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Experimental evaluation of the strength of the T-shape eccentrically-welded anchor rod connections to
column bases in steel columns using digital image correlation method
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Experimental Study of Rigid Connection of Beam to Concrete-Filled Tube Column with Stiffened Internal
Diaphragm
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Investigating the seismic behavior of the proposed special truss moment frame system with truss column
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Comparison of the effects of aftershocks on the performance of a concentrically braced frame equipped with a
shape memory alloy damper and a steel moment resisting frame
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Comparison of the effects of aftershocks on the performance of a concentrically braced frame equipped with a
shape memory alloy damper and a steel moment resisting frame
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Investigating the seismic performance of PJP groove welding in box-shaped column splices
WL Lo ule £ 2R Kl £l 3 3 S k01 Cyuidl

0 Qe seerseee e ool ogud

L OO OO OO OO OO Cogas P8




SoVed svo il ozl

WL;)LS-CUQ

S 03 (58 JS 53 odes 15 5L 13 51 5 JK8 kB 5 VU plss 5 Caaslie b odlas Ol e 4 5V 3
Olsie 4 0T 5l s oaT Jus 4 5Y 5 51 00 ST0T 5 50 & Slio 5 bl s 50 Oblaks ol g 55 el 03 57 i
235 S35 5 ool Bl 1oyl sen ok 3h 3,03 g3, (sl S3l piie VUl aglin b pllas

R
035 salasl Jds 4 QLS 5Y b ol Jool ain ol 55 oS Slald iy 5 L ellas A 5 525 b 5
45354 o5 4 S bis mlo )31y 55 Candge il 5 Cite Slas et ple 5 65, 4 g s
3 eatla Olsie 4 55887 pa 55 SV il e 457 65k & el 0l 035331 Olg 53 OT e 1 555
5955 € ol rar o b a5 Jl 53 (65588 Ol 4 35 Ol el e 5528 OT (Sl an 5
Cxio 3 Ol pos e 53 3Y 5 (320 oS (G5 5b 4 Sl aorlga SV 6 Ay 4y 55 0 pae b3l (Ss & Gs53!
28 bl glaslg sy Ly )y Ly cpl g de) (oo b )3 5 Ogabes Cbid S5 by a4 b 58S s

sl bl 4y 15 0T 5 ails S5l 35 LIl 5 baslas

@V glaojle an 5 (8 il Gl p 5 G Sy s

0558 S a5 Sl Gl yaly s 5 (20ble (L pe Y

L5 e gbasb T danw 5 el

ol 3 Ll o3 g 553 ol 1 s Jlu &5 S g 2ils oils &K S, 4 5 owikige 4mslr DY o ¥
Sl g ool ol b glaais
.;a;.p)a\i.&.i\:LL;JIQQJE.?)@\i&i\:éuU)JJJL;:J:)KJ&\Jq—\ia-\.:.aosjfa)b.b

(e sl 5 S slaely 0135508 O skl O S, i Caliin = o 55 55 90T JooSS 8

e DU O geS G b SIAYINY 550 53 el pae a0 o e ALl o b bl ] o
a Ol ! LSJY}B sl sl M‘j@l@c:&}}oju@&jkj&jw Ol ! LS‘M”" S o>
.»\.&':).)Lﬁ“/\‘%\'/qa O)Lm-j'

uled (oL ol plts

O ol 63V 55 (slno Lo pael



JSO T OYLai cwoglio ARk 3T b5 4
4S9 90 31 292 b b yleo oo g
3 ool b oY g8 sl yguw 3 B g iS
JUad yglad (Kimmod g 5

T 6536 o J gy o FTS15T ol L el O e S Ol

http://journalisss.ir

Ol Ol oBils ¢ b OBUSEs Ol jas pwcbige 2SS0 co 3l Al i IS =)
U6 Ol oBils (b GBS Ol jas wilige 2 I8N Lalial =Y
O Ol o&iils (b OEASENS g3 3 Ol jos pndige oAl slawl Y
rghiami@utacir LOW=V1100 Ol ae wlige b OBUSLS g Gsdas O, Oll®

GHESL 5 G130l e 3 s et 1300 > Sz W Sl sloml 3w Jslte e O grais oLl s
3 8as 35 5 S Sl Ol S sy S Al RS 5 SOl Ol s Il Caslie 5 e (225
234 05 b psmme & G S 3S p0 5l zo b IS Sl s bajlee e ol ol sl (0 stniS” VLT gl )
WJlail gl (6 e 5 b G2 sa5 pde Laas (salgiy OsrwsS DYl )5 s foate o8 g OV L O staiS 3y
e 3 Wles U SV g balen oo oo SVl 0SB alex 31 Jlail sl ples b asbonl b
Olejod S goots alamd a5 Lajlee oo Sl ol 5o 3L O shate oLt A0 50 Sadly ade |51 o6 g IS0
S T Va5l aiS cos b VLl ks, 05 pant bl Wsa iyl |y golid 5 538 6,0 b LUl
Soled L 5 sllsad (L g (oS 358 L (old ram oy ad S g SVl e 5 cuaslis b5l sl
Lslen b ConSls 50 5 g SVl (S Ol Jrais S Jlims slad (Stmsen (255 A oslinal by 5
Akl Bl SV 5 35 s 1y blge oo (o255 b b o S Jumd U5 g VLA 4t 3 A5 03 554
P s 4z 53 il HAZ diate )3 Cooslie [2alS 5l S0 (2So s SVl AU s s lee e (SIS e s
a8 b ) e oslgdn SVl 53 JuS— g0 w5 Olgea AAS Cov S SVl Sl 5o Sl
Lzdls b g B 4y S a5 Bl 51 (65t 55 0« JolS 358 L gl o

S 0515

Jems slal (Soen d S g (okd S (JSET Jlasl 0 yrwiS Il

Experimental evaluation of the strength of the T-shape eccentrically-welded anchor rod

connections to column bases in steel columns using digital image correlation method
I. Karami, A. Ghiami Azad, R. Mirghaderi

