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EXPERIMENTAL STUDY OF LANDSLIDE PREVENTION
PILES FOR LATERAL RESISTANCE

By Toshihisa ApacHI, Makoto KiMURA and Safoshi TADA

Synopsis
Walls of piles have often been used as a stabilization work of landslides. The piles are

usually described as “passive piles”, however their preventive mechanism has been left
unsolved.

In this study, as a clue to elucidate the preventive mechanism, we carried out a series
of laboratory model tests. Namely, a pile or a group of piles was sited in model ground
made by piling up aluminum rodes on a bottom plate, and the load acting on the piles and
the ground movement around the piles were measured when moving the bottom plate
downward.

The test parameters of this study are the rigidity of piles, the geometrical arrangement
of piles and the separation distance between piles.
The main results obtained in this study are as follows:
1) A kind of arching action takes place in surrounding ground.
2) The zigzag arrangement of piles is more effective than the single line arrangement since
so-called double arching action is expected.
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Fig. 1 Active and passive piles.
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Table 1 Examples for former experiments for landslide prevention piles

. Watase et al.” Fukumoto > *’ Ichiyama et al.®
Direct shear
test type —000 |
3 - n- 3
) o i %ﬁf » S ne L
’ o H e J
- e |
Unit ¢ mm )| L7000 | /] /e 800
Sloping type { Ichiyama et al #! ohno et al.”
( pg:tlzll.tion Portit:]i_.on “g
§ ) 1500 %
=13
Unit ( mm ) 2200 T T
Table 2 Calculative equation of earth pressure for landslide prevention piles
No. | Kinds of equation Characteristic and assumption
1 Lamb® Lands.hde mass ; VI.SCOLIS ﬂow.- ‘ .
Experimental equation for resistance of single pile.
Experimental equation.
2 White® Revising the Lamb’s equation by considering the interval between
piles.
Landslide mass; Plastic material.
3 Hennes® Pile ; Assumed very thin plate.
Not considering compression and shear of soil.
4 Doken® Landslide mass in front of pile; Rankine’s passive state.
Landslide mass in front of piles; Plastic condition.
5 Ito & Matsui'™'® | Applying Mohr-Coulomb’s yield criterion.
Considering the interval between piles.
6 Fukuoka® Lateral earth pressure; Using the Coulomb’s passive earth pressure.
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Fig. 3 Modeling of landslide prevention piles.
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Table 3 Kinds of experiment A

Case Central space of pile Arrangement of piles
Case 1 s=2.0d Parallel Zigzag arrangment
Case 2 s=3.0d Parallel ® o0
Case 3 s=4.0d Parallel e o
Case 4 s=2.0d Zigzag
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(a) Rectangular pile (b) Circular pile
Thickness

t=1.0mm,
1.5mm

Strain gatlx‘gecﬁ“

Cm

Fig. 7 Model of piles.
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Table 4 Parameters of experiment B

Parameter

Thickness; t 1.0mm (Dura min, Stamless steel)

Pile rigidity
gy 1.5mm (Stainless steel)

lee shape Rectangular prle Clrcular pile

Plle 1rrangement Paralle élg/ag, Arch Double parallel

Central space of plles, S
2.0d, 3.04, 4.04, 6.0d, 8.0d

Pile space .
Central space between front and back piles; b
5cm, 7.5cm, 10cm
Overburden length z=10cm, 15cm, 20cm, 25cm, 40cm
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FNIVERT Y VAD 2RENBDHY (1) Parallel arrangement
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Initial overburden pressure

( Rectangular, Parallel, Rigidity small,
Z=15cm )
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Fig. 10 Relationship between load (#) acting onJcentral pile and settlement
(0) of bottom plate. (Rectangular, Parallel arrangement, Rigidity small,
z=15cm)

Central pile load H ( kgf )




B3 - AR - ZH LT N U OKFEESICE T 2 ERABR 175

2.0

L
; If!!I{Iiiii
[tﬁﬁ'ﬁiihf{ by { { { . I

Ot s=2.0d

l: ( Rectangular, Parallel, Rigidity small,
[]

0

gl

1.

