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Table3.2.Summery analytical data using E6013 

RC6 RC5 RC4 RC3 RC2 RC1 Result  

208 144.4 152.1 153.9 207.2 103  Δ୫(mm) 

6.93 4.8 5.07 5.1 6.9 3.4  
Δ୫	
h
ሺ%ሻ 

2.48 ൈ 10଼ 2.28 ൈ 10଼ 2.3 ൈ 10଼ 2.3 ൈ 10଼ 2.51 ൈ 10଼ 10଼×1.76  M(N.mm) 

1.65 1.52 1.53 1.53 1.6 1.17  
M
Zσ୷

 

8 5.55 5.85 5.91 8 3.96  Ө୮୫(%)  

  
 
Table3.3.Summery analytical data using E7018 

RC6 RC5 RC4 RC3 RC2 RC1 Result  

208 208 208 208 208 155.8 Δ୫(mm) 

6.93 6.93 6.93 6.93 6.93 5.2 
Δ୫	
h
ሺ%ሻ 

2.48 ൈ 10଼ 2.46 ൈ 10଼ 2.48 ൈ 10଼ 2.48 ൈ 10଼ 2.53 ൈ 10଼ 1.92 ൈ 10଼ M(N.mm) 

1.65 1.64 1.65 1.65 1.68 1.27 
M
Zσ୷

 

8 8 8 8 8 5.99 Ө୮୫(%) 

 
Δ୫=maximum beam displacement; h=story height; M=maximum moment at column face; Z=plastic 
section module for beam; σ୷= yield stress of beam flange; Ө୮୫=maximum beam plastic rotation. 
 
As long as using E7018, all specimens expect RC1 showed similar strength and ductility, maximum 
plastic strains measured in beam flanges and bottom weld of specimens, displayed in figure 3.10 to reach 
better understanding of connections seismic performance.  
 

 
                         

(a)                                                                                      (b) 
Figure3.10. Max plastic strain of specimens; (a) bottom weld (b) beam flange 

RC2

RC3

RC4

RC5

0.00E+00

2.00E‐02

4.00E‐02

6.00E‐02

8.00E‐02

1.00E‐01

1.20E‐01

1.40E‐01

1.60E‐01

3.10E‐04

1.60E‐01

1.88E‐03

3.96E‐03

Pl
as

tic
 S

tr
ai

n 
in

 B
ot

 W
el

d

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

Pl
as

tic
 S

tr
ai

n 
in

 B
ea

m
 F

la
ng

e

RC2 RC3 RC4 RC5



On the b
among th
thorough
weld is le
 
 
4. EFFE
 
To study
connectio
these spe
 
Specimen
Specimen
welding 
Specimen
 
Table 4.1
 
Table 4.1

Results  

Δ୫(mm) 

Δ୫	
h
ሺ%ሻ 

M(N.mm)

M
Zσ୷

 

Ө୮୫(%) 

 
Figure 4.
2 with s
E6013) t
 

basis of nonli
he other spec
h forming the
ess among ot

ECT OF MA

y the effect 
ons performa
ecimens is sim

n RC2-1: Th
n RC2-2: Th
electrode is E
n RC2-3: Th

1 presents the

1.Summery an

) 

.1 (a & b) co
specimen RC
to study the e

Figure 4

inear finite el
cimen. As sh
e plastic hin
ther specime

ATERIAL P

of beam, c
ance, three c
milar to RC2

he ST52 steel
he ST52 steel
E7018. 

he ST52 steel

e hysteresis r

alytical data 

RC2-

208 

6.93 

2.54

1.69 

8 

ompare the str
C2 (welding 
effect of mate

(a)         
4.1.Comparing

lement result
hown in figu
nge in beam 
ns.  

ROPERTIE

column, and 
connections m
2.  

l material wa
l material wa

l material wa

response of th

-1 

ൈ 10଼ 

rain distribut
electrode E

erial properti

                     
g strain respon

t, specimen R
ure 3.10, in th

flange and t

ES 

continuity
modeled and 

as utilized for
as utilized for

as utilized for

he specimens

RC

208

6.9

2.5

1.6

8 

tion in story 
E7018) and s
ies on strain d

 
                      

nse of specime

0

5

10

15

20

25

30

35

40

N
or

m
al

iz
ed

 P
la

st
ic

 S
tra

in

RC2, showed
his specimen
therefore the

plate and fl
analyzed. T

r column, the
r column, con

r column, the

s under cycli

C2-2 

8 

93 

54 ൈ 10଼ 

69 

drift angle o
specimen RC
distribution i

                      
en RC2-1, RC2

0

5

0

5

0

5

0

5

0

A B

d the most re
n, connection
e plastic stra

lange plate m
The geometry

e welding ele
ntinuity plate

e welding ele

ic loading. 

R

2

6

2

1

8

f 8% in spec
C2-3 with R
in critical reg

            (b) 
2-2 and RC2-3

C D

RC2

RC2‐3

eliable seism
n ductility su
ain measured

material pro
y and welding

ectrode is E70
es and flange

ectrode is E60

RC2-3 

208 

6.93 

2.53 ൈ 10଼ 

1.68 

8 

imens RC2-1
RC2 (welding
gions of speci

3 with RC2 

E F

mic behavior 
upplied just 
d in bottom 

operties, on 
g details of 

018. 
e plates, the 

013. 

1 and RC2-
g electrode 
imens.  

 



Based on the finite element results, using high strength steel (ST52) increased the connection’s strength, 
maximum 0.8% radian, however utilizing ST52 steel material for column, continuity plates and flange 
plates was led to reducing plastic deformation of weld joint or increasing the plastic strain in beam flange 
as shown in figure 4.1.  
 
 
5. CONCLUSIONS 
 
This paper has been conducted in order to study the effect of welding details and material properties on 
cyclic behavior of moment-resisting connections. The following conclusions can be pointed out from the 
analytical analysis. 
  
 Of all parameters examined in this study, the weld electrode type had the most significant effect on the 
performance of welded flange plate connections. Using high toughness electrodes prevent stress 
concentration at weld joint and develop stable inelastic behavior in the beam flange. 
 Using welding detail similar to specimen RC1, will lead to plasticization of weld and connection’s 
brittle fracture which is not recommended. 
 Utilizing single bevel but weld and backup bar for joining the flange plates to column similar to 
specimen RC2, effectively improves the connection’s behavior by increasing strength and ductility of the 
connection. 
 In the case of using electrode E6013, utilizing the welding detail similar to specimens RC2 and RC6 is 
strongly recommended, which lead to improvement of connection’s hysteretic response. 
 It is critical to control the welding process precisely in the case of using double fillet weld for joining 
the flange plate to column, as existing any imperfection in welding process will lead to plasticization of 
weld before forming a plastic hinge in beam and failure of connection. 
 Due to economic considerations, using high strength steel is not recommended as it can increase the 
connection’s strength, maximum 0.8% radian and did not have a significant effect on seismic performance 
of connections.  
 Eliminating backup bar based on the FEMA recommendation did not have a significant effect on 
connection performance. 
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