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Experimental Studies on Statical Lateral Restraint
of Caisson Foundations

(March 1970)

by Iwao Yoshida
Yoshio Adachi

Synopsis:

The statical lateral restraint of caisson foundations is an interesting problem of the mutual relation-
ship between substructures and soil. In Japan, the papers reported by Dr. Mononobe, or others were
well-known in regard to the equations for calculation of soil reaction in caisson foundations. And
researches in U.S.A. were carried out, in named the “Pole Theory” in the field of power-line pylons.
It is impossible, however, to think that all of these equations would be enough to represent various soil
conditions surrounding caisson foundations, as they were derived from the assumption unconnected with
results of soil survey.

The present paper shows the calculation formula of deformation under fitting application of ground
conditions within statical linear behavior of foundations. The method is based on the consideration that
the séandard value of the coefficient of soil reaction is estimated from deformation modulus of loading
test with circular rigid plate of its diameter 30cm; the relations between deformation modulus of
loading test and that of some other soil surveys become clear by experiments. The formula is further-
more confirmed in the results of model tests and observations of caisson foundations in the field.

In sum, the main point of this paper is that the estimating method of horizontal behavior in caisson
foundations is proposed, and simultaneously that the new method of loading test in the field is prescribed.
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#E 0.5m OFE Gl inviEHEED
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0.04 0.62 58 0.83 39.5
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%®-3.3 BB

REFE-3.2 LWt

=31 HEABER
miE wmew  |m3w
® B (m) |1.8m! 2.1m| 2.4m| 2.7m| 1.8m
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& 7%k K % 2.8 |81 |9.7 [27.0 |8.7
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w®OE (m)
BMEE g/@® | 1.31 .26 (1.30 [1.35 [1.29

& Kk K 111 126 35| 121 111
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1.8m 6.0 1.0 3.6]0.60] 2.5} 0.42
Hifii 1 kg/em®
1.0 ——@10'——‘ -———“1—"
0.8
08 ‘\9———:%
Noa
2 B¥te Rzi8n 5
® R224m
02} pyr+x 3R 18n
@ 3R2 24m
|
o 30 90 120

6C
& "B (e
4.4 MBEFRCOMMGECEE

(3) # 8

1) mwige Kn OB

[ Uk 2% - 7o F AR O & OB ERFE R IR
BT e - T M-4.4 RERT 5,

EfE 30 cm OMEEREIHRICX % K {H% Kno &3°T
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% 300emfUiR | 6.7| 36| 1130 1.92
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BEILIVENDS, o DHE LT, TLMEK
DIEAFEEEA LTS v, KR TRDBOIMNEHT
D 0 XLTi, 30°~35° x5, L0 Offirt
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ki HEOROEE (em)
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BBOEVERSIE, iy, v~ X THY, EBEHRK
SEETZORAE L WS X URTHE, 3RO
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B B-4.14 ERTE51C 1t OFE L 20cm B.LH
WEEBIEILY, WHNCEHHARC TS E25Y 24
CTWs, Lot THEDHR AW HERT
BT EITENRY,
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®-7.22 WRY . RFEHES 100t BEE T3, ERO
FEERLRVWEARROEE LR LT 5, FON
AT LBLHEREBICA > Cw Bz &8, HlEER
SHERTE 5,
(4) HRomn
1) Aok
7=y YORBER» L, KEOHLCEE L ZE
WRERELTWH ERLTZERTEHDT, KA
B BEAMERE LV E LT, 5 ROR 2L L,
IKTF 3 X USAE -4 HEZER 2 HME L, uBEESE
R SRDIAEMET 5, TRENFORIMYEE
ML E  SEBEH SR 2k, AUL, B#
EHERP LOWERE T 5,
2) WEE S OAFEROHR
X-7.23 IWRTREBI, ¥— v vBEBLTWSE,
X-7.20 DREFHER»SHFINDDT, FOEMEFRE
BET5E, 5 B0BAR (6.10) X G.11D) i
KR CELEDL, Tihabb, P=0, x=0, Ks=0, k=
0 ZRAT 5, Kn 3—iRis3 fiBHHET 5.,
g BU6MibdH}
aKu{P+24a kia®}
. AMP+3HP-8akid®H
= 1(6M+4HT)
SR IEEALTSY,
a=0.589
T,
B OBBAR LEEELL, 0 AEREhTWBE, HiE
ORPD Kn & Rk BRETHTEHTE, LichHo
T, Ky=Kp-by & UTC Ky 2RDHBTEMNTES,
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50 + Kk W % P OH#F
#£-1.9 ZER BRI Ku, Kv (kg/em®)
gx10-8 t
H() ME-m) | aGm) | 555 B | KuQg/aw®) | Kv(g/od)
100 185 0.240 61.5 4.58 184 843
200 370 0.910 233 " 97 444
300 555 1.850 475 ” 7 325
400 740 2.960 759 " 59 270
600 1,110 5.870 1505 " 45 206
—100 —185 —0.320 ~ 82 ” 137 627
—200 —370 —0.990 —254 " 89 407
—300 - 555 —1.890 —485 ” 70 321
— 400 —740 —3.120 —800 " 56 256
—500 —925 —5.150 —1313 " 43 197
Ky: 3 faisdn
=710 EE D Bkdic Ke, Ky (kg/a®)
H(t) M(#-m) 3 (mm) ot b Ku(kg/cn®) Ky (kg/em®)
2T
100 185 0.240 61.5 11.4 89 1014
200 375 0.910 233 " 47 524
300 555 1.850 475 ” 34 388
400 740 2.960 759 " 28 319
600 1100 5.870 1505 " 22 251
—100 —185 —0.320 —-82 ” 66 752
—200 —370 —0.930 —954 " 43 490
—300 —555 —1.890 — 485 ” 34 388
—400 —740 —3.120 —800 ” 27 308
—~500 —925 —5.150 —~1313 " 21 239

Kp: FSwEBRc—BRS 1

Ky 33X Ky OEHER% £-7.9 R,

SREAHI A A SRR RT IR TH Y, KFHEICL -
CHRIT S R AL FEINE DT, -V VIO
JCEF AR JRE Ke RESHANC—E LT BH
ERRILE D, ZOLFOD L TATEREEELT
Lo, 5555 OX (6.22) FIT (6.23) WEWT,
Kin I, b, @, Kv, a ODZPEET HENT, REEHE
T5ERR%ED.