Abstract

In regular thick column base connections, because of severe pinching effect in the hysteresis diagram during loading
and unloading, the stiffness and strength of the connection and the amount of energy consumption are reduced. In order
to prevent pinching and improve the seismic performance of the column-base connections, it is suggested to connect
the anchor rods vertically under the plates by wedeled connections without any eccentricity between anchor rods and
the flange axis of the column. In the proposed column-base connections, because of the non-replaceability or
repairability of the connection components, according to the design codes, all connection components, including the
base plate, welded connections, anchor rods, and concrete, must remain elastic and the source of ductility should be
inside the plastic hinge in the end section of the column. In this case, the anchor rods have the ability to carry tensile
and compressive forces at any moment simultaneously. Because of the unknown behavior of welded connections under
tensile loads, T-shaped connections were used to evaluate the strength and stiffness of special fillet welds, full
penetration groove welds, cylindrical groove welds and conical groove welds. Digital images Correlation method was
used to measure the strain field of welded connections and identify the type of failure of the anchor rods. As a result,
the welded connections had the ability to withstand the maximum tensile capacity of the anchor rods and remained
elastic. During the loading of the anchor rods, no failures occurred in the elastic region of the rods due to the reduction
of resistance in the Heat Affected Zone (HAZ). As a result, there is no uncertainty in the behavior of welded connections
under tensile load as a force-control component in the proposed connections. Fillet weld and full penetration groove
welds were more superior in terms of cost than other welds.
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Experimental Study of Rigid Connection of Beam to Concrete-Filled Tube Column with
Stiffened Internal Diaphragm

A. Habibi, N. Fanaie, S. Shahbazpanahi

Abstract

Concrete-filled tube (CFT) columns are a favorable and economical option for designing mid-height and tall buildings.
However, using internal continuity plates in conventional moment frames will weaken the panel zone since infill
concrete is present inside the steel tube column. Due to perforation of the continuity plate, stress distribution in this
plate changes, and its strength and stiffness decrease. The proposed method in this study is aimed to strengthen the
continuity plates with shear stud so as to transfer a part of the high force of continuity plates to the concrete. In this
regard, two different full-scale specimens of rigid connections of I-shaped beam to CFT column were tested under cyclic
loading. In the other part, using the finite element method in Abaqus software, the experimental specimens were
modeled and analyzed. As a result of the stiffening of the continuity plates, the connection's bending capacity and
cumulative dissipated energy increased by 7% and 4%, respectively. Additionally, the stiffening moved the highest
rupture index by approximately 20% of the beam flange width from the outer edge of the flanges of the beam to the
longitudinal axis of the beam. The proposed connection was approved for use in seismic zones' intermediate moment
frames.

Keywords
Concrete-Filled Steel Tube (CFT), Internal Diaphragm, Stiffened Internal Diaphragm, Rigid Connection, Moment
Connection
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Investigating the seismic behavior of the proposed special truss moment frame system
with truss column

N. Karami, E. Dehghani firuzabadi, S.A. Moninipur, N. Siyahpelo

Abstract

In recent years, special truss moment frames (STMFs) have been widely used as a relatively new steel frame system for
seismic hazard zones. These frames dissipate seismic energy through special ductile segments embedded near the
middle of the span of the truss beam. In this study, the seismic behavior of STMFs with Truss columns was investigated
by nonlinear static analysis (pushover), cyclic static analysis, and time history analysis and compared with the common
STMFs reported in the literature. To achieve this goal, two 2D models with the same characteristics were converted into
a nonlinear model based on seismic design criteria, design and with the help of the concentrated plasticity method. the

results showed that STMFs with Truss columns have a better seismic performance than STMFs with filled-web columns.
Compared to ordinary STMFs, ductility and energy dissipation were enhanced, hinges were more distributed at higher
performance levels, and drifts were more evenly and uniformly distributed on stories for STMFs with Truss columns.
In addition, STMFs were more affordable due to their lower weight and can be used to install pipes through Web
columns.

Keywords
Special Truss Moment Frame, Special Truss Moment Frame with Truss Columns, Seismic Behavior, Nonlinear Dynamic
Analysis, Pushover Analysis, Cyclic Static Analysis
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Evaluation of seismic performance of torsionally-stiff and torsionally-flexible steel
buildings under far-field and near-field ground motions

M.R. Vafidsarkari

Abstract

Near field ground motions with forward directivity and fling step effects, can impose high seismic energy to the building.
In this paper, the seismic performance of symmetrical steel of 5-, 10- and 20-story buildings with dual lateral load
resisting system, in both torsionally-stiff (TS) and torsionally-flexible (TF) archetype buildings has been investigated.
For this purpose, the buildings are subjected to nonlinear time history analysis, which are performed with applying two
horizontal components of three sets of far field (FF), non-pulse (NP) and with forward directivity pulse (FD) records.
The results are presented in the form of peak floor displacement, inter story drift ratio, story shear as well as ductility
demands of braces, beams and columns for three categories of earthquake records. The results show that in torsionally-
stiff and torsionally-flexible buildings of 5- and 10-story under the FD records, the maximum occures in the lower
stories and the first mode is predominant. Also, for the 20-story torsionally-stiff building, the maximum demands occurs
under the FD records in the lower stories, which the maximum difference between FD with NP and FF earthquake
records, for the story drift ratios are 115% and 79%, respectively, and for the ductility of the columns, they are 894%
and 798%, respectively. Also, contribution of higher modes of FF records for 20-storey buildings are greater than the
FD and NP records; therefore, the maximum demands in the upper stories occurs under the FF records.

