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SEISMIC ANALYSIS OF R.C. PIER WITH EARTHQUAKE RESISTANT WALL
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By Iwao YOSHIDA, Hiroshi KANEMITSU, Michio YAMASHITA and Kozo HIGUCHI

Bannosu Viaduct, one of the Honshu Shikoku Bridges, neighboring to the Bisanseto
Bridge, is planned to carry 4 lane roadways and 4 railway lines. This viaduct has such

high piers as 40 to 70 meters height and its supporting layer is 30 to 70 meters deep

from ground surface,

This viaduct is therefore essentially liable to oscillate, and the earthquake resistant

design is important in structural design.

The pier is adopted the type of I section with earthquake resistant wall to secure the
rigidity perpendicular to the bridge axis. In this type, it is feared the shear rigidity of

wall is reduced with crack of concrete by drying shrinkage or earthquake,
In this paper, the earthquake resistant design of ] section pier considering the re-

duction of shear rigidity of wall is mentioned.
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Fig.1 A side view of Bannosu Viaduct,
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Fig.2 Dimension of pier (4 P).
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Fig.5 Effect of g on vertical stress.
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Fig.8 Arrangement of reinforcing bars.



352
Wi Jivi— B —
+ Hl—
560 2.080 560
Vi v
Hi'2 l l l 21_2—_
v
Mzl y lylly I H[‘h’_.r
Vi |§
e (I L
s
ﬂj
i

L]

Vi =50t
Vi=51X7=35¢
Hy:Hp:Hy=043:0.23:0.34

Fig.9 Loading system,

LR it S
2.0t

i
-V

‘ 4 Wi
—H. 4=
RTINS
TR ot L. S

b3 G 2e g

Hy .= 2.380kg: em & 7 75 i oF 24
iGNNI E2

EE-
Py

°

AHC

BH|{ = m e o m e
2H
B
b [} ACV
W
A —
-2H
P! ES—

ST ALY

Hotal W ST
FiRrit s 2 ~ = 40 He

Fig, 10 Loading method.

fbE LB AAEBIC L3290 bh2BET 5 C
ol U N

Fabb, BEIEFES U CREME A BRSO %
SHEES R £ H, (H, @ REHEENIEY O 5 mK
FHE) TTEAIET>OBRVELERZIT- 2.
EEEASRAKEHOBE L +H, £3H (H . Rt
HENBYOBHMEASRKERE) STV, —EHE
OLLIBIEEBREPOREARAWESSSH
THEEL .

PUE D #EANERE % Fig, 10 12739,

(2) ZBRBER

a) FE~EMihR
BBMARACKERF UL IOWE~EMERE
Fig. 11 IZR$. +H/2 S B EMRLE L<E-T
WaH, TH FTHRATSEBEAE, >R EN
LAFYVAN—TRBOTHERZENDDS.
BEhE A S RERORE~ Mg % Fig. 12 107
7.
+tHOBEHETT CRBMHEFELOENRD S
MEAFY Y AN—TRBELCTWVS., FHEIHKEL

HHE &I - B0

{mm)
20

tton!
Fig. 11 Load-displacement curve (LL direction loading).
C0mmH—0

~J

Z0 § P = J
g g
- =150 - -
/ |
3
i /
¢ -2 -4 -6 -8 =10
Deltai mm}
(0—~—3H=~0)
- T
T 2.1
~amel Py
_Mn-
‘ / //
—150F
3o
3 F
3

BHEA

‘ > 2
™~
Q:\\
\
_E%[
[
#QE
™|

M TR -
-2 -4 -6 ] -10

o o A
/A =[ili=]
. IS

Deltalmm

' el )
-8 -10

Fig. 12 Load-displacement curve (TT direction loading).

ZAHICEVEREEEOEIKEL L
ANW—TOEHEGIEL 125,

VD, eAT)Y

nh, E—RRORE CERASSERMTRARICD



WRE = RC BMOR BT

CETHHIENS B, OCDNBOEROKERS
BZNEEROEAROT AT 5HBHESH B L OEA
MOTHDOFHIRBRATHLOEMEESh, TOEILHB
FHIRMOKFEENSIAREL BB LD IZELTEBY, £
122 OB IBEBHEROES EREVKELZ>TVS.

EEhEAS B T, TIRIOBR» & REEEA A
fRE VK& <250 EET REHE IS T Chh
DHEBEEZLND.

BHERMIE —3H S CIHERMED —H BST
BHEAE (8=1) O30 % 38, —2 H FATH 100 % 31,
—3HBRTH30% OEER->TWV5.