H ( kgf )
Q

——i

z=15cm )
1 1 1 | ! 1 3 1 | 1 1 1 )

10 20 30

6§ ( mm )
Fig. 11 Data scattering of H—é curves for Parallel arrangement.
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ELIBEAD, EBHI/ERTARNEDE&ZRLICH DI Table 5 ThHs, 72770, CHRBTE =1~
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Table 5 Distribution of load for parallel arrangement

Kinds of prevention Pile number

group piles 1 2 3 4 5 6 7
Rectangular, 2.0d | 1.00 | 1.01 | 0.96 | 1.03 | 1.01 | 1.00 | 1.02
Parallel, 404 | 1.00 | 0.98 | 0.98 | 0.9
Rigidity small, 6.0d | 1.00 | 1.00 | 0.93
z=15cm 8.0d | 1.00 | 0.98 | 0.51
Rectangular, 204 { .00 | 1.05 | 1.12 | 0.92 | 1.03 | 1.05 | 1.13
Parallel, 4.0d | 1.00 | 1.00 | 0.97 | 1.05
Rigidity medium,| 6.0d | 1.00 1. 00 1.00
z=15cm 8.0d | 1.00 | 1.01 | 0.56
Rectangular, 2.0d | 1.00 | 0.96 | 0.8 | 1.06 | 1.03 | 0.98 | 1.01
Parallel, 4,04 | 1.00 | 1.02 | 1.01 | 0.9
Rigidity big, 6.0d | 1.00 | 0.97 | 0.95
z=15cm 8.04 | 1.00 | 1.02 | 0.54
Rectangular, 2.0d | 1.00 | 0.98 | 1.10 | 1.10 | 0.96 | 111 | 1.10
Parallel, 4,04 | 1.00 | 1.02 | 0.97 | 0.87
Rigidity small, 6.04 | 1.00 | 1.00 | 0.94
z=25cm 8.0d4 | 1.00 | 0.97 | 0.51
Rectangular, 204 | 1.00 | 1.09 | 1.24 | 100 | 1.22 | 1.28 | 1.09
Parallel, 404 | 1.00 | 0.94 | 0.92 | 0.81
Rigidity big, 6.04 | 1.00 | 0.99 | 0.95
z=25cm 8.0d | 1.00 | 1.01 | 0.47
Rectangular, 2.0d | 1,00 | 121 | 1.09 | 1.13 | 1.20 | 1.05 | 0.99
Parallel, 4.0d | 1.00 | 0.97 | 0.95 | 0.79
Rigidity big, 6.0d | 1.00 | 0.97 | 0.84
z=40 cm 8.04 | 1.00 | 0.88 | 0.50
Cifrcular, pile 2.0d | 1.00 | 0.96 | 1.33
E‘j‘r‘j‘g?tl' L | #0d| 1o | 0 | L1s

1g1d1 mail,

gLy sma’ 40d| 1.00 | 0.89 | 0.74
z=15cm, 5-piles
Rectangular, z=10 1. 00 1.00 1.08
Parallel, z=15 | 1.00 | 1.04 | 1.23
Rigidity small, z=20 | 1.00 | 1.09 | 1.11
$=3.0d, 5-piles | z=25 | 1.00 | 1.04 | 1.04

6’;‘ Numbering of group piles

@@@@@@@
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OUITF, &FEP EBHT3,) OIEDEREDIZSDIDEE
% Fig.14 iCR7, Fig. 14 3—HELT, WHIH - WA 2=
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Surface of aluminum
rodes mass

l

Fig. 13 Arching action.

=

Acting load
on pile ™

Arch

A

15cm @ s=2.0d & 6.0d OBELSERLTVS. CONZEDFLHEE H QX525 %7R7 Fig. 11
1 RO OEE R
L&, zONMBRIEATIHEREMALTS, TOEUIHERZOMUAOHIERT 20IT, B
Piathe LTRTAB EASREMITERESBODITH . UBREFHICEOTR 1 BEROBELZHEN

LHKTEL, HED PORSBRESDEODESININT LB, D% D,

BEMOEHBTIDOMPBEEVL LD,

14.0
12.0 -s'ﬂk.“‘ i
o ! {}{ffg i s
10.0 i * ¢ 8
p s=2,0d
Aad 1)
~ &o{~' b .3
i 6.0 —: oi ' ) Py {
: R
&
4.0 T 8=6.0d
2.0
» ( Parallel, Rigidity small,z=15cm )
1 1 ! ' | ! L 1 L | 1 1 1 1
0 10 20 30

§ ( mm )