Keywords
Near Field, Forward Directivity, Symmetric Building, Torsionally-Stiff Building, Torsionally-Flexible Building
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Section he(cm) tw(cm) b¢(cm) tr(cm) Section d (cm) t (cm) Section b (cm) t (cm)
SG1 23 0.8 17.5 1.0 SB1 8 0.6 sc1 25 1.0
SG2 30 0.8 20 2.5 SB2 10 0.6 SC2 25 1.5
SG3 30 0.8 25 2.5 SB3 12 0.6 SC3 25 2.0
A by- y b SC4 25 2.5
T SC5 30 2.0
te
; SC6 30 2.5
tyt— h, \
SC7 30 3.0
7
it sc8 35 3.0

! Torsionally-Flexible
2 Torsionally-Stiff
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A1,D1, A4, D4 1-10 SC1 1-3 SCé6

1,2 sc8 AL D1, A% D4 4-10 SC4

A2,D2,A3,D3 3,4 SC7 1,2 SCé6

5-10 SC5 A2,D2,A3,D3 3,4 SC3

1 SC8 5-10 SC2

B(1-4), C(1-4) 2-4 SC7 1,2 SCé6

5-10 SC5 B1, C1, B4, C4 3,4 SC4

5-10 SC2

1,2 SCé6

B2,(C2,B3,C3 3-5 SC2

6-10 SC1
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Axis story Section Axis story Section
1-7 SB3 1-7 SB2
1,4,A,D
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Axis story Section Axis story Section
1,4,A,D 1-10 SG1 1,4,A,D 1-10 SG2
2,3,B,C 1-10 SG3 2,3,B,C 1-10 SG1
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N5- TS- Translational Component in Y direction
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No. Event Year Station Magnitude Mechanism Dise EGAL BGA2 Tp (s)
(M) (K (a) (a)

1 Northridge 1994 J.F.Plant 6.69 R. Oblique 5.43 0.99 0.57 3.5

2 Northridge 1994 LA Dam 6.69 R. Oblique 5.92 0.43 0.32 1.6

3 Northridge 1994 Sylmar 6.69 R. Oblique 5.30 0.60 0.84 2.4

4 " Cape 1992 Petrolia 7.01 R Oblique 8.18 0.59 0.66 3.0

endocino

5 Chi-Chi 1999 TCU049 7.62 R. Oblique 3.76 0.19 0.22 10.
6 Chi-Chi 1999 TCU052 7.62 R. Oblique 0.66 0.36 0.45 11.9
7 Chi-Chi 1999 TCU053 7.62 R. Oblique 5.95 0.18 0.13 13.1
8 Chi-Chi 1999 TCU068 7.62 R. Oblique 0.32 0.51 0.32 12.2

9 Chi-Chi 1999 TCU075 7.62 R. Oblique 0.89 0.23 0.26 4.9
10 Chi-Chi 1999 TCU087 7.62 R. Oblique 6.98 0.12 0.11 103
11 Chi-Chi 1999 TCU101 7.62 R. Oblique 2.11 0.21 0.26 103

12 Chi-Chi 1999 TCU103 7.62 R. Oblique 6.08 0.13 0.14 8.6
13 Chi-Chi 1999 TCU128 7.62 R. Oblique 13.13 0.14 0.17 9.023
14 Parkfield 2004 Eades 6.00 Strike slip 2.85 0.32 0.39 1.218
15 Bam 2003 Bam 6.6 Strike slip 1.70 0.81 0.63 2.023

(NP) Sl G5 oS s glas) 555 Sl =V gt
Magnitude Dist PGA2 PGA1
No. Event Year Station (My) Mechanism (km) (g) (g)

1 Chi-Chi 1999 CHY028 7.62 R. Oblique 3.12 0.64 0.76

2 Chi-Chi 1999 CHY029 7.62 R. Oblique 10.96 0.29 0.24

3 Chi-Chi 1999 CHY080 7.62 R. Oblique 2.7 0.81 0.86

4 Chi-Chi 1999 TCU070 7.62 R. Oblique 19.0 0.25 0.16

5 Chi-Chi 1999 TCU071 7.62 R. Oblique 5.8 0.53 0.65

6 Chi-Chi 1999 TCU072 7.62 R. Oblique 7.8 0.48 0.38

7 Chi-Chi 1999 TCU089 7.62 R. Oblique 9.0 035 0.23

8 Loma Prieta 1989 ucsc 6.93 R. Oblique 1851 031 0.41

9 Loma Prieta 1989 Bran 6.93 R. Oblique 10.72 0.46 0.50

10 Loma Prieta 1989 Corralitos 6.93 R. Oblique 3.85 0.64 0.48

11 Loma Prieta 1989 WAHO 6.93 R. Oblique 17.47 0.37 0.65

12 Cape 1992 Cape 7.01 R Oblique 6.96 0.50 1.02

Mendocino Menocino a

13 Nortridge 1994 B.H.Rd. 6.69 R. Oblique 16.88 0.11 0.16

14 Northridge-01 1994 Sunland 6.69 R. Oblique 1335 0.13 0.16

15 Northridge-01 1994 S.Ground 6.69 R. Oblique 16.74 0.23 0.29
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Magnitude . Dist PGA2 PGA1
No. Event Year Station Mechanism
1 Kobe 1995 MZH 6.9 Strike slip 69.04 0.07 0.05
2 Kobe 1995 OKA 6.9 Strike slip 86.93 0.08 0.06
3 Northridge-01 1994 Old Ridge 6.69 R. Oblique 20.11 0.57 0.51
4 Northridge-01 1994 Gabriel 6.69 R. Oblique 38.86 0.14 0.26
5 Chi-Chi, 1999 TAP103 7.62 . 114.28 0.12 0.18
. R. Oblique
Taiwan
6 Chi- Chi 1999 TCU095 7.62 R. Oblique 45.15 0.37 0.70
7 Hector Mine 1999 Amboy 7.13 Strike slip 41.81 0.18 0.15
8 Bam 2003 Abaragh 6.6 Strike slip 47.16 0.17 0.11
9 San Fernando 1971 Lake Hughes #9 6.61 R. Oblique 22.57 0.17 0.14
10 Landers 1992 Amboy 7.28 R. Oblique 69.21 0.12 0.15
11 Loma Prieta 1989 Golden Gate 6.93 R. Oblique 79.71 0.23 0.12
12 Loma Prieta 1989 SAGO 6.93 R. Oblique 29.54 0.04 0.06
13 Loma Prieta 1989 SLAC Lab 6.93 R. Oblique 24.82 0.19 0.28
14 Loma Prieta 1989 Downstream 6.93 R. Oblique 20.26 0.25 0.24
15 Loma Prieta 1989 Presidio 6.93 R. Oblique 77.34 0.10 0.20
e.,\.:uJLa&l\)\/Yﬂ\ﬁ%ﬁ@pﬁj)b}f&lﬁ)bé\ﬁ} &‘#6ﬁ§#JJL&\ﬂw;U&U)%)U6LGM
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Comparison of the effects of aftershocks on the performance of a concentrically braced
frame equipped with a shape memory alloy damper and a steel moment resisting frame

