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An Experimental Study and Modeling of Steel beam to Column Connections
with Side Plates and Improvement of its Behavior Using a New Geometrical
Shape
M. Naghipour, M. Ghaedrahmat
ABSTRACT

The Northridge earthquake on 1994 was a turning point in the design of rigid beam to column connection and
revealed some major weaknesses in those types of connections that were being implemented in that time.
Connection with side plates is a kind of improved connection which was proposed after the earthquake and can
lead to healing those major weaknesses. According to the experiments it was observed that during the loading as
a result of stress concentration the beam flange and its welds that are close to the side plate are the starting point
to crack and failure. In this research in order to overcome these weaknesses, a new method has been proposed
and new parts have been modeled and nonlinearly analyzed both materially and geometrically using
programming in Ansys software. Also in order to validate the results obtained from modeling an experimental
work has been done to backup the conclusion. The results verify that the new shape of connection would
overcome the existing weaknesses as well as increasing strength capacity and better performance of the
connection is achieved. According the results the experimented connection is accounted as a connection of
special moment frame (SMF).

Key words

Beam to Column Connection, Side Plates, Special Moment Frames, Stress Concentration

(J e 805y 03) M-NAGNT@NIL.AC.IT (b siziuo oIS ¢y pos  cmwidigeo 0uSiils jLuils )
mghaedrahmat@yah00.com . 39,53 u>lg sodwl 33T olEiils yw yoho .Y

i1 N
B/ 398 g ojw (il § pole @il @
INAGILG 9 )leL aTan (50)laid - i (L




S S VLl oS sled el s Jlast
Ol o Jlail pl sble 51 G b 1y a5 ol
O a5 b s g de Ll Gl o
o bl el 5l Sadly Juabe o2ils 5
SB e I S s O L el oSS
ol 3B e 35 o LEl Sl slas sl o
oy flad Hl o edd alad G (g gy
[E]S Jams 1y Slomiil 51 50

Jodly pms G s DY) (A s Y
FEMA350

et B e e gla OB el sl o
L35 o e (OMF) Jgons c2as 5 (SMF) o355
(V) Jsdr 53 Vsl cpl Blas “cds sblss
Coaslie s Jlasl i m O of 3 5 el ol
wsly el SomenS a2 6 5 Slas
Lol s oS 6 asls om Moslie Srals" o
oS a dlail Caslis §odas e ) el ol
sl b e el 5 Sadl el i b
Ol sl ol 0 o8 ol ol sl " ke iy
Jlasl by oS ol Wt gt 4 Jlasl el
[o]asl o pshasl Ji Lol oo (Il sl
adb Cyy3 wl) e Y

s ab S SV gl s asly e Gl
Joe (M) K5 Lily,y s SOG4 b s
[o]s5%

SUS Olowis b Jlasl awdin ¢

Slr Vs gle CB s (LS Gy L Jla!

B b sk 4 Ot 4 5 s LS L
st Sl

Jlasl 3 55 o oslinal (Saw s sledos 5l 5 Olr

¢ Shedd eslinal o g <‘LJ ©olS Slan L

\— Sideplate Y- Sabol
¢- Drift angle ©- Reduction Strength

AP,

dodie —\
Slel e 1498 Il 3 s o5 5 51 day
gl SNl Vs F e VLl g
O @l ot o] oS 058 G by (sl
Jlail s 7 b oVl 5l (s - ke Ol
Mol oS A3l o |G Slmio L Osie & L 1S
S5 s e S G Ll Suse @ YJJ.L“’ Loy
[Y]as <l (DK slas 50 2ol 5 oV JU
O Gospel JSE 188V Ul 55 Togla Loy e
o odalin (V) U2 53 O awds &5 [P e

.)}.\.u

[¥] obs Gus b dlail 58 awiin :(Y) IS

¥ - Houghton
1- Ultimate

2gd g ojlw ¢ lingfy g (ale ayplls / N

INAGLUG g )loL pito (5o)laid - il (Jlw



Syl o by JUsl 5 sl e a8 e
el 53 ooy Soge 45 ek pl G b 3l dlal
U o ol SO sl cpl s ps e iz LT
I Susk b sy O s 5 S
A O Jb e (655 s 55b 4 Jlail gl

