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The column footings of the frames with seismic walls subjected to lateral load often up-lift
from underlying soil, because of the concentration of the load on walls.

This paper examines the properties of the frames with seismic walls, considering up-lift of
column footings and elasto-plastic behavior of all members and of soils.

The analytical technique is based on the displacement method of the stiffness matrix analysis.
The framed wall is idealized to be a single structural member which has four nodal points at the
courners of boundary frames of wall. The stiffness matrix of the framed wall can be derived by
the finite element method as the solutions of the simple problems of the forced displacement at
the nodal point. The soil under individual footing is assumed to be a horisontal spring (Ky), and
a vertical one (K,) which can not resist a tension.

The results of the analyses are summerized as follows.

The stiffer the underlying soil is, the more easily occurs the up-lift of the column footing
with seismic wall, which deteriorates greatly the horizontal strength of frames. Lateral load bearing
capacity of seismic walls, which are lower stories, does not so deteriorate notwithstanding the
up-life of the footing of walls, and that is greatly infuluenced by the strength of the soil and of
the beams whose one ends are bounded by walls.
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Fig. 6 Skeleton curve of the wall



FEBITRREEH H31%E (1979) : 383

D1EF CRAEETIXEVWEDE LT3,

ET, Qe XRAMEHGEL 0.26%, BOXHE
8-D22 LEELTEBROIC L hRD, FOBRDOEHE
Opax (ERRIT & D KRB,

Omas=@max/ (B K) seveeesearsonee 3

T2 TKRMBEOTHAEYELL, FLTHEOR
BEYSURBOMEREAT X D BRI KERED
PHEERD, K=1637t/cm L LTV 5 ,F— 1 D@y,
Omax 12, CHODEEBHEFNVICRHLTRDIERT
B2,

Fie, RIBEETEZHETI21DDEOEREI T, K
— 7D EL UHISDOHE, KEEEMHORRIC LD
KDL L LI,

O==—=

2

H (url-ujz{un—“z + ”i+vlzvi"‘”h>

Fig, 7 Deformation configuration of the wall

4.2 R, B

HEBEBITC KT 52, SO B L T,
RO Z & RGO FEEHGI, BEaic &,
R—10Z L ROEATHZARETERBZFhZ
NPT ETRIEMET 5 &L, FORIKEETIRR—
8 DRI L FIRA MR O BR[O L KA

= afEI (4, l"zy" ) =g M

~ a,EI
teiL
a; I BIEET &
M R ETEROBEHMTE— 2V T
CEORD, 20D 6; & M; OBFEHRR—9DAF L+
VYH=TTELINBLOEEE LR, A, BHAAN

0-1

Fig, 8 Deformation configuration of the beam (column)

M
1

K1=0.35x K0
, K2=0.01xKO

hdc .

0/ 8. By —b

Fig. 9 M-0 relationship of the deteriorated zone of
the beam (column)

CEHAIEETRELRNEDELTWB,
D DORIEETE, & Bl 2H%ETH
B L ChAEEEL S,
¥, B, BosESEGY 3 —D22 L{EEL T
he—2v bt M, BRRE—2V I M, 2EEHEXD
LD ROIBREEE—1TRT, Kk, 2v7)—1
O v ZBREUL 210¢/cm? E LT3,
Table 1 Assumed values of members
BEAM Mc=8.48 My=17.24 (tm)
COLUMN WALL
Mc | My | Gmax| Dmax| R
3F| 17.5 [28.94 | 258 t1.58 cm[4.5/1000

2F| 21.82/39.68| 295 |1.8 5.1/1000
1F ] 26.1414893 | 332 12.03 |5.8/1000

4.3 &

MU EBREEELICHBORE - RE L OKE XD
AIEE T, BEOXBPEEE L, PREMRBRS
BOWE—THEL = F VLU TER L =R—1008
BIDRDBZEELI, COMBRECBSOMEGE
BULEEEL, ZEBRO—TOEIDI0% DL TR,
BLUOEORDORT Ry HREMEE L TRATEDHIL
2D ELI,