M. Gerami, M. Mirza Hosseini, E. kazemi

Abstract

Using shape memory alloys as a novel tool due to their self-centering property to reduce damage and control seismic
behavior of structures can be effective. Considering that the occurrence of aftershocks can always cause cumulative
damage in structures, it is important to investigate the performance of the above systems under aftershocks. The
present study evaluates a four-story steel frame in the state without braces and with convergent braces equipped with
shape memory alloy dampers. To investigate the effect of aftershocks on the behavior of the two frames and perform
incremental dynamic analysis, the OpenSees software was used. For this purpose, 29 records related to the main
earthquake and the actual recorded aftershock were used. To investigate the response of the structures, first, the main
earthquake was scaled to bring the structure to the collapse level, and then the aftershock was applied to the frames
considering three levels of drift structure (0.01, 0.025, and 0.04) under the main earthquake. The results show that the
braced structure equipped with a damper, compared to the structure without braces, experiences 13% more
acceleration, 30% less residual drift, and 21% less relative drift after experiencing 0.04 drift caused by the main
earthquake. Additionally, in both structures, more destructive effects are observed when they are under aftershock.

Keywords
SMA Damper, Aftershock, Incremental Dynamic Analysis, Steel Frame

N/ 29 g ojlw iiaghy g pole aypis

liCoP (jliswoj - 99> 9 Ja (s0)loud - pguv g (v Juw

GBI pleJl iguoljo wjgo ol)f Guas


http://journalisss.ir/

A IS 5555 Dl Sl e Sy K S 5 Ul
S N g s sbay ol U35 (Sh5 5 ol
Ol Sl aS sl OLis Wlas cpl 53 5 ol 5 ks 03 ) e
Sl 50 05 S sl b5 2 03 S 2055,
AN

2 G5 el s 3l OSen 5 5
530N L3S s 1y 03 ) o Lasslwr ol (55,
a0l o 433, S 5VY Loj ) e v ail i 5 s i3l
3y 1y YD 5000 /00 V0) Josl i3 ) iy s e
Sl S 1en b 5lopslie o 5l LIS s sl 3 aslllas
@i ool 83 Mg cos S glaesle 4 ol [2alS
DIVT sl odd sl (ol 3500 5 3013 Ceal e

R et GO (sl s Shas s 4 NS
Slme gl ) Jast o JSa lsadasl> la3UT L e
e o o sl lsnl slaolazs L .ol atls
ales A5 0,8, Y Slesla il UL et 2 Seeliss
23Sk Sl ol e gl s sl sy el
Gy s cmul (Sas comnl S Cl 03 S S5 Wlis ol
DY 5,08 3L g 5 o= U1 5 el mor s

Sy U o sl i)l SolSen 57 S
oo J o L3 il (o3 S mm ol 85 ) i) o6
s opl O K ss ol ol o3 208 el w0l g0
Olgeas |,y Jol las, S5 Olaa 5 oslizal Lol 5,55,\Y 5
wr 55 LI IDA (glasls ol s 503505 3515 05l 4030
L3S sy 35555 Sl Blewy S ps 5 Db s @
el 0t Jlosl o3 )y 45 Gloj 31 0L andlla ol s
DVF] ol a3l 51580 5l ey

obil = b 305 bl s egas a5l 5!
Sles Sl 53 05 J g SRS LA DI 5555
5385 el sl 38 a5l 3 s 3050 F0S (0
R3le 53 03 54) o5l sy 03 ey S 3l 5e (6ol
Sl e Sl o 4 ealy ol (Wley iy s
S glees S sl S8 b Gy L Gk
555 3l hEs gl losas gt o sloml 2 s s oty
5 ol 853 o o3l Sl el 108 e L

7 Abraik
8 QU

dndis —\
ol gl Lo 38 5T SMA) IS lsalasl 5UT
Gl o aadas Bl S Ol | ok ar s &S
L e slaion 5l sles S cib SUT nl Lol 03500
Ol ST g5 cnl 2 e pamin S S5 51 28 o0
IS8 e bl ks les Rl aS s sai o5lal 55 0l 4
g O ol s 5l e [V ]33 5 a3k 355 &
2 VL e g ot J RSl YL b o
pbi e 48 350d sl GE S DLk 5 (S il
Glos ) Gl )8 sy e bsle SO lsalail- lasUT
SRR EP g PR W

Gl (glos ) SuuSs o o) 0 OLISen 578
S szl SUT gla ST b eddmas (53Y 5 Clensl
alin e S 1 s 5l 5 ity StV e
3 ey pamin SSe gla S35 Jaa o il s ol i ped
3L 655 M etz o ) SIS laadail gla5UT
SMA (sl S1e (Vb (55 mshu 53 (55 OAECSw
JAS 53 ekt sl S1e 51 islezel JB 5 S Ypame
S o.k..frrl?r_.:‘ Slalllas s (60 5 glalaxtle glo )
Sl Llony o> SMA sl S e 4 sems Olezstle S
Sl a5 MB L1550 (Sis 5 (U das 0 0L
[¥] el 035 SMA

s JS 2L Sl S ng w LS TS
Wl 5 ol 555 0 cub b aS dulys Lol duxstls s
S o Qe Sl L olie 53 WS e Sl e (555
IS 5315 Sle il e 3 ,Shes sdeliomsay ol AL
oals Ol (550 Ml wd b 5 0351 555 e bl
[F s0] el

o 03 S e L3 aadlas L OISy 5l S
St @l i 53 Ll e 03 ) m DI 85 &S Al
oS s S plasla a3 gl weds Col Lol W55 )
el 4 g e S 3 i3l (5 508 ol o
LV e=V] s 6J3ui~u

