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On the Earthquake Resistance of Anchored Sheet-Pile Walls (Ist Report)

Model Vibration Tests of Anchored Sheet-Pile Walls in Dry Sand

* o
by Hideo Arai and Toshiyuki Yokoi

Since the anchored sheet-pile walls are under the influence of the complicated soil condition, it is not easy
to analyse the behaviour of such a structure during earthquake.

The model vibration tests of anchored sheet-pile walls were performed in the dry state by the method using
a box on the vibration table, as the first step to investigate the earthquake resistance of anchored sheet-pile wa-
lIs. In experiments, two vibration boxes which were 4m long, Im wide, 1.5m high and 3m long, 0.5m wide,
1m high were used, and two sorts of vibration with the period of 0.3 sec were given. One vibration was the
increasing vibration, whose acceleration was increased to 200~350 gal at constant rate of about one gal per one
period, and other was solitary vibration which had the property like a shock. The model similarity by the
dimensional analysis was considered mainly for the model.

The followii?g facts were obtained from the results of tests.

(1) The lateral earthpressures during vibration become large in the vicinity of the anchor level and do not
increase much in the middle part of the span, owing to the movement of the wall and the condition of
the anchorage.

(2) The soil stiffness is apt to decrease during vibration, but it seems that there is a considerable margin for
safety on the degree of fixity of the embedment due to the deformation of the wall.

(3) Owing to the distribution of the lateral earthpressure during vibration, the bending moments of the wall
are smaller than the values computed by the so-called “seismic coefficient method”, but the anchor loads are
larger than that values.

(4) The characteristics of forced vibration have influence on the residual part of experimental quantities after
vibration considerably, and not on the vibrational part of experimental quantities.

(5) On the scale range of the vibration box used in the tests, remarkable difference to the test results does
not appear, but the soil stiffness in the small box is apt to decrease during vibrations.

The general characteristics of anchored sheet-pile walls in vibration has been disclosed to a certain extent

by this test, but many problems remain to be solved.
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* Chiet, Vibration Laboratory, Soil and Structure Division

** Research Engineer, Vibration Laboratory, Soil and Structure Division
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Bmm) | £ (em) Eii(g /cm) gch;I//lg%
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INnOoDHIFRIZERA Y Y07 57 TiREkL 7.
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ZOBEVKRBBLIZL A YFRILFETERL 72,
BHody, EROTHEAEEL, FHAPL L RO/
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=
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(3) ZEzoELiE

EBIZRW T, BREFAF—FORMCEFRI
TEY, F7:LORBFEOHBIITHDSNZ V72D,
EREL#RE RO EREETH D, T T, E
BOBEWREHALMIIT S LILERIEBDLNDHDT, KD
BEERAALTI,

BEFIZ 5V TRIL T % Rowe 0E®AM 68 h 7 (2.
12)R&*BZ2T 5L, REREIZI1T 2 HAESE Y Ol
WE—2  2ROL SR TREINZLEETES
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M=f (T, «a, W, p, m, EI, g, H) 4.1)

ZZit M (kgran/an=kg) :#hifE—2 L,

T (sec) :REIEH, a (amesec™®) : REIEE, W
(kgeem™) : EEELL, p(kg-am™®) : BRIZ{EA) T BHTHHE,

7

m(kg-an-9) : {AREIMEGRIK, El(kg - /an=kg.am):
di v REIE, g(cmesec?): EAHOMERE, H (@) : EF.
A DRIRTERIT 217>, T7bb, BuchingamodiE
HBiZk»T, 6HOERTENTFLEL, ThbIIROX
SQILRTIENTE S,

m,=MH/EI R

m,=Tg} /Hz =Tg/H

n3=a/g

W H
7=WH? /El=15; * £y

H¢

LN
El

ms =pH? /El= [}

mg=m « HY/EI
Z T p=HYEI ThHanb
M=EI/H - f (T?%g/H, a/g, Wp/H?, pp/H, mp)
(4.2)
pm/pp=1 12 niE, Th& & Hi2BUOEHIL a/g
=k BT, RDOLIIZKDOHND,

() ()= = (W) = (5 (a22)

4.3)
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I T VY7 A, m p RENFREREIOE
Bl%RT,

ZOZRMEMNERIHER L BRI L THER T
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#—4.2.1 AEIF St—model

J
Wk Hp Y,
see s | Ho (m) | T seo) (‘x—:‘)(ﬁ;")

