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Abstract

Subject: Analytical Study on All Types of Reduce Beam Section Moment Connections
Effecting Cyclic Behavior

The recent earthquake have been shown steel moment frame (SMF) with weld connections
are so brittle. According to researches, the more damage were due to cracking of the weld
between the beam flange and the column face and induced concentrated stresses in this area.
A useful approach to reduce the stress concentration at the panel zone is using of reduce
beam section (RBS). Given the enormous impact of seismic behavior and ductility of the
panel zone, RBS moves plastic hinge formation at appropriate distance from column face. In
this study, a moment connection with different shape of reducing beam flange and web have
been modeled using ABAQUS computer program and compared with each other during
cyclic behavior. This paper is to present the results of numerical modeling on four
subassemblies RBS moment connections. The beam flanges and web reduced by two method
that were radial cutting and circular cutting. The circles of one of models were the same and
one of them increase gradually. The main objectives are: (1) to comparison between all type
of RBS connection on ductility; (2) to study the effect of all type of reduce beam connection
on the concentration stress and strain in different zones (3) to study the effect of all type of
reduce beam connection on the concentration equivalent plastic strain at integration point
(PEEQ) in different zones ; (4) to obtain the influence of various type of reduce flange
section on dissipated energy by the whole model; (5) to consider the buckling behavior of the
exterior models; (6) to obtain connections secant stiffness and classification them. This study
shown that RBS moment connection translate plastic hinge and concentrated of stress from
connection to the reduce area. Also RBS connection with Variable radius Hole (RBS-VH)
increase stiffness of panel zone, dissipated energy by whole model and ductility of
connection. The result of this study show that all models have reached to 0.04 radians
rotation, and the strength of connection at 0.04 radians rotation, is more than 80 percent of the
beam plastic moment capacity, (0.8Mp). Consequently this connection satisfies the criteria of
AISC Seismic Provisions (2005) for special moment frame systems. According to AISC
Specifications for Structural Steel Buildings (2005), if KL/ EI > 20, the connection can be
considered as fully restrained. Where L and EI are length and bending rigidity of the beam
respectively. Values of secant stiffness and KL/EI are presented in the result for all models.
As the result shown, all values of KL/EI for RBS connection are greater than 20, therefore
according AISC Seismic Provisions, this connection can be classified as a fully restrained
(FR) connection. As the result shown, cut the flange area using circles that increase gradually
provide beam and connection behavior against buckling.
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[VA] A36 5 pas g jLed GialesT V=Y Jgos

Elongation, %

Structural shape Yield Tensile

ASTM Plate thickness flange or leg stress, strength, In2 In
designation range. in thickness range, in ksi' ksi' in® 8in
A6 H maximum All 36 5880 23-21 20
Ower 8 All 32 S58-80 23 20

A2B3
Grade C All q 30 55-75 25 22

AS529
Grade 50 1 maximum 1Y max 50 TO-100 21 18
Grade 55 1 maximum 1Y, max 55 TO-100 20 17

AST3
Grade 58 15 maximum q 32 5871 24 21
Grade 65 1'% maximum q 35 6577 23 20
Grade 70 1% maximum | 42 T0-90 21 18

High-strength low-alloy steels

A242 ¥, maximum 1Y% max 50 70 21 18
Ower ¥y to 1Y max Over 15 t0 2 46 67 21 18
Over 1Y% to 4 max Owver 2 42 63 21 18
ASBSB 4 maximum All 50 70 21 18
Over 4 to 5 max All 46 67 21 —
Ower 5 to 8 max All 42 63 21 —

AS572
Grade 42 6 maximum All 42 60 24 20
Grade 50 4 maximum All 50 65 21 18
Grade 55 2 maximum All 55 70 20 17
Grade 60 1Yy maximum 2 max 60 75 18 16
Grade 63 1Y, maximum 2 max 63 80 17 15
A992 1 All 5065 65 21 18

A1043
Grade 36 5 max All 36-52 58 23 20
Grade 50 5 max All 50-65 65 21 18
Heat-treated carbon and HSLA steels

A633
Grade A 4 maximum q 42 6383 23 18
Grade C. D 215 maximum T 50 7090 23 18
Owver 2'5 to 4 max q 46 6585 23 18
Grade E 4 maximum q 60 80-100 23 18
Ower 4 to 6 max q 55 75495 23 18