£, BATERSTORNEILEBT 5L, —3H
D —ATEYER (B=1) D30 % W, +3H, +3.5
HOr—XATIHENRFIH0 % 1, $£100% WLz -
THEY, BORUOBOEEOKRZ VI E XD 5.

b) VUbIMER

BEEARIX 3.5 H T TORVELEFERICBLTHE
BEL320BREER LTV, CORAICBNT
LD EABOUTDOLNIZEERDOAIZ A > TH OESRICIE
EUTwizn., BSOSy (kEr7592) @
BACERASFIERAI TR L, EER T L 2RESERD
NTVWBRIFITH 5.

Fig. 13 i 885 A O 0 b AR B & OFEH
EAAKE3.SH ROV UVbhRRA TS, B#A
FMEERO O UH N ISR T 508 - BEficAE UTY
5.

F 1z, BEEASRBETRORAOChNIEIX 3.5 H,
BT 0. 2mm TESRICE LTV S,

(2) ¥4 FEM (C & 2 ERBROBRE

BERIERIC RS G X ¥ -8 FEM @if 2 £
U, ERGEROBEZT- 1.

B FEM 0 FRERBICAVIZLDE2<EAU
THY, ThbbaAVIY— b, %, K FOLEER
DIEH ~EAEMRBRELRA U TH Y, BRI, B

2agm

llll:l('li i ] T 11T (l lo
% >
e B [ S
= u T E >
soESo=zeR
oAt
el ® ® -2
+ Hi(£24.0t) (e) +3.5H(+260.81)

Fig. 13- Cracks of pier in experiment,

jo (LA T T IR TTILITIN

353
HR-1 S 1IN )
BE~2 MW = 74—t 5IREE L0 =28.5kgw* 2 THE)
BE-3 HEE 2> 70— IREELER.

§/ )
.S50H /

0.0

1.182

H:RuwE
( 382200gal)

1.0
{em)

0.5
WANRDEES

Fig. 14 Comparison of load-displacement curve between
experiment and analysis,

i MREEY IS 5 R R Y 85 Y]

(a) 1ZF»7(2.75H) (b} MRXF -~ 7!3.5H;
(SR80 HAMRE, KFERN 5IRMR)

Fig.15 Cracks of pier.

REEZ ERIFEBR IS S B 1B 21T 12,

9, ME~EMNHROLER%E Fig. 14 IIRY.

BhAR 1 13 EBR(E, iR 2,3 13588 FEM 2 X 55t
BT, WHEEaY 7YY~ FOFIERE S 28.5 kg/cm?
FTERULBE, BEZay 7Y — FOSERES &
RUIBETHS. RAFERE E clrSdBa3z—
H}F 50, R EOREIZH L T2 2 0F EERE
EERUIT — A TERE,OBHLTHL A, dhiig3
D RBEZERL 127 — AEHREHEFED 2.5 ZBED
BHTERMBE L <—FHL TS,

£ T, P-o B OMIZ BN\, BaiAfhE
FBILL2OUDOhEERT S L 3BR LY 2

- L OERBEESCHIBLAVI LA UEKE S

DEEZHNS,

DU hOhOEFIREIZDONT, av 7)) — FDB|ER
BExZRUILBAOKED—#% Fig. 1512787, BESR
RBRITOVCbANBELZDIR9I ATy TH (2.25H
HY) THY, EBRTDLIBH V22T v T EBIRT
AV

ZOHRDOOTHOIhOEBERR L ER L O ILBhTKT
H55, HEEELLTWS, CoBhdgfiovbh



354
DEELRBEZDLTNSEEZ OIS,
4. THBEEfT & RC BHOMERERMN

178 7 T 45 B9 0D % sh 15 £ 5 160 4 R I D SR M Mo R 1)
FEM @5 ER L, BEHoeANBEOLLOEE R
EZRUHBER > WO R A 2.

(1) A F &

RCEBEYMOEFEE 2 BEICTFHT 5 zoBBEHE
FEM #HWwre.

B OBRENEEZHIRDEBVTH 5.

O WEBEEZFLLTa Y- VEE, $HEEB L

URY FEREEZEEBT 5.
®@ BHFERFE FEM &9 5.
@ v - b ERITRIUEREER, SHERE
—WeEHE, RV FERILZhERCETFNMET 5.