YSP 11 13.68 11.4 0.97 3.08

1| 19.95 13.3 1.04 2.87

V| 29.99 15.7 1.13 2. 66

\ 45.25 18.1 1.21 2.35

Z 57.71 19.9 1.28 2.22

pm/pp=1& LTV 58, BAZEUTHHLABZ
EMTED, 72, km/kp= 112753 & 5’:%§2ﬁ9
T2, (Wa/Wp) « (Hp/Hm)? =1 THILEHND



#—4.2.2 KEIF Al—model
Wm\/H
Wp(l;gn) Hp (m) | Ty (sec) (W:)(H:?)
YSP 11 14.52 12.1 0.99 1.35
nr| 2115 14.1 1.08 1.26
IV | 31.90 16.7 1.17 1.17
V| 48.00 19.2 1.26 1.03
z 61.19 21.1 1.32 0.97
##—4.2.3 JEF Al—model
Wp(k Wi\ /Hp \j
o( 58 | Ho (m) | Ty (sec) (Wp)(H')
YSP II 13.68 11.4 1.03 1.31
I | 20.10 13.4 1.23 1.24
IV | 30.18 15.8 1.35 1.15
45.25 18.1 1.45 1.00
z 58.00 20.0 1.52 0.95
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Mm/Mmp=172Z L NBETHB. L7, T, Hifg
BIMEREICOW T2, ERLUZmOE L F—DFEEOR
BENRELTWBLEZBIENTES, 37, (Pm/
p) (Hp/Hm) =1THsZ &2, EHIERT 5
EHRESESCAT A L 2 ERL T B, BREYO
BEITE, UITRESEXICHAIL TML, B0z
ELZIZEUTHRZ b, ZOZRENIZIZHREEH
BDOTIEINEEILND,

K EESNIH L TEELDTH S, PRy
Eb3EBTHLMBENIC L » TGEBT 2 RIEEEOH
BB LTLEBETIILEQEL T2 THD I,

5 REBER

(1) ABRBBEORER

(a) ¥ iR B
Biro®, Zf, #ERHOLH X5/ 11LRT,
Z OB B DOIMEREH160gal K DR TH D, AIER

55
71}
AL-3 HHH 3
15Qgoll
ﬂn:éiaz&/ N \J(\ffx/!\/ NAT !
b 4
fo
AN n
-6 (31
NQ4 \.) U/ \y VARY \bf\\‘/ 6oxio r
3 _
i NOI7 aEEEE. IZOOXIO ¢
& NQ25 L A AN N T I5OXIO-°
NQ3! 1 - [soxio®
£ dt
_[M@-5.1.1
AL-3 | St 1L
150 9o
mig i e PNSNSNIN ;\u/\u/ \ |
¥
NQ2 ~ANATNANATN N T IOAGm“}m
% 3 Attt oy IOme/m s
[} 4
. na
{4 0.09m. +
& 4 I " (a1
5 Iwmm T
NININI AL D
PRLCIRVAVAVAVAVAVA G
o l
H ~~""r'rr\ Isoug
2\./\.)\J\J\J\/ L4
H—5.1.2

TS ht, RBICATARBERSTI2BLICLST
BREINATV3. EECHENT 2BIREMRIZSWTY
ZDORBAIIRAT B

(i) #FE—2Av}

BV —V LEUREORE 2BEF L THBOT, E
DREEN S (5. 1) R4k » THTF E—A v P ERDHBZ
EMTE B,



2 ¢El
M=—¢ .1

ZZiz, ¢ #WE, El: ERUROMETERE, SR

ROE X,
ZorSLTEohn-tiE—2 Y o EE-S.
‘2 IR, M, BT E—2 v F ORET 5ROLRIE

ST-I Mikg)

-
-

[+]
I 1 i

oang
@ 20090l # #
© 20090l W&
& 33090l %@
a 330g0! &
x tmnek

)

ara
2004el 3.0
. nay
3sogsl s34
{ 1]

