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P haracteristics of 1C:
_..response C concentrically K-braced steel structures

2 ouchi & Toshibumi Fukuta

ﬂm Yuﬁ;ﬂﬁ Institute, Ministry of Construction, Government of Japan (BRI)

o geismic p-erfarman?e of concentrically K-braced steel building structures 1is
ABSTR‘:d by paramﬂtrlc dyngm;}c response &nalysis with a hysteresis model of K-braced
5Wdi jch was verified by the experimental results on a six-story full-scale

resy whiC '
JRONeYE scale-model frames with three-story. These studies '
; ; provide an useful

Wif:jnflow and some charts resolving important problems on the K-braced system
des ST

INTRODUCTION 2 A SIMPLIFIED HYSTERESIS MODEL OF K-BRACED
1 STRUCTURAL SYSTEM

+hough concentrical ly K-braced steel
ﬁuilding structures l:mve been widely used A planar frame with the concentrically K-
gan garthqu&ke resj:stant St:ructural braced bay can be decomposed 1into the two
8 i appropri&te 1nfo'rmatlor} on how to sub-structures, as is schematically shown
:gsign the system effectively is yet in Figats

- eyfficients

m;h“{s ig due to the lack of knowledge on

(1) the interaction between the brace and

the surrounding frame, in particular, the p A +
girder in braced bay and (2) proportioning

of the seismic load and deformation capaci-
ty to the K-braces and the moment-resisting K-Braced Frame Moment-Resisting Brace
Frame Portion Portion
( «: plastic hinge, : pin)

This paper deals with the above two
sroblems and leads to same recomendations

pr

for design of the K-braced structure with

intermediate slenderness of braces(L/i=70-

]20)’ which are of ten designed as Seismj’_c Here assuming that the stress redistribu—
tion between the sub-structural portions

elements of middle-rise buildings.

Namely, the first problem is dealt in
discussion by using the experimental and
analytical results on the K-braced system.

The second problem is studied parame tri-
cally by dynamic response analyses involv-
::Etge effect of the brace-to-girder inte-
iy t: con?idered in the first problem.
= avoid the increase of the number of
parameters for analysis and to attain

after yielding 1is negligible and each

structural portion exX
shear independently for
story displacement ) P ¢

story is given by Eq.1.

the same inter-

Q(X)=Qf (X)+Qb(X)

where Qf(X) is the story sh
the moment-resisting frame por
Qb(X) is the story shear carrie

tion and

Haiytical model of lumped mass system is

ﬁ?iﬂfgi brace portion.
| ‘ﬂth:gg“rytical results make a design flow

*,ﬁ;ha_ﬂizing the effect of the intera- 8.1 arik; of Moment-Resisting Frame Portion
o0 of seismic characteristics between K- kol
' Qf (X)-X relation of the moment-resisting
n was assumed to be under the
fect elasto-plastic

frame portio
bi-1linear and per
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Fig.1 Decomposition into Two Sub-Structures

hibits resisting story

he shear force of a

(1)

ear carried by

d by the K-
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hysteresis rule:

2.2 Q(X) of Compressio

X) was assull i
gfir; shear carried bg a p%lr
compression- and tensioln

Q(X)-X relatlo
brace was compl

expressed as

P(A,)=Kbrd, A,=A cos B (2)
ch(ZX)zP(ﬂf)cosesz X

elastic stiffness
y-stiffness of
the equation,

(3)

where Kbr is the axial
and Kb is the elastic stor

the brace. Thus, modifying

Kb=Kbr cos*®

After buckling of the compression-side
brace, the downward pulling force at the
brace-to-girder junction point, caused by
the unbalanced force between the tension-
and compression-side braces, results in the
downward vertical displacement at the mid-
span of the girder. In this case,
referring to Fig.2.b, the relation among A
and X is expressed as

52=2X cosh + 51 (L)

ed elastically'and.decreasesjiﬂ

1al displacement- YE‘)‘F’, the deCI‘EmErH_
agxial ° 1 displacement 1n the latter1ﬁ;gf
18 negleCtEd’ e qecrement ia:TE
The axial force-axilal diaplan@mﬁm?

