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ABSTRACT

Four beam-to-column subassemblages, ST e Cos
built and tested under a controlled cyclic dimlaﬁerne;}t EJFO-( i[}drt ,. uf_ a typical moment resisting frame, were
connected to the column flanges using extended end—plitdemc;f_!;:;i?iizfb?‘?fl::)i?g%' Sl v
invest‘lgatg the stiffness, strength, QUcttlny, and the energy dissipatio ;.Jcap;dty (;f 5;_;(; wir? concuciad tf’
of its !ﬂqwndual components. Special emphasis was placed on the behaviour of the ’ mat‘]\m:t s artd o
connection and the panel zone, and on their contribution to the overall respons r:-:ulfrjthpBf'ilrgj;f:tr?t;l:gt:e

e — v D oo =

b

INTRODUCTION

Current design specifications for steel structures in seismically active areas (UBC.1988 ;CAN3-516.1-
M89.1989) recommended that, the joints’ panel zones in ductile moment resisting frames (MRFs) participate
efficiently with the beams in dissipating the earthquake input energy. As a result, a design criterion that
sllows the columns’ panels to yield and undergo sufficient inelastic deformation (about 2 to 4 vy, where

is the panel average shear strain at yield) prior to the yielding of the beams was devefoped. In

Y
: y Krawinkler and Popov (1982) on beam-10-

establishing such a criterion, the experimental results obtained b
column subassemblages utilizing fully welded connections or connections with beam flange welded and

heam web bolted to column flanges, were taken as the basis. The implication of adopting the same

approach when other connecting media such as extended end-plate connections, employed to join be_ams

to columns, was not investigated. The seriousness of such a problem can be understood from examining
Fig.1. This figure shows the deformed shapes of the panel zones when both fully welded Conne§tton§ and
extended end-plate connections are employed. As can be observed, th_e end-plate must deform In Qrtair t:
allow for the panel deformation, i.e the end-plate flexural stiffiness contributes 10 the panel shear re:;)lr‘ij 2 th;
This contribution may be significant in the case of thick end-pla'tes.'Detaahng the paneklj zonesrzﬁc resug .
current design criteria without taking the end-plate contribution into account would generaily

neering and Engineering Mechanics, McMaster

'Graduate Research Assistant, Department oOf Civil Engl

University, Hamilton, Ontario L85 4.7.

McMaster University, Hamilton,

'! Professors, Department of CiVil Engineering and Engineering Mechanics,

Ontario L8S 4L7.

687




FEN-

L >
i
E f ey e o
' . " i e & ' &
AL S iR ot gt s ER L .
1 i - E e = o = r A e, » T 4 e oy
¢ __:I- ol i = -5 h s E , L al A e i e, L -
¥ g - g i1 - H s Idl' o T o e I ¥ = - e P : ]
Ea T o . * & - e, B ol S - i =l =
p S * = i =l o E s
o Tt k : " N
[ s - Py R ' e L T L : 1 -
I i i . i . : L ] s
s , - - h

¥

b !'-l'-_-.: y

"-\':\.'.' e .
Y
o 4
;1 1{;.";:;_-{_
o1 ) ?. i -

L] o

e 2 iy - '-'-.:':- i ol ._ + - . g i oy =
-mm o ey .-._.:--':..:' I ST ..'. raa o i : <
- - I- + Ir:l*_"-'-, T it v ] 7 5 .
TR i i

L:l:"

Sy el
T,

_-.'t o ,--..I "
e T
S

Eas )
%,

0 {&*!!n-;?'-:glr_ﬁ;il' ] *.’5‘3 i

*
b L

- -
i
—_— - L LS i
ST e L-'IL"__-.lf_a e
5

e 2 -t |-'-II'I. A a :

&“i"f" .