Fig. 14 Data scattering of P—4 curves for Parallel arrangement.
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(2) MFICXBED 2.0
MIC L B ERREDENICOVTR N
Licbons Fig. 15 TH 5o ORI i - D B
TR DR H, S8 6 A~ X
MOFLHEEH & -T z=15cm i i c,’/
DEYr = ALDOTHBL T 30 B 5o/8th
SIF - T - B EVHIMERICL S _ 5
T, FEMIKERTA3RHEDIEZS> 0~ 0.8l //0 4
B%BEREN LBbh b, Thi, | . ’,/ OParallel
7o BRERNEOBEERE, S, H ol Ve AZigzag
BIEIO 7 — F AR DIE 5 BhiERiC DSingle
FOT—=FHETEFOD, HBVET
%E&bf%&]qJﬂCﬂ?T;EiClﬁbTi 0 01'4 0-.8 ! 1'.2 L 1"6- 2 0
FEIETELE, TFHRTOES fis Central pile load of

pi o
RESROBUTERT BHEIVNE

Central pile load of
circular pile ( kgf )

L 47 ( z=15cm )

rectangular pile ( kgf )

Ap5LER LN, Fig. 15 Influence of pile shape on the load acting
Ptk DELRIL, BMTHo, LT on central pile.

—FERBRET RSV BEADLOHE

MICBE U TEZ 0

(3) Wl X 58D
Fig.16 icif5ipi - s=4.0d - 2= 15em Ol 5 x =2 & LRy —RDAKE P LBRTE I ©
BRERT . COWE P O, THHNE H LRKIC3EOXRER» B SN HIEBEOEEEEE -
7zo Fig.16 Do fllks k& {12213L, ©THLUERTRTARK P gL, ZOBEKFELRE,
UL, MAEOT -FERMERTSEEL 505 6=5mm DI, CORNMELREUL S SEEERT
XAt B, THRAEORENSOREFNVOEERS T VHINTHIIN D, FIHOBRE TS/
EBHLPTOMSLTHEEELLND,
(4) @Itk 3ED
Fig.17(a), (b) 127 - MR T D sz e 2=25cm - 40cm DK, —XDH L0 L Q&K
ZRUT. 2=15cm O Fig.10 3BT 5 &,

:12'0 A EHOHBKELIBBZIONT 6=5mm DfED H
2ol ttiog DEDE>DEHAELLET EdbbrB. HiC
g 45,00 000888 884 Db B HEIAEO Fig. 13 ORMTORED 2
A o B O frriEshas, LHDAAE LB,
§ 8.0 po Rigidity; BALICZ D& S UHERTS C ERTER,
- o O small FD, 7—F LEORESEEIC 2 S ORI/
9 6.0 L 0O medium LTWBHITRIEL, EBoh—FOMick
2 - A big o> THEALID, 7—FIERORE AR -
a.o% ¥ TED L TAROMEMINI 52 DTHS
— v 3o EBASHEMCS, EAORRLTH
0 5 10 pkany—F2BRLTOETEELEL SR
Settlement of bottom plate %o
§ ( mm ) . .

Fig. 16 Comparison between different rigidity LOXHY 2 L0587 4 =513, RD2DD

of piles. KREERBT S5 2 -2 ThH 5.
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n o\ Kgr )

( Parallel, Rigidity big, z=25em )
1 1 1 2 ] 1 I 1 1 1 1 [ 1 1
0 10 20 30
§ (mm)

O s=4.0d

1.0 B s=6.0d
O s=8.0d

( Parallel, Rigidity big,. Single

z=40cm ) A pile

(] [3 [ 1 l L [ 1 1 l ] 1 I 1
0 10 20 30
§ ( mm )

Fig. 17 Effect of overburden length.
(@) z2=25cm, (b)z=40cm)

O IR EREEDK N

(2) A—MUER THREICEOES D, BB

PED (D) TR 2 ZRESTBLMETNEFHENKE LD, HIT/ASLTEEMEHEIR/NS K
%o F12(2) TH, 2 BREVBENMBIHBOMRESRE R EDOTENBIORD L, Va2 v EEL
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TWBZ LIRS, COLIICEHDOPTHROHICRAEREZET A, T#D 2 ORI, BOESTH
T EEKR s BOESTHIND LEMNZhENGE LTS,