X==0, 1Y+0. 9Y3eceeercerrecssccriasecreeciecanniscnses()
x=0/310, yY=R/Ry,

fefil, BBROARIRYOHBEMER L ZWTIEN
LTk E L, DWTKRERHER X DI TEAERT
DHEIME K, KPR ORISR S TH—
ORIEETEZET D LTS5, Tie, HICETERRK
2T HEE, PHOERARTRESOEL, $HER
HR0 iz BZER—100 UP &) cihifigs
ERDBECIELT, UBHE, KP-Ridticok
L TR %,

wi, MBOARERL, FRCLIBEREEYRD
THBEOXRIC L hE -2 KRT 5 EEOMBARY
BELBNET o0, ¥, REAARER Ky 37 —F
VI/OEBERY M L UTRDLETH D, LERK—11



384 Bulletin of Nagoya Institute of Technology Vol. 31 (1979)

0 _ Bt

X | x=01y+09y3
2 |

Fig. 10 Hysteresis rules of the soil which is assumed
to be springs

Table 2 Assumed values of the spring for analysis

TR kv (kglem®) 1 3 5 10 | 15
A S AEB Kv( t/em) 401 120)200|400|600
7KF23 A EH Kn=0.35 Ky

Ok (Cp, Co) ODHFDO Ky, Ky ZER—2D2{FDME
EL T3,

§5. BRHIRR

H—11e A B OR G & L FEEBETAVERT,
BlicRTHic Ay 6m, B 3.56m &L, £HHMITT
~T#H : 30cmX60cm, K 60cmX60cm, , EEJE : 15cm
LT3, ik, UTFTRERYRFBONFETIESLET
& LT3,

r—6m——6m-——6m—

77

A B C
Analytical model

b3s - 35

O W

Fig. 11

i, ZOROT— AV emERTERE IR0
EEZ, HENBERIREOAEER 36m’, FAREOR
HER 18m? L1, £ T—HIC w=12{/m? OEEH
HERELR, i, KFEHEIEERARC o O affh
mbBE0EL, HEXETHENEDCRBEGICRE
a=0 HORECHEMERDI LD E LI, ik, LUTT
2D awKPFEEEFATHS,

§6. BUBRLIUVER

6.7 EBOLER

R—12i%, EBEHICT 3 AMOHEMER 6 LK
PEREcOBRENRLICLOTH D, s, BHRIE
WO LA IRET 30, Bk L0t
ETFTERET R E LRI (B, LISHERNT LIPS &
Fbl, ERITHMBHEREN (EP) %, ILRARPOERE
BROBRRIET BRI EEDL TS,

e
71’
/1]1‘

Z B

5 ——B(cm) 10
elastic analysis
EP elasto-plastic analysis

———eeee E

Fig. 12 Load-deformation curve of the frame

Ky=40t/cm ORBHEEITHR CHDL» R, BKE
HBOBEIHWHORE»OEHZOKTRIE OB T 2E
LFEbhb, chiy, MEOREETAELL, Th
CEISEORr vV I/BBERKELSRDZLDTHY,
Oz ERRALKOMUERTIHERE L HEBLTIHALNLT
BB, ¥i, Ky=120t/cm OFHIBEOEE LRI LD
LIERBORBRRNESTL, BELRYRETD LR
BOMH ERIE WS,

~FKyp k& B s, ROBRUMCEE EXD R
£T, K,=400t/cm Ll EOBEHOT L L, HREEE
NOFEC BT HRNLWHIERLTWS, L
ML, BEERDIR I ZEBOKFRIKOETIAEL,
Fio, BMEMTCHESCHBRBTERICEZEND O
HEIBMLBEPR T35, SHLREE ENRYCHEVTR
DBRBBEBCEL, ThEHEBOMAN LRI E
AENRL L5,

Dl Enb, EROBEE LRI HBELLE, TN
TORNBRUICREE, ik, TOMOEF THEAD



FHBTRAEEH H31%E (1979 385

BEREC AR EBORAKEMPEELOR D, ¥
o, KERBYRITE, AHOBRENET S a i,
Ky Dz 2o b3 0.6 ik O & le s T D, BX
i R B Ky OB BN B\ T & dsbh B,

o, RBITOR, BT, BREIHLTHESLTE
HEFRD B E LT 30T, ERIHATIERTR
IREFEAT D, LrL, ZBHELXAREUHNEET
FETHZERTERVWEEZBLRDDT, LTFTI,
BEEND) B IVLROBRROTEHIAE L e BT Tt
B ELTWS, $i, Ky=40t/cm ORRIZERH S EE
TAHRL TEMNBHET HHAL, TRTORNBR
LicAETeRbES & ELI