¥, s
-

Weldnm

£
S

L T
| i A e g
i
e -
P
i

bk
A
Bt
L S SN

Bl wilg- -
k] =
U el

i Y P
¥

...q...-_q L
S G i
L.-i,lf""" =

it - o 3 iy
e ;
T T

L i
ey

TR
|

i T _
‘i

L

RS g g

¥
d
-

T

;
i
wall

o
Mo S il
g

P o

o e

L) St ey

1 P

P ol Sl . o Lo -
il o r.. *“ it i ik bt SRy T

. i

;""Jlf' i

ok
¥l T8

PR o o o e
= :'.-?1!'} a1
= 'i.ﬂ“"-
L"’. v | L

-

P P o
:

e ] i
o e
e

i i
S0 S

e
e -t#"' ' -':;1;""'%_1# ﬁ{t‘ .j'\-; .rﬁ(-.l-‘._: ‘:-, L

" o < s i
_;., k! o Pt ._.Ih“. .:. 1 e A _'r}."- _-,:
I.. ﬁmz '-.I--&.'E #‘ﬁﬁ.’*‘ﬁ:&fﬁ 3

Pl
ST
tE s s S

oy e

A ANl

take place in the pane and dedicas,,
basis of earthqualke desicn o ﬁ”’f!w

shondd be considered 28 a rm Of mxz’ng yxjg_a oL Sy 5
assUMpion WmMmmmmm Mmr@%f:w;"

| connections showed that, relative sai g | | iy 4
W " | By b W_ the CconnNeCin fiselt can oo FETEN RS sl =
high loading levels (Ghobarah et 2.1990) > f;.ﬁr&-ﬁ_!

tey the overall orift of frarmmes.

Another important aspect that

e’ £1%; 2 4%

Four exterior joint subassemblages denoted as,CB-1, CC-1, CC-2, and CC-3, Were tested ..
muanﬁagocmmazmom*wmmmabwnahmw&"
extended end-plate attachment (Fig.2). The connections were designed according to the d

by 2n
proposed by Korol et al. (1991). The details of the joints are shown in Fig 3, e

WJ‘ Criter,

in designing each specimen, the strengths of the panel zones and the beams
changed relative 10 each other by altering the panel zone thicknesses. As a
the panel zone strength on the overall behaviour of the




Y o to severe local buckling of jt« beam. This
. - - gl = . Y i : }'f:‘;

as a resuit of stiffening the panel zone

specimen CB-1, the pPanel underw e

[ - ™ - .
Uckling was triggered Dy the hij

= AUl e :-DOI’}(JQ(J {1'.3 '
- z " o e "'-". Fﬁti{:r

gh demand imposed on the beam
with only localized plastification. In

the is did not result in significs C strain reversals

:r},.; ;letransmjmng e f;:ﬂg;]mh:,m strength ‘J‘ml"'iﬁralion e ttmr;;i;?alzar}ld suffered shear buckling. However

e : ces throuc e b B O © lieie ve At | g

~ silatad Tofnths wits ough U“‘ Panel (diagonal tension field the fo_rmcmon of an alternative system
at particip ] Y Wilh the beam in ("“SSiﬁatinq"me A ﬂ-m. eld). In specimens CC-1 and CC-3, the panel

Nt ssulting ir : : : 1€ hig i - ; - >
ithy each component resulting in good Subassemblage pe?rfor?':nergy' This Imposed relatively low demands on

> ance,

Behaviour of connections:

Fig.7 shows a typical m N
. YPLA! Moment-rotation nysteretic behaviour of a connection in one of the tested
este

at :

of loading. Similar response was observed orevi . _
. . lously i
connections. (Osman et al. 1990). Y In cyclic tests conducted on extended end-plate

Behaviour of panel zones:

Figs.8 and 9 show the responses of the panels in specimens CB-1 and CC-3. In these figures, the

' lled moments requi * :
2 ;;enoerl e;lgi; ?F;Eear it argus:; ici:[? g;e;dsfgl?dpanglz and the theoretical moments corresponding to the
Id and dotted lines, respectively. It should b |
l . | y. It should be noted that, in
i;‘ | calculating these moments the effect of axial force was neglected and the equation recommended by the
codes to calculate th? panel §he§r strength without taking the resistance provided by the end-plate into
account was used. This equation is given by:
Y 3b
- VH—O.SSdCfmFyU + 6{2 ] (1)
{
where
t., = the total thickness of the joint panel including doubler plates.
d, = the depth of the beam.
d, = the column depth.
b_. = the width of the column flange.
t., = the thickness of the column flange.