(P-A relations) of the e, Dent

e S -" : |
relation _ b,
ng range were ; 1

the post.—buckll g g APProximat.. .

: - hown 3 , 3d

+wo straight line as s in Figs
byThUS, the pOSt-—bUCkllng relatiDns %;P
compression-side brace among P, QX). 7

and X are obtained as the incrementg; 2’

th a

expression.

dP(A,)=Kbrp dA,
4Qbe (X)=dP(A,)cosé=Kbp dX 3
dA,=2dX cosf+dA,=2dX cosH

Kbp=2Kbrp cos0

LT

where Kbrp is the descending slope;hqthe
p_A relation, Kbp is the descending Slope
in the Q(X)-X relation and Qbe(X) is t.
story shear carried by the Compression-gige

brace(Fig.4).

A
cr .
| ab(X) Kbp
in compression
Quc -
A Kb
M =XCr ey Xu . X
"% I,
gma. \
Qq(X) A Nyt in tension
i o iid o -Qcr
-Qby

Fig.4 Qb(X)-X Relation of Braces

P 1.0
P/P
% Perd £ _ -
Na, 1n compression
Pu # ~“?.‘ _____
. ; ':?
i 1%
; A/Ay
: in tension
s PR L

Fig, :
tegt'jaizmp&rlson of P-A relation between
PTroposed analytical results

disevtay analysis and experiment
The bl'&ce e}astically end-restrained brace
S 1n K-braceg Promoc are generalll"

restrgs
Qlned gt their ends by'surrounding

Membe
wﬁrk ::;f- :Ech as C-Olu_mns &nd gil‘ders- The
_ e &UthOI‘S('IgSé) found that the
266




-5 relation of the
k1ing P “ of these resul | ,
son mambera;‘f;tglisgaizoihgir o?he relation of Ehgsér;f; uhnyds teretlf‘ Q(X)-X
S50:5 30 St Vi reversed loadings i3 N
'r’ted member N N aantiodl dynamic resper?;egs 1s developed to conduct
and the 1ength of a ha}f of the system. analyses on the K-braced
Ado%iilnlgmf::ls findings, Quc The representative hysteretic Q(X
B P relation of one-side brace efJ thg K)_X

(6) 2i}elembl_ege constructed by the rules are
4 axial force and using g e?-n??lcal-ly SENGS A0 SE TR S Tor e
pecliled history of story drift X which

. re PY o 500 i Ae is defined A

Jher train €Y B e ! .

2 Yi'ald'r:e jescending slope Kbrp was ?ig;lgse all possible behavior of the brace
deration of the above - € point A to Q in alphabetical

 the
| Js’ﬂiﬂ" o in consl J
Joter®il results and experiment(Fig.3).

nall cement is shown on P-A
In Fig'f’ for both the experimental and
Qb(X) :

| E Kbp
Bq(x) of Tension-Side Brace N P . B
g e carried by the tension-side ’ W

o shear 107 - £
. th(X) can be given a ter the ',
l:)rﬂﬁ_ﬂing of the compression-side brace as ” =+ Kt s
bucklum of the shear force Qbce(X) in the H
M DK‘
G

in compression

and the shear force in tension

thﬂpf‘ession_side brace
Gﬂ?x) tpat is specified as the brace-to-
& r interactlon, by the contribution of - skeleton part

E;:d;irder in the K-braced bay.
Here, the amount of Qg(X) is assumed to
' 1inearly from the point C where

ds to the occurrence of the

Fig.7 Hysteretic Rule of Braces

The detail of the hysteretic model 1is

correspon : ;
buckling in compressmn-mde brace up to
the point Ly resulting in the constant described below; when the dis '
| : placement X 1s
salue Qgmax after the point L(Figs. 4 and decreased at the point B, the brace follows
the route from B to C, where C is the

6), This feature of Qe(X) is analyzed for
critical point corresponding to buckling of

the several combinations among braces,

columng and girders. As a result, Qbt(X) the other-side brace in the K-assemblage.