M+ _—fZH ,
[ -SSP 7.3
e sone ]
M§+ Hg‘ + %Hakm“
h= ’_——_ﬂ———_ ............... (7.4)
m+HE

D&MD &, K, Ky BB L ORET.10
WRL

3) HEHEEHER>LOATOHEE

WL T~ X 5 g O % KuiZ, No.
1 O REHEOHEEARELTVHEEXLND DT

#-7.8 OERHHREHE,»D, H4RH OFHRIC X
by, r—v VHFEOKFE SR RIEET Do

% 30 cm DEMEFTARS Sk EED Ky 7
Hb Ko Id Kp=114~230kg/cm?®

LidioT, Ko=150kg/cmd®
LRT X, —F, B THHr — v Y OFHREE
By  B=+350cmx3%0cm=370cm
Lo T

i -3f4
K11=Ko(§3l~0q) =150 1/11.7=13 kg/cm?

HRHEF Kv ZRD 5D,

H-7.16 IR ABRNOEER (L. L. T.) EESh
T — 2 — SRR TH BN, EEHETEELE, &
FAGEH BT 5 R Bz &k, No. 1, No. 2,
No. 3 DKEFATFHEFHRROERE» LY LI T
%,

S ARSH» D Bn=15,000kg/om? £2EEE T

Ko=500 kg/cm?®

SR EHRLT
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7=V Y IEREORYKHRIC B T 5 R Ti% 51

= -3/1
K=k 20 S 500 1/11. 245 ke /s

\ 30

w75,

4) LEFOEEH» LD Ky

ERDRENFHCRNT, & — v VOREE ZHbic L
TEIET 503 M-7.22 DR ETHL L 5EEE» Db
MBI, HEMNEDNSVEETHS, BELED
v, EHBE 0.4kg/em?® DIBEROWT, Ky &k
5. CORFDIEFEDEIERIL 8" THEH D, HEHD
BLE T OmEELERIE

3100 mm 8
JV—"T x0. 00029X6—0—0. 075 mm
LiciiaT
_ 0.4kg/cm® 3
Kv =0 0075 cm =33 ket/em
(5) & &

L LB S, KDOEFERKCE5,

1) AKESREH K

BEDY — v vERIZTOEERICRWT 1008 5
T YOG — X —DEBRETCEIIShTHY, coER
TERIE, AEMS 500t~600t DEXFFEIES, Zh
YT 5, CORBISNT, &—v Y EBERED
#RTOLRE Smm~6mm TH5 (F-T7.9 H8),

T=v VOE 350cm i L, OERBTIE, OF
LET, FEECA LT, 0.15% TH D, EEfSE B
BLTEAA,

ZDESICIRFETIE, Kn #HEHTO L LiExE L
DEEATL3AMASHERLT XY, SRLHE»D
LHELT, BEIREMBEL—BIHELTEPES,

LOESHBE> D, AL EEYLET 5,

F-1.11 Ky o b % &

FIF lpngranl g < o [ ERiis
»EOER — %5 | SH
Ku(kg/cn®) 13 89~21 184~.43

FTTCRBNCE S, 1078 597D F—&£—p[F
EE T DREETIL, 22~21 kg/om® O Ky p585E Sh
Y, HEEME 18kg/em® Wit ¥~y v OO
FCHATELEEL VBT EE2RLTWS,

2) ERER (¥R topm

REOBANC A~ U v VKRR E PR LC, SRR
TOBREERRZR LTSS (F-7.16),

XMRPBILIEZ SHE DD, a7 DERMLGTFHLL,
B OMBEGENRICE D, 10,000kg/cm? 4~ £ —D
ZERGENEES N SO L Wi Lk, 42T, &
T FRORXDEBOE pLELES VIR 2L,

°
2,000 °
;;; oe
1,500
o
;é o Jo °
~ o
& ¢ e
£ 1000 s
=
5
500
1 30

- BRE (i:/mr)
H-1.24 BALIEC SBO—ShELHRES:
ERRFORR
— LA L B R ARkD B-T.24 KR/ L, ch
5, ERAREE LT 1,500kg/cm? OEXES,

Z O & FHEFRBRD HRDILHAZE Fo = DR
TR, SRR L3OHEREMSS D, 2.03)(6) i,
Bl e — A TR LABIRICE W Z L 25T E B,

T THRY P 1o BILE O X113 15~20 kg/em® T
D REABEHESR WD, FRIOF VT Y v i e
oY YIRIDY VY VI X HRBDBEIC 2~
3 EDBIERDY, K-V VIR ED2THLOLTHA
Bax, TORBERET SOV ER L, Lizite
T, —HOREER P DLP B LS, B LAE~-Y vy
FLNZEEER B SR D AR OB AFIR S B,

D K-V v IILNERER KSR RERE

& o1EH :

FTTIRRI XS, ZOWETIRFE~Y v LR
BR&EE LT L.L.T. 2HnTns,

T O HE FERVE K-7.16 TR LA 1,060~2, 240
kg/em?® OEEBTED, EHET 1740 kg/em® ¢H
%,

Lo CTHEEHEER (% 30 cm) OERGHK En
DI,

5,000 .

