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Synopsis
Lateral force coefficient method together with the allowable stress design method,

which is so-called as the scismic coefficient method, has been adopted for seismic design
of bridges for long time. However it is unclear in the seismic cocfficient method that
how designers intend to design a bridge against how large carthquake ground shaking
with how much damages being allowed. It is evident that a ground shaking during the
past siginificant carthquakes was much lager in intensity than the lateral force coeffi-
cient assumed in the seismic coefficient method. It is also evident that although some
damages were developed, most of bridges could withstand to such large earthquakes if
enough ductility was provided in the reinforced concrete piers. It is therefore important
to develop a design method in which a realistic ground motion and ductility of reinforced
concrete piers which could take place during a significanf carthquake could be consid-
ered, '

It is the purpose of this report to develop a seismic design method which takes account
of ductility and realistic ground motions during a significant earthquake. A series of
invesitigations for this purpose was made. This includes a series of dynamic loading
tests and shaking table tests of reinforced concrete specimes. Dynamic behavior of
reinforced concrete bridge piers was investigated through these excitations. Applicabil-
ity of the constant energy method which is often adopted to get a nonlinear response
from an clastic response was made. Seismicity and maximum possible earthquake
magnitude in and around Japan was also studied to evaluate the design earthquake
ground motion. These studies were compiled into a new seismic design method which
checks the bearing capacity of reinforced concrete bridge piers for a lateral force.
Key Words : Earthquake, Seismic design, Reinforced concrete bridge piers, Dynamic

strength, Bearing capacity for lateral force, earthquake magnitude
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2.2.1 RRICHAWIHEG

PLERIC IV 2o AIER A S, 3 2-2-1 (23R $ 58 (hod LA
N RCHME 3HKD S — 2 HGEHMICH 5o, LS 1L, T
MU 1005 o 2 BT b icfifliLebo
Th Do WK, MBS, Rgkapht, et
i3, ZNEhnBREAHICAbE TELEE TS,
HAEHHRI OB Y, 20RBRMNLERIIEhEho
TR B0, BEISU b oo — kb Ze P el L
FoMY TH D,
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y =

bz

0f i

o4
1) #614& 30 m~50 m FUED—# 7 5 ZDGITIRI
ENTWY D RCHMIZX LT, KEnHHI%E#) 1/5
& FAA, W& 3m, W~ E: 50 cm X 50 om fE % 4
#E4a,

2) ki & LCid, SD295 A (SD30) %,
Wk & LTIE SR 235 (SR 24) 2HHE T 5,

3) arvz)—bEeLT, BHGELIFIVF -2
A bR, SRR 10mm L3 H, 27
) — b3, RC HERMIEE Ao $T e 4 ilss 3RER )1
DFAPE—-22H4), ZhE RCEHOWNMIR N
HiICiER U TR 5,

4) gD niE, 3.5cm~5cm 2R 45,

5) 7—F 73 KREL L, YRS O TR
UL DL EDTnEH T B,

222-2-21361 14k Nkl )Rz A B > S8 EL 1) % — s
LA bDTh b, Fi0, [2-2-1~F 2-2-3 13, 58 1k
DWREFAEM O AW ML, 38k th, ekt
DHAEFRLIZLDTH 5, BRI O3 25
s TR b &R hs, #id e UTS, AR T,
AWM A 5~ 7 (HOEWrmitGH), 3~4 (YW
M), 8k LLAf 0.5% ~19% HIEZEmiGH), 2%
~2.5% (HDEWrmitg), 0.29%LAF (HiRzmhitsha)) ,
0.2% 8% (MGG o ddc L2 v,