1.2 REBCXS3EATEDRN
(1) FEROMMBRICL 5&ED
FTHDICEFWOEL L FRIC, TENOE % ORMBZFEHOMENEE Table 6 IKRT, LT
B TR d=1~4mm BOTFHETHD, ZEMOBZTRIHFICRLILEEDTHE, X OHHR s- b
+H0Ick STHFHIZ L BN (POHD) SiZZEUEESMEERL, %FIE 2 B S 2TE URESE
LB, COWMBRTENOES, 2BOYFMBEETEEELDLE, WIMOHEMAOKR (Table
5 MDLUROEREVZ Do AR s- b ICXAWEMIDOZENESL S E, FHOHRE s ko
B15 - %IINRERE b DA X BB IFEBIMMOMEMEITIRE > T B BRTRHTIRL - 2 BHO
BEhE#~nd, SMOBHETSBTENTE 5,
ic Fig.18(a), (b) izzhzh,; s=2.0d - B/~ z=15cm, s=4.0d- Hi¥E/h - 2=15¢cm D&S —
ZADATE P & § LOBRBREFR L. Mt b=0cm ERENEFNDF —XOW PRI s TH - 75
MO ETHB, ChoDEPOHKBLTROLI R EHFDLENS.
(1) 75 - BFIHTRE b BRXL X E13E, BHIERT24WE P BR&<E 5,
@ RACLHHT, s=2.0d Dr—2& s=4.0d Or —2EHB LA s=4.0d 4 — 2R3 §=10mm
PBAHEDEDIZSDEMAE,
IR Q) BIU Q) RO EBEREINS,
(1) #3~0+HOBIEEDFIRICHTR LTERI, BiFE B OMBARENZEMENIRE S
70, b=0cm M T ALFILE BT 2 &, RLBIIEH DL LETRROE> WEXMTHS

ZEDERHIICERTE %,
Table 6 Distribution of load for zigzag arrangement

Kinds of prevention Pile number

group piles ' - 1 2 | 3 4 ‘ 5 ] 6 7
Zigzag, b=5cm 1.00 0.58 0.93 0.58 0.92 0. 60 0.99
s=2.0d, 2=15cm, b=7.5cm| 1.00 0.79 1.02 0.79 1.05 0.79 1.08
Rigidity small b=10cm | 1.00 0.94 1.00 0.89 0.99 0.93 1.09
Zigzag, b=5cm 1.00 1.06 0.97 1.04
s=4.0d, z=15cm, b=7.5cm| 1.00 1.18 1.00 1.16
Rigidity small b=10cm | 1.00 1.35 1.05 1.27
Zigzag, b=5cm 1. 00 0.56 0.94 0. 60 0.94 0.59 0.93
s=2.04d, 2=25cm, b=7.5cm| 1.00 0.60 0.98 0.62 0.99 0. 66 0.97
Rigidity small b=10cm | 1.00 0.68 0.96 0.71 1.01 0.70 0.94
Zigzag, b=5cm 1.00 0. 86 0.93 0.75
s=4.04d, z=25cm, b=7.5cm| 1.00 0.89 0.94 0.79
Rigidity small b=10cm | 1.00 0. 86 0.91 0.79

¢; Numbering of group piles
® ® 6 @
) ® ®
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20.0
w
&0
R
B
o
o
o]
—
4
o
S @b=0cnm
&
Ob=5cm
( Zigzag, s=2.0d,
Rigidity small,z=15cm ) M b=7.5cm
] b=10 cm
3 L i 1 1 1 1 3 1 1 ! 1 ) )
0 10 20 =
Secciement of dodtom place & ( mm f
20.0
(b)
w |
)
v
[+ 7]
o
o
o
—
-
I
Ee}
o
[ 2]

( Zigzag, s=4,0d,Rigidity small,z=15cm)

1 1 1 [1 ' ] L 1 ] I i 1 1 1
0 10 20 30
Settlement of bottom plate & ( mm )

Fig. 18 P-4 curves of zigzag arrangement.
(@) s=2.0d, (b) s=4.04d)

