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Numerical Simulation Study on Load-Bearing Performance of Steel
Frame Structures with New Semi-Rigid Beam-Column Joints
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Abstract Traditional H-shaped steel beam-column end-plate connections were redesigned to enable frame
columns to connect to frame beams using identical end-plate joints along both principal axes. These modified
joints were subsequently applied in single-layer frames—both braced and unbraced—to connect frame
columns along the strong axis to the beams. Seven frame configurations were designed considering variables
such as the presence of cross-bracing, brace connection plates, stiffener types, and beam-column joint
details. Finite element models of these frames were developed and subjected to monotonic loading to
investigate their mechanical performance. The results show that frames with the improved end-plate joints
exhibit comparable initial stiffness, yield load, ultimate bearing capacity, and displacement ductility
coefficient to those with conventional end-plate joints. However, shear deformation within the joint core area is
significantly reduced. The inclusion of bracing markedly enhances frame stiffness and load-bearing capacity,
though it alters the failure mode from end-plate bending to net-section tension failure of the braces. Compared

with the unbraced frame, the braced frame demonstrates a 144% increase in initial stiffness, a 123% increase
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in yield load, and a 128% increase in ultimate bearing capacity.

Keywords end-plate joint, steel frame, stiffness equation, ultimate bearing capacity, ductility

0 3l

UTAF R, B 2 E U 4 A8 S SR AN B4
I T 28R AN B T, A G AR5 a0 2
RE A Tl 1 A SR ol X B A 1 2 T T e ) 20K
T3l e TEAE SR BEFIMESEAT 13 4 b 5 T v iR MR AR i
He A 223 7 [ BE L0 T AR e ] &
15 1A RE R A0, A H AT 45 AL SRAE 6]
B T A AP A AR S SR A R R

A A

i

-

(a) P4 IR 5

7

il

e

P

(b) 5 I 55 3

=
=

M Rz —.
AR v A B 5 TR B 25 v B R RN R T
LR S B 19 .23 g AR QA A a5 3 Al

T R MR i AR Y R 2 AN LR . N
1 A5 30 B R BT A, A IR,

S A0 s A P TY — A 2 W1
P AEUE A 3 A 1 i T LA e 384 i
JEEJEE e 0 Ak 3 WP A A AT i R
o FH A i i

(c) A =i 477 0

B =28ty it i

Fig.1  Construction of three types of end plate joints
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Fig.2 Schematic diagram of joint construction
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