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Fig. 1  Assembly schematic of the novel joint
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Fig. 2 Simplified schematic for specimens
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Table 1 Numbering and parameters of specimens

mm
i WK MR WEREE
Base-T 510 5 10
Jh-T 510 7 10
Te-T 710 5 10
Th-T 510 5 14
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Fig. 3 Geometric dimensions of specimen Base-T
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Fig. 4  Material property specimens
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Table 2 Steel material properties

. L Jo MR 5 3 fif e SRR L e BB J8E 7 450 JiE PBRAZ W R AR Jat R L
WIS AR X
f,/MPa Al% E/GPa f,/MPa o /MPa /% £d% 11,
S10 6 395.4 26.8 194.1 590.6 425.0 0.138 0.285 0.669
$20 6 406.3 30.1 203.3 6127 557.4 0.177 0.315 0.661
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Fig. 5 Tensile test setup of the novel joint

(¢) 314 Te-T (d) it Th-T
B8 AR PRI R S

Fig. 8 Failure modes of angle steels
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x4 BARTRGEUNREY

Table 4 Material constitutive relations for FEM

simulations
ME JEE/mm  f/MPa /107 f/MPa /10" E/GPa
Q355B 10 3954 23 590.6 220 194.1
20 4063 2.3 612.7 220 2033
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Fig. 10 Monotonic tensile loading model
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Fig. 12 Comparison of simulated and experimental failure modes of

specimen Base-T
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Table 5 Finite element model parameters mm

&R AMERE  EERIEE NERRKE NEMEEE
Base-T 5 10 510 10
J4-T 4 10 510 10
J6-T 6 10 510 10
J7-T 7 10 510 10
J8-T 8 10 510 10
T360-T 5 10 360 10
T660-T 5 10 660 10
T810-T 5 10 810 10
T8-T 5 10 510 8
T12-T 5 10 510 12
T14-T 5 10 510 14
L8-T 5 8 510 10
L12-T 5 12 510 10
L14-T 5 14 510 10
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Table 6 Comparison of numerical and test results

%5 £ 89 )L ) fmm WEE AT /AN [ HE /%
J4-T 4 347.4 —
Base-T 5 4477 28.8
J6-T 6 686.9 53.4
J7-T 7 833.9 21.4
18-T 8 926.5 11.1
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Fig. 14  Stress contour plots for different angle thicknesses
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Fig. 15 Load-displacement curves for different inner sleeve parameters

(B A7 2R AN A 8. 5% o 5 43 155 Rl IR B i) 1y ) =
(P 16) 3R WY, A 2 3% 45 v 1 9 42 FT A0 0 Ok
BN )43 A Kk, P AT IR T S B A R 5K
9 48 R — 3, BN 22 1 L AT 2 8508 A 0T AR 7 Y 3% 4
TS TR M BE S A AN o
3.3.3 #HEREE

B 7 T2 2 A JRE T B0, A i R 3 A 1 ) R
IR 5 JEE T 7oy 2 X Bt 2 4 v (&1 17) o SR, AH L
PN AR B I R N o SE NS N 8 mm
A 14 mm, AR BT B B BB AR B 4R S 10. 44%
(F£7); EAENRUEE D 10 mm 5, JEE A7 2 mm
JIT AR AT B U (R for 2R AR TE 4> b B E N R IE R
JEEFE R 8 mm , B AL B SR I, B g £ v o A R AL

(e) T810-T

(d) T360-T

P16 R o 2 Bl A E 1 S 80R

Fig. 16  Stress contour plots for different inner sleeve parameters
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Fig. 17 Load-displacement curves for different connecting

plate thicknesses
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Table 7 Comparison of numerical and test results

5 FEHEAR R /mm WEE AT EU/KN R SR %
L8-T 8 4215 —
Base-T 10 4477 6.2
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L14-T 14 465.5 12
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Research on the Tensile Performance of Novel Fully—Bolted Prefabricated Splicing Joints Between Modules

Zixu Wang Yiting Yang Guangging Wang Yan Wang
(School of Civil Engineering , Qingdao University of Technology, Qingdao 266520, China)

Abstract:

To achieve efficient connections between modules of modular steel frames, a novel inner sleeve connection joint facilitating on-
site fully-bolted assembly is proposed. To investigate the mechanical properties, failure mechanism, and influencing parameters of
this novel joint under tensile loading, monotonic tensile tests and finite element analyses were conducted by focusing on its local con-
nection details. Four sets of scaled models were designed for a comparative study on the mechanical peroperty indicators (e. g. , defor-
mation characteristics, failure modes, and bearing capacity) and the evolution mechanisms of the novel connection structure under
tensile conditions. Based on the test data, an ABAQUS finite element model was established to perform parametric analysis on the key
parameters of the joint. The research results indicated that the thickness and length of the inner sleeve component had a negligible
effect on the tensile performance of the novel joint; variations in the thickness of the angle steel component significantly influenced the
yield load and peak load of the novel joint under monotonic tension; the thickness of the connecting plate had a certain impact on the
tensile capacity of the novel joint, but the coordinated force and deformation between the connecting plate and the angle steel through
high-strength bolts should be taken into account for rational design. Based on the analysis results, practical design suggestions and fur-
ther optimization directions for this novel fully-bolted connection structure between modules were proposed, providing a theoretical
and technical basis for advancing the industrialization of modular steel frame structures and realizing efficient connections between
modules.

Keywords: modular steel structure ; joints between modules ; fully-bolted prefabricated joint;tensile performance

55