['\] (iJg..ﬂ) Jj; 5o

LS amio g3 Jlasl cpl 53 s 0 S 4 3Y s
o Ol R Ot 5 5 dlal e 3 O b b o
253 a5 P slag s sl T ks oS 5,8
e 02 s 5 db el 5 YL s il s O @
sl by Olge a5 a8 5,8 o 513 idg B, Jlasl
Jos S Dlio 5 5 db G e S
el e sleos Gk Ol 5 s o S
e N s 8l Ll e JlEl (LS Slis 4 LS

s

FEMA350 _wlul 5 s slpotnmw s s Bl :(Y) Jyie

S o5l @t Ceaslie [talS 55 ks 4l (Bsp) sl eslie s i wsl3(@))
OMF /Y /oY
SMF '/'2 ./n-\
B ol F, A
i
2 = -
P T = 5
F, A
it e
H=AfL fabiH
arb ci sl :(\")JS...".
' = Ny
P B R e e
. —
S—
— "'-\-._____ .
:‘ |' o
B B Op S 5T 555 S Gys T
oA o gled YL 5l ase
L -

SIS Olmio L Jlasl Ol 1(8) K&

03,5 Iy S i Jb 2 00 S5l il s

N0/ 298 g ojw ¢ iiagh g poale @il

S Sl b Jlasl s bl -0

NG g )loL pioo (5o)lod - piilid (Jlw



63 (0 2 358 o b oo S sl
ol S sl 058 Sk b a8 ol e 5o sl
=Lt 58 e ol S olde Ol 5 e 4 U

[V]s s

AEELST 5 o de 55 oK (0) K3

[/

§
/

L=

S G5 51 salizal 1(V) IS

- Chia-Ming Uang
Y- Karl Frank
Y- County of Los Angeles — Technical Advisory Panel

., e

' Kp Sl b by ool Joms Slgrs 2 53
aseis LACO-TAP ey 5l (Sl Jy5
o Sl 3 RS S el sy &S ol sls S
SET Jowe i Gos w58 Jb etiS Jate 4358

Adbs sy

c -

G5 ol 53 salgty g o,

5 phaie plul Gy B 4z e S e o B
S RS S ped pl LBl 2l LS Dlmis
25 5l s WSS e B S sl el
S sl e i e U35 e

53 0 o,Lal gl i 03,5 O by g bl
et Sl Sl Sl el bl > ol
JSo 4 (U U Gillas 1) 55 Jb s 8l 0l 5 YL
53 (o) e sl SISl L 5ol S opse
S e ol s 3,5 eslimd (V) K5 ils Jla
JL.!).‘J:).)LQA;.?.J.&:A*M‘ ok o;L&:...»\é.gJLgl.@})j
S Gos kS Jate e 85S 2 IS S
Gos o e 5 25 g 5 ok s VL Glds w
s o |l Cos s 5 s by S

Sl ol opl 5 DB elal oslgidy 3050 53 2 03
LGS Ol S L1y 5 shake o Ol oS
Sleis 5505 5L Ll (LS Dlmio shie e

oo g ojlw gl g poale i / N

IPNQGUS g )lo L pddo (so)ladh — pultdh (Jlw



-
(Puj1 Pu)1
1/3d L, (P
v v
- Lsp [o
L
r.y
S 05 dlast M) S
L2
(Pu)2 (Puj2

. Lsp .

.y
égJ Lol C)Lw" Jlasl :(1) JSJ-
o 53 5 1y 5 S5 Sty Jmde Jous alsls
[ C)Lﬁ‘ dw‘ 9 (/\Jg.«?) L;)LS Coletn dLaJ\
™) 5 () By, 5l 0l5 o b @ JS8) Sad |

:sjﬂ Sy
L/=[L—(L,/2+1/3d)] (™)
L, =[L—(L,/2+d)] )

(2),(3) => L/>L!