(2) BHEFN

RBEROBWIBBEBRROEBY E L.

avsy— pEE:

FERE - i —258 1 WA —5R 2 WAl
S5k HE—r I v 7

SHER | EAE, 55k Bk

Ry FER | EME, F15R | Bilk—et—pks

ETF VLIS 12 > T DB ORI % Fig, 16 12787,

BBEHEHOEFMEIZH 2> T IREIHECERLT
WBEFHOHE L, FER, BIZVEERSH2ERELE
HBOHE LT, BEETIET T O 2 E-U TKFEDH

S RED
Lress B

Fxm&ifz;—v .y

£ 3
PEP At BE ==

T
liiMI

4
ksl
g

Fig. 16 Model of reinforcing bars.

HH- &% - LT -0

EEEBIT T T,

£, HWEHEEOID LEFELETNMELTWVB D,
EBRONBITERETH S EBREIC>VWTIZa Y
7)) — COFHARMED T T OBMEERE LTH- 12,

FhkiZRUIzarys)— b, $HOEN~0F HB
FBEERY FORH~EMBEFRE 2N Eh Fig. 17~
Fig. 19 IZ7R 9.

BT TERLULEER LRTIRA, ENBLUREE
THBH. MBHOFMIZH 12> TIRERER-7—-F >~
THEE 7 - F Yy TERICENEET 2 ERRICERL
THEESER Z2EBL, ST FO 2 FMEHICE
DBRRENIEESHERD, CosmEREICEYh:
EDl., COET7—F 7 THEHTOANIEEIX 200
gal TH 5.

EKBFWTRLI ATy 7420 50gal ELTVBDT
B4 ATy THOREEEICBEYT 5.

EFREHER DV THBEMEREEESL 2.5¢/m* & L,
FEEHRILOEBICHST s TREONEMA L. BR
ZEIEHTHEETH D, OIS TOHBHOHRTH
UIXZERBL Tz,

F1z, BIICH > TR AMREDOSLE >
7Y — bOFIREBEOCERETIHMMI S L E L. @i
D4 — A% Table 1 IZ7R7.

Thbb, 75— 21 20SHLOzVERs -2 LU,
L, r— R 2 3RS IC X SBEEOOTD
NEEEL RO RBEZEBRALIILDTHS. £
o — A3, 4 IBWHMARMBICL2MBOC LA EE
FUTHE, BffEbary 2 ) - OFEREREAL /-

Table1 Case of analysis.

avsy ==+

22|77 5 8w u g | BB

1 1 | #&# &-1]05%

2 I &%of;ﬁ:g 0.5%

3 1 ®L os5% |

4 1 ®L 0.3% ) x
HE—1: Case— 103 Y7 Y— (EEEEIE BLh

01 = 28.5Kg/cdZ THRY
E-2: Case—2D 37y —+3REEE, EDEH 0y = 28 5kg of

ITHRY
5198 E.=2.85X10°t/m’
B 258 E,=2.13X10° F 19K Gs=1.0X10"t/m*
5398 E,=0 CRACK oy =3.5X 104/t [—— T F 28R Gi=1.8X10°t/m*
1 T
i 0.0015 00004 51498 E~2.1x10"t/m* | /!
EcY] e =0.0001 i RUPTURE
$2 AR Eo=2.1X10°t/m* |/ !
ELASTIC, Esi T
£y=0.001667 EG.
= ’ 0.025 0.3 LAY
SEMI—ELASTIC
CRUSH PLASTIC Ep=0.0

Fig.17 Stress-strain relation of concrete,
bars,

Fig. 18 Stress-strain relation of reinforcing

Fig.19 Stress-displacement relation
of bond.



i REENT & RC GO RBAT

LDTHBH., r— A4y —R3Icd LEEFHHEE(La
H+bDTHS.

(3) B &ER

a) ANIEE~EHOBIF

Er—ADOBFETNVICKT 5 800~900gal £ TD
ANMEEITX T 5 HBINEE (ANINEE) ~END
BRI % Fig.20 IZ7R9. Fig.21 IZI3ZMAH 10em & D
ABOI AR ETRY.

ZZTB=1, 1/2, 1/6, 1/10 BX UV 1/15 CEbh &
NBERILTOWBEE (1=2m) 2ZhZh B
THIEITE-> TESBOHANRMEOLLZEZEU 12
# FEM TcOANMEE ~ERDOBRERL TV S.