1,740 ~
L, RN B THLAE E=4E, kb, w2h
SDOWH A0, 2 OFEARESETV LEET S
T, 77y 7OEHELCTTREHNZATSD, B
BYIBOEBHERECHVCT CRISH LD,

PEOHERS, KEHATHHERRSE T2
WEERIE, KV VSNBSS 2V, Ky
FEETHOBINVESZES,

4 REASRER Ky

SRR ER D SOHEREE, ZR O EE» & ONELE,
LEFFOEBER» SRDLOB—FT D B & -

2.9
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#£-1.12 Ky O K # %

HF || 20057 | 1Esies
7 SOHESENA] 7 (—-ﬁ:d}if‘) O EE

Ky (kg/cm®) 45 524~239 53

7.12 i,

FES SOBRGEM & R EASEWEER T &2

, ZOTHERIBL T 5-3r OHEE B DIEIC DWW T
1 DOHfHF > TN D EFE XD,

—FEEH S v, 10~5 EOMERD
LTREKDENRE L ORD,

Fizbb, WEELEMEE S OEEHIEILEL 2
(=v~iz) THETAINLN, TOELXVEEE,
250~500 kg/em? &b, BILEOZTN LD LEDPEE
LA

7ot T, v VD OREFAZERC T 51
Wik E <, PERCHT REHNIORIMLOGE%,
Ky 2E TR (7.3) 7.9 TRFEL TV WOT,
ZFOHEFHIELEINTVEERTI,

5, COEMmE

FABOERERCLIEC R WL, AORHEN

REL, EBCEWTRAEVWRDIS, HERDS 2T
O Ky BRI EAS CFIMERBHRICIL-> TV B,

WA OIE A Z 100% FHL X O LThiE, Ee s
— v VAR OFER, EhdTREEREKEE 2L
B OEENLLIEHTE 5,

[4) KREINHBRICHITHRRED

(1) =RBRE=E

1) HEAE X CHEEHT

HREAM AT A IGER S A BN AE DA SWT, B
£, BASHRAFPEEHOASIHEHEORHAR
Bich, Thbb, &8 858m, Y —-vV TR
15 12 EaEEE S THAREERBCFETLC, £<RACH
$EDIGIRORETTEA, B 39 45 b 42 EITH I TAT
frbiis, FOHABIGEWIEHIZ ST, %21

BE-1.5 AGNIEERRYL

Fi #® &
R A=A iR A
7,500
2,500
k3 SRR il j:
# i
Al Bl
@
3|
=
~
)
T
H-1.25 ARGy —v v—BH
(R[] RERGE KUve) |REEREAD)
Els|gEel 1 2 3 4 5 L4 100 __ 200
e
l{}"
[0 '*‘-'
-5
-20|
2400,
|25 oz

-1.26 F— Y v 7HEIKR

7

BHEZEE =YY~ bEYO (R HDL, ElE
®-7.25 KR35 &Ha v Y — b F—Tvr—v v TE
6.0m ¥~y vEZ 41.6m Th 5,

2) HEbsomrslt

RIS PR O 2R L, AEET
WHTEMUIH~Y V7 HHIRE % B-7.26 125, %

Ry VIRENAL, TvId A —Z—RXDER

R T AEHLIH, TOERDETLE,
3) HEOHEZE
ZOEBRTCRTFIEHO LCREEREL, MRL,
SR OBIE ) LB T 5 OMNENTH - 7o, BT
IHEEOMC v 14 v — 2R D B EINE, ABCCRHRT
SHMRSER AT -7, LT T, BEOEREE
W RN OIN X 7R E R OBR B, BIR &L
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7=y YEROBAKHERIC BT 5 HBHE

]

B

=
EE

(

20 800

53

#HOEep
(FHR)

3—%’ ey W

j{ 2% 04 %= z%’:",': .

3"y ra2W

AL i 1 7 1874 7=
H ) I8 4 ¥
R 51v3 ol © | 1%
S IR !
35
-] 24%250x%
o SW0x 2
N
_LT'{;} NESRE
[ 2 - -
i 18I ¥~

4l

TTOEIEDLEFAD L LT B,

(2) =BH*®

1) ABREEE

BEAEO LIt ISR & FEHBO T iGN & ORCE
26mm 12407 1 ¥ — v — 7 % [N-7.27 OFEHTIED,
B ONRIC T 20T v 4 YFCEWT, mhLi,

TSR AEHCRAIY, FEOKE X 50t X
100t & Uiz,

2) ZRrOBERE

FOMOERETLHY, BERLRDT, TofREE
B LA YA ~ JTHRIWOME L FEERAT S
ERTERP 2T,

DE&BR
26" D1 v

3Ty

B2 Rk R

1) O OEHTERRE

VIR OISEMERTE 2 £-7.13 R 3.

2) UNfiREOZERL

MRS ORARER 2R U< 1. 18 1m T, BEEAR
BHRETCH B,

(4) #Rofsn

1) f#nokst

[-7.26 7 vF A — & — X HEHALROEENE
b, TCREFE, REOWMERTRDILLOEFAL
FHECKEZEEL, ZOEEKELS LIy —Y VD

x-1.13 f{EA DO ERIZERE

Ok, BRI AT LIC LIosHHA s | FEoz | B2 | Agieo)
BORAVE 30m IKHEL, HEIELDLTEVWLD %2% t) %gﬁﬂnggﬁﬂﬁﬁﬁ iz | B
Ligo7ce mm| mm o]

B ERE OB RO IR &, TR ETE 1 53.5 1.80 4 1.57 | 0.17 10.20 | 0.14
FTHLLBARTSHY, SEEELTHCS 2EEL 2 105 [3.96]1.91| 0.30 {0.20{0.15
- 3 - | s2.42.88|6.27] 1.60 |0.330.32

