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In Tohoku earthquake (March 11, 2011), highrise steel buildings of the Tokyo downtown area shook for a long moment under the influence 
of long-period ground motion. Evaluation on deformation capacity of steel member (welded beam end, etc.) has been required under 
multi-cycle loading. In this paper, deformation capacity of the welded beam-end is assessed by the FE analysis, considering fracture rule, 
which adopts both cyclic damage rule and monotonic damage rule. The validity of this fracture rule is verified by the simulation of past 
experiments and the previously proposed performance curves under cyclic loading.  
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Fig.2 Shape of Specimen

Fig.4 FE-Model (Solid Element)

Table 1 Material Properties
Beam Flange SN490B

Fig.3 FE-Model (Shell Element)  
 

(a) Flux Tab (b) Steel Tab

Beam Flange

Beam Web

Base Metal

Deposit Metal

Heat Affected Zone
General Section 

Heat Affected Zone
Toe of Weld Access Hole

Heat Affected Zone
Welding Beam End

Slit

(c)Zone to give the Material Data

Number of elements : 2256
Number of nodes       :2341

Beam Flange

Beam Web

(a) Flux Tab (b) Steel Tab

(c)1/2 Model

Number of elements : 6176
Number of nodes       :8194

 

Column Flange(PL-12) Weld Tab Beam Flange(PL-12)

Loading P Loading P

Connected to 
Loading Equipment

Connected to 
Loading Equipment

Beam Web(PL-9)

Plain View

Elevation View

A-A Section

Out-of-plane 
Displacement 
Restraint

Displace-
ment

Maximum
Amplitude

Rule

common

S t ε f ζ

355 535 1.8 10.0 1.05 2.0
444 637 2.2 4.8 0.63 2.0
355 535 1.8 5.9 0.71 2.0
448 637 2.2 1.8 0.62 2.0
465 659 2.3 4.5 0.60 2.0

*: t =3.1 (flux tab) and 2.9(steel tab) of elements at welding start and end

Yield
Strength

(N/mm2)

Tensile
Strength

(N/mm2)

Fatigue
Damage

Rule

Base Metal
Deposit Metal

HAZ
General Section
Toe of Weld Access Hole

Welding Beam End*
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Fig.2

Fig.3(c)

Fig.5

Fig.6
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Fig.7(a) Test and Numerical Results ( Constant Amplitude Loading; Flux Tab)

Fig.7(b) Test and Numerical Results
( Constant Amplitude Loading; Flux Tab)
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Maximum
Amplitude

Rule
common

S t ε f ζ

371 535 1.9 10.0 1.04 2.0

464 637 2.3 4.5 0.60 2.0

General Section 371 535 1.9 5.4 0.67 2.0

Toe of Weld Access Hole 467 637 2.3 1.6 0.59 2.0
Welding Beam End* 486 659 2.4 4.2 0.57 2.0

*: t =2.7 of elements at welding start and end
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Fig.11 Beam tip Load and Deformation Relationship

Fig.12 Fracture State
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Fig.14 Relationship between Ductility Factor Amplitude and Number

of Cycles of Loading

Fig.13 Beam tip Load and Deformation Relationship
(Constant Amplitude Loading)

 

─ 702 ─



8 
 

bfMy

BwMs

sMy

bwMy

7 C=5

C=4 C=5

1

Fig.10

1.5 2.0 3.0

Nf
=2.0

3.0 Fig.13

Fig.13

Nf =1.5

=2.0 =3.0

=1.5, 2.0, 3.0

Fig.14 7

C=4 5 Fig.14

Nf
C=4 5

C=5

Fig.9

=1.5 2.0

=3.0

Fig.9

 

FE

 
 

 

 
Fig.14 Relationship between Ductility Factor Amplitude and Number

of Cycles of Loading

Fig.13 Beam tip Load and Deformation Relationship
(Constant Amplitude Loading)

 

9 
 

 

─ 703 ─



10 
 

EVALUATION ON PLASTIC DEFORMATION CAPACITY  
OF WELDED BEAM ENDS UNDER CYCLIC LOADING USING FE ANALYSIS 

 
Yoshikazu SAWAMOTO 1 and Makoto OHSAKI 2 

 
1 Kajima Technical Research Institute, Kajima Corp., M. Eng. 

2 Prof., Dept. of Architecture and Architectural Eng., Kyoto Univ., Dr. Eng. 
 

In Tohoku earthquake (March 11, 2011), highrise steel buildings of the Tokyo downtown area shook for a 

long moment under the influence of long-period ground motion. To prevent damage under such ground 

motion, evaluation on deformation capacity of steel member (welded beam end, etc.) has been required 

under multi-cycle loading.  

In this paper, deformation capacity of the welded beam-end is assessed by the FE analysis, considering 

fracture rule, which adopts both cyclic damage rule and monotonic damage rule. The cyclic damage rule is 

a fatigue damage law based on Continuum Damage Mechanics (CDM), and the monotonic damage rule is 

a damage rule for a large ductility factor equivalent to monotonic loading. The validity of this fracture rule 

is verified by the simulation of past experiments under cyclic loading. Two past experiments are selected. 

One is an element experiment using specimens modeling beam flange and web, in which tensile and 

compressive repeated force is applied in the axial direction. The other is a partial frame experiment using 

field welding type specimen having a ¼ circular weld access hole of R23 at the beam-end, in which 

increasing cyclic force is applied. For an element experiment, simulation analysis of monotonic force and 

constant amplitude repeated force is performed using FEM with solid elements and shell elements. As a 

result of the FE analysis, we can simulate the reduction of peak load, and it is found that the deformation 

capacity under multiple cyclic loading conditions can be evaluated. For a partial frame experiment, 

simulation analysis using shell elements is carried out. As a result of the FE analysis, it is found that a 

crack occurs at the toe of the weld access hole on the lower flange, and propagates in the flange width 

direction. Using FEM it is possible to simulate the situation where the welded beam-end fractures, and it 

has been verified that the load and deformation relationship of FE analysis had good agreement with test 

results. 

In addition, we carries out a comparison between numerical results and the performance curves of the 

welded beam-end proposed by MLIT project (the project name; 27-2) and JSSC committee. It is 

demonstrated that a performance curve is possible to be evaluated considering effect of beam-end details 

using the proposed numerical method. 
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