date b 5,0 dol Lols wlmino Jb L,

Jaie b ol byl Jlat s Sadly
il 5 Gee d 50 POl Jlasl s Sl

EPRE. ¥ 6‘}?‘ Q:JJ_A

Soledds 9 Jus awaia (A

W/ 398 9 ojlw ¢ fiag]y g polc aypls

G o SN e S Sl S
dM\?U(BOX)&\Wé&LjﬂS&EAM
oo 02 A5 S GRIF cape AL 2
RIIPE L 5 i o o 3 Ysans A dal
03505 L5l &S 355 o Sanl LT e sgrp zi
Jats 035 joss el pl poedle Il
omlPl Eel g8 ssd e Jlall 4l 5l S
A dal gt Jde e b b
s sla el -V

BLol L oS s dalt ools 0l 5 sl abal, s
Sl Ll sl e b Jlasl 4 b Sod 05 S
S350 o o Sod sk Jlasl A sk e
Slonio sleil Sl 2g Aboli 2 5 Kl
d5dome gl o s S aS [A]LS L3 guks
sls Ol 1y ol Ol o o

3okl 5o Saly feade s S 05 5 GlSl L
538 5,8 e ol oS Ly sl d sl s
Al dal g el OLES (g5llde b Ced

S Sady Jrsie Joe 53 Saudly S o b
() ety S o 5 (S St 55 b
[A]s52 oo arslons

M *pb =L.IR F,Z, O
s W) IS 5o Sl s e sl Sy Joade e
Sty S M s e sls 0L @)
ke 25 By olge gl ool s Ry s
el i ahade bl 2y

084S Ll edd et s ol Jlal gl
Lol sy s L3 51U ol a8 all g ot
ol Ll 3l eslanal L [4] sl 4 § ) 5m 3 5ms
Wie 53 50 Szt Joate d o 5,5 5 5 Sol

:q,..ilsr.:.a\}}b(O)j(i)«kgl)

(M,), =(F) L ¢

o

L Fome,
@-

INAGILG 9 )laL aTon (50)laid - i (L



lois b Ll gl lasiie (1) Jsdr o
Ogim 5 slal g awdin Conl odal sl Jue (g LS
Sl edd b S &S 55 oV LB
Sy oo 31 65 330 bl Sl 6l 050
Gl il s Jue 50 Ll leds als Wl
el ool ANSYS 331 o3 Ly 3dome (sl
O U QRO ) I JC
LV Jas ssle o 53 g | Wlas 5 omkin
Sk g aal s 4 glde G cpl s
liss Koo 5l S @8 Sipo (APDL) il
Sl e Sogo 4 oldde AL s 5ol 4
il 55 a5 A Ol 5l sdy Sl gl 5 0
Solid45 olye L ANSYS i3l o5 s o ol ot
Sl S cul B oLl oyl ssd e awls
g5 3 Jdos maen S Je 1) S St
Al el s et b Sold
L odlasl Jdae s ol ())& (V) lds

(M,),=(P), L ©)

S Wl e SWl Sl b ok sl
ooy (O el ol st My =M

_
(M), =(p) L=M", @

AL el susR s S My s
Aol g Sl B 0L, 5 L ks s M *pb
(b S amD Olg e 1, (V)

= @) -Me ey, Y
5 L;

oty L'>L, = (P,),>(P),

*

R W)

LS‘)‘J I C)Lé‘ JL,GJ‘ 45 L oJ‘) QL;.» U'.’.‘fl""

A3l e b Jlasl 5l i g 20k b b

2 oo edalis ol S| Jlasl 5 o )lS Clmiw
Gty Ghe b aS Wl ok gy e gl 655 @ Lo
s Ol o Bl wils Gl 3 sl axk
sS85 K L el gla o S 01

ks Jdo (5,LS Sl b Jlasl Sl (Y)J g

ﬁclz.u S5 Jsb StSY SN g B

LS G oss Bl

IPE16 Yo 60x26x1.2 22x20x0.8 20x5x0.6 16x5x0.8

S Sl b Jlasl gy Olall (1 0) s

@ g0 g ojw (liing)) g cale apiss / N
INAGILG 9 )leL aloo (50)laid - aduid (L




I ~
4000
E 3000 _/_
on
= 2000 -
L 1000 4
1] t T
1] 01 02 0.3
oS

" J

N i S- s pee i(VY) S
Sl S5 1 bl Sl IPEI6 shais | 5 8l
Dyh ) Do il

r,=1.84cm

L, <653x1.84=120.15
=>use L, <120cm
s ol 3 gl Ty 5 0l Jlee Ik sl L
Aol o IS0 s allas sy L
Oluabl (sl B 3p5e Jle 3 il sleal 4SS
o o33 LA O 53 edd aule ke 51 S i
B prelae o5 Jb (Sl LS pde 51U s