2.2.2 WHAHE

RC M i L D3ERIIC & ), —#%i 5~20
kgf/cm?® BHEDE N N L T v %, MR I
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WD, FIGNHRASOI ) FHHLE % R
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R2-2-1 YURIZNIW  EIRIKDIHT:
OO |k s |eamrame] O % W ok w kg M
| e | em) | on/d [HCROE [ RRGIC | HRAGR] BRI AT BirRa ] (¢ VL,
(mm) (%) (nm) (%) (mm) (kgg/cm?) RLIIEY cmv/sec)
P-11 40%80 240 6.9 SD295A,19 0.82 SR235,9 0.08 20 311 ~-R2(10, 17.5)
P-2 1] 40x80 240 6.9 SD295A ,19 0.82 SR235,9 0.08 20 310 » (10, 35)
P-3 | 40%x80 240 6.9 SD295A,19 0.82 SR235,9 0.08 20 314 » (10, 75)
P-4 ] 40%80 240 6.9 SD295A,19 1.79 SR235,9 0.08 20 290 7 (10, 0.24)
P-51{ 40%80 240 6.9 SD295A,19 1.79 SR235,9 0.08 20 258 7 (10, 25)
P-6 ] 410x80 240 6.9 SD295A.,16 0.87 SR235,9 0.08 20 290 n (10, 0.24)
P-7 | 40%80 240 6.9 SD295A ,16 0.87 SR235,9 0.08 - 20 258 (10, 25)
P-8 1] 40x80 240 6.9 SD295A,13 0.48 SRk235,9 0.08 20 290 » (10, 0.24)
P-9 | 40%x80 240 6.9 SD295A .13 0.48 SR235.9 0.08 20 258 n (10, 25)
P-10] 50%50 250 5.4 SD295A,13 2.03 SR235,9 0.10 10 319 » (10, 25)
P-11| 50%50 250 5.4 SD295A,13 2.03 SR235,9 0.20 10 3217 n 10, 25)
(HBHIALES M 50,5m)
P-12 | 50%50 250 5.4 SD295A,13 2.03 SR235,9 0.20 10 321 n (10, 25)
, (865 51.0m)
: P-13{ 50%50 250 5.4 SD295A.,13 2.03 SR235,9 0.31 10 334 » (10, 25)
| BB 50.5m) '
P-141 50%50 250 5.4 SD295A,13 2.03 SR235,9 0.10 10 327 n (10, 25)
(1026 L #5) '
P-15] 50%50 250 5.4 SD295A,13 2.03 SR235,9 0.10 10 332 n 0, 25)
(1. 02K L %)
P-16 | 5050 250 5.4 SD295A,13 2.03 SRZ35.9 0.10 10 325 n (10, 25)
(1. 02653 L %)
P-17 | 5050 175 3.8 SD295A,13 2.03 SR235,9 0.10 10 338 n (10, 25)
P-18] 5050 100 2.2 SD295A,13 2.03 SR235,9 0.10 10 334 » (10, 25)
P-19 | 50X50 250 5.4 SD295A,13° 2.03 SR235,9 0.10 10 340 n (3, 25)
P-20| 50x50 175 3.8 SD295A,13 2.03 SR235,9 0.10 10 324 n (3, 25)
P-21] 5050 100 2.2 SD295A ,13 2.03 SR235,9 0.10 10 321 n (3, 25)
P-22 | 50%50 250 5.4 SD295A,13 2.03 SR235,9 0.10 10 320 n (5, 25)
P-23 | 50x50 250 5.4 SD295A,13 2.03 SR235,9 0.10 10 338 n (10, 25)
P-241 50%50 250 5.4 SD295A,13 2.03 SR235,9 0.10 10 337 n (5, 25)
P-25] 50X50 116 2.5 SD295A,13 2.03 SR235,9 0.51 10 390 7 (10, 25)
P-26 { 50%50 116 2.5 SD295A,13 2.03 SR235,9 1.02 10 390 » (10, 25)
i (A4 2 V1)
? P-27] 50%50 116 2.5 SD295A,13 2.03 SR235,9 0.10 10 390 - » (10, 25)
(R $505)
E P-28 | 456.4 250 4.7 SD295A,13 2.03 SR235,9 0.10 10 406 ” (10, 25)
P-29| 456.4 175 3.3 SD295A,13 2.03 SR235,9 0.10 10 406 n (10, 25)
P-30 1 ¢56.4 100 1.9 SD295A,13 2.03 SR235,9 » 0.10 10 406 » (10, 25)
! P-31| #56.4 250 4.7 SD295A,13 2.03 SR235,9 1.02 10 406 n (10, 25)
: (A784 5 H5)
P-32| $56.4 175 3.3 SD295A,13 2.03 ‘SR235,9 1.02 . 10 406 » (10, 25)
. | (A44 TA) :
P-33| 50x50 | 250 5.4 | SD295A,13 2.03 SR235,9 0.10 10 106 |Sld i
' : ' Wt /71616 =30°
(10, 25)