Slp o3 gles, S5 sl (555 lasdlas °ls S

35 rasn 3 sl ol pledl TUDA) sdnl B Sy o

! Shape Memory Alloy

2 Gur

3 Zhang

4 Kezia

*Goda

® Incremental Dynamic Analysis

2g0 g ojlw ¢ingfy g cale aypls /1P

lI€oP (jliuoj - pg> 9 o (s0)lad _ pqw g (,w (Juw



iygaiy)leo 016 3pTlac p oj gy sl dunléo

ADED)

6 b (L0 )baladls jlWi @ jeas o

[ANTLYA

3 4> 4o Opensees )\J-._élrj' lsuls s> 45 Selfcentering
G155 e iske 53 Juld Jaa ol W3l555 o sl (A e
Bes 1555 0 63l 55 45 ol hasain 5 S S5l
3550 i) e g2 0o S e 035l cmsas 5
S Jie 8 (i st 235 LS e 1 eslind
Sl sabls 4 by e oSl Sl aslin ol LS e 5 1
() dsdr 3 a8 Ao jlsabasl= 5UT LIS Joe (galginy

el 0 L Opensees [l 5le 5 G b 5l el ol Ol

57 ) S lsabasl- SUT LIS (golgnin gl eyl —Y g

V2] o, Kea
Model
Parameter 1 2 3
Initial stiffness (MPa/%) 80 90 50
Post-transformation stiffness
(MPa/%) 13 13 13
Forward transformation stress

(MPa) 160 90 140

Ratio of forward to reverse

activation stress (f8) 1.0 0.7 00

() s s A ilesl 5 gade Jie g ilia =l

Gilwdde Lgy dme (V) S5 4y a5 b ool ol &1
3UT g5lwa i g Opensees Ale 3 53 esliul 5,40
(.AJ..»LJB)\U»J};ASM:d» oL f@bﬂ)émﬁ
ﬁ;&fguwij}sukw‘ww
dbw}ﬁ)a)w\éwup}w\&bjj

(0 o Ksy
700
——Experemental
= Results
&
e
;:'; —— Proposed
a Model

8

Strain,%
5 ede DI s S RS el i —Y JSGS

JQK.;{LA)'T

5 S s psas s See IS5 lsadasl> sla3UI
Ll VA 5 IWVT yls 550 SHgeal 5 ol 5 5l (5,8 s
Ol JS s laadasls gla 3T a5b (sVL cad clows

2 shi

N/ 3Ug6 g ojlw ¢ linghy 9 pale ayps

S L P E a1y 5 e ) e
& seme Shlee S ml o3 ) U s
Sl gl ilis 5 o test SB 5 SMA b S e
@ e Looles Dl 5 oslee oy i 53 53
O3k 3 b akb ¥ B Sl ol sy o SMA S
Sladlas 51 2 jbadasle SUIT 31w an pgms Al
Lol e ot b Sl 5 Jls s Joow s
DB s aalsl s ol anstls Al Sebys Jew co

éj":“gf oals CJ.J.: JA[S ))1944 @L‘:.: 9

o 205 gLoile Giludbs 5 erwios Y
U'»’«\ [\Q] ol el (:bu\ Opensees )‘).9‘6)’ )\ oalaiul
3 Sl 5L ) peods s A8 Blls SO Bl e S
St loand e blpl Sl Glasseme Jold
2l 1l 53 ol s 35 5l laal (gl ol o 2
sk AE 0 basl SUT LS S a8 LT
Sy D] cadl edd Olal gode gileddbe amiwios
Dy Olgea O 5 'l Bl 51 ke ol
53 Umlesl sppe B S V] Al eslinad a8 LT
IS 5l Sz B8 cpl i ol s 3l LS (1) ISCS
5 A3l el b ol s SUT 5 IS 5 oS 0 psls
Ceolt il (93 pa e SO lajyls,  els

Sl g lsakail Sy el e

o~ ®0.885mm
X

8.0 mm { . / 5
IS5 laabasl3UT LS 51 IS sled -\ K3
V] oLes 5 &g

ﬁl)]ﬂ)b@)}-@@jw‘emwww
/\@)L?LJ.EE}J&L;L:A '/'/\/\Oc..t__,&fhjla_;.k_\‘o.k_m
Flaae 5 20 Sl o sl ol e

1 Ozbulut

et

lICoP (liutoj - p9> 9 (Jan (50)Loud ~ pgu g ¢ (Jluw

ol plal gl o wjgo ol Guuno



{3 awy o

&

o o

loo 06 3flac py oj)

s

ouisALY)

jwie jea00

Aitnd L6 b L1 ) halisls

: i
L efm
E _I_

9. 14m

N

D"i;n 777777 I;nli{ilmiéiif

MO Ses 5 2) ez S OO —F Js.w

r—‘-"—"—ﬂ
1

W21x68 W21x93 W21x93 W21x68
O =l =] =g
T W2Ix68 T | W21x93 Ww21x93 T w2ix68 |
< < < <
o™ o (:l o
Z waxsa = woraor | womior |® woass |F
= = = =
T W24x84 | W27x102 W27x102 | W24x84 |
S <3 pS3 S
= = = =
A mm mm mm A
»—< SMRF -~ Pinned Connection
—— Gravity Frame mn  Fixed Connection
PR Connection ____1 Analyzed Frame
([\9] \)\_)L{w}fl) aji)_,i.w’-;_)lé -0 JSa:'
Slab s gl o5y pslie =Y Jguer
Floor Calculated Units Design Units
Roof 1181 kips 1200 kips
4 1054 kips 1050 kips
3 1054 kips 1050 kips
2 1064 kips 1070 kips
total 4349 kips 4370 kips

B peie Jmate Shgs 5l ol pl g3lwdis | slaieas

o3 e 5 Saaglie JIg5 a8 TOIS ) Sy te D)
5T plosil g s nl 53 [T ] el et aslinad 3l
0 5S saze e 5l ool U Jeade (g3liand sl 5 ot 6
7 Jete SV G g 0L 1 S oS Sl
ot b 5Ly 5 ol O 5 5 LBl 55 a2
g 3 dhe cnl o3 la s a s s e sl ul (XS e 5lwd e
o 45 JLail slatelir ciman Lin Jio J3b 4 0L
S ledd (3lwdde 5o L ad w5 b o Jlas!