mo® »eo0

- R LN



AL—-2

=

“l? -5

AL-3

1.8 T
100 qat *3 12
v i 3-R(L
2oojd E X O]
[ 4L
300 aml 250
. XL

x 350 31[ BIN LR S

& ¢ 0O wm b » O

H-5.2.3

©

kit
LR &K
100 gal ‘31t
iy
zoojal X 1]
. X L

(wop

—5.2.4



AL—4
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r

tenix
. ¢-% 213
100 gal :34nf
iy
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BEAXEMLOFIZL - TRENSN, HFEERT
HRICHLTEBD ThEWIERRENTN S, ZDZ
LARRBOEIFIZL o TEDI IR, TL 200 %,
BROBURREIDFE I TRIFL LS, TD L S
KR TIRET DRI EVIR, HIMEFIIHWTE
FrE R - T, ZTOMEEIINT 22 T/~DT
iz o TIREFORBOBFER L RN B LM TE B,
H—5ic@rN TV 25 Mdiiu (2.12) X THRbX
NZMTE—S V15, AlREEED L5 1RDOK
HAEE5EZTRDLDTHD, BItRbhB L O, E
BoOfiTE—2 ¥ } 720 7s Y B < Rowed BBz k
> GEE N, mEEiIck o TKat mo@EzZE 2 hud
BRI lhbhsd, TOLS51ZL TRD/:-m Off 2 F—
5.1 12481 7z0 37z, SAEhIROMMRME & EEMH L DX
B e —A v P OBRKEEHEEL7:0T, Ka
DERFRFD  DEXAVTG.2) XrbRDLN D,

(Ka)ué——lzggz ax (5.2)
Al 4
v=f (a, B, q, mp,)
#-5.1

KBRES ST—1
p=9.18X10* e kg, r (E&) =1.364g,/an®
r GhA%) =1.467 gr/m® (D:=0.573)

mp m(kg/ | 2=12T Tl?anx fa (ra

(X 144) an®) | /KayH? Ka/H? dian)
BGA% | 1,000 | 158 | — | — | —
150gal | 466 732 — | — | —
fg‘?ﬂgg 6 | 732 — | — | —
o 10 | 23| — | —

EXBRES: ST—2.

p=9.18%x108 am’ kg 7y (BHA) =1.364 g /an®

r= (8f) =1.492 gr/m® (Dy=0.695)
= -
xise) | ety | T | M Gl
IGA% 3,000 | 47.1 | 0.390 | 0.172 | 0.0067
250gal{ 800 | 12.5 | 0.936 | 0.192 | 0.0160
350gal | 466 7.32 | 1.342| 0.208 | 0.0218
Kok | 466 7.32{ 0.926 | 0.208| —

- 11 =




FERFS

p=11.63X10° an*/kg,

T (#hA2) =1.475 g:/em®

KBS -

AL—1
y (HA) =1.364 g./em?
(Dy=0. 600)
AL—2

p=11.63%10% em? kg,
7 (43) =1.487 gr/am® (D;=0.651)

y (3A) =1.35 g /on®

=
(<144 | (clr(n% /Tc:m(kg léMrm g'ilaSa

BLGAT% | 10,000 | 123.9 | 0.456 | 0.165 | 0.0061

100gal | 8,000 | 99.1| 0.614 | 0.165 | 0.0084

200gal | 5,000 | 61.9 | 0.778 | 0.172 | 0.0105

300gal | 1,000 | 12.4 | 1.046 | 0.190 | 0.0189

S 800 9.9| 0.740 | 0.194 | 0.0175
KERET : AL—3

p=11.63%x10° em® kg, 7 (FA) =1.328 g/em®
7 (A =1.419 gr/a®, (Dr=0.402)

=

eany| "D | Jay® [P s
A% | 250 | 3.09 | 0.478 | 0.231 | 0.0096
g‘f@ 250 | 3.09 | 0.720| 0.291 | 0.0128
100gal | 150 | 1.86 | 1.060 | 0.319 | 0.0180
200gal| 80 | 0.99 | 1.375| 0.363 | 0.0287
wEpe| — | — | 1194 — | —

EBRES AL—4
p=11.63x10° em® kg, 1 (iA) =1.334 gr/an®
7 (#b28) =1.440 gr/em® (Dr=0.477)

=

(>‘:1 1p44‘) m(lc{zﬁa/) /Tan()kg' 112{1247"111“;‘ 32’3,33
A% | 3,000 37.1 | 0.455| 0.172 | 0.0081
;ﬁéﬁi 3,000 | 37.1 | 0.642| 0.224 |0.0081
100gal | 1,000 | 12.4 | 0.890 | 0.244 | 0.0131
200gal 466 | 5.77 | 1.175| 0.265| 0.0181
Bk 466 | 5.77 | 0.980 | 0.265 | 0.0177

KEH/E - AL—5
p=11.63X10° am’ /kg, 7 (JEGA) =1.341 gr/a?
¢ (bAR) =1.422 go/em®  (De=0.403)

mp m(kg/ | T(hg! |12Mpayl ?¢ (ra
(X 144) an®){ am) Kar'f‘ﬂ’,," dian)

