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Analysis and Discussion on Mechanical Boundary Conditions
of Steel Modular Building Connections

YAN Jingtong" SHEN Lei YANG Tianbo
(Zhongsen Architectural & Engineering Designing Consultants Ltd., Shanghai 200062, China)

Abstract With the continuous advancement of industrialized construction and the progressive shift toward
green and low-carbon buildings, modular construction has seen increasingly widespread application in China.
However, in-depth research on the calculation boundary conditions and simulations of connections between
modules remains limited. This paper first reviews the assumptions adopted in the analysis of module
connections as reported in domestic and international literature. It then compares and analyzes simulation
results obtained under different boundary conditions for vertical connections between modules, followed by a
preliminary discussion. Furthermore, a comparative study is conducted on the ultimate failure modes of
vertical connections under seismic action, considering both hinged and rigid boundary conditions. Finally,
recommendations are proposed for simulating boundary conditions for both vertical and horizontal connections
between modules, aiming to provide guidance for the structural design of modular buildings.
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Fig.11  Comparison of time-history analysis of hinge joint

model and rigid joint model
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Table 3 Simulation of horizontal rod connections

Zﬁf HEREFTAE 73X
R 1 MG =AD7 130 i, 30 14() R
RS2 | TR WA AT B R EE, A0I&T 14(b)FTR
o FEHRFR ] — S W , AU AT F L,

I — IR AN I 1) e A EE  ANIET 14(e) TR

R 4 HEEFTR ST B0, Al 14(d)FTR
R 5 T W o RS Yl A A BE L A0 14(e) TR

2R K11 AT RS B250x100x 10 (mm ) , HiAY 72
I R ST 10 B200x 100X 10 (mm ) , 4% )2 B 5 (14 55
JEXE R 3.3 mo AR ) JECARCRN TR 25 A4 A7 EAH [R]
BT TR 2 R W42 | 454 A el 15 7
TN ZEFRERL N 16 T o AR 6 3 dE T S A s

RUHEAT 537 o
kL1 KL1
== =
by oA A o il
CLKLI KLI
J38m |  38m [ 38m [ 38m [ 38m  38m |
K15 2R

Fig.15  Structural layout
IRV A SR Bk 5 e 45 7 S AT 4y
e, HO T R IR 4, AT LU Y, Bk 5 R b ]
IR TR (R 30 52T S5 AR B S AR AR B T 22 7

i’i/J\O



Structural Engineers Vol. 42, No. 4

Structural Analysis

W\

A
0

T

o
\\v'
Y

s

150D

=
|

=

‘i
\
_:\,-,\\

Y
]

W\

b

i

4

\
T
i\

i

Y/

5 WD

Y

A
a2

=

AW
W

WA

Y

/

¥
M

A

il

M\
WL

W

-

K16 &itatsinyls
Fig.16  Structural model

MSEBRAE T HUBRBEA T 08T , SR I s &, AR
LT AL T O ) =5 103 A BRI
PR T 20 T 3 LT AR Y Z 07 1) 1 e )
LY, T 2200 1 AR A 25 A M A 138 2 MR A

PO BT B B AR, 0F T 15 ) o 4 4 R A T Y R Y
BRI AL 42

R — S, — W, o T A A
RGP AH ELXRR , P 4 2 R 2 P AR []
[ A 2 42 Al R P A o ) B e 4, — ek T4
TR L SRR AT T SN RO ICIE TR
A FIHHE LA, WAFFE PRSI

AR ] e BT A H Al 3 26 AF BT 31 /Y
FEARAZE B/ IN (B SR T 58 B e — T4
PRPXELLSE I . 258 BRI 2R SR ATAT 50T
L1 14 Ce) TRy SRR RLE SR Z 10 — T
T, BB b i I TR BT 2 5 — O, AR
TR B KU IR A BRI O, 0 R B
O T2 2 (0, A 2R T AT B BT i

*4 EETAEREMAXHSTER
Table 4 Results of different boundary conditions
ViR gt B 1 R 2 FH 3 R 4 FR 5
5N EIA T, (7 1) 0.949(Y) 0.950(Y) 0.950(Y) 0.956(Y) 0.950(Y)
S 2 Fh R T, (5 ) 0.862(X) 0.854(X) 0.860(X) 0.869(X) 0.863(X)
HEMEH Tk X 1/428(1) 1/428(1) 1/427(1) 1/422(1) 1/427(1)
R A (ES) 1/349(1) 1/348(1) 1/348(1) 1/344(1) 1/349(1)
5 %&£ B LR RS PRI R AR BRBE IR (ELJRE AT B