(2) s=4.0d OFEHOEAR, RFHEOHFLHEREIR 8.0d LD HATEOT —F BRI NI W»
P BEINRT—FRTERLELTHTNRTOOTRREONEEZL SRS,
(2) BEEICKL 3EN
Fig.19(a), (b) i 2=15cm BXY 2z=25cm DBADTEM (s=4.0d.5=10cm) « 7 —F4; - =B
AT OLHEL 2 LETER § COBEBRERLIEODTH S, 2FER 2 LRTFERICLIZLENE
%21 L LEBADENZFNONESIOATNEOEAD & TH L. Fig.19(a) 15 z=15cm D4, i=
Smm B T7 —F4 - ZEREXFINE SIKTRRICENTESEBMICBL LT 5, 0=5mm {3, W5k
TRT7T—FBPUNRI LD TRTHD, CRERULL7T—FH - 2B S 6=5mm fFET7—F
BYUNTLEY, WLFESAESSBEALLTLESEELONS, LhL, TERE#HIOMESRICK
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D, d=5mm PBRTL7 —FRELEETZH, Yhlcs LTHRIMMBZOHELZMA B7HICHER

Total load ratio A

Total load ratio A

KBRS H305B-2 62 4 (1987)

O
O‘“‘*Double parallel arrangement

8F
[~ ( Rigidity small,z=15cm )
2 i 1 t | 1 1 ' : | ! ) 1 1
0 10 20 30
Settlement of bottom plate § ( mm )
.2 L

| ® 4

©

Arch arrangement
A /o. . ° o 0 °
]
o
.0 00 o °© o
%{PO 000 Double parallel arrangement
- o
0%0*”
9r o

- ( Rigidity small,z=25cm )

.7 1 ] 1 1 | 1 1 ] L | 1 1 1 [}

¢ 10 20

Settlement of bottom plate § ( mm )

Fig. 19 Comparison between different arrangement of piles.
((@) z=15cm, (b) z=25cm)

BEICRBA LIS EEL SNS,

Fig.19(b) ® z=25cm O¥4, ZEREFFINTEIHEOAMEBLBRLNEVbOD, 20t
BOaTERIDELZEEDNSE, T—FHI 2=15cm DBAEREL, 2RO -TFEM LD 10
BRRERXRWEMERL, 20MEHRITERIDOAED. @) OBREEETELE, THDOK
INC X D BERBOMILSRIZRT 3D, FERUAOHREEC OO TRHBROERRE, 7 - FEHROH
1L K- X DEROOBRIELTHIRNDT, CCTEOMLESRICOVTRECHEREETCELRITEL

o

30
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| Surface of aluminum rod | , 10 )
(a) mass ) -
1. 6.‘———-—— Target )
4 —~—rTT =] 8r
1 5! & ~
2¢ 70 ¢ (cm) @ -
14| arch s B ol
3e 8 ? E,; B
4o '.'g % A
16 43
g a -
g g
58 7
* 11, parallel, s -
Pile 1739 18 z=15cm E;E)
. *19 0

Ax/AS

Fig. 20 Movement of surrounding ground; Relationship between
x and 4x/46 for parallel arrangement.

4.3 7—-FERADHEE

TCTid MAEICT —FBTEE2EIED, ENEZTORESFKICERT 2 h2H#ET 2F B
WTHEAT 5,

(1) ¥Fo7 —FERAOHE

Fig. 20(a) 1CAEFIHT - s=4.0d + 2=15cm OHBICEED CARESOMNESE R T FEAHBBETE O
FTEEDILEDLI BB 208 HENL, VHEOT —FEIHET2EE2, UTOFETTY —F
DR EHE Lo Fig.20(b) 3REICESOMEENE (x) %, BT 4x/40 ZE->T0 5, dx/4
i3 GAEZEAMHES)/ BTEES) 28LTEY, 122135584 6=3~5mm O »=1.0mm H»5
X5 1.8mm NEICHBE Liz&d4uT 4x/40=1.8/(5-3)=0.9, x(0=5.0mm)=1.0+1.8=2.8 mm
LEHEXNG, MhBA - (il B=AIE0Z0 0=3, 5, 10mm QD dx/46 & x OBEEET T v b
L7cd DT, BHIEDVTOEHEN @) OFELEDOBEFICHE LTINS, (b)) hoEADBXRKELH
JTA-B-CoO3FREHICHETE% (A: 5 B:1,234,6,7 8, 9,13, 14, 15, C: 10, 11, 12, 16, 17,
18,19). ZZTHEIIKEB LTS my AR RBZE, OHIY x=3mm, O 5mm, %L TAH 10
mm AHICHEERRETIREFEROBRTEZLTHWEETHD, ARICLT 4o/46 i3 LTRO - O« A
1LICHEWEERTEREFRUBEZ T 3ETH B, £ T 4x/45 130.6 DT TH2AEMEBLOHED 7
—FERICK > THRBZHLEINTOIETHEETEE, CRIFELACRASORTET AHERICHEETH

