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Abstract :  This paper describes a new type of container assembling house roof frame assembly made of prefabricated lightweight
steel components connected with bolts. In order to study its structural performance, a full-scale bearing capacity test
was carried out on the assembly, the change rule of displacement and strain under different loading levels was
analyzed, and the mechanism of force transmission and failure modes were investigated. The test results show that
the roof frame assembly of the new container assembling house has a high load-bearing capacity. The failure mode of
the tested specimen is mainly manifested as follows: while the main beam on the long side undergoes bending and

torsion deformation, the secondary beam on the short side undergoes buckling damage. Using ABAQUS finite
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element software, a finite element model was established to compare the load-displacement curves at each key

position, and the finite element model results were consistent with the test results. Based on the verified finite element

model, the influencing factors such as the cross-sectional thickness of long-side primary beams and short-side

secondary beams, the spacing of short-side secondary beams, the strength of steel, and the joint connection form of

primary and secondary beams were parametrically analyzed. The results show that increasing the section thickness of

long-side main beams and short-side secondary beams, reducing the spacing of short-side secondary beams,

improving the strength of short-side secondary beams, and optimizing the joint connection forms of main and

secondary beams can improve the load carrying capacity of the top frame assembly.
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Fig.1 Modular units and splits of container

assembling house
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Fig.2 Bolted connection joints
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Fig. 3 Roof frame assembly for container assembling house
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Fig. 4 Geometric dimensions of roof frame connection joints and long-side main beam cross-section(unit: mm)
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Table 1 Nominal and actual size deviation of long-side

or short-side main beams
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Fig. 5 Tensile testing of metal properties
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Table 2 Material property test data of roof frame

specimens
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Fig. 6 Displacement meter and strain gauge arrangement of roof frame assembly (unit: mm)
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Fig.7 Testloading (unit:mm)
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Fig. 8 Torsional deformation and moment-rotation

curves of long-side main beams
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Fig. 9 Test phenomena of roof frame assembly
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Fig. 10 Load-displacement curves of short-side

secondary beams
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Fig. 11 Load-displacement curves of long-side

main beams

TR A B v AT S 1/ 4 BT ) iy 48— 07 A 2 A 1k
SEACKAARL o I PR A i fin 349 A v 3R T BUE IR 2 )
Gy A AL St L DA A 55 v g RN 1/ 4 AT R 2L A
il A BT ) S VR T . LA A S29 . S31 K, 7E hn#k ) 15
T T 0 %) 75 I A 28R 1 B S e M K R B R 4

Fa b F bk TAEARES o M7 2838 3 1.48 kN-m I, 414
UG PL2 K5 i RN AE , 45 R 1 B A BB 1 T AR
—=— $29-PL2¥5 ik T —-—
—— S31-PL3 i ] —— ggg yﬂ% %53%%
—— S33-PL45 HA kAl —— S32-PL4-1/44%, 18]
—— S35-PL5 E —— S34-PL5-1/47 il
L6~ KRB “ EE 6, - R VAR AR
“T; 1.2 /4 ‘g 12 4
@ 0.8 @ 0.8
0 400 800 1200 1600 O 200 400 600 800 1000
RAE /1070 JAE /1070
a) B aE b) 1/4#k1H
B 12 JBiHRPREEH - T &

Fig. 12 Load-strain curves of short-side secondary beams
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Fig. 13 Load-strain curves of long-side main beams
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Fig. 14 Load-strain curves of joints
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between test and finite element simulation for key

measurement points of the roof frame assembly
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Table 3 Comparison of displacements of each cross-section under load effect combinations

| IR — B

R A4/ (KN-m™?) A5 A 5 K I A /mm ABEFAE/mm - /%
I {H
Y1 3.94 3.36 14.7
Y2 6.84 5.26 23.1
0.650
Y6 13.62 15.77 15.8
Y7 14.16 16.05 13.3
Y1 6.19 7.18 16.0
Y2 10.21 10.82 5.9
0.945
Y6 18.07 21.53 16.1
Y7 25.28 29.55 14.4
Y1 9.38 8.69 7.3
Y2 11.14 12.97 16.4
1.305
Y6 37.12 42.85 154
Y7 37.95 45.26 19.2
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Fig. 19 Load-displacement curves of roof frame
assemblies with different long-side main beam

section thicknesses
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Table 4 Effect of long-side main beam section

thickness on roof frame assembly load capacity

BR KA ERE#F/mm ¢/(kN\m™?) D/mm A%
M1 3.0 0.945 21.13 —
M2 2.5 0.945 23.35 9.93
M3 3.5 0.945 15.69 —25.74
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Fig. 20 Load-displacement curves of roof frame
assemblies with different short-side secondary

beam section thicknesses
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Table 5 Effect of short-side secondary beam section

thickness on roof frame assembly load capacity

A mRa R REEF/mm ¢/(kN'm ) D/mm  A/%
M1 1.5 0.945 21.13 —
M4 2.0 0.945 16.06 —23.9
M5 2.5 0.945 9.22 —56.3
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Fig. 21 Arrangement of spacing of short-side

secondary beams (unit:mm)
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Fig. 22 Load-displacement curves of roof frame

assemblies with different spacing of secondary beams
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Table 6 Effect of secondary beam spacing on roof

frame assembly load capacity

A FHRERE/mm ¢/(kN-m *) D/mm A%
M1 1034 0.945 21.13 —
M6 850 0.945 18.46 —12.6
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Fig. 23 Load-displacement curves of roof frame
assemblies with different steel strengths for

secondary beams
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Table 7 Effect of secondary beam steel strength on

roof frame assembly load capacity

WA EHRRERMES ¢/(KNem ?)  D/mm A%
M1 Q195 0.945 21.13 —
M7 Q235 0.945 16.65 —21.2
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Fig. 24 Connection type of primary and secondary

beams (unit:mm)
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Fig. 25 Load-displacement curves of roof frame
assemblies with different primary and secondary

beam connection types
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Table 8 Effect of primary and secondary beam

connection types on roof frame assembly load capacity

AR FEHBX  ¢/(kN'm?) D/mm A%
M1 ¥ —HE 0.945 21.13 —
M8 AR A B 0.945 19.23 —8.99
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Fig. 26 Simplified calculation model of the roof frame

assembly (unit: mm)
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Fig. 28 Comparison of roof frame assembly deflection

between theoretical and test values
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Table 9 Comparison between simplified model

theoretical and test values

A g/ (kN-m %) D/mm An/ %%
K, B B A 0.650 6.84 —
Y HEA 0.650 5.22 23.7
K B B A 0.945 21.13 —
A 0.945 16.81 20.4
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