° 4 89.53.24 [ 5.85| 0.97 | 0.35|0.31

(3) =RER |

£K-1.14 KPR Ky OFHH
" ~ TR |
B E ] HRkA | W Ep Eyn Kro ’a:(ﬁ ‘)‘3" Ku' Ku=pKu'
(m) (m) () | B=VA {(kg/m®) |(kg/cm®) | (kg/cm®) 30 =a-Kgo| (kg/cm®)
BE5 (m)
B — B 4.5 6 249 15.8 100 | 400 | 13 | 1/19.6 i 0.66 0.79
% + |0 6 60 7.75 150 | 600 | 20 | 1/11.4 1.75 2.10
apl ® | s 6 168 13.0 20 80 2.7| 1/16.9 | 0.16 0.19
Zm | F 3.5 6 21 458 | 300 | 1200 | 40 | 1/7.74 | 5.18 6.22
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54 + K MR

B heokn, A E HEIL, FRAXTOKHEDHEER
o CoRHREET S,

2) filE E, »HOSTERDYSE
a) 7kF-ix Kn (F-7.14)
b) AEFIEBERAERR Ky
Eo ) v FETRT, BhERBICELT 3m~Am T
EDTHY, BREFBOEEEFTHTSH D, HEBEL
CDRVEEIETE 5L, COBREFHE 0m o
WL TS S ALY, SR ZHELENRIOT
CHEET D EHEEEND,
LitoT, Ky ZEETHIK HicoT, ZOBWNE
ROE S FROEERROEE ISR LGRS 2,
E,=300kg/cm® Kro=40 kg/cm® B=600cm
=(600/30)31=1/9.45  Ky=4.2kg/cm®
c) wAEER  Ks
Ks=0.2 Ky=0.84kg/cm?
DLEDAA R OHESRLVRRT B & M-7.28 2155,

K210 kaZ}_\
-

Koz =039 K¢/or?

10m

28m

K, = 622 K9/end

B-1.28 RN GREOIEE

3) r—v vOEROFHEER

LLE®DE 5 LTk R A SRR, BE
CRAT S ERE AW, HEOEEEAHETH LR
DEEEGD,

=115 FHEZR X ERAN ORI

P8t 5 % &

N T @ [ 3EAE
x5 (mm) (mm)

1 53.5 1.80 4.74 1.20

2 105.0 3.95 9.30 2.35

3 82.4 2.88 7.30 1.85

4 89.5 3.24 7.93 2.01

SR AR ORI YT > T, EHORELL S ZHE
U2, Zoffrz 0.0032mm/10t TH5,

oW &

(5) # &

sHEZER & SR ORI & F-T. 15 1R L8, Bt
R ERIZER & B - T b,

ZORELESMET5HE 2.3~2.6 FTHD, 3
EBAfETHEE L.5~T kot

ZOHWADYL > CHBCHEISHD, TOTIERWE
LERHDEARE, 3SBEAROER, RECHALE
FRBETEHTLERLTVS,

7o, EMZBESIFEZENY kElo 0l o0BEHEL
T, & — v vORTRES FiBtEofing, HEmR
EORTHEEEAT S L3553, BOEREREK
AEECHET 5 LN TERLP - 72DT, BHTHT
LHETEL,

Z OFERER T BEAREE 2V CEELALOT
b, EEAOBEHACREXE 30m IEL, LadKk
FICIEDIEL TOHATH BD, FOXMIRIEL
COBEE T - T EAcd OO, FEEHED FHED
1mm 7a\WL 0.5mm OBELEEIND,

Uit o TAFER ORI, stEE:
D - = T—F LIl DDFE LT, Ft
BDOLDTHD,

(5] BEXECHT IR

(1) sEBloBE

1) ZEEBbAs X CIBRET

EFRASRIAMNT OERK L FHARK 2R SMERE L
<, iRGEOARCEM 37 49 HERENHIETY
DRB AR,

BIZEE  2068m (—MBLHZED)
g B EEEE 15m Gm+Im+3m)
W FFIFER 9.5m
FipiEE  EEZRES BEEE  40mX17m

FEE—22m
154 MmX15m FE —2m BXT

—18m 2 3£

FETHE LT, WEhSERy — v vIEREAILT
Wa,

2) skl

C OEREDOERE, HRIBOFLEEDI L
HIIBIEL, £ORTARTHRORESES>, LHE
B L, HEREO—, MEREOFENESZTE
v, REE, FHRIE BV, hEAERERKER
= BEOLEH»SED, HREE, BE, BKERE,
BREZSHHBOLE D> T,

o iEs T A AN s T, ERigaTHY, &
HOEEZHE L BEOLE,BRY, —HMORERW
LBHEEREEERA LT,

F—VU vSEEE 100m TRy, SUARENZ
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-y vIERO

