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n -, ¥ ' * - lped Deams ana columns, strengthening
¢ pbeam-! 5 ] 1O 11! panels with over-plates or stiffeners is often
tad ) h ther hand, when n itrengthening of beam-to-column joint
nane] g given, th eiesmicC f1aill | Nnis type of structures mrjy pe
jpecified A g 11ng L Tl weéak Joint panels prior to that of the
11acent beam r column nere, (14 r L Signif INt question whether
veak 301Nt panel: 2 preferabli Fo9 nder severe earthguake ground
ot ions Th] paper gilvt 111 answer the above question through the dynamic

ime-ni8tOLy ERae e e LYVS1S8S with an appropriate structural mode ling, and bv
].l_:}['}] P | qu-__lftq---;';.F'lT "r-_:I-" ’;l'-_‘_l.“fIﬂ}t“ "‘!l*‘Tf]‘-r’ :TI;I];T ‘

I NTRODUCTION

fn a moment-resisting steel building structure, the strength of beam-to-
~lumn joint panels is a key factor that would determine the failure mode oOf
rhe structure under severe earthquake ground motions. In high 8
such as almost all areas of Japan, 1t igs recommended that the beam-to-column
~int panels should be strengthened to remain elastic under sSe
E~4TWW;-IHﬁfﬁﬂrTHjJHJ rhe load effect of medium earthguakes. HWW%U?Y,‘EHKﬁl
arrenagthening as with cover plates Or stiffeners usually requires dlfﬁlcu}t
nd tedious design work, and further rhe effectiveness of the strengthening 18
iomet imes doubtful. ‘ |
On the other hand, when nao strengthening of joint panels 18 gilvell, the
panel yield strength is, probably in almost all case }egs than th 1a;ger
vield strength of beams and columns. Thus, the SEiSmqufaJliﬂﬂélmﬁj? }n.t OS?
cases may be determined by the joint panel yielding FWHFHTIHD tbe Yl€ldln?10d
the adjacent beams and columns; this type of failure 18 hereinafter Cieai-
"joint panel failure mode". According to a lot Ok TEeeE aata, hUwe:i;;rption
to-column joint panels have generally a largﬁ_capaClCY ot eg?riiectivery i
owing to stable shear deformation. This capacity may be used € ader BEVOre
preclude a moment-resisting steel structure from collapse Uu

earthquakes.
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R -he panel strength was represented by a new important parameter, RpY,
e s = Aefined as follows {(also see Pig.2);
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« T OT - L L L& =
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v af 1pfe and right hand side beams adjacemt tQ the joint panel, and
. .3 temvis) are yield moment of the upper anda lower columns adjacent tCO
~vY ERRARE - LPhodu Aoy =
-he Jolnt panel.
il - - ' 1 AL -
*» this analysis, the wvalues
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MELM Ratio of Beam/Column ~() Damage ¢ =«
~f the Analyses B and C, we shou! _ | B~ o
describe the structural model 11 &
more detail. Pig. 4 shows the

1 structure 1N which

prototype mode
trg of Dbeams and

rhe yield momen
columns determined by the moment

distribution corresponding toO the
optimum yield-shear distribution Qyi
along the height of the structure
(Akiyama 1985). Then, the ratios =
among the yield strengths of beams, g . -
columns and joint panels were varied
from Fhose oL the protoetype to
lnvestigate the damage distribution.

Herer the abov '
8 Iatio for
structure. €aclli story was set to be identical for one analyz

Fig, 4 Damage Distribution along
the Height of Model Structures

analyzed str
‘UCture :
# W The figure had 1.1 times stronger beam than those
the : e yeam than CLROSE
panel yield ratios, Rpy, were set to DE

-Rale

he fj :
ic lgur
ates the degree of thg;de IR tha story number, 3T

Ols are definegmage concentration into the i-th stoin
into the i1-th o fOllowS; Wpi 1s the ab'sm'bed enelt
Woy = Story, which is calculated by
C'wpi + ‘"-—-IS_L______ ( J
PWpi+ip;) + _ Ky