B F S S A /G B
> 1) o=
ORRR O | Wi ~4 0 15 20 & [ e At roRw o B i 7 i o
#i4r | (em) | (cm) h/d A T YV H5kAY L WA M) - WIEBIRIE | gormanmy cm/sec)
(mm) (%) (mm) (%) (mm) (kg/cm?)
P-34| 50x50 | 250 5.4 SD295A,13 2.03 SR235,9 0.10 10 106 |
AT Si10= 45"
(10, 25)
P-351 50%50 | 175 3.8 SD295A ,13 2.03 SR235,9 1.02 10 106 |--A¥(10, 25)
(A284 Z000)
P-36 30X60 | 265 10.0 SDH295A ,13 1.83 SR235,9 0.14 10 406 » 10, 25)
P-37] 40x80 | 240 6.9 $D295A,13 0.87 SR235,9 0.08 25 335 n 10, 10)
P-38 | 10x80 | 240 6.9 SD295A,13 0.87 SR235,9 0.08 25 311 # (10, 100)
P-39 | 10x80 | 240 6.9 SD295A,13 0.87 $R235,9 0.08 25 385 # (10, 100)
P-40 | 40%80 [ 240 6.9 SD295A,13 0.87 SR235,9 0.08 25 368 |dEEIMIEES 1 /1
(1, 0.24)
P-41| 40x80 | 240 6.9 SD295A .13 0.87 SR235,9 0.08 25 109 |HEGIBEY 4 /2
(1, 0.29)
P-42| 40x80 240 6.9 SD295A ,13 0.87 SR235.9 0.08 25 442 WETHIRE S £ /2
(1, 0.24)
P-43 | 40x80 | 240 6.9 SD295A ,13 0.87 SR235,9 0.08 25 48 |4EGTRIEEY 4 573
(1, 0.24)
P-44 | 40x80 | 240 6.9 SD295A ,13 0.87 SR235,9 0.08 25 432 |MEBIEEY 4 3
(1, 0.24)
P-45| 40x80 [ 240 [¥éh/i3.2| SD295A .13 0.87 SR235,9 |  FAHZiN0.16 25 415 2 Si RS
S50/ 1716.9 SoEI/i90. 08 (10, 10)
P-46 | 40x80 | 240 |¥m&hFif3.2] SD295A 13 0.87 SR235,9 |  #dhJi190.16 25 399 2 SRR T
PIR176.9 E471790.08 {10, 10)
P-47 | 40%80 | 240 |3#NA3.2| SD295A,13 0.87 SR235,9 |  #ikh/il0.16 25 420 2 Ji IRt
Gl /5169 ik 4130.08 (10, 10)
P-48{ $80 247.5 3.3 SD295A,10 1.22 SR235,9 0.22 25 354 |—R2(10, 25)
P-49| 80 247.5 3.3 SD295A,13 3.4 SR235,9 0.22 25 349 n (10, 25)
P-50] $80 247.5 3.3 SD295A ,16 2.17 SR235,9 0.22 25 352 # (10, 25)
P-51| 40x80 | 240 6.85 | SD295A,13 0.87 SR235,9 0.08 25 292 [EBGINEGUERA)
P-52 | 40%80 | 240 6.85 | SD295A,13 0.87 SR235,9 0.08 25 303 [HEERESINE (HAB)
P-53 | 40x80 | 240 6.85 | SD295A,13 0.87 SR235,9 0.08 25 298 |RENGINE (HERC)
P-54 | 40x80 | 240 6.85 | SD295A,13 0.87 SK235,9 0.08 25 378 2 & %
FHHINGE GERA)
P-55 | 40x80 | 240 6.85 | SD295A,13 0.87 SR235,9 0.08 25 349 |2z Xk B
B G B)
P-56 [ 50x50 [ 240 5.4 SD295A ,13 2.0 SR235,9 0.1 25 433 |#i) 5 ket/ar
(10, 25)
P57 50%50 | 240 5.4 SD295A,13 2.0 SR235,9 0.1 25 408 |#i/i10kgf/cnt
(10, 25)
P-581 50x50 | 240 5.4 SD295A ,13 2.0 SR235,9 0.1 25 400 |#hJ)20kgt/cat
(10, 25)
PR-1] 65%35 | 207.5 - SD295A, 10 0.44 SR235,9 0.2 20 3 |—AxQ0, 10)
(B89 (H:848) CH) (L) (heaceit)
PR-2] 65%35 | 207.6 — SD295A,10 0.44 SR235,9 0.2 20 3 R, 1)
(H:88) (HA5%) (H:85) (k85 G2
PR-3 | 65%35 | 207.5 — SD295A ,10 0.44 SR235,9 0.2 20 205 |—gx(10, 10)
.y (1) | e LA
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DG DB B N D 0 Y ) Mo TR
THIEMUPEENT WD, ZDizh, TG
16t RC WERI Wit Iy B OB IR 4 B3 4 S %
KHIDPLER I Z T 22 BRI YR I & MR+
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6.8 Td Do BRI, LRI M O S ALz iIxT§ 5
ffic D 13 (SD 295 A) % 4 11 A 1 By Gkt
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IR 2-5- 1KY E B Y THY, 311~385kg/cm?
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W3 7 ) — DSBS RATIOV RS ) MR L MBI 19 B BF R

