT PN RS PN [ s/mm /P,
FL-1 212.76 2.88 125 1.24
FL-2 267.50 4.43 125 1.01
FL-3 251.68 3.71 125 1.14
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Fig.16 Degenerate quadri—polyline model
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Tab.10 Comparison of in—plane stiffness

of floor between test and equation

AR/ (KN-mm™)  ARZER/(KN-mm™) 85045 RN g R

K I-est K 2-test K 3-test

K I-test Kl—te‘t K}—t»t KI e KZ‘?II KZ‘NI /K /K /K
I-eq 2¢q 3-eq

FL-1 2368 264 157 2167 249 171 1.09 106 092

FL-2 6156 533 123 8176 495 127 075 108 097

FL-3 7004 530 194 789.0 580 264 089 091 0.73
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Fig.17 Finite element model of composite structure
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Tab.11 Distribution of horizontal load

in each layer of the model

e AT gamean kv R
o P8

/(kN-m™) W1 w2 w3 W1 w2 w3
1 1.12 1111 1112 1111 333% 33.4% 33.3%
2 1.68 8.42 8.43 8.42 333% 334% 33.3%
3 1.83 4.39 4.40 4.39 333% 334% 33.3%
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