is expressed as follows: When the displacement is reversed at the
point D, the brace traces the elastic line

Qbt(X)=-Qbe (X)-Qg(X), Qbt(X) <Py cos® (7) from D to E with the slope Kb. At the
point E, where force level is equal to that

?::lﬂi;b“;etglscussions, the final Q(X)- of point 3, the brace begins to detract in
&ﬁ’ﬂhown"' GF' he brace has been obtained the load-capacity to the level of point F.
g i in ¥ig.4. Here, the lines AB, EF and FG are correspo-
nding to the skeleton line ABG 1n Fige.
When the displacement reversed at the point
G, the brace goes 10 the point D which 18
corresponding to the maximum displacement

experienced 1n the past cycles, on the

tension-side skeleton 1ines CLM. When the
ses after reaching to

ngax=(01+02)cot9 displacement increa
e <as2M.~/h the point D, the part of the skeleton
foo . SV | o P9 lines, DLM are followed. Moreover,
S a=1.0n2.0 returning to the line GD, when the displa-
tive from the point

cement is reversed posil

’- tﬁhﬂt" on of Girders to Shear
R e H, the line HI with the slope Kt is traced,

where Kt is given empirically as

e Kt=2Kb Kc/(Kb+Ke).
';_.;-Eﬁﬁ'retic Model of Brace
2.5 Verification of Proposed Hysteresis

~ Telagy,, - 2601Ng discussion, the Q(X)-X
latigny aooBent were derived fron the P
f e brace. Now, on the basis

S e
-

The hysteresis model for K-braced systems
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: 1 '
:ﬁs ii?%lijaled x_braced frames( puilding
e —_—

full-scale glX A
Eﬁggd) in order 1O obtalin

: del.
hvstereslis MO _ cem |
Eﬁ: fgfmer test, the displa predlct-the

to
given in the test was used

ose
Q(X)-X relation by the proP

by the pseuds
later test results(by cabe

‘ om _
technique) were C e aund
;::;on:e analysis uslng the hySs

d model- :

model. 1t
' the Q(X)-X re
A o) d model frame and the

ytical resulte.
agrees excelle

the half-scale
ntly'with

40ton=392kN

analytical
«=+spoxperimental

Fig.8 Comparison between Experimental and

Analytical Q(X)-X Relation of Half-Scaled
K-Braced Frame

3000 ) Q(kN)

the gull-scale test, Fig.9 g,
As ITO¥ tion for the lower four g4

Q(X)-X relathe figure, good agreemens
Al1s8O fros et t he experimental and HTHi
found beijﬁh Accordingly, it can h@'a:fi‘
cal re;": hysteresis model for the h‘"‘w
th:zeﬁ proposed in this paper has mycp
i};rifications whereas 1t 18 so much Slmp)

L&

«-

'l..
od

3 PARAMETRIC RESPONSE ANALYSES

This chapter, first, deals with Paramety
dynamic response analyses on One‘degmﬁhﬁﬁ
freedom of lumped mass systems with i fe.

hysteresis model discusseg above, g
response results are examined by the
content on the plastlc—strainﬁEHErgy
gbsorbed in the system. For thege -
the major response characteristicg ﬁf‘&;S,
energy are extracted, in particular ¢,

two sub-structural portions. Thirg Lhi;ﬂ

and’

dynamic system that would be a repr
tive for multi-story structure
concentration of response ener
height of the structure.

o~

r

gB o

3.1 Analytical parameters on one-degree—-
freedom system 3
The six basic parameters, which we
strongly expected to have signific
effeects on-the response, were carefullv
selected for the analyses of the K-braceg
system with one-degree-of-freedon.

The yield story-shear coefficient
the system is defined as

L]
14
——

b4
L 4 1

ry=(Qfy+2Qcr) /W

L)

f
P_
k
ff;

EJ.} rr
D

story-shear at the buckling of one-si
brgce of the K-braced portion and W i
welght of the system.