®2-5-1 ek
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WA Mt eakik ISR (ke/an) tﬂu@
[em/sec) ’ 1 1a 11 2 il kY IE (kg/cw)
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100
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R2-5-2  WNHIHIE % —5¢ & U y& OIRHEHRII (H,)

R 2 e ety (11,]
n nd [mm] v =10cm/sec v =100cm/sec
1 12 1.3 13.3
2 24 0.66 6.6
3 36 0.44 4.4
4 48 0.33 3.3
5 60 0.27 2.7
6 72 0.22 2.2
7 ) 84 — 1.9
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RIJpE, B 2-2-6 1R L7z & 5 i — s IRmm Ze o 4
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CHIMY 50 295 &, WEEG L BB,
&5 LA kN Wi SRR 12 43 B A5 4 e BEHL et
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DB ORI B D A TIE A L, A BRI
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Y2 )= b rofFgns L, 7—F b b8k

Wi Edto T 52 2 b, WHIEBICBW T3
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S AU AU, MRATHOE A 100 cm/sec DA (1738
B P-30)421L, 1~48, Wik Clda > 2 ) - bk
M2 99 2 MALRUETH Y, 1IR3 56, A7
Ao Tz, &7z, b9 1K 60, Wi T+~
iz, e, N3 a7 ) — b osigr L
b HIPEOFEING 7 —F > 79 5#) 30 cm DN CH
Do T HLLR, WAHREIE 68y, 78, LHIRY LY,
MY 27 ) — P OKTELET L, T8, AN,
P-38, P-39 & & bz RSB he 1044: L %,

PLIASR LAk & & & ik 2-56-3 ¢
Hb, ST EIUE, AN a3 2)— ofiEehh
F D AR, B OBk W At 3 A SO I L,
&Iz, WA AT 100 cm/sec DA D JiHE 10 cm/
sec DALY bIT 16 HIB RS > Tnwd
DN b,