It should be noted that Eq.1 gives the shear resistance corresponding to a distortion of
approximately 4 y ; in the joint. Comparing these theoretical resuits with the experimental results revealed

the following:
1) The predicted moments required to yield the panels in specimens CB-1 and CC-3 were 1.26 and 1.10 that

of the actual recorded moments, respectively. | |
shear strengths of the paneis In specimens CB-1 and CC-3

2) The predicted moments corresponding to the koot 2 oot
were 0.79 and 0.71 that of the actual recorded strengths at distortion of 4 y,, resp -
e of the axial forces. HoweVer, the recorded

e presenc
: he stiffening effect of the end-

ange was attributed to't
of the total resistance.

Early yielding of the panels was attributed to th

high shear resistance of the panels in the post- elastic ro
nlate. As can be seen, this effect counted for 21 to 29%
(CC-1 and CC-2) supports the previous

| imens 2y .
Bl ot o the panel participated efficiently In

| anels’ response
Analysis of the p P doubler plate welded t

conclusions. Also, it was observefj that the
resisting the panel shear deformation.
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mblage to its overall behaviour cap
h component separately, or in terme
e first approach is considered imDOrtanS
s to undergo several strain fe‘fersalé

mponents’ participation ties Of
of the compoO e ductility and the capacities O o ic the issue. Both approaches were appliad o

when assessing - sirab g
ithout failure. The second approach is d:cimen CcC-3 are shown 1n Figs.10 and 11. As can be seen, th,
its for sp o, 13% ,and 59% of the total input energy .respective\y

* su

the tested specimens. Lt .«cinated 28 .
: am dissipa

panel, the connection i thehbe el the connection, the column, and the beam contributed 21.5%, 1go,

in terms of the displacement, € panei, ined for other specimens. This shows thé

| imi tat
17 59% and 45% to the total deflection. §|mul§r results were oD
lmbonance of incorporating joint behaviour 11

CONCLUSIONS

Based on the previous investigation, the following conclusions may be drawn:

is a very ductile element that can undergo several inelastic reversals without Signs

1. The panel zone
of distress.

2 The extended end-plate joints contributes significantly to the frame’s interstorey drift and neglecting

such an effect in the analysis will lead to serious errors.

Excellent seismic performance can be achieved by allowing both the panel zone and the beam tg

3.
participate jointly in dissipating the input energy.

4. The end-plate as an adjoining element to the panel zone contributes significantly to the post-elastic
panel shear strength.

d. Adopting current design criteria for detailing the panel zones in the case of extended end-plate joints

will lead to strong panels that can impose higher demands than expected on the beams
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Table 1 Yield s
| 10 strenath |
[ gin of specimen COMponents
! specimen I P 1 e
| ydbeam Yypane| P'ytﬂﬂn
CB-1 : 108
| 4138 y 5 103
CC-1 = :
1;“ My 163 218
r * — R e e vl
= oy \1722—\_75\218
CC-3 181 163 o
B EE _-____—-—————_"‘:-7———-—_____:__—““_:—'-—':

All loads are in kN

Table 2. Summary of experimental results

| — -— A
specimen e L?T :

! (kN.) (mm.) (rad.) (rad.)
CB-1 175 145 0.041 .
CC-1 250 135 0.015 -
G2 - ol 115 0.057
CC-3 260 140 go12 -} 0082

Panel zone

Fig.1 Deformed panel zones
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