2 Ibarra—Medina—Krawinkler

0T b5 3 3 w3 53 03,28 oty LT 1 sl
W 04 o3l Et}rjj‘ﬁé};‘ﬁ‘)i‘}d‘)}b‘)
oot 4 08 sl 5l SO a1y el ST s 5 AL
el ol sl lsadasl- ST 81w G 5 ealinad s
LUl @ o Sl o 0 G 51 s al 3
SIS el o eslinal duyles sze 5 IS laalasl>
ellae O chie glod 5 os bl V4] OLISGs 5 5 s
e Sy s e 5l el il e () S
Ami o 93 JSS lsadasl- SUN i 51 Sl sl
ol S5 Il e S ediS Tulda Ao g3 UL@;J

|
kg Tte ® Outersteel _
K, box boam
Guide

member
Connection ::Iale

‘ En d plate
SMA Cables En “ plate 5 .
SMA bracing system

)J"“> U':"Aﬁ}i L'ﬁ‘))bblﬁi.u‘))}ﬁ)f\ﬁﬁ :]a.u“ 6Lw -y ‘S—ﬂ“

a1 ol

et DU 5 Shas dslle 505 S s oy
Sl as seme SISMA S Juld soles U
ol edd eslan W [V P] 0L Ss 5 5 dalas )3 552 50
sedd gilwdde i CB Il S Yl alal
2 W03 555 e e Bl 1l ahade b DB Olea s
Slsadasl ST i 51 (6 81 e il 2alS OB s les 55
A b b (SOl o e 2y e el I
s en ey LOT 05381 L lss0d 538 e
e Db (5lmdie gl &S sl & e Olazt L
Ol Lo G el sl bl aib ¥ 5 wlas ¥ L gV
IRV NN PR R IV o) £ S 3 S Sl (500
s 55 0T o oS il 2 ANV EXANE OBl lasilas
1P s Jl Aib gl [P] cmal el osls 2l (F)
Y Clgl.u g5 5 Nl e Y72 ok Ll CU.?)\ 5 S
sl s 1 (V) Jsdr 53 0 (L man 5 (0) IS

G|

 Pushover Curve

290 g ojlw ¢ ing) g ¢ale apit / N

'ﬁ

lICoP (liucoj - pg> 9 (Jan (50)lath _ pgw g ¢ (Jlw

ol plal igwolj o wjgo ol Guuno



Lo 016 3yTlac y ojJguy piG dunléo

MD(§ALY)

16 b L0 ) batasls jWi o jaoo ol

olilad 0

[

I

' Gusset Plate — i
Column

[N

Steel Brace

SMA Brace

(N, eV UL S SOOI s NIRRT - SR Al
i
LRI I — e W21x68 W21x68
% W21x68 o2l b W21x68 - W21x68 %
G % — 2
3 & Pl &
= = =
& w2dxg4 = W24x84 - wadxgd | Z
=3 W24x84 = | W24x84 — W24x84 3
;< = 3
= = 3
] ] k3
= = 4 o~ £
| Bracing N
A mrm mrm rm A

A lsadal SUT S 0 e sl DB -V JSC
P 0LKes 5 o5
dkiﬁﬁ ﬁl&n‘ J:.\:J_, J‘J"A J:.la.'r' \-Y

Sl S5 2 gﬁ.j:gj:”f de‘ >S90 éLﬁJﬁﬁ ‘J‘éjﬁ J:M)b
el 0 43‘)\ (Y’) J)J& BLl

Opensees ;5 Jsl 530 b blae Csls Olej salan —¥ J g

sk Ol g5
\/+ T4 et
\VAA Bl S ke b et U
VA0 CaeS b S e 4 e sislge B
VA0 CnSE O3 Sy 4 seme skl G

e il 5 b B Al oSl ey s e

g ool B0 o b e e Sl o)
@iy et S8 e Jld OB wped Sl el s
Sl 4 e shlgs B sl 2als dhaie b e B
S b S 4 s sislge Db 5 oSS 05
slasls sad 5 A sls| Opensees )ljélrjs 2] G
eh 5wl P el s S5 B Ll 098 L
b DL 0L e 03 sTcasey Sl el sl —
ooy e SB Ll el Sl p 2 5 (B S
0305 sy el 1) 0 L il oS G 0l i & ol
e U5 DL A OB S e 4 5 05 d
O s el S JA O s slawl gl S
ol S e G S S Al S e e Sl
syt o plasl (U IS ole (858 08 8 s L oot
ISIEIE u;ihu N) Ji_; );a.,\AL“_,_.«:dq. 0338 ,L sl ls gl

.K:m—v‘\

N® /3Ugd g ojlw (g 9 ale s

Bilin sl 31 5,138 ,L rlﬁu 55 o3l Bl 5l gsleans
O S 4 odle b ol ed S eslé il Opensees >
SN pisew Sl ledde jle VLl i o L,
e Jde S 135 o sl (o RIS 5 2
osls oL () K 55 Bilin él—m b b pova g 5S e