(2] WHRUBRMREDLLE

AR L ) S AHERIR NS B 41
P EaKIPBAYL & oIS E R &, B2-5-5n 8 )
2% 5, MO DY, 100 cm/sec DBIAITIE, ¥hH80R
fiinizeh, BEIMEBIC 2DoFND R 6050, &k
ELTHRIFGRATE WS e HTE D,

2-5-6 {3, 2-5-5 TR L 2RI T i 5,
LYW ZI) L, T OB — 7 HRts
MBI L > TED LI CERT 220 2RLLLDTH
bo FHWGIN — 7N B TENLY 0 DI CHITED A
AU LT D05, U, ZHRIENC X 284247 -
Tdledh, 194 7N0aRECE b itk
JETERLTWD LD TH D, F2-5-6 12 L hid,
1~48y RUE F TORGITIE, REHEILIC X 0 IRt —
FINAIHEE et IFED SR, L Lehts, 56,
ARG 2 &, RGN AT 100 cm/sec DA Ik
L CMRAT M A% 10 c/sec DY A ITIZ T 2 Y
& D EMCTL, F2, V—7DRk LML - T
{HDMbh b,

S0 &) RS IER O I — R WR %, IR
BOEUMEIC & » THB U 2HYDR 2-5-7 Tk b,
AU S RUE, ARG A 10 c/sec DAL, +
MTI320y, — W TlE 40y TR E L DDA L,
AL H¢ 100 cm/sec DA AL, -+ THX 46y, —
UCIE 4~58y THRKRFIME & b4 Tib b, HehHfil
DU L DENARMED RGBT DA DT AR E W &
ZIRL T, i, ICREHIES 10 cm/sec @
Wy i & Y, RRGAEIE %2 100 cm/sec & L&

(@) LD, 2) kY, wdREE LAYARIE, fiE
WAL, & 0K E SRR TR B R L

FFK (25

0 2 1 1 ' L I A I

00 -80 -60 ~40 20 (1} 20 40 60 80 100
% 47 (mm)

(@) V=10cm/scc(P-37)

K (tf)

00 80 60 —40 <20 0 20 40 60 80 100
% 47 (mm)
)  V=100cm/sec(P-38)

00 =80 60 <40 <20 0 20 40 - 60 80 100
% A (inm)
©) V= 100cm/sec(£2-39)
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2-5-6 HARAGTEBHC 31T 285 1 0D DIRIEN — 7 D) Heby
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4k N
= 2f 4
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ﬁ
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. —V= 10cm/scc(P-37)
-6 Y [ -eeeee V=100cm/sec(P-38) |
-sh ‘\..: —<X._ | [TV =100cm/sec(P~39)
-10 I N T Y WO W N | [ J T S S N N |
-10 -8 -6 -4 -2 0 2 4 10
B (X 8y)
[2-5-7 JRHEMNER D LK) o

MO LERURLCWE, 3512, ekt h 26D T
ke UCRI—ZMRE A3 270, - AUH e He
100 c/sec DA DT, 10cm/sec DP/A L D b
10%BHEKRES > T,

R 2-5-4 (ZLLLAZTR L 72 3 IR D BriRiE ) Py, Tk
thR“%mﬂU&&vzﬂhaﬂm%itmﬁ
bOThb,

[3] =% »#4&%& :

B FiE YRR 1) S YV #amkaﬁwf
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BB EAYED WD, 4~58, BEFTIE, B

.__49 —_—

¥ 100 cmv/sec DA Ji BRI 10 cm/sec @
A kD I LT 2L ¥ — ¢ 2095808 A &
K> TWbHDhtbhd, F2-5-71RLA LS iz,
40y & v ) ARG, WATEMIRE ORI L b
% S THEIBDIRRGE ) 2 & - 2014102, THOMTTAOR
B LI ZEMIREICHIS LT Wb, LitdisT, I
AEOKAAL, HBIEDUITBORE )0 { DRty % Mty
TELRUEF COBMBEICH LT, Mo
WIREDZMNE AN X —-DERHZE LW DHD T
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Lifisd, WEAEEAMRE WA AL X — k&
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K2-5-4 W) BUEIALRED ek