fER L7, = 7 O—8EHRBROBERY SRDILE
EHEPEACLRERTSHE, RO £-1.18 %85,
#E-1.16 HRFELOARRE
REE = 7 EAE 2 = | &
(m) (sg/cnP) | (em) (m)
20| B B B ¥ | 2000 60 0
22.6 | HE@HEBA) 1,000 | 100 0.6
23.6 | B ®H H & 2,000 110 1.6
47 W h ¥ & 8,000 60 2.7
25.3 | & # 1 1,500 80 3.3
2.1 @ h % & | 8000 20 4.1
26,37 3 ¥ B & | 4000] 100 4.3
21.3 | ¥ h & & 8,000 250 5.3
2.8 H &= | 1,500 20 7.8
30.0 | f1 ¥ B % | 4,000 130 8.0
31.3 | B @ H & | 2000 100 9.3
32.3 | H # | 1,500 60 | 10.3
32.0 | EE@EMA) | 1,000 40 | 10.9
33.3| H 1,500 10 | 11.3
33.4 | &% @ EH £ | 1,00 30 | 11.4
33.7 | M OB W OB | 4,000 60 | 11.7
34.3 | B # | 4,000 50 | 12.3
3.8 H # 1 1,500 40 | 12.8
35.2 | M B B A 8,000 90 13.2
36.1) # h % & |15000 70 | 14.1
3.8 3 B % & | 8000] 120 | 14.8
38.0 | H #= | 3,000 80 | 16.0
38.8 | HAEMBEMA) 1,500 50 | 16.8
39.3 WHEEGREMA) 1,500 150 | 17.3
40.8| H w1 3000] 770 | 18.8
485! W H B A 4,000 | 300 26.5
51,51 W R W ¥ | 8000] 150 | 29.5
53.0 | & h & ¥ |15000| 280 | 3L0
55.8 1 i fr B % | 8000 170 | 33.8
57.5 | & h & # |15000| 250 35.5
60.0 | H # 1 3,000 1000 | 38.0
70.0 | W ¥ 1 8,000 1000 | 4S.0
8.0 | H = | 3,000] 1000 | 58.0
90.0 68.0

3 EEoEE

B0y — I NEa7 v —T5ERR, ERDX Sk
TR, BIROEBCH- T 52, MiFHE
B X BKESIT 8,400t O3, HEBEREE 40m O
EHEERT %, Licdd- T, BB REEET5
Z EAERTEIN, REMHRAETH> T 5ERHI
SLICOWT, TOHRTREAEH L.

(2) =BFH*

=y vOESHavy Y~ FEELIULESE, -

WEIACTHRPUIC B3 5 AR 85

B12 8 AT v F < — 7 #E%, BAR TR E
3 2 MOBE 2TV, SEEEOREEFEE L.

L REHEBROLNET, BARONE~OES, L
P CTRIEIC ST 2T, BECBTSFE LX) 258

v VRS

T 5TFETCH- 1258, ﬁAﬂkoﬂmlgoﬁkﬁm
_vFe—rBBHL, EEEY S LA TE L
Y o

(3) HMEHERLERORK
HESREE [-7.29 R

MELE 572 &6 t 8

FBH
o £ \
o
8 1 10 N
S \
s & |3 \
15
5 a
&® @

F-7.29 R TEROBERR

r DEIEER»DEERA 0 kD5, #E 1.8) &
B (4.5) OKTFEEEEE 40m S50
8 mm

PR, .1+ 2 - - (57
0="10,000mm 210" (797 )

F-7.16 DIWBFRL BB LEERALBAOED
EEaskd b &, E=2,90kg/cm?

— BTV H—T ey FEIRETHIEE-C, X
SNBIERE—~A Y M2 M=198,000t-m

-y vDOshkiz 34mX15m THY, T OWETEH
T oWt Ky %3k, EEFEH K 25 0 23k
THb,

HEETE B 13

B=+34m X 15m=22.6m

” 2, 940 kg/cm?
- 30cm

2260cm \ 7

30cm
=98 kg/cm®x 1/25.6=3.83 kg/cm?
Kp=Ky-1=3. 83 kg/cm®x 178, 100 m*
=682x 108 t-m

M 198,000 t-m
Kz 682X 10°t-m

=2.9x10"* (37 V)
ThiH LT, BYEEEE LT B=VHmx0mn
=36.8m AT 5L,

2,940 kg/cm?
30cm

0=

3680 cm
30cm

=98kg/cm?X 1/36.8=2. 66 kg/cm®

Ky=
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56 * A B %K

Kr=2.65kg/cm®x ?%29 -40 m3=2, 650 t/m?
X 181, 000 m*=482X 105t-m
_ M _ 198,000t-m
T Kr 482X 105t-m
=4.1X10"* (57 V)
WA MDD T I oW TRkd T4 %, EREITE
BT HET
év=11mm .
ZHIH L, H-7.30 OEGEBREAGHOHEBHSH DL
gz Ap=36.3 t/m?
L7235 T, IEFRiE Kv=2.66kg/cm®
&,

WD

= dp _ 3.63kg/em® _
=y T 2. 66kg/emt o™

=3
&
v
4
~
v

82Tt/m 171t/ s SOTUR?
ST
=] Ry BB © REHBIEH
B-1.30 K@K N5

1) = 8
UEDFIEE, HATCEDLTFHRELEL0THS
B, DT—RKELwsE, #-7.17 %85,

®-1.11 5 ®H &% R

3mx15ma | 3dmx40map
= 8 & oy vk | r—v vk
7= R e Ky w0k | i Ky &k

Dok E Dk &

Blgsf | 2x10747777 | 2.9% 1047277 [ 4.1x 10-4797~

WTE |

11 mm 9.5 mm

13mm

LOEPLRDENEXLS,

1) [EERZERIL, 40 t/mi~50t/m?® OfFEAME bh
THLIELTVWHDTC, ERERNGEOEEZDEL
NCZDBRFAEBCRAY T 0RBRESHTS
b, EHEAIBEOER TORF LB XTIV,

2) ZORNURII-E &, HEEADHEMSEIED
FI2{E 7o THHI LT, TOWMBOEATEE
B TERRRORI 2 AR TI VL
EETFELTNS,

3 —FHETEI2 OEECELETSE1/212kD
6.5mm &7 5, L7zdo T, llmm & D3 4 mm~
5mm 1% 1) THIFLABREERS LEXLORE

i o# %

HTHH5,

8. r—vVLREOKTERORE
—HRE~NDETF &

(1) B

FTEBRTEA—EOEBRIARI k- C, D7
BHHEDER{ILDOFHRE, ThzlvwTor—v vok
SEiEfioiEE S, Eflick 52, 305 287,