The ratio r
by K-braced p
she

+.l|r'-;
Wi

[
D

P of the story-shear carried
ortion to the gross story-
ar strength of the system is defined &s

rp=2ch/(2ch+ny) (9)

As ig descri
to‘girder inte
can be 'eprese

re?isting shea
-81d

bed in Chapter 3, the brace-
raction in the K-braced bay

nted by Qg(X); Qg(X) has the
of Qgmax(Fig.4). Namely, the
r force Qbt(X) in the tension

~braced bay. Here, the
rder's contribution is

i e G P e



B o bh tensile yield story-shear

e DT ?:&f fness shared by the K-
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: 5 ”3’;_;": g iﬂ aw fol lows

a b

S alastic stiffness of the
B sting frame portuion.

. ~3;¢ -ﬁy_”“-fO11owingequ&tions;

!
p+1), C=Xfy/Xer (12)

g_braced steel structures, the
be 1<C<6. Therefore, the

en rp and rs was adopted

ses considering the range of

5‘ maftﬁe system and slenderness L/i of
: d ~ The values of the six parame-

g9l ijn the analyses are listed in
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“ake(1952) were used for the ana-
"4l the gpecified scaling on each
ach 41 > ol of the earthquakes. Namely,
Scaleq 1. STy of accelerations was
Veloass. 2T4Y 80 as to have the maximum
Be gyat.  Ponse spectrum of 50cm/sec for
B8, ana 40 - Ve natural period of 10
~~ Yhe earthquake ground motions
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3.2 Examination of analytical results on
one-mass system

~total plastic-strain-energy absorbed in the

Syst§m— As widely recognized, the plastic-
straln—energy absorbed in a structure

during selsmic response is a very signifi-
cgnt index to evaluate structural damage.
FLret ol |l therefore, the characteris-

tics of the absorbed energy were studied on
the results of the above analyses. The
plastic-strain-energy was computed by

summing up the area of each hysteretic
story shear-displacement loop induced in
the analytical model during the response.
Fig.10 shows, regarding the response by
the scaled E1 Centro Earthquake motion, the
relation between the plastic-strain-energy
Ep and natural period T of the model using
the parameter rd&., In this figure, Ep is
yet transformed into the equivalent
velocity Vpe by using the equation of Vpé2=
2Ep/M, where M is the mass of the system.
As can be seen from the figure, in some

period T, Vpe does not depend on rs. The
solid line 1in the figure shows the response
veloecity spectrum Svj it is found that
subsituting Sv for Vpe is probably useful
for design, if the information on Vpe 1is
not obtained for an earthquake motion.

Vpe
(cm/sec.)

O 1 0b 1.2 3.8 Tlsec:)

Fig.10 Vpe and Sv-T relation using IS
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ggsociated with T, When
1 ol e
dlsplacement at thﬁ brae{::h IS

jg equal tO that at the ;.

ent-frame yielding in ¢} .~ 18t

Ir
|

. ] : A8 a |
prom Fig.14, 1irst, Rb inepe,  Ylg,
e with the 1ncrease of e R

— - |
] b,_:. C.-: .!r"

of increasing of Rb

2

.
- % - i r.-
O OMear 2l

*'*‘*'J'-’ia,a; *)
coefficient ry was examlnedé the U.5 ry=0,3
sigible in Fig.13 for DARK:S jdence of Vpe : rP=rs.
earthquake motions, the dependell o g 2.1
on T is smaller for ry=0.15 than the system L/i:%O
ry=0.3; obviously, the damage o1 i 1 o
becomes severe as Iy decreases};h;& \?pg-—ry entp,

nce is 1n

' differe
considerable ook  thabahe

relation between the
Fig.14 Rb-rs relation for T

motions.
i R ¥
—t——e— (.3 _Plastic-strain-energy absorbed inp th
100 i igveermee 0.9 compression-side of the brace hysteree~
Vpe < i e s B T A The plastic-strain-energy absorbeg j_nsi&
(cm/sec. ) W RO L S ] brace consists of the plastic—energy v
£ —— 1.5 fypud), 3 absorbed :.'Ln th§ compression-side apg £ 11
————a" 1.8 yp=0.4 tension-s:.de(-Flg.’?'). Here, the rati Ofu.‘le
sdl) £ the compresmon-:s:Lde energy of one Drace t
L/i=70& the gross p}astlc—strain—energy of the K- ;
120 braced portion is defined as Rbe. Inp any