RGN W

y |
il

Jil |

>
=

Moment M

Basic
Dete
Chord Rotation &

[V 1 0Len 5 LD 58 et foads (s3ledde Slisr —F K3

b s Do ol (Dl 3 S g g
O S Oy geots &L 31 26 P-Delta ol 31 5 Llods
Sle o lo S bvy o faio g 2B
S aalsl ps i e S b s (ol el Jate Lol
S8 O o OF sladislgs &S (Skinslge i b LB
35 0315 omtart OB L lalin LB s 5 el sl
Oy Sl sl ol b S Lo ps sl anils L3 i
S 1 L8 s 3 s 83 O 5 ablis Gs ¢
(55 e lgm el alS gl b b 555 e 5 05
o S e islee S5 2 AT 3 5340
s S30T Sns b sl i j3 a8 IS ksl 5UT
03 Shles CU ol wblie 5 IS glad s b e 0sls 13
O 5 2 aallas bl omul ea s lL1H(V) s
Jib 5 oolon Sl a0 e Sl ller S 12 V7]
S pss 5 Jil Sl (sl IS lsadasl- ST la LIS
pome Db sl s e ke Yorr 5 e e Je P L
Fake Wer s me e e YOO L 2l o S el

lICoP (liutoj - p9> 9 (Jan (50)Loud ~ pgu g ¢ (Jluw

ol plal gl o wjgo ol Guuno



16 b ¢ Lib )halisls jUi @) jeno bxibsaiz)las 016 3)Tlac  ojPguy il auylas

[ANTLYA

oo S s onl @Blaos as s Sl 0 ey il
Gz, S5 5l Glassems O s &S cl ox o Sslus
P38 e ol eslinal sy se o5l sl ol g (sles )
Sgline b Ol gl 5l (gl 1S o (glos ) 5,58
oils b i b StV a1 w5l S, B s 0 e elide
lesl gle3 3 5,555 53 palide b al 5o 2 53 s UL
O3 e Ol Cla.wg Sl Jos Cod o3l 5 el
N L TN
a3 Al e S BB Ol ey S s (ko
Sl osle s Slas Ligs Sl 6553 Jdod (mls Ao sams
Sweles Lo sl gz Gass ol e sl dal
RO PSRN P R W PP A

A 5 el 85 SRl gl VY

Serlins BT o 5 0T D3 ol 563 ) g ol 4 4 5 L
83 om s el 830 555 YA Sl sy (nl s (e
So5e Sy, el et eslinal ot el ol ek
[N ] OLas 570k Slalllas ool 2ass ool 33 i 5
el 0l 03l OLES (F) Jader 53 las, S5 Ol 5 ol
Sl ol Syl (1) K5 s b))wdjdj‘/.‘)cwb%bw
S5 05 J oy ek S ool 85 58 Logas il sladl 3l
Olay Waes ) soled 3,5 s oSl 4 am g5 b oSl ol
S5 Obe 3l ol G 3 1 ols el (Bl Lo
el el Sl A8 S b o3 ) e S L e I
5 "CESMD o3l el oKL 55 5l eI 4 by e oS
bl lad 5 g 85 O ol el ] Sl "PEER
Glwails oS 5l s gladl 5055 3 5 b e edoute SV
5L Ol fslis 5 03 m Sl DA asie gl Lol
DB s 3550 rpeps b dlad U oles o ol 65 ) ol ¢ Ao
@3 J e Fo 83 755 S s pots e I e 5 23S
Sy gl o 18] 03 g S B8l (Sl S
Gl e a 55 ool D35 5 b Olsasl /0¥ 5 +/2Y0 (/0

sl 0 u,a:l:i» a.l..jm)u\ Q.:Q“)J C}lﬁ.—u @ QJ:..»:)

! Hunt-Fill

2Han

8 Center for Engineering Strong Motion Data

4 Pacific Earthquake Engineering Research Center

03

=
-
-

- 0.25 L a1
)
D e SMRF
2 02
B s — — Reduced Strength Steel Frame
3 ¢ i S
= / e ~——— SMA Frame - With Failure
0 015 / N === +SMA Frame - Without Failure
8 / ~
3
@ 4
9 01
o
2
3
M

0.05

0
o 0.02 0.04 0.1
Roof Drift

Sl ol dndllas sdelsa 0550 5L (slals gai —A K2
3L S 4 e (sl 5 anil falS (it glasls
S Ok

;ak)&&gﬁjéﬁéﬁ@oMuﬁ(A)J@@@jp
obﬁd.gﬂb:fj\mﬁ;b/vc,\iubuULMCJ)LZA
W@g&a}&mu&lscéj\if)l{&blpjwl
Sl e bl N (S5 Ol Jsp e 5 355 0 edalin
055 et B 3 ioman 535 8 o il 3 sl o3l
J:J}).)))\Jéjvsc»\-ﬁ)uﬁejl_nﬂ ‘ul_ijlSdaLbL
Slowl d/0¥Y ol 25 S aS das e 'C)J}‘:\j.fb)})‘)j@
LS}«:)‘);ﬁwc)ucﬁa‘)uﬁdlﬁfb&ﬁgubjiﬁw
55 S sl SUT ladn)lgs gl a5 oKn s
OF 3l dm 5 Klo o SL ol L +/0 ¥ b i 515 )
)}%JG‘\S@)}—&)J‘WO}J{db)b.&gwuﬁi\}é‘
a;)ww»)\&c.wb‘;ﬁf)l}%,\_gﬁjbupﬂ
Pyhs

el (Sl LT ol ¥

St peme shles Y50 Sle mul o) pskien
sl falS alade bogy ohes OB 5 IS lsadasl> 5UT

S35 sl b ol el o sl iyl 531 Sealys o
C}h‘.«a L....uj; LéaJL.»: )l:..%) CJ‘J::JJ 9 L§‘°)J3 LSLA)L.‘." J‘ WLA