L

Pf2 P/2

| |

ST37 5¥s6 51 wdyle gildde 5y el oslansl CJL..M

el ol LT 25 S = 2

S000
4000 -

3000 -
2000 -
1000 -

0

ikgicmy

+

o

0 0002 0004 0006 0005

A
. el .

S S-S peea (V) S

ool g 6, 13850 (o

Conl a3 S Dy (V8) IS8 Gillas Js (g 1S5
2 Sl @l s dle 0ol I cgsle doles
(X) cadle JS2 onl 5o ol 488 plal (55150
2 sl Gl 4SO LSS e edias 0L
o 02 e b il GRS IE AL e Je (55
A e ol Sl pd S IISL
[11]s5 o s ) el e ol (salS

'°’<96f660+25 W)
r

y y

I:[ [ Jo—o

ol Rl Jue :(V8) UK

N9/ 3Ugé g ojw (iiagh g polc il

‘SJL«JJA @L‘b -4

o

L Fome,
@\
% F,

NG 9 )laL aTao (50)laid - i (L



Slesl Sl 8 Ges o3l a4 (o) dlolb a5 0l 5550
Sod sy W ssd e i S slés
Sor 5 S s o Cend s 5 Jb lels
slie b e BL StV b s o )US Slmis
53 e s i asly S5 O i -

LYol ot s (V) B (VY) sl

o= 3 2008
11:43713

29.382 1002 s 2200 some
=00 100 \ 2400

6)\35 Ql’ﬁé-@ \f dw‘ PL g':.t.‘a' Jﬁ‘s (\O)JS.&

=05 ke Gk 1) Ll &350 500) 6l S5 s
Jaie (V0) ISG lae 58 sdaliv Ol o e
Sl 51 5 Ges 13 ol s 5 15 05,0 Sty
et s e 53 el B8 15 S Slis
S ajlsasmy Son sleds 5 by ade sl
S (V) UK 55 g dals 5 b s S 6T e
e Ol ) (S L e Aol Jlail glels w55
Il b 5 SKmadly e s o ol 3 s

=N 3 2008
om:32:0m

1.008 1300 1300 2z00 5000
503 1500 2000 2400

odd FMeol dlail 5o p ) 515 (V1) s

force(ton)
o B N W b 0O
T —

15 20 25

displacment(cm)

odd ol Ll OIS ek — g5 515 g 1(VV) IS5

396 9 ojlw (iiogf) g ole ayplly / Go

NG g )loL pitn (5o)ladd - it (Jlw



moment (t.m)
w
\
\\

0 0.05 0.1 0.15
rotation angle (rad)

ok ol Jlasl 25 2 a5 = K s ged (0N S

5
4 |
Ss
kg
2 2
L
1
0 : ; ; ; ;
0 5 10 15 20 25
displacment(cm)
LS Ol b Jlasl Ol jds — g 55 Hls ged :(V4) IS
45
4
35
1
£ 25 .I'
E 2
15 I
S
05
o
o 0.1 02 03 04
rotation angle (rad)

GILS Ol b Jlasl i o 4yl — K s e :(Y0) K3

by ‘\\L
al/ 3q q ojlw (lngf 9 (olc gy @

NAGILG 9 )laL aTan (50)laid - i (L



0Lz &S ol (gl b ol Sllis iy VA 51 e
o S L e Jlal l VL (g pdy IS s
o5 15,8 CVLal ¢ Oleadl U1y Jlasl ol Ol 55
SVl 31 ey Il oyl s 085 Sl
oo Coglie 515 odd Kby al> o 5505 35
e OLL o anilys 5 ol oy 58 (Sps
53 el 2tm s O K cd b5 Sl
&S Jors 1, 2.5 tm KI U s o b Sl
GBS A g s Sl s Y0V s