0.2 0.4 046 0.8 Y9 %% fantro combination among ry, rp, rg, rs and T
exclusive of the case rp=rs and T=0.9, Ry,

Fig.12 Vpe-rg relation using T maintains almost 0.3(Fig.15). In the cace
rp=rs and T=0.9, the response displacemenES
oj:" the_system have a lot of drift to one

s direction, resulting in much concentration

(entro of the plastic-energy into one-side brace.

t1 Centro common

I:zbc
o ry=0,3
o rp=0.4
rs=0,6

—— | /i=70, rg=0.2
---=-L/i=120, rg=0.2
swms | f 5270, rg=0.6

-Plastic-

tenﬂiﬁn-aid _
to att For e.of the brace hysteresis-
ain knowledge b bra"lng member in the K-braced

IxxrtiCHl.
in the ’:,ethe. plaﬁtic—strain-energy absoO

W’ e i e N
T .'_.%-!-'"_E’-g My :r"' e
Vi e I L AL




TP tﬁﬁ ratio of the plastic-
.Jﬁﬁ%¥£¥;g€ to the skeleton-part
I'jﬁ@@ﬁ#“ﬂiigﬁenergy absorbed i1n the

, -ﬁﬂﬁg js defined as Rbs.

Tx. of L/i and rg on Rbs

.Q.ﬂ,i$¢ each brace of K-braced

E & isible in Fig.16 as a function
¥ 5¢f¥ﬁ;:f %&ﬁ bold line denotes the mean
B lween the two braces.

. thﬁ figure, Rbs does not
ﬁ&}  and TE» and the mean value of
'ﬂlﬂ two braces 18 stable for T.
Bt 0.2‘ On the contrary, Rbs
‘5 ﬂﬁ P rs and the earthquake

i LA
o It
&

_____
.I-.IJ:-

.:.  “ _‘ﬂ.Lliﬂ?O. rgﬂn.z
' ._‘__ 111120. r‘g=0.2
,1:70, rg=0.6

o brace1

common
ry=0.3

average rp=0.4
B . 6

E] Centro

v

brace?

1.8 flsec. )

}?@f};fsgsbem
the knowledge gained up to the

»ﬁf**f;mwiaans;for
) 8 series of response analyses
th the proposed hysteresis model were

yariables used are 11 sted in Table 2.
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multi-story K-braced
ce_of-freedom dynamic systems

| -me atructural parameters and
As a

conclusion, the knowledge attained for the
ome-mass system was confirmed again for the

pactively.

100
- Vpe of three-mass

e system
Vpe for design

Vpe
(cm/sec. )

50
El Centro

0.1 0.6 1.8 T (sec.)

Vel

Fig.17 Vpe of three-ma
. ss system and Vpe f
design(Chapter 4) y an pe for

140

Rb
0.8
0.6

0.4

r¢ 1=0.6 sec.
0.2

0.4

0.6
0.8

—— Rb for design
——Rf for design
m=x 1ot sStory®
sessZnd - STRny”

0.2 e 3nd story™

# : analytical
results of three

0.2°0.4 0.6:0.8 rs
-mass system

Fig.18 Rb of three-mass system
GER T «
A /2nd Story

Rbc 4 -\
0.3 |

»3rd story
of--*<1st story

rs=rp=0.6
' rg=0.2

g gt N (sec.)

G300

Fig.19 Rbc of three-mass-system

/, PROPOSED DESIGN PROCEDURES

Finally, & structural design process for

the K-braced system agalnst severe
earthquake ground motions 18 Proposed on
the basis of the discussions 10 the

t on the
revious chapters by ?he concep
Ebsorbed plastlc-straln—energy into the

t1ine of the
amic system. The ou
iﬁcess ig shown in Fig.20 as g block

diagram.