JoA#| 250 | 3.09 | 0.389 | 0.2310.0125
il T 950 | 3.09 | 0.624| 0.291| —
W TR 8 | 0.99 | 1.355| 0.363| —
wmme| 80 | 0.99 | 0.965| 0.363 | 0.0187

M—5.2 82 &, im0y €—2 v M, REK
RMATHLDOEBPTHLDENFETIIENEDHL
Nb. TOBKLESORFHAE IV Tl € —
AV FRBICKEDGEIEY T 5, I ORREIMEREK
12131¥m=3kg/am® Thd, IDZLIMRENIL - T
BAMOERENRS T 2120 b b, BAKOMH
E—2AY MR TEEENDHDILERTHOT,
HkhaZ LeBbhb.
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ORI TA2HENEINTWBDOT, LERKE I
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AT & —% T B & & Tschebotarioff DRIBEE
=T B, RAEEBICL , THEL - & FAE & ke
BT 5ER-5.2ITRTEDITRD, BRIZIWTUMK
AREEIC L B ER A 7V, WREMIZIVTUE T DFE

#—5.2
EBES ST-—2
T#t (ke/ | T |
) T#IL/TEt
2 A #® 0.533 0.73
250 gal 0. 848 1.10
350 gal 1. 040 1.29
w® B #% 1.040 0.89
EBRES AL—2
T3t (k . .
e T e
xR B 0.533 0.86
100 gal 0.645 0.95
200 gal 0.774 1.00
300 gal 0.933 1.12
w B % 0.933 0.79

EZRES AL—3
Tit (k , .
(ke | Ty, Tat
IR % 0.533 0.90
W E % 0.722 1.00
100 gal 0.874 1.22
200 gal 1. 047 1.31
w® B % 1.047 1.14
EBRES  AL—4
Tat Ceel | Ty Tat
B R #% 0.533 0.86
] B OE % 0.732 0.88
100 gal 0.874 1.02
200 gal 1. 047 1.12
® B &% 1.047 0.94
EEES AL—5
Tzt (k ,
t kel iy Tat
B R % 0.533 0.73
| & % 0.722 0.86
wREEE (170 gal) 0.991 1.37
IRERE (480 gaD) 1. 844 0.73
wEh% (170 gal) 0.991 0.97
REH% (480 gal) 1. 844 +0.52
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FRAR OGNS, Bt o s ¥ 2EGOLER, BEeEEEADOEK (H-5.11) 12 Ebhd, kb
we DERLELGR-THY, BOEBELHETZ b, HAAMGRSIEFOHE, RENC L » TELL
TENEBTHEILERL TS, © T BVMEMN S Do

F—5. 3N KRBROHTE L UAIREDO—IB 248, (Ko F#—5.4 \RAEREIZ L » TEHE L 3FRR ) & 34l
¥, (Ko)r OE#E—5.3, M—5.12 i ABMRBBEOE HELBELTRT. AEBOERIIH~NT, REPHE
B & bICRT. (Kadw, (Kadr & bl (1% W ARAMBEHFEL OSSR EVEANEDON LT
BI) X VENR (BB OBENILYASWET Ay, IOMRBABOEEROREIFIATY
5B BEA (WESHDOPORTERALATLIWT 3, HETILINEENS D, BHEOKDr 12T
$»53) YHABTKEVDTH D, FABOLESN BEBENEYUTHS D,

PEWIDTHBLEALNRS, #—5.3
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B 00bbT, FOKRE 12BRA<, (Koy, p=9.35x10* an® kg, y (FA) =1.35 gr/em?
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mp m(kg/ | T (kg o 04 (ra
(X10%) )| /am) 1;1:%:, dian)
BiA%| 200 | 21.4 | 0.168 | 0.180 | 0.0141
240gal| 10 | 1.07| 0.614| 0.205 | —
RE% 7 | 075| 0.262| 0.319 | 0.0192
KBRES : SP--2 (B#R)

p=9.35X10° em® /kg, 1 (EA) =1.36 g/ an’
r o) =1.43 g:/®

mp | mCkg/ | T (kg (oM.l % C
ooy | ™ am|  Jem) | B diam)
A 20 | 214 | 0.200| 0.253 | 0.0100
240gal| 10 | 1.07 | 0.545°| 0.295| —
FB#%| 10 | 1.07 | 0.307 | 0.295|0.0155
£-5.4
KRES : SP—1
| T G| gy Tat
B A # 0.278 0.61
240 gal 0.438 1.40
R OB #® 0.438 0.60
EBRES : SP—2
Tar e ) Ty Tat
X A #® 0.205 0.98
240 gal 0.327 1.67
£ B # 0.327 0.94
6. LT U