ZHhBLOEREZRWT, LT, WROBEE FHEiER
TELZTD, KRR OIREF R FIREST B,

ZOREE, ¥ —v v OREL S URKELERECR
DISERNELTHLOTH Y, KEOFHAEEHOT
Ph, BELLS LT 5EFNE ZCHT>L 0T
H5,

(2] #ENFIE

(1) HBHH

-y VEEORIOMBHER L, TOTEMGIEHEY
BT, FEHRI - ENERKE, BNERBEEL
LEHEERTRS. BB 52 BHEO-DELER
IO BIROFEEZHAVW5,

K-8.1 ZREREEIERS X CFHRIAR R«

\l TROABRFEIL X BEBE BT
! Eo(kg/cm?) Bk e
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Earthquake Resistant Design of Bridges (IID
— - Experimental Studies on Vibrational Damping of Bridges —
(May 1970)
by Eiichi Kuribayashi

Toshio Iwasaki

Synopsis :

This paper discusses statistically vibrational damping effects of highway bridges on the basis of results
of field tests on actual highway bridge structures.

At first the result of the tests on fifty four cases carried out during this decade is described, and
consequently the vibrational characteristics, especially the relation between natural periods and damping
constants of bridge structures are presented.

Key words (highway bridge, vibration, damping)
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A Study on Automatic Design Sysfem for PC Simple Supported Bridges
(June 1970)

by Keiichi Nakamura
Yukio Iwamatsu
Shinnesuke Kudou

Synopsis : .

We have established standard designs for postiensioning prestressed concrete simple supported "T-beam bridges
which were published in Vol. 13~17 of standard design of civil engineering structures by the Ministry of Co-
nstruction. We went through with an clectronic computer system in an optimum and automatic design process.

We could point out problems for instance cconomical height and number of beams, optimum number of
crossbeams, automatic calculation method for load distribution cocfficient, size tollerances and its controlling
methods, prestressing ellect for floor slabs, und strength of in-situ concrete parts, and could find out their
solutions for the time been by mean of theorical calculations or expeiments.

This paper presents an autline of automatic design system and considarations on the problems.
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procedure BUNPAICALPHA,THETA,Y»E»BBsKARPHA);

value ALPHAsTHETAsYsE»BB;

real ALPHASTHETA,YsEsBB,KALPHA;
begin .

real SHIGMA;KOsK1,RsHi+sH2sH3»H4»H5,H6
H7 s AMsBM 3
array ApCyrABL1:4),B[i:4+1:4];
Integer IsJ;
procedure HCOS(XyS);
value X;
real XsS;
begin

real Kj

K=X12;

Si=((((281901920—~14%K+247944427810—14).
*K+0,001388892599)%K+0.041666665796
YK+0 ,5)%K+0,9999999999;

end ;
procedure HSIN(Xs#S):
value X3

real XsS;

begin real 7Z;

2=Xt2;

S:=(( (28254 12710~13%7+0 ,000193342754 )%
Z+0,008333363992)%72+0,1666666611)%
Z+1.,0)%X;

end;

begin
YR=THETA*3.1415926536/¢1.41421356%BB) ;
SHIGMA=3 ,1415926536*%THETA/BB;
HCOS(R*YsH1); HSINCR®xY;s H2) ;
HSIN(R%BBsH3); HCOS(R*BB»H4):
HSIN(R*E,H5); HCOS(R¥E,H6) ;
AM:i=2 ,0% (H3%H4~SIN(R%BB)*COS(R¥BB));
BM:=2 ,0% ( H3% H4+SIN(R%BB)*COS(R¥BB)):
A[131:=COS(RxY)%H1; A[2):=COS(R¥*Y)*H2;
AL31:=SINCR®*Y)*H1; A[41:=SIN(RxY)*H2;
Bf1s1):=1f Y<E then —0.5 else 0,5:
Br1,2¥:=—1,0%xH412/BM; Bl1,31:=COS(RxBB)1t
27BM;
B{1+431:=0,0; Bi{2,11:=—1.0%H3t2/AM;
B[2s2):=1f Y<E then =0.5 else 0.5;
Bl2931:=0,0;
B[2y4]:=—1.0%xCOS(R%BB)1t2/aM;
Bl3s11:=—1,0%SIN(R*¥BB)t2/AM; B[(3,21:=0.0;
B{3+31:=1f Y<E then —0.5 else 0.5;
B(394):=—~1.0%H4t2/AM3 Bl[4+11:=0.0;
Bl42):=SIN(R¥BB) t2/8BM;
Bl493}:=—1,0%H312/BM;
B{4+4]:=1f Y<E then =0.5 else 0.5;
C[11:=COS(R*E)*HS—-SIN(R*E)*H6;
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C[2]:=SINCR*E)*H5—COS(R*E)*H6;
CE31:=SIN(R*E)*H5+COS(R*E)*Hb;
Cl[41:=—COS(R*E)*H5~SINCR*E)*H6 3
for I=1 step 1 until 4 do
begin AB{I1:=0.0;
!for Jizl step 1 until 4 do
AB{I):=ABLI1+ALJI*BlJs1];
end;
K0:=0,0;
for Ii=1 step 1 until 4 do
KQ:=KO+ABI I1*CLI1;
K0:=2 .0% RxBB%KO ; .
HCOS(SHIGMA*YsH1); HSIN(SHIGMA*Y,H2);
HCOS(SHIGMA%BByH3); HSIN(SHIGMA*BB,H4);
HSIN(SHIGMA%E sHS) ; HCOS(SHIGMA#EsH6) 3
AM:=SHIGMA%* BB~3 .0* H4x H3 ;
BM:=SHIGMA*BB+3 ,0x H4% H3 ;
Al 11:=H1; Al21:=H2; Al31:=SHIGMA®YH®HI;
Af41:=SHIGMA%YxH2; Bl[1s1
Bii1,11:=1% Y<E then —~1.0 else 1.0;
Bl1,2):=(2,0+3 ,0xHa12)/AM;
B{1,31:=(—2,0~(SHIGMA*BB)12)/4AM;
B{1s47:=0,0: Bl[2,1}1:=(2.0-3,0%H312)/BM;
B[252]:=1f Y<E then —1.C else 1.0;
B[2,31:=0.0: BI2:43:=(—-2,0—(SHIGMA%BB)12)/BM;
B{3,s1]:=—1.0/8BM; B[3,2):=0,0;
B[3s31:=tf Y<E then —1.,0 eilse 1,0;
B[3,41:=(~2,0-3,0%H412)/BM; Bl[4,1]:=0,0;
Bl4,21:=—%1.,0/AM; Bl[4,3}:=(-2,0+3.0%H312
)/ AM;
Bf4s41:=1f Y<E then —1,0 elge 1,0
Ci11:=H5~SHIGMA®E*H6 ;
C{2):=—H6+SHIGMA*E* 53
Cl3]:=H6:; Cl431:=—H5;
for Iiz1 step 1 until 4 do
begin AB[I1:=0.0;
for J=1 step 1 until 4 do
ABLI}:=ABIIY+A[JI*BIJ»I1:
nd;
K1:=0.0;
for I:=1 step 1 until 4 do
K1:=Ki+ABI[I1*CLI];
K1:=K1xSHIGMA*BB/2,03;
KaLPhHa=1f ALPHA=0.0 then KO
else KO+(K1-KO)®*SQRTC(ALPHA);