Ll 0l 03 5581 Sl oo glin a5 S s e
A Jb Gleli S la sl Olg o (V1) ISS Jlased 2
S edalia 1) (S 3 s i Sos sl o
Sl S Jde Coglie OLL U cwand ) 5 S olie
N wled d Gledi S 5l S oS eg +/00\Y
B 5 3l Cend ol 355 o a5 glailen
Ll e Bl SKmaWl s sdme s Ll e slie 0L
ok 3 O cuSe 5 Ll cins Sl &S ansl
G by o Ll oy o 6Ll Sl lalab o 3
52 O Slebr 5 5 s S a0 ISt D

Sgh ool

bl s 5 bl de -

(1) I ille S ledos Sl ubesl Jae s
b S ol el ks el Jie ol
qadsS ar b s 5 db e o e by
Jhe Sl ple Lpd (o Joate s sl
Lo 0L 5 e il 5 () s ol
e S 5 Wl i slie ol 0L (18) K2
S o S 5 e O i oSais Ly
Bad o S o3l e 555 g edd o

bl = o5 Jbged 55 (V7)) 5 (YY) la s 5o
o 3 5 e iz asls = S0 5 5 S5 e
adls die IS0 Gl ol 0dd gy AL
VN0 s Mcaslie A" s wsly 4 ol
hoams bl s OF 55 (S5 Sl Ok Ay
b Lol OB dlay Caal Jue dlas ol
Ol s aly N0 i a5 S
FEMA  Jas)lysies gllae dowy +/0VO & "l
138 SVl 53 5L spse i asly JBlas 350
ot M caslie A" Ao e 5l LS B (SMF) ebs
Sk e oy 0 &S (Vdsd) ASL 0 0L,
(S boedd ool S i Jlail o ool

S90Sy Az g J{LS

Sl ce Jus (M) JsSs

MWgd g ojw (llingf) g cole aylis /

NG 9 )loi pldo (50)ladd - puliih



—
e s
- —
= /
— 4 -
c
]
£
o 3
1S
2
1 /
0
0 0025 005 0.075 01 0125 015 0175

rotation angle (rad)

S gl = K ls gad (YY) USS

force (ton)/2

12

10

I
|
|

0 5 10 15 20 25

end beam displacment (cm)

,;;S_,s)a ‘;:lerd.\?—"}é)bﬁ (\'T’)JS.&

60

50

40

0

L

i

r(grce
o

'JJ-

10

0 0.0005

strain

0.001 0.0015

S 95 mesgdoae 53 5 Jb s B S - 5 S g s g0 s ged (YE) IS

rLJ 03 s s e GL; RS ) E RN E
B &)‘K}L’ QL:L: L 45 g:,..«:‘%\' &)‘K}L’ a:j.\m

ey 2 OV Sl S a4 SNl ol b b sl

a7/ 390 9 ojlw iliagh 9 palc eyl

Sl 5 (08 S aglio -V
Jol S as das e 0L (Y1) B (Y0) (slals sed
330 U g sl glde 5 aKilesT S 5
ol JHB 15 )55 @b‘j«:,.'zb Sles (6oL 3

NG g )loL pioo (5o)lod — piilid (Jlw



3
5 ————
I

- 4 1
= |
g —
E ——theory

F

1

o

o =) 10 15 20 25
dizplacment{cm)

o C)Lé‘ Jlasl 53 5 S 8 0K udd — 908 (gl amslin Hls 503 (Y0) IS

t
G
= o]
£ 4 {:"""#
£ —
= —1neo
E 2
1
o
0 0.05 0.1 015 0.2
rotation(rad)
s Mol Jlail 5o L i o assly — KD (gl ammlie Sl ged (Y1) YK
60
50
= 40 Ah'r‘
S % —th
e 20 ﬂ ld
10 A
0
0 0.0005 0.001 0.0015
strain
[ % C}\..é‘ Jlas! s &S.gd}a oy 03903 53 3 dU s NS - 0 Sg 5 g 6l amglle Sl 503 (YY) JS.Z
@\ g0 g ojlw iliogfy g (ol ayplly 7 A

INAGILG 9 )leL aloo (50)lad - i (L



3- Houghton, D.L. 1998. The Sideplate Moment
Connection: A Design Breakthrough Eliminating
Recognized Vulnerabilities in Steel Moment
Frame Connections, Proceedings of the 2nd World
Conference on Steel Construction, San Sebastian,
Spain.