K1+K.+ A
Where £ s Ki+IE_:; (P'Wpi-l*‘bwpl 1)
abSQrb S he S :
d { Lory _
th nto ; BL1ff
e abSOrbed & :e rlght‘ an(:;:less {:)f the 1—th o
‘Y of the 1eft-hang g; BEOYY, bWpi is the tota: ~
Panel o 'lde beams of the i-th story. pHE-
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The damage concentrat ion factor, n, 1is then obtained from Eg. S by using tae
reaults of response analysis where only the story shear coeffic

th story, 0k, is changed from the optimum one, ok . That 18, the damage con-
centration factor - --

e
E—
[—

-

-
=
Syl
|
il
rre A
—
|

N = o

Ip-'--'
e

where a is given by Wpk/Wp with the optimum shear coefficient Gk and b 18
Wpk/Wp with the changed shear coefficient, Gk = pdak. The values of 3 and b
can be concretely attained by response analyses. The factor, B, 185 e
considered to be an index designating ttm%cnﬂmyye concentration into the k-th
story having a certain weakness in story shear St engch. In a shear-type

r
milti-story structure, the value of n is found to Dbe 12, and as tie flixuiié
component is gradually incorporated into the overall structural behavio
n-value becomes smaller than 12 (Akiyama 1985) _ _
N nt
Now, the factor n was evaluated on the SLruCture€ modelshhav;ng d;ffe;i'k
Rpy-values from 0.3 to 1.3. Herein, the coefficient Pd and the story numb

were chosen to be 0.8 and 3, respectively. Needless tO Sa¥. g

s - g determined by the
wou 1 . 1 ~ Thiie the story number, X L B
d depend on Pd and k. Thus, qives the most severe damage

resulr of the past Hru*i}f 1N which the number 3, 1 - ion (Aklyama 1985)
‘OnCentration in five-story models as a batehy SLde evaliud

: of n which can
and also the selection of Pd = 0.8 gives an appropffate vasae

. J - 1 &3 ) }'
designate reasonably damage concentratlOll (Akiyama 1985,

"j
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f‘:"t 5 & k_l o f_‘}tlller -
gmaller . S 8IS : on L€ 2
LJ KpY~/ 1.0, o1 does o
wnerl cCONC onntrd 10T i d 3
- ;:: iy © s o e -
hand, the damad .nd does depend =
i

depend on RPpPY:

. et s ;‘::E}n
not rh ratlos petw

only the pET B > 1 g because s -

o b o . 1 b ” ).
OE e and columns; thlcjgii 46 not 11 Hr),f
bea e ronger jo1int pari e e e :
the | plaqrir‘izati@n' Thus,

rhe damage F19g .
45 y nng;{'_‘: f_}f Pp?r "'lr-l_e o
rhils raiiyc smaller as Cle

t:l :.“---.__Jl W lJ S[I |- -

o ‘ - : eismic performance of
W% c was carried out tO examine ti?psd;formafirﬂq Y
[ . ~ i X £ 1C DS AP Ak ALA -4 =
t r-tzzl;gahavinq weak joint panels 1n *c%erms @}fefiastg . s asount of
gt ruc =% : arirts. — ‘ >
- d interstory B Ak ive
ng-elements and ; used the ~umulative
804 SPLi gf nations of hinge and spring-elements, WwE
plastic GerOFia- : i :ch is defined as follows;
:nelastic deformation ratio, T which 1
B Wpi
; il 7
My Oy

where j expresses each member of the column, beam and joint panel, and wihere

iMyi and i0yi is the yield moment and vield rotational angle of the 1-th
story's ] member.

Now, Figs. 6 demonstrates some examples of the analytical results 10

|
L -

terms of obtained n regarding inelastic elements in beams, columns and “‘
panels; this figure shows just the results obtained against the input OL =-

e

Centro record having the scaled maximum velocity of 0.5m/secC. ¥ LNR1s

analysis, the panel yield ratios, Rpy, were set to be 1.2, 1.0, 0.7 and ( o

and the strength ratio of beams to columns was chosen to be 1.2.

Looking at Fig. 6, we can say that n of the panels becomes larger as Rpy
pecomes smaller,

and corresponding to this inclination, n of beams and columns
deCreases,

Furthermore, it can be found that
values of n of the columns be

il the cape of Rpy >1.0, the
These values exceed the value

come larger than those in the case where Rpy<l.0.

: , the values of n of the columns do
cXCept for the bottom of the first story column,

t

at weak pa _ . - Thererore, 1

columns, in particular Eonzizv;r?t etflfecftlve tO0 reduce the damage of beams and
Pig. 7 show : -' € fallure of columns

Panelsg ; . ne ;
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