WALV [em/sec) 10 100
k& No P-37 P-38 P-39
-~ peAkEs ) Py (4] 7.1 8.1 6.3
w RXE P o (1) 8.4 9.0 9.0
. Pu/Py 1.18 1.11 1.43
" BrlkA & 5 [em) 0.91 0.85 0.84
4 He TV 6w [om] 5.7 5.7 7.5
% 84/ y 6.3 6.7 8.9
W) W) R CBIALEL, & b iSRG R R L b Ch B,
A AW

s v

e V= 10cr/sec (£ -37)
- == V=100cm/sec(~38)
—ee= V= 100cm/sec (P -39)
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BRI X AL X — (tf-m)

WL (X )

R2-5-8  JEMEIRIN L. 3 b X — o> Ht

KA, TAMMRTE R B Do 1T BT T IRBTRIE DR % R
TrE2-5-9D L H ik b, M2-5-9ic L hid, H
2-5-8 ISR L2 e AN X — WAL IE-& ) L
Tt 48, BUE F T3, WATEMHREOR ML &
b1, BUMMEE R B e RERIE I &5 FIERI L &
Sizk& L Do Lir Lt s, SATHIEH 10 cm/sec
DAL, 40y Tk 0,23 FE DL idR B B &
Krotith, AL LWL oM LT, B
MO A 100 cm/sec DAL, 58y I BT 0.25
DN L 7 b % CEABMREE R BRI UL, - Z otk
WAL Tw Dhbhds oL e

WA v

~—V= 10cm/sec(/?-37)
===V =100cm/scc(,-38)
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0 2 q 6 8 10
B L (xd)
2-5-9  HE{MiLE R B Ik
255 ¥ &8

§kin 2~ 7 Y — MEMOBIYET )1 B ORI B
ETRAIE QW E RIS B2, ¢ AWINIE
6.8 DTN S 4 7 OWEME 3 R E T, W%
J¥% % 10 cm/sec, 100 cm/sec & L 7c @) #4792 8k %
frotee RUEBRP LBLNLKRETILDEHE, DT
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CXANX—EE bR E S LB E WS T Ehck
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WD 50 cm X560 e D IE S TEITT 2 A4 L, HEBIE
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0=0 l o . o 0 , o o -]
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e hldix5.4ChH s,

7 = F v ZIA Y DAGRSRIE O oy 2§ S i3,
P-10 Tl 018 (N 2E) C¢d D¢, P33 UL #/6, P34
Tl /4 LG CH b MAHE 7 —F > 7D 1Ll )N
122 57D, WA S MRS IR N dho e
0 LTF, "Gk Lep3) (2, £hER,
0(r-10), n/6(P-33), nf4(P-34) L% 5

WENRDIIRIA D, R8MIE SD295A, ¢ 13mm

(-l-smmz 039%) C, VEENOBETE LI T e

Yo rEEMIIE SR 235, ¢ 9mm ¢, 25 cm WK (4rek
'17;”30 1%) CRei Uiz, av2)—FELTIE, Wil
R b v Rty bEMINIL, WK 10 mm o

T ENGL, RN T D3> 27 ) — b o—HITHih
g (R 43, 319kgf/cm? (P-10) ~406kgf/cm?
(P-33 K UF P-34) T 5,
2.6.3 frEEHHE

YR, Rk E 7 —F > iR IO T
A= MCHR L, BRI Ltﬂm’}lmjn&’&
A AU I A1 C, ARSI AT 2 I R 72,

ANGLUG T IR BAER DI HENIITINZE T e,
RN OWEHE, — RSB R iz X - 72,

MER R & U TR i 2 N & Tw b
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