2Wgd g ojlu ¢ ing) g ¢ole apls /N

iCob (liutoj - 09> 9 (a9 (50)laud - pgu g (1 (Jluy

ol plal igwoljpo wigo ol Guins



INT0Les 50W) 3,55, 0T L blas glaes J e 5 ol las, S, —F g

Record Earthquake Magnitude Record name Station name Database

1 Coalinga 6.36 NGA_no_368_H-PVY045.AT2 Pleasant Valley P.P.-Yard PEER NGA
5.09 NGA_no_383_A-PVY045.AT2

2 Coalinga 6.36 NGA_no_368_H-PVY135.AT2 Pleasant Valley P.P.-Yard PEER NGA
5.09 NGA_no_383_A-PVY135.AT2

3 Chalfant Valley 6.19 ChalfantValley86_CE54171P.V2 Number 54171 CESMD
5.44 ChalfantValley86C_CE54171P.V2

4 Chalfant Valley 6.19 ChalfantValley86_CE54428P.V2 Number 54428 CESMD
5.44 ChalfantValley86B_CE54428P.V2

5 Chalfant Valley 6.19 ChalfantValley86_CE54424P.V2 Number 54424 CESMD
5.44 ChalfantValley86B_CE54424P.V2

6 Imperial Valley 6.53 NGA_no_162_H-CX0315.AT2 Calexico Fire STA PEER NGA
5.01 NGA_no_195_A-CX0315.AT2

7 Imperial Valley 6.53 NGA_no_174_H-E11140.AT2 El Centro Array 11 PEER NGA
5.01 NGA_no_199_A-E11140.AT2

8 Imperial Valley 6.53 NGA_no_178_H-E03230.AT2 El Centro Array 3 PEER NGA
5.01 NGA_no_201_A-E03230.AT2

9 Imperial Valley 6.53 NGA_no_172_H-E01230.AT2 El Centro Array 1 PEER NGA
5.01 NGA_no_197_A-E01230.AT2

10 Imperial Valley 6.53 NGA_no_169_H-DLT262.AT2 Delta PEER NGA
5.01 NGA_no_196_A-DLT262.AT2

11 Livermore 5.80 Livermore80A_CE57187P.V2 Number 57187 CESMD
5.42 Livermore80B_CE57187P.V2

12 Livermore 5.80 Livermore80A_CE67070P.V2 Number 67070 CESMD
5.42 Livermore80B_CE67070P.V2

13 Livermore 5.80 NGA_no_212_A-DVD246.AT2 Del Valle Dam PEERNGA
5.42 NGA_no_219_B-DVD246.AT2

14 Livermore 5.80 NGA_no_215_A-SRM070.AT2 San Ramon PEERNGA
5.42 NGA_no_219_B-DVD246.AT2

15 Mammoth Lakes 6.06 NGA_no_231_I-LUL090.AT2 Long Valley Dam UPR L PEER NGA

59 NGA_no_250_L-LUL090.AT2

16 Mammoth Lakes 6.06 NGA_no_231_I-LUL090.AT2 Long Valley Dam UPR L PEER NGA
5.70 NGA_no_243_B-LUL090.AT2

17 Mammoth Lakes 6.06 NGA_no_231_I-LUL090.AT2 Long Valley Dam UPR L PEER NGA
5.69 NGA_no_234_]-LUL090.AT2

18 Northridge 6.69 NGA_no_963_ORR090.AT2 Castaic-Old Ridge Route PEER NGA
593 NGA_no_1676_CASTA090.AT2

19 Northridge 6.69 NGA_no_1039_MRP090.AT2 Moorpark PEER NGA
593 NGA_no_1681_MPARK090.AT2

20 Northridge 6.69 NGA_no_1005_TEM090.AT2 Los Angeles-Temple and Hope PEER NGA
5.28 NGA_no_1712_TEMPL090.AT2

21 Northridge 6.69 NGA_no_971_ELI180.AT2 Elizabeth Lake PEER NGA
593 NGA_no_1677_ELIZL180.AT2

22 Northridge 6.69 NGA_no_945_ANA180.AT2 Anaverde Valley-City Ranch PEER NGA
593 NGA_no_1675_ANAVE180.AT2

23 Northridge 6.69 NGA_no_990_LAC180.AT2 Los Angeles-City Terrace PEER NGA
593 NGA_no_1678_CTYTE180.AT2

24 Northridge 6.69 NGA_no_1007_UNI095.AT2 LA-Univ. Hospital GR PEER NGA
593 NGA_no_1680_UNIHP090.AT2

25 Petrolia 7.20 Petrolia_25Apr1992_CE89530P.V2 Number 89530 CESMD
6.70 PetroliaAftershock2_26Apr1992_CE89530P.V2

26 Petrolia 7.20 Petrolia_25Apr1992_CE89156P.V2 Number 89156 CESMD
6.50 PetroliaAftershockl_26Apr1992_CE89156P.V2

27 Petrolia 7.20 Petrolia_25Apr1992_CE89509P.V2 Number 89509 CESMD
6.50 PetroliaAftershockl_26Apr1992_CE89509P.V2

28 Whittier Narrows 5.99 NGA_no_615_A-DWN270.AT2 Downey PEER NGA
5.27 NGA_no_709_B-DWN270.AT2

29 Whittier Narrows 5.99 NGA_no_663_A-MTW000.AT2 Mt. Wilson PEER NGA
5.27 NGA_no_715_B-MTWO000.AT2
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Investigating the seismic performance of PJP groove welding in box-shaped column
splices
A. Ahmadj, F. Heydariyan, S. Epackachi, A. Rezaiyan

Abstract

The direct connection of column splices using partial joint penetration groove welds with a penetration percentage
between 40% - 60% of the thickness of the column section was common until the Northridge and Kobe earthquakes.
With the poor performance of beam-to-column welding connections after the Northridge earthquake and column splice
welding connections after the Kobe earthquake, new design details and executive instructions were added to the
regulations and the use of partial joint penetration (PJP) welding in moment frame structures was prohibited and
designers were required to use complete joint penetration (CJP) welding (AISC 341-10). With experimental and
numerical studies conducted on PJP welding with a higher penetration percentage in I-shaped sections, the possibility
of using PJP welds with a penetration percentage of 85% was confirmed in the regulations (AISC 341-16). All previous
studies were conducted on the behavior of PJP groove welds in I-shaped sections. in this study, a 3D finite element
numerical model was simulated in Abaqus software in order to investigate the behavior of the column splice and the
failure and spread of damage in the Heat Affected Zone (HAZ). By ensuring the proper performance of the finite element
model, 33 box-shaped column splices have been modeled, and the effects of parameters such as penetration weld
percentage, column thickness and cross-sectional dimensions on the column splice behavior has been evaluated.

Keywords
Box-shaped Column, ABAQUS Software, Column Splice, Partial Joint Penetration (PJP), Complete Joint Penetration (CJP)
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