A6TS
Grade A 1% maximum 9 50 7090 22 —
Grade B 215 maximum q 60 B0—100 22 —
Grade C ¥ maximum q 75 95-115 19 —
Ower ¥y to 1Y% max q 70 Q0—110 19 —
Over 1'% to 2 max q 65 85-105 19 —
Grade D 3 maximum q 75 90-110 18 —
AB52 4 maximum q 70 Q0110 10 —
A913 1 All 50 65 21 18
q All 60 75 18 16
T All 65 80 17 15
q All 70 90 16 14
(Continued)
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Longitudinal Perpendicular

Tensile Yield Elongation Tensile Yield  Elongation
strength ~ Strenght [%0] Strength  Strength [%]

[MPa] [MPa] [MPa] [MPa]
min.  558.54  472.97 25.6 555.42  468.47 26.2
DWIM Avg. 565.76  475.22 31 564.46  478.47 28.47
max. 57297  478.83 36 575.17  486.04 33.6
min.  563.02  461.16 28.6 565.69  467.04 27.8
DWM Avg. 567.73 463.66 31.3 572.7 470.13 28
max. 574.55 466 34.2 585.75  473.98 28.6
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Mame: ASTM-A36

Mame: ASTM-A36

Marme: ASTM-A36

Description:

Description:

Description:

Material Behaviors

Material Behaviors

Material Behaviors

[7] Use temperature-dependent data

bt e

Elastic Ela: Elastic

Plastc Plastc postic__________________________________|
General Mechanical Thermal C  General Mechanical Thermal Othe General  Mechanical Thermal = Other

Density Elastic Plastic

Type: |Isotropic E|

[7] Use temperature-dependent data

Mumber of field variables:

MNumber of field variables: 0
Data
Mass
Density
1 7850

Moduli time scale (for viscoelasticity): E

[7] No compression

Hardening: | Isotropic E|

[7] Use strain-rate-dependent data

[7] Use temperature-dependent data

[7] Me tension S‘;‘::g I;ltars:l:
Data i 288000000 0
Young's Poisson's 2 283000000 0013
Medulus Ratio 3 495000000 0.06
1 200000000000 03 4 288000000 0.24

i | Edit Materia

Name: ASTM-A572-Gr50

Description:

Material Behaviors

Density

Name: ASTM-A572-Gr50

6, Sleogas -Y-F S

Description:

Material Behaviors

[7] Use temperature-dependent data

Number of field variables:

Data
Mass
Density
1 7850

—l Density
Plastic Plastic
General  Mechanical  Thermal General Mechanical Thermal
Density Elastic

[7] Use temperature-dependent data

Moduli time scale (for viscoelasticity):

n | Edit Materia

MName: ASTM-A572-Gr50

Description:

Material Behaviors

Density
Elastic

General  Mechanical Thermal Other

Plastic

[7] Use strain-rate-dependent data

[7] Use temperature-dependent data

|71 Mo compression

[] No tensicn
Data
Young's Poisson's
Modulus Ratio
1 200000000000 03

Yield
Stress
391000000
391000000
525000000
391000000

o

Plastic
Strain
0
0.02
0.06
0.24

O $H8) Sleogas -F-F IS

0)



Name: ER705-6-Electrode MName: ER705-6-Electrode Name: ER705-6-Electrode

Description: Description: Description:

Material Behaviors Material Behaviors Material Behaviors

CER—— - Dersty

General  Mechanical Thermal | General  Mechanical  Thermal

General Mechanical Thermal Other

Density Elastic Plastic

Type: | Isotropic E| Hardening: | Isotropic B

[ Use temperature-dependent data

Number of field variables: 0 [] Use temperature-dependent data [ Use strain-rate-dependent data
Data Nurnber of field variables: LIS [7] Use temperature-dependent data
D:'r:‘q Moduli time scale (for viscoelasticity) || Number of field variables: 05
1 7850 [T Mo compression Data
[T No tensicn Yield Plastic
Stress Strain
Data
1 469000000 0
oamats Poisson's |l 15 460000000 0025
e fatia 3 563000000 0125
1 200000000000 0.3 -
4 469000000 0.27
5 350000000 032

e )8, Sleogas -0-F S
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Name Procedure Migeom Time

(%l Tnitial {Initial) i /8

»  Step-1 Dynamic, Implicit OFF 4

v Step-2 Dynamic, Implicit OFF 2

' Step-3 Dynamic, Implicit OFF 2

' Step-4 Dynamic, Implicit OFF 2

' Step-5 Dynamic, Implicit OFF 2

v Step-B6 Dynamic, Implicit OFF 2

v Step-7 Dynamic, Implicit OFF 2

Edit... Replace... Rename... Delete... [ngeum...] [ Dismiss

ABAQUS 138 p 5 1o Jdos >l -#-F S

o Syl ~B-Y-F
o2 a4 500 A Jate izl bxnl jo 005 ey e INteraction Jgsle jo 1zl e olbls )|
sl s s 63985 gz el egdsis gz 4 e Jb Jlasl ol b Jlasl ol ol oas (Ti€)osis
Al oo Ot 4 b oasS Cie Jlail 5 gt 4 1S o Jlal S G 25 Ol
Sl oz sl SRS il a4 3l s ead Jute Lxi) 50 (93585 gz e o5 Ll
L8, cond Gy yed ez sl oS Ll 6L, Sliogas g wll (pod gt 4 5 Jb Jlast LS, e
Slo aelgs lis JelS jeb a1, ]

| Constraint Man:

Name Type
v
BmWeb-ShPL-TIE Tie
Column-Weld-TIE Tie
Columnln-StPL-TIE Tie
ShrPL-Column-TIE Tie
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Step-1 Step-2 Step-3 Step-4 Step-5 Step-6 Step-7
" BC-1 Created Inactive Inactive Inactive Inactive Inactive Inactive Move Lef
v BC-3 Created Inactive Inactive Inactive Inactive Inactive
v BC-4 Created Inactive Inactive Inactive Inactive @
v BC-S Created Inactive Inactive Inactive Activate
v BC-6 Created Inactive Inactive
Deactivat:
v BC-7 Created Inactive
v BC-8 Created
v ColumnSuppc Propagated  Propagated Propagated Propagated Propagated Propagated  Propagated

Step procedure:
Boundary condition type:  Displacement/Rotation
Boundary condition status: Created in this step
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0.08

0.06

0.04

0.02

-0.02

-0.04

Interstory Drift Angle (rad)

0,06

———

-0.08

Edit Boundary Condition
MName:  CycliconBeam-1
Type:  Displacement/Rotation
Step:  Dynamic-Step (Dynamic,
Region: (Picked) |Edit Region...

Csvs: (Global) (LG
Distribution: | Uniform

ul:
[ uz:
u3:
[E ur1:
[F] urR2:
[C] uR3:

Amplitude:

0

0.038

CyclicActuator

Mote: The displacement value wil
maintained in subsequent

U
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® ' Edit Boundary Condition 8 ' Edit Boundary Condition & ° Edit Boundary Condition & ° Edit Boundary Condition &
MName: CycliconBeam-2 Name: CycliconBeam-3 MName: CycliconBeam-4 | Name:  CycliconBeam-5
Type:  Displacement/Rotation | Type:  Displacement/Rotati | Type:  Displacement/Roti| Typer  Displacement/Rotation
Step:  Dynamic-Step2 (Dynamic | Step:  Dynamic-Step3 (Dyn | Step:  Dynamic-Stepd (D'| Step:  Dynamic-Step5 (Dynamic, Implicit)
Region: (Picked) |Edit Region... Region: (Picked) |Edit Regior | Region: (Picked) |Edit Reg | Region: (Picked) |Edit Region...

Csvs: (Global)

Method:

(A<
Specify Constraints

Distribution: | Unifarm

ut:

[ uz:

U3:

[ uR1:
[ UR2:
[ UR3:

Amplitude:

0

0.058

CyclicActuator

Mote: The displacement value wi
maintained in subsequent

(

C8¥S: (Global)
Method: Specify Constrai
Distribution:  Uniform

ul: 0

[ uz:
U3
[ uR1:
[ UR2:
[ UR3:

Amplitude:

00775

CyclicActuator

Note: The displacement valy
maintained in subseq

.| csvs: (Global)

Method: Specify Const
Distribution:  Uniform

ul: 0

[ uz:
U3
[ uR1:
[ UR2:
[ UR3:

Amplitude:

0.116

CyclicActuat

Note: The displacement v:
maintained in subse

CSYs: (Global)
Method:

g
=

Specify Constraints

Distribution: | Uniform

uL: 0

vz

Uz 0155

[ uR1: radians
[ uR2: radians
[T uRz: radians
Amplitude: | CyclicActuator E|

Note: The displacement value will be
maintained in subsequent steps.
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Time Span: | Step time EI
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H Ly Lo Reduce parameters
Models Beam Column | (mm) | (mm) | (mm) (mm)
ORC H Box 3000 |3800 | 3500 -
702x254x16x28 | 700x700x35
RBS H Box 3000 |3800 |3500 a=190
702x254x16x28 | 700x700x35 b=490
c=60
RBS1- H Box 3000 | 3800 | 3500 Five circle with
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RBS3- H Box 3000 (3800 | 3500 Seven circle with
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VH 702x254x16x28 | 700x700x35 gradually
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&40 on right and left
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c=50
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b=1000
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S, Mises
(Avg: 75%)
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