4- David L. Houghton, S.E. and Jesse E. Karns,
S.E.Myers, Houghton &  Partners, Inc.
“SidePlate™ Steel Frame Connection Technology
for Blast Resistance” 73rd Shock & Vibration
Symposium

5- Federal Emergency Management Agency,
FEMA-350, (2000), “Recomended Seismic
Design Criteria for New Steel Moment Frame
Building”, SAC Joint Venture, Sacramento,
California. 6- Houghton, D., and Karns, J. (2002).
“Mitigation of Post 9-11 Realities in Steel Frame
Structures As a Function of the Choice of
Connection Geometry”, Proceedings of the 17th
International Symposium on Military Aspects of
Blast and Shock, Las Vegas, Nevada the Society
of American Military Engineers (SAME)

7- Frank, K., Popov, E., Saunders, M., Schwein, R.
(1997). "Technical Advisory Panel (LACO-TAP)
SMRF

Bulletin No. 3 on Steel Moment Resisting Frame
(SMRF) Connection Systems" , County of Los
Angeles March 4, 1997

8- ICC Evaluation Service, Inc. ESR-1275
“Sideplate® Steel Frame Connection Technology”
http//: www.sideplate.com

J:.lx' 9 ‘_;)L.J.u “ <(\YAN) HEs LCA».}-)J:L; -9
9\J.>-‘ JL}) )‘ oslazul L> LS)L‘S d)j b )l.}j; QYL-EJ‘
°)_;§ fa)'L.u L;.«:J.«.@.A Ju.:)‘ u..qL.w)lS Mbulili f“JjJN
Ok L sls e oI ESls Ol jae
10- ANSYS, “ANSYS User’s Manual”, Ver. 9.0

11-  AISC, American Institute of Steel
Construction, Specification for Structural Steel
Buildings. Chicago, March 2005

12- T. W. YAU, “Finite Element Analysis of

Structural Steel Work Connection on Minor
Axes” University Technology Malaysia (2006)

90/ Vg8 9 ojw illagh 9 pole qpil

S o Y

5l Wl ol s ool Jos 4 oy
s el ol ks

LS Dlmio Jlasl 4y Sod Dladad 03 gad L) )
dalp Jde lr 5 8 60k wd b Ll dely
Jaie 4 ol 5 S sask S Lol 5 s
S o Sl

by bt S bl o s Aol Jlasl s -
G sl e 4 Cand B wilas O3l s
sl Sl 4 oy Ay 200 & sl rals"
S FEMA ol gis "onglin 2als" s i o
(ol 0SS5 0L, /e e e Jlal )y
o3y 55 Ly dlasl pl Ol o 5035 s BB Lle
S5l Sl @y e

oS O Ll Gl wgsde 5 o8 Gl T
Ol g Caslie 5 o35 ot p SLpd o
Lk e sl s cwslie Sl zig %Y+ ssu>
o sbls V8 slel b s Ol o nl
A s 5 8 Sk pled Ol L (L)
el s aslie plas Ll (55 5 2 S

Qb 0Ll e S By Sl Dol -
o o=l o b sl Sosbee 3 O Gledsr 5 LS
22 ML OLL B s S e 4l a5k 552
Fod A Sl 55 aile o Sl SVl 4t

.MM\?dﬂfT_,lzs\.:}le);uiﬂ

e

1- Popov, E., Yang, T.Sh., Chang, Sh.P., (1998),
"Design of steel MRF connections before and after
1994  Northridge earthquake" Journal for
Engineering Structures, 20 (12), pp 1030-1038.

2-  Michael D. Engelhardt Thomas A. Sabol
"Reinforcing of steel moment connections with
cover plates: benefits and limitations" Engineering
Structures, Vol. 20, Nos 4-6, pp. 510-520, 1998

=l
@

INAGILG 9 )leL aTon (50)laid - i (L



@\ 2go 9 ojlw (liing]) g calc apis 7 ¢
INAGILG 9 )leL aloo (0)lad - i (L