27— AL H ANMRE~EMNOBFRIZVTbIREE
Beb L OSBRRREIC BT L RMEE(EARLAT,
IR DI EE » TR A ICEMSENL TS, Zh
BREMSEEIEOEAERTHY, BROTHFERMES
FTEBRRETNERLSTVWBIEIZEBEDTHD.

r—21,2,3Eavs) - rOSERBEICEDD S
ETNTH B0, ANIEE~EAEREDOHBOBEREH
LANEDOEELEZECRDLDNhTHEY, YKo &Lahd
RO REVIEIRY— 21,2, 3&E8->TWVW5, BALZ
DVTEHORMESFE T 28EEVWIBRATHD L,
BEfRDI V7)) - POSIRBEAERLIIS— X 2132

e 800 gal

@
g
3

N
g

V=4 27 DA DRIEA a

2 8
b4

Fig.20 Ground acceleration-displacement of pier
relationship,

7= 77 T IOANMEN a

Fig.21 Ground acceleration-displacement of pier

relationship.

} 900 eai

355

v ) - FOFIRREERE, BRELERBLIZI—A1
EEBLLT—A3DREPHOEEL->TVWS.

= A3, 4 ZEHBICEZDOHBEFTVTHBHH, 150
gal EEF CHEORMBEWERIUTH 2, #hllEOA
NIEE T ETE ICENEL, BHROSVS—23D
RO PREVEREZ-> TS,

b) BEERD W A MR OET

HHHEERETOREGOBRHEOL AKBLEOET
X, DRGEEE ~ SRS BT B £ O E S % E S
FEM £ 7 VOBRET 8 TFHEi 375 2 & TE 3.

ZOFETCET —ADEANBE TORANRMERT
BEEZEDLLUIOH Table2 ¢& 5. RatiNEE/ERE
ICBT 5K — AD R OO AKRMEDETIZ
AR BOE LV Ir—21,2,3,4 TRELFN
1/1, 1/3, 1/4.8, 1/5.2 &2 >TWV5%, $Tiabb, 7r—
A1 DESIEHB LTy 7)) — FDEERIEH
B B0 oM T 2B, REMIEEISEALT
BEER Dt AMREDE T 27205, BESRS 5 L IGAEER
CEEDOIY ) - FOFIRBEEEET A EICLS
TS 248E U &3¢ ABTRIEEDSE T LT kAT
DIEEL 2 5.

c) MEOETRR

r— A1 DEEOETRR % Fig. 22 1277 7.

RICRT &5 I LRSI R4 vy E v IRE (b
BERP)ERTH2 ATy 7 (100gal, L1 25y
750 gal) CTIWMHAA LEFREE NV FE, 4 AT v T
THRERO LRI 7 vy 7 PE LTV S,

527y 7T EBEESRD Y v 7 3gkEZ Iy
KBTS L LI, BRENOTEREERIC N
59 7 HBAB.

8 AT v T TREBWAOERI» SEED 1/2 £ TOR
- HEEOBREIZZ 5y sk LS. RFFICHER
DEBIZH 7 Ty I BFEL, TLEEROT T v 7
RO 3/AREE TEITL TV A,

WD IATy TTED Y 5 v 7 138D EEHIZET

Tabie 2 Decay factor of shear rigidity.

Case] Case 2 Casel Case4
w3 BE | avov-r]emavsn-v| svsm-r | 2vsy-»
ge SEEEA |3 B % F B|JEsE®m | 3RBER03%)

1 1 1 1

" 100 1 7 io 3
1 gl 1 T
L] 150 1 15 is 3
7 1 1 1 L
£ 200 1 75 175 3%
1 1 1
250 L3 3 >
L 1 L 1
o 100 1 is 21 22
1 1 1 1
@ 150 1 22 32 33
k) 1 1 1 1
e 200 1 3 i3 52
250 i T L T
1 iz 73 a3




356
yield of reinforcing bars
122F %7 Y27 v7
(600gal) | (700gal)
—F = ===l iS5
%
]
2
®R
N
(i) (i)
cracks of concrete
RO
M2xr,7 M [42727M [ 52770 [ex77
[1] (100gal) [} 11 (200gal) |1 [ (250gal) |1 [1 (400gal)
i 2222 Hl H 1 H
b 1
g
" ®

-
TTrT
INERAEI

[ 2277 [
|| (100gal) ||

[ 427>7
{1 (200gal) 1]

WVRF»7

[ 1277 [1]
(500gal} ] (]

(550gal)

AT

L L

I NBRENL

(e) (1) (g) (k)

Fig. 22 Process to failure (case-1).
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Table 3 Lateral displacement of railpoint.
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