AR SOR B BAL R SRAS [ (9 300 5 261, b
Gt fi) MR- 1) AN R $T7 AR A SR 4T T2
PFraxs L, A3 2 LUT FEE58

(1) LA STAGH B LR 2 8] o et
e AR AT LU BRI RRR A A T D R VR T
s (O N 2R T, B ) N B
JRCAESERE R TR], A 45 AR TR

(2) BT B P 2 ] U8 i) 34 4 R B4 Bl 1
e TERE T B AR AR R —H A MZ T
PEREZE AN K 5 (EURESHHE A SBYERY B | )i
He hy B Al — HO BBV B, HOB A R R A
PR AR 5 BB B BE 5 SR W2 4, T0 AR
JERR G IINE R R T DUEIIRAE 1 B0k . Y
R 5 i) i Sy B AR A N )R X Al B A
HESRGEHE A7 W B AT R SR AR 0BT, %5 %%
SERIBVE B K AR UL, B PR KA T R A 8
HOEAREREREI

(3) BEBRE] AT 4, SR I RS R EHIT
W% | — S — i s sE BT, A4 R0t

B2 AN 7 175 &, EEBOR AT STk
UL, I EL 27 S8 12 M 1P i ) SF- 1T PN 25 R M, X
BRI T2 A, 8 DA B
AL 5 S B R KT R Y R R
3 S T AP A i) 68 1) 2 A A HHLRRL, ) 45 A
i T AL A

(4) DA_E XS a] 32 4 10 5 26 A F AU T 40
A BRI, R T 5 A 00 D BB A b B X 4%
AR RS PR O, 25 LIS 1Y i M A5 5
i PR 2R 2 ik BE A S — B TRABTIE

2 £ X #

[ 1] Wahid F, Yu B, Tuan D N, et al. New advancements,
challenges and opportunities of multistorey modular
buildings-a state-of-the-art review [J]. Engineering
Structures, 2019, 183(1) : 883-893.

(2] M, &—0, A 2R, 55 B AR R SRR 5 0 BEAR
Lok ok S e fa B3 1. mu I SR 05T, 2024, 50
(1):98-105.

Xiang Min, Zhang Yiping, Zhou Lian, et al. Research

and application status and future development trend



< GERL 53 H -

e D7 .

ZEM T RENNES 42 4 26 4

(3]

of modular building [J]. Sichuan Building Science,
2024,50(1):98-105.(in Chinese)

T/CECS 535—2018 #7242 £ A Pt 5% 5 A L
FR[s].

T/CECS 535—2018 Technical
assembled modular buildings with steel stud walls[S].
(in Chinese)

SRRt S i 7 IR S S A LY ) 82 5%
B 5T 0] R S EG 4, 2019, 49(16) : 59-
64.

Chen Zhihua, Zhou Zidong, Liu Jiadi, et al.Structural

specification  for

design and analysis of multistorey steel structure
module structures [J]. Building Structure, 2019, 49
(16):59-64.(in Chinese)

SRME T, kB I XA, A . 2 2 A R S A
HEZR S S RAS BT 5 0 Hr [ ] 251454, 2016,
46(10) :95-100.

Zhang Pengfei, Zhang Xizhi, Liu Jiadi, et al.Structural
design and analysis of multi-storey steel structure
module and steel frame composite structures [J].
Building Structure, 2016, 46 (10) : 95-100. (in
Chinese)

et . AR A A A BT [) ] AR
2021,51(81):1152-1156.

Gu Jin.Structural design of container modular buildings
[J].Building Structure, 2021, 51(S1) : 1152-1156. (in
Chinese)

Sy 1R W, 2558, 5k 22 0, A S R R B SR AT
TET PR ) 55 %o 95 ) P B 1) 52 ) 23 BT [0 ). A S 4 4

[8]

[9]

[10]

[11]

2022,52(S1):1866-1872.

Yi Guohui, Lou Ni, Zhang Lanying, et al. In-plane
floor stiffness influence analysis of structural
performance for steel module building [J]. Building
Structure,2022,52(S1) : 1866-1872.(in Chinese)
BFEE, T3, BRERW, 4 IR 2 2 0945 i A
gl LR BRI T AR AR S #ST,2021,28
(5):26-29.

Zhao Baojun, Wang Qiong, Chen Zhihe, et al.Seismic
analysis and structural optimization of multistory steel
structure modular kindergarten in Shenzhen [1].
Guangdong Architecture Civil Engineering, 2021, 28
(5):26-29.(in Chinese)

Annan C D, Youssef M A, El Nag-gar M H. Seismic
overstrength in braced frames of modular steel
buildings [J]. Journal of Earthquake Engineering,
2009,13(1):1-21.

Chua Y S, Liew J Y R, Pang S D.Modelling of conn-
ections and lateral behavior of high-rise modular steel
buildings [ J]. Journal of Construction Steel Research,
2020,166(1):1-17.

HKASE, EME, LR, AF RS HE SRR B
TR 45 U PUR PERE NS B 5T [T ], &5 # 0t g
2024,26(5):1-11.

Zhang Zhonghao, Wang Yan, An Qi, et al. Seismic
performance test on inner sleeve splicing joints
between modules of modular steel frame [J]. Progress

in Steel Building Structure, 2024, 26 (5) : 1-11. (in
Chinese)