RFEOMRIEL RN TI2H1BREL LT, EEBY
B THERIRBER L EREL 2. KBRT212%,T, —
IS, EEIRBEROELUE X RITL 7225, HEBR L OX
BI3EL TS, THOERS{GTh T3, Lil
Nh, RBRERIBEOMEMIPI TR I LIX, IO
I3 NERIMERTHEVWILERLTWBEEINSD,

(4)

HERRBRYILHBLRIGERZ X D2k B,

(1) ERHBHHEEICRZTLER, REFIZE,
THLBBLERC, 7y r—LBRABLTXIbNIHE
ASWEBEROET RS CEIRL, FHTIRRVERL
<, XEMERCT v 1 —BAHAMETEL AT 3,

(2) HMAZOHBMIEFREL, REFFICED T5H
RAid B A%, EERDERD/-Free earth support TR
TEUERL L Y b BT AN R 5N B,

(3) HHRL7-IREERIC 31 2 LES M ORFHIC L
BHOLEZILNBN, @TFE—2 Y OBMIZELL
e, 7y Aa—iiinbAHEOHEMIEL V.

(4) FA—EEDORBTH-Th, REDFAH
k> THIARRTIRIEENEDbN S,

(5) BBEOAE =k HBI, RRLABED
K& = ORI L TREEELZIED bNRd o f2pi
HOPMEWHE, HRBERBAED L GV ERH RO
N7ze CHEEPVWEBRICEATHWBILT, 61K
gL THD,

Y EZBEENREDOTICT - 2 HRORERON
12 ThHoT, B DRETRERD XS SRR
EhTw3, ' L
@ HEBRHORKREEOHIR L SRIRBIRE & OELHE
® HiFinTwBAOEE.
® 7yA—0kIFIBrOBENXANLATY

3%, ZhbOMmRME.

@ EHBCBRFZIhRRE,
FEBEOMBRERHT 2122, ThbOREERRT
BRLENDY, HREZEDTPHE 2V :

X 13 :

KERE | REORE (K, 1957)
FANRAHERE GRHE, B1850 1964, B2
£, 1965) ‘ '
P. W. Rowe : A Theoretical and Experimen-
tal Analysis of Sheet-Pile Walls
(Proc. Instn. Ciwi Engrs. Pt [, Vol.4, 1955)
P. W. Rowe : Sheet—Pile Walls in Clay
(Proc. Instn. Civ. Engrs., Vol. 7, 1957)
J. Brinch Hansen : Earth Pressure Calculati-
ons. (The Danish Technical Press, 1953)
P.W. Rowe : Sheet-Pile Walls at Failure
(Proc. Instn. Civ. Engrs., Vol.'5,>1:95‘6)
(7) #& #—85 Mk B=, 7B BHE:
Seismic Wave Types in a Sand Layer near
a Small Explosion (Bull. Earthq. Res. Inst.,
Vol. 36, Part 3, 1958) '

(1)
(2)

(3)

.(5)

(6)



(8) BA#BRE : ABIBER[HEE (AAAEBR
£, 1959)

(9) AH WAL K R REABERBORERY
ZDOHEBIZOVWT GEIFERE, F8%, H1 5,
1959)

10) EHER, +H &, FTPER  REFFOTIR - -
DL HBKEBE T 2R GEffG, |2

%%, H2%, 1963)

Q1) BHEAL M R, WHER: BHFICET B

EISRYOEEE KRIC BT AR (F—8) GEIF &
&, 8k, B/105, 1959)

12) \LE#E: Bot vl T 2 —FRR (e %
i, Vol. 13, No.2, 1965)

713) P. W. Rowe: The Single Pile Subjected to
Horizontal Force (Geotechnique, "Vol. 6,
No. 2, 1956)
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0,0.1, 0.15(3=0. 104
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H#EDT 5 7iimpE T A—F—IZLTHVTH Y,
mpl 3 HAREIME RS m & flexibility number p=H'/E1
DHTHRABTH D P OMIFROFS (L mp ODRD
T 2L DTT %,

No. mp
1 0
2 50%x 144= 7,200
3 80x144= 11,520

150 144= 21, 600
250 144= 36,000
500x144= 72,000
1,000 x 144=144, 000

o NS U o

3,000% 144=432, 000
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