6.2 BEENVZETIRDeE

SRELRELME) RBIC 0 0B RBITHINT 2 K EHE
B2 HEEEL, WThrOEBRIEE LAIED
C¢EEXRDIONRE—13TH 5, R HHBELAELHL
BEFEERDIECEL, MBRAELI BB IEEE
RO BLTd L, i, MBHAE LB LEEXEND
HETD el —EHEITESL &, XD, ME
BN & BRI L OENRL LB &b b, TH
&, KyBRE QI L MBOWTEINE L, BOBR
LB i2E b o T2t E#2 00, E@oOEy

ERD T 2 BORIBETOHMEINIVEVL B,
Fiho, BMERITTRERB (FiXA) XEE R,
THRERABRNEE L2350, MEHFZTTIERBO
BEERVEBARMOCEL, SORERANFE LR
% 3 NP (RIS
1.0

o |~

| \
‘\

05 &\T‘\\\‘\*@—

- 77 E JEP
- % A-UP| -4 -
N 7 (BUP[e| o
A B | |
1l
0] ' 200 400 600
K (ticm)

Fig. 13 Relationship between the vertical spring (Kv)
and the lateral load coefficient (a) when the
up-lift occured

PLEXY, Byvaficisy TSI L ik

BEpTORE ERYBEL TS PHT 22 LA TR,
EydVhXVB AR EROBEEND L b B L U

400
c .
S 77
. 7
o 7
L upP
300 300 o
[ =4
— Fix :%
- Kv=600 2
S-S Kv=120 o
200¢
V4
¥ w-2F
100 100 ]
/ /,/,'f/";NﬁF
0 0 05 10

(a) elastic analysis

—= ]

(b) elasto-plastic analysis

Fig. 14 Lateral load bearing capacity of walls



386 Bulletin of Nagoya Institute of Technology Vol. 31 (1979)

100
sl |
3
50 -
°-UpP
Ky
e -— 600
~= 400
--= 200
7 ---- 120
----- 40
0 05 EYs)

—=

(a) elastic analysis

0 05 10

—

(b) elasto-plastic analysis

Fig. 15 Percentage of lateral load bearing capacity of walls

RBOWMHNEERBEL 20T, MELEFRICLS
ZENDETH D,

6-3 BOBBEAFHESIVARFHAER

M—14i3, &EEOBEOAEKFIE T OV TR
LichDOTHY, BROFEANEZ ERVRETIAY
Fbt, ARILEE ERDRECTATROBROKES
BHEHEDREALETLRNWIERZRLTWS, LiL,
HEBEEOBES BT, LEBOBREKFEHAB
EHOETHAE L, EROEE ENY HITOHAM
E A

BHOBRYERLI-BLRT Ky=120t/cm DOHAIL,
Bx LR ETINCTRTO RRBRRT 512, (9)
RO EY & T B o EBRERL, ROAMEETC
BB BIEE DAL, BEERD XECLETRR
Lics, LinL, Ky=600t/cm OBEIL, BEENDK
DWCROBRRNET Do, MUMBHTERBEOHEEY
FL, BEENDHLEDHBEKFENIELENTT
BRLEETREAER S, WThOBE S EEIEKE
HeELRCAEoBROABAKFENLERERD, &
HIzKyc kb FIIERICEE K5,

K—15i%, BOAEKEAEZOBTE2KENRT
W 2ESBTRLELDTH S, (@) ROWURE T
3, BEENRDBETS EEBOBROZARINMBAER
CRAT B, Ffo, BEENDUETOABERCITBO
AEEROBENE LN DA, BE BN UBI R
MNERbENRRLED, 2hid, BEERVBROEDR
HEROBIE Ry F VIR EBETHINKEELDR,
—7, EEEOR y ¥V ZXERROBHRC L VFLDL
h30T, &5, BEERDHBOBROKEHNABENL
BRBIZE>THRESOEELZDLRD, LICAST,
BERZOREBARAL THIIE, B N HOBEOKT
HEBEHIEKEOTRITA—L3, ¥k, BWil