Ly Total strain—energy and its allocation

vpe for the design
elocity VP °O 1 Chart 1

stem is give _
Accorging to the consideration

28




. 3 Upe does -
in Chapter 2, o IOt g
on' fof? hraces and the COn'trib],l't,j_ {-‘,_h_hl__'\ e g
L/1 ; girders. On the other hand, 1

th “ e
riizys B . the re, Oty
a 1ues of Vpe have to be g1 ven b}; ?Pinii%ki]
Elfe scattering TB'SPOHSF% by rs and r“'--*‘-.j‘.?’lﬁi
count. From this point of i ? lnt,
| .o Fig.21 provides the curveg o ey
: | ' response due to rg 4
stic SUr 1 cattering nd i |
alculation :1_“-’120 Fach Story _ _ _ Eoth the strength level ry apg the ?: Loy
ofl@m.MﬂiEP L :"ﬂ"_ - carthquake records. 18eq
Sele&ion onglgg)T] The Vpe recommended in Chart 1 .
~———1in Chart 2 (ED; course, based on the results py > of
specific records of the past ty, B
: akes. Ideally speakin g 0
BRI ELa 2+ el ] dopted f . ﬂa?th%.lam
pf and Epb ground motions adop or the desipy, ke
, P should be selected by considering 41
results of search for the seiomi, oo,
B o and the pI’OpeI‘tleS Of Slteﬂ {:}f j—r-it%‘r"c,f-#i]';rr
Resisting Fepacity of 1)Deformability However, from today's state of LFT';JH_:_H.*L
ki 8 Azporbed of Girder it 18 o be expected that in the f“.mj,,,f*""’
Portion Plasstic 922 (Xc-Xer) sufficiently reliable earthquake Pecord.
55?: 5 St Lo which fit the situation encountereg T.,..;i;;u
i r £ Energy in 2)Deformablillty available. In other words, the T-«Emc;r;:_ .
Compression|[ of Brace in results by the two widely useg @ciI’T""H
-Side of En_s:Lon—Slde motions cannot help being judged as S :
No |[Brace 2 Ebc Xt2Ebs/Qby next best index for engineering-deg;on

No aspects.

—N— -
T Now, the total plastlc-—strain—enm, r T

| absorbed in the i-th story for g = f- s

D

Pl o "

) -

Yes 285 story building structure is given by *_
following equation.
" N D e 2 :
Epi=(M Vpe®/2) Di l
preliminary design process e where M is the total mass of the building,
and Di is the distribution coefficient of
proposed design process ":’ the absorbed plastic-strain-ene,?gy for the
e ‘ 1-th story of the building, for instance,
at\il strOC}E diagram for design of K-braced Which was vigorously investigated by
ucture Akiyama(1985), By his investigation, the

coefficient Di is very sensitively varied
by the deviation of the actual story
ry=8_]5(E] Centro)e- - Strength (ry) from an optimum story-
¥ERe S LR Lont rataes
/. oV (E] Centro)w.., Share responge plastic-energy almos ﬁ
Sk :ng.;S(laft) — SQually wijth every story. Also Di would be
Y=u, ET:;tg — EOnfb‘ld?I"ably influenced by unknown charac-
o g €ristics of earthquake ground motion
(Yamanouchi 1985) , :
deﬁSSuming the coefficient Di that was
: / ~- N veloped by Akiyama, the plastic-energy
Or 1/ o?lt}?y £9.14 has to be, for the next step
> 9e8ign, divided into the two sub-
le€4y the moment-resisting
fr f g
T (sec,) us?_se f}?rtl?n and K-braced portion, by
'8 the ilstribution ratios, Rf and RD
art 2 in Fig.2 For the two
(Chart 1) 54 8lven, the energy allocated for th°

ural systems is obtained




§ . Epb=Rb Epi ‘13)  under monotonic loading. Thersfore, & half _1
s RBoly © .EE_EPf 18 to be less than Qfy Xfp, where

Xfp is the capacity of the plastic story-

drift required in this portion. Namely,

or the design of the moment-resisting

fra@e portion of the system, Xfp has to
satisfy the relation of

Bpt T o portion and for the K-
¢ing 1" Lespectively.