end;
end;
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procedure YKO GUYON(THITA,ARPHA,Y E,BB,lMaRPHA);
value THITA,ARPHA,Y,E,BB;
real THITA,ARPHA,;Y,E,BB,MARPHAS
begin
procedure HCDS(X,SJ;
value X;
real X,S;
begin
real Ki;
K=Xt2;
S=((((281901924—14:K+2479444276,0~14 )%K+0,001386689
2599 )%K+0,041666665796)%K+0,5)%K+0,9999999999;
end;
procedure HSIN(X,S);
value X:
real X,S;
bagin re2al Z.;
2=X12; . .
S=((((282541270—13%2+0,000198342754 )#Z+0,00633336
3992)%7+0,1666666611)%Z+1,0)%X;3
end:
real SSHIG,MO,M1,R,A1,A2,A3,A4,A5,A6,A7;
begin
rea} #Ali,BM;
array fA,CoABI1:41,M[1:4,1:43;
integer 1,J:
R=THITA%3,1415926536/(1,41421356::BB);
SSHIG:=3,1415926536%THITA/BB;
HSINCR*Y,A1); HCOS(R*Y,A2); HSINCR#BB,A3);
HCOS (R#BByA4); HSINC(R*E,A5); HCOS(R#E,A6);
AMi=2, Ok (AS®A4-SIN(R*BBI*COS (R%BB))J;
Bl1=2, 0% A3%A4-+S IN(R%¥BB )*CO0S (R%BB));
ALLI=STHCRHY I®AL s AL2)=SINC(REY )kA2:
A[31:=—COS (R¥Y )*Al; AL41:=—COS (R#Y )%n2;
MI1411:=14Y<E then -0,5 else 0,5;
ME1,2)=—1,0%A412/BM; MI1,33:=C0S(R:%BB)t2/BM;
Fl1,41=0,0; MI[2,1):=—1,0:%A312/4;
M[2,21:=1#Y<Ethen—0,5 else 0,5; M[2,3):=0,0;
ML2,4):=—1,0%C0S (R%BB)t2/AM;
MI3,1):=—1,0%SIN(R%BB)t2/AM;
ME352):=0,0; MI3,31:=12Y<Ethen —0,5 else 0,5;
FMI3,41=—1,0%A412/A8M; M[4,11:=0,0;
Pild,21:=SINCR%BB)t2/BM; MI4,3):—1,0%A312/BM;
MI4,4]1=52Y<Ethen ~0.,5 else 0,5;
CL1J)=COS (R¥E)*A5—SIN(R*E )¥A6;
CL21:=SIN(R%*E )%A5~C0S (R*E )*%i6;
CE31=SINCR%E )AS+COS (R*E ):A6;
CL41:=—C0S (R*E )#A5~SIN(R*E )*A6;
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for i1 gtep 1 until 4 do
begin ABL[11:=0,0;

‘tor J=1 step 1 until 4 do
ABLI1=ABILI+ALJI#MIJ,11;
end;

M0G0

for I=1 step 1 until 4 do
MO:=MO+BLII%CLI T
}MO0=MO/ (2, 0x%R%BB);
HCOS (SSHIG#Y,Al1); HSIN(SSHIGHY,AZ2)3
HSIN(SSHIG#BB,a3); HCOS(SSHIG:BB,A4);
HSIN(SSHIG#E,A5); HCOS(SSHIGH:E,A6);
AM=SSHIG#BB=3, 0%A3%A4 3 BlsSSHIG#BB+3, 0%A3%A4 ;
Al11=Al; ALR21:=A2; AL31:72,0%A2+SSHIG#Y#AL;
A[41=2,CkAl+SSHIGHY*AZ;
M{1,1)=1fY<Ethen—1,0clsel,0;
ML1,2)=(2,0+35, 0%A312)/7AM;
MI1,31:=(—2,0—(SSHIGHBBI12)/AN; $i01,41:20,0;
02,11:=(2,0-3, 0%A41 2) /Bl
M[Z,E]Z:i£Y<Ethen"1.0318e1.03 M[2,51:=0.O;
ML2y4):=(~2,0—(SSHIG*BB)t2)/BM; 1i[3413:=—1,0/BM;3
M[:J,233=0.0; M[5,3]::ifY<Ethen—1o 09156100 H
M[3,41:=(=2,0~3,0%A312)/BM: MI4,11:=0,0;
M{4,2):=—1,0/A8M; MI4,30=(=2,0+3,0%A412)/Al;
MI4,41:=ifY<Ethen—1,0elsel,0;
CL11:=A5-SSHIG#E%A6; C[21i=—1,0%A6+SSHIGHERAS;S
CL31=n0; CL41:=~1,0%A5;