BT EEE ERY DETOAERNAE D, BE RN
DItk BABROMIIEKAE {53,

(0) RommEmET e, K,=40t/cm ORRIFEE
A REETHRVECKE I E LT, KpihS
WEROAMEE T L ABERIIERL, BEENDE
EUlBcBikEind, i, FORTRTORIER
Lewiidhid, DSARRIEEIRKTHICES D
¥ CRAPT B, LinL, KEpiikE s &, BERERL
AL <EE kN HOoAERIZIE—ET, BELRY
BERIL, BAROBOAHERNRN LD, ¥, B
BOBRAM BB fERIE, 1HETH0% 3B
BETHT3% LK, Ol b o TRERCHELELR S,
LichinT, EBOWT, BXERVEERTIHE, &
OAFEHEERCH LU TRHERRE LUHBOMISNE
BhARER LALLM, EROBAMAIFOABRTHLT
BHBEO AR EROBERPIVEVRD,

§7. % W

P EOER I D ROKHRELE,

1) HBEAECEEHEERHTORE LR RELE
QT B, HMEDOERE T B Ky BZREL B ITHS
TEE ENRDBE ¢ 3—EEESL, i, Bt
TR k) M ERRORE LNV BEY TS
FHT B ENTE M, KypVh SVBAREROIFE
EMD XD bk UERAROMAONEELHMEL 2
30T, MEESITC X5 ENDBEERD,

2) T|EOATWMACHL T, HCEKBBRTER
¥, ZBOEE LMY LERROBRD 2 OOBERNX
BE LD, i, HROEHKICL Y 2 OOERORELE
WEFE A R B 4%, BAKERAGERORERFICLD
TIRE—EME L85,



3)

BFHBTRREER $31& (1979 387

WMREOKBIFE LRV LEL T, THOB

DOARENEHEENILTHEIET LR, o, BT
BEERD LTS, FBHRAToHETHIUT, B
DOAFEHEERITBOBEHIC X ST AT Rk
BREAT L, b, BIRETRETIEZORANRT
RFOFERT, BBOFEHIC X OTIHERACHEE KB,

EEH

1

2)

3)

4)

5)

6)

W MUEEEC KT IWHEEORLN, B
REM AR, Bk, 4%, B2,

RESf . REBEMBERER

A0 B MERENSE (B W9

R F: BEELLRISE (EH) k&

R B, BREH: #H=2vs ) - BEH0
BBICEEN, H4TASE K&

AREX ! EROBERYR, BUH, 45, B4
RHEE, fit 1 BAEFHROLEISVLT (HE
BEORECT 28%), B3l il

JNIfREd, i FRERBECIZBRS -2V
B, BasKEE, &

BE IE, it M LARERLORARIRE
B3 2L BT, FB43KEE

£ HfE i ERMERLYETIBEYO=K
TR, BBATKEE &

EHBIE, #ILEEX : Elastic Analysis of Shear
Walls Loads Antimetrically with Regard to their
Longitudinal and Transversal Center Lines I, II,
EER#, 160, 161, ME44, fhicER#®, 162, 163,
165, 166, 167, FB45, 46 %

8) ARERX ! ERIEZENSLBROBBEOHE,

9)

B4R, 205, BR27
AR B, ¥ BFE BRYEYEIRSERM

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

BEO HOWARRLOR B HamIzET s HEN
e, BRI, 698, ME36 il

FEZ, SBWE T XREET 2HEEYS
REOEITI LT 509 BERIMMER, B
52, BEB2AE" Ik

SPHERS, fib . EBOWE ENDREELULCER
WO, B53Kk4ES %

FURIERE, fib: EROFEE LX) L OBRY
FRUICIREIMN, B47AkES

ETEH BEHES, i SHBEEERDY
EULCHEEONENEIR, H52, 53k4&%, E
W AMPIFTR, HHE54

BRHEEL . TR RENG LT @G 2V —
PEHEOBY BLUKTEHER X 5 ERERCET
B, WI AR, 1970

ETER, KESE: #P=v 2 - ENER
DEITLHTT N, KX HIE, E50

EFEERAN . B2 v ) - EBHOETHERR
B9 2H%, =2vZV—tyy—7 Vol 11,
No. 2 Feb, 1973

HEBEES . S vr ) — FEERHEE.
[

EREL . Lo - ERFROFMECET3—
RE, BOREE

BREA, fl: Hitk:oBroERcEET 5%,
52 AkE&Fi &

BABEYS | BEERELHIAE - A8
PR | BT ICEAEROREERIORD
o fRER, BERW, 69%, FE36

EERE, b AESBOENSEHCEETIER
BPsE, MH43KEE, B9XESE

KENRE | EBREE (ars) s