™ 5 - - 4 .':_I__l._; I-...-III!-.I.-. R . ;
| % ] '.’-.-'-"-.3-'_ Rt S _:- b ;
A the moment-
Sa e S At AT B . e

3 P i l‘—.“:--:";I-.I-;- . . i3 &= q,"" , - 2 g : )

- S [ L T o A i -

ol
- . B il

gfo XFp>Epf/ (2Qfy) (16)
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0.4 4ol Design of braces
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5. Rb ry=0. 15

= ;' Y- -==== ry=0.3

s X 7104

SN / - Rf —-— ry=0.15
! 7 e e ry=0. 3

0.8

7ig.22 Rf and Rb for design (Chart 2)

u ig discussed in Chapter 3, Rb does not
depend on the values of L/i and rg.
fonsidering the uncertainty of earthquakes
during the life-time of buildings,

properties of the earthquakes have few
effect on the values of Rb. Therefore, Rb
in Chart 2 is prepared for the design of
the E-braced portion in terms of rs, ry and
L Moreover Rb is conservatively shown as
the maximum in the response of the analyzed
he-mass system. And Rf-values in the
Mmm for the design of the
““eit-resisting frame portion and has the
- as the case for Rb-values.

| haye o .re8isting frame portion should
1 absgpp o0 StTeNgth and ductility to
5 = ; . 1ﬂ-ﬂtvl’ain-en e gy Epf- In
1 Wijon 4. . TUClure under a str ong ground
| Tsponge 4, 0 ©xhibit almost identical
1 origons o POVD positive and negative
§ lvegyy o “'TeCtions, Further, as was
e - . et 1 _:___ ;_ AME _{ 1985 ) ) thﬂ sum O f
1 %y, ~"®“Tain-energy under the cyclic
urre . PoRds to the plastic-strain-

0.8

The braces in the K-braced portion should
also have enough strength and ductility to
absorb Ebe in the compression-side of their
hysteresis, i.e., the area surrounded by
the skeleton curve for the monotonical ly
increased drift X and by the displacement
axis, is required to be larger than Ebe
given by Ebc=Rbc Epb. The ratio Rbc can be
0.3 from the analytical results shown in
Fig.15. Thus, the deformation capacity of
the braces in the compression-side can be
obtained from the compression-side skeleton
curve and be compared with the required
displacement based on Ebec.

4+5 Design of girders in the braced bay

On the other hand, the required plastic-
strain-energy Ebs of the K-braced portion
corresponds to the area surrounded by the
skeleton curve under the tensile force and
displacement axis in the story-shear and
story-drift diagram of the brace(Fig.23).

Q(X)

Xcr Rote. X
Fig.23 Ebs and Xc of girder in braced bay

] ] -A-B-C-D-0 1s
Considering that the area O-A '
required to be equal to Ebs for design, the
story drift Xc is obtained. Actually, the

] ding to
lastic-strain-energy, correspol
Ehis area, is absorbed in the girder of the

braced bay. It is because that the bgace
in the K-braced system seldomyieldsThn
tension as described in Chapter 2.f S
girder of the braced bay is, there Or:é
required to rotate at its mid—span_mo

Bquatiﬂn .

g=2(¥Xe-Xer)/h (17)

= 8
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' the bl‘ﬂcec'i bay the energy Ebs
in tension-
1 deformation
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tension 1s
' (18)

Xt2Ebs/Qby

5 CONCLUSIONS

Through the simple dynamic response
analyses on the K-braced structure systems

as well as the rational experimental veri-
fication, the conclusions can be led to:
The proposed hysteresis model for K-
braced systems is simple but reasonable to
predict the dynamic behavior of the

structure systems.
The interaction between girders in the K-

braced bays and braces is clearly
introduced into the hysteresis rule of the
K-braced systenm.

?he _girder-to-brace interaction is not
prime in the over-all response characteris-
tics of the K-braced system, whereas it
affects on the design of the girders and
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