for I==1 step 1 until 4 do

begin ABLII1=0,0:

for Ji=1 step 1 until 4 do
ABLI)=ABLII+ALJI#MIJ,11;

end;
M1:=0,03

for I:=i step 1 until 4 do
Mi=MI+aBIII%CLII;
Mi=—=1,0:%M1/(4,0%BB%SSHIG);
1AgPHA=1 £ ARPHA=0,0 then MO alse
MO+ (ML1-MO)*.SQRT (ARPHA);

end;

end;

(42)



.....................

......................

...............................................

AP E130—1
-y VEBOBHKTERICET 3RBRAR 8. 46. 2 197D

HH B, Busg

®E B

b=y VEBOBMAFERNIL, HL{ADRDEHRTE Y, bAE IR
OYRIELTHY, SHETI, —RC Pole Theory EFRFhTIIREh TEic, Th
SHAVCTR LUBENY | HOESRGO HCfiZThHh, &4 SR bBgiF4 Bk
THLEEH LT EXE R,

KB CH, OB BIOASIBFHROBCREL, #EMEEEROS» LEM
R BT ARBEL ML, HAOBSLY b1 LoD, #30cm OMEZRIEEER
R DR DI IR IA I E LT, BT, R RS B ot ir
RERELL,

DT, EPRERISER S X UGB O AT, BREROBFELRGELC,

BAEHBIELT, & — v vAROICERERC oW COHEEELIRET 5 LA, Bl
RSB v E L.

FA49—F (r-vy, HERAERY THEN ROERARE, SEEHE

HARBIET #1392
BRoREREHCEITaHE (D 3. 46. 2 Q971)

— B ORSEF T A FHER—
BHR—, £S5

R B

R SEC KT B REORERROBE, LERBORIEN LFIHIC kDI
DTCHBo

Y, BEHOFERICh - TEES W CEBIEDOSAORERABMSEROBERRL, K
WTERISEORG R, AR LRFCEROMRAMEIIC RO b OTH B,

49~ F GERiS, &), B

L ARBFEITHE139—3
PCEMTH - BO8ERAACHTIHR 4. 46. 2 (1971)

THE—, SREHE, THEAZH

2 5 .
HEAHELRESDEERHI3~TEE LTGRA N F vy s VAR I 5 PCHEMT
BB tiE+aicdic b, BFEHAMC X 3 BERs s b8 RBIC k575
gt d LITHEROFHITIC & 5 RETFHOBHRE ATV, AV ICH AR, B3
Wi, WESREHOATEN, JHRARLEE, KRO7vA L vARE, KHDS
FHTHOBESE « OMFE L RV L, ThERBHRI, 85Tk » s
BB RIS EANTEL,

Flox b, BEEIHALUREtOSBROATEL, S bEEICS - THLW
SN Loy, ShBIEDWTL—SORIMITL RS 2 L TR,

AT BRI FIROBER U S h SO & Z OIS OWGlvic b o ¢
BB,

F49—F (PC, BT (718, AR BERM THAE BISE, GEH
B, ¥4 -3V %, ALGOL, 85838




. Report of The Public Works Research Institute Ministry
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Experimental Studies on Statical Lateral Restraint
: of Caisson Foundations

Iwao Yoshida
Yoshio Adachi
M Synopsis :

The present paper shows the calculation formula of deformation under fitting
application of ground conditions within statical linear behavior of foundations.

The method is based on the consideration that the standard value of the coe-
fficient of soil reaction is estimated from deformation modulus of loading test
. with circular rigid plate of its diameter 30cm; the relations between deformation
. modulus of loading test and that of some other soil surveys become clear by
experiments. The formula is furthermore confirmed in the results of model tests
and observations of caisson foundations in the field.

Report of The Public Works Research Institute Ministry
of Construction Vol. 139, February 1971

Earthquake Resistant Design of Bridges (II[)
——Experimental Studies on Vibrational Damping of Bridges—

Eiichi Kuribayashi
Toshio Iwasaki
Synopsis :
This paper discusses statistically vibrational damping effects of highway bridges
: on the basis of results of field tests on actual highway bridge structures.
. At first the result of the tests on fifty four cases carried out during this de-
cade is described, and consequently the vibrational characteristics, especially the
relation between natural periods and damping constants of bridge siructures are
presented.
Key words (highway bridge, vibration, damping)
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. Report of The Public Works Research Institute Ministry
. of Construction Vol. 139, February 1971

A Study on Automatic Design System for PC Simple Supported

. Bridges

Keiichi Nakamura, Yukio Iwamatsu and Shinnosuke Kudou
. Synopsis :

We have established standard designs for posttensioning prestressed concrete
simple supported T-beam bridges which were published in Vol. 13~17 of standard
design of civil engineering structures by the Ministry of Construction. We went
through with an electronic computer system in an optimum and automatic design
process.

We could point out problems for instance economical height and number of
beams, optimum number of crossbeams, automatic calculation method for load
distribution coefficient, size tollerances and its controlling methods, prestressing
ellect for floor slabs, and strength of in-situ concrete parts, and could find out
their solutions for the time been by mean of theorical calculations or expeiments,

This paper presents an autline of automatic design system and considarations
on the problems.
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