Bo FiC 9,15 BOBAOB S ICEET 5L, COBESDMEBEBIEL b0, Fig.20(a) 0L
T—F OREAHETE B,
ZLTHEDIDRDL 58T —F (2a) Isosceles triangle (b) gggg}lgfgrgich

PRET B, Fig.21(a) TRT LD
ICHAZEN=A1 Mo dfEics
BT57—F (ZHLAT —F LEER)
&) DXIREZAFE 60° DFH
otfEichBET 57 —F (F=AET
—F L) THbB. ZOT—F XD
THOBBIBR TR ELICREORT
2T A0DT, FIRO XD ICHIRER Fig. 21 Shape of arch for paraliel arrangement.

Quasi-

Pile
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Table 7 Acting load for parallel arrangement

Kinds of pile Measured value Estimated value
Rectangular, 2.0d 930 gf (8=4.50 mm) 880 gf A
Rigidity small, 3.0d 1220 gf (6=2.00mm) | 1250 ¢f A
z=15cm 4.0d 1440 gf (6=3. 00 mm) 1550¢f | A

6.0d 1740 gf (6=2.50 mm) 1980¢gf | A
8.0d 1830 gf (8==3. 00 mm) 1730 gf 45°+¢/2 failure
2166 gf A
Single pile 1590 ¢gf (6=3.50 mm) 1730 gf 45°+¢/2 failure

Rectangular, 2.0d 1590 gf (6=1.50 mm) 1490 gf B
Rigidity small, 3.0d 2170 gf (8=2.00 mm) 2120 gf B
z=25cm 4.0d 2540 gf (8=4.50 mm) 2640 gf B
6.0d 2990 gf (6=5.00 mm) 2920 gf C

: 3215 gf B

8.0d 3430 gf (6=8.00mm) 3330 gf C

3750 gf B

Single pile 3530 gf (8=8.00 mm) 3190 gf #=69° failure
4410¢f | 45°+¢/2 failure

Rectangular, 2=10cm 790 gf (6=2.00 mm) 780 ¢f A
Rigidity small, 15cm 1220 gf  (6=2. 00 mm) 1220 ¢f A
s=3.0d 20 cm 1630 gf (6=2. 00 mm) 1650 gf B

25 cm 2170 gf  (8=2.00 mm) 2120 gf B

A ; Isosceles triangle arch
B ; Equilateral triangle arch
C; Quasi-equilateral triangle arch

Bk~ TR AMER, WEMEBEALTHS LT3 EFBOTHD 2 EOEROHENL RKDH i h
PR EREE, EDESIE, 22007 —F2FEEL, MAAHBOBcEZEEREN LSR5 &
&V, Fig.20 LtAULERETELLO7 ~FHRLERELT, (ERNEOHEEEKD. 208 EL
Table 7 {T/RT e RPREMEDOERIBECRLTVIRTER 0 ¥, 2 DRANEROETHY, Z0OHIK
T —FHRBLEBIREINT S LFEE LTHEEERD 2. HBEOHICIE Fig.21 02207 —FD 5
BEEDT —FTRDIe, T —FERABBECEAR, BHoADLSic, EEREOEKERKEGHH 5
45°4+¢6/2 DA (60°) IKTNDBHBBENEED 22 V Y 2REALTH 3. THBUSART —F &3 Fig.
21 OREMEZOEETHAADLEIHTH S, ELOFFIMOEAE, THLOKNCLDRFOHEES R
720 (z=15cm & 25cm T2 1.6945) 7—F O TEDKIGENNT S, HE - XL - 5=3.0d 0 z %
10+15.20+25cm EZALIEIr —R b5, 2=15~20cm DRJICT —F DT — FITE L4 U % R
b5EHEINS
(2) FEHOT —FEROHE

HFOBFEERALL, FTEIH, s=2.0d, 2=15cm O —2D x & 4z/45 OBFE EELHONE %
Fig. 22(a), (b), (¢) IT/RT . KidZhZh, b=5cm-7.5cm+10cm OEAITHEL TN B, Tz, x &
dx/48 OBFBOR DT, B gL BEARENEN 6=3.5.10mm BICHEM LT 3. (@~ (D) %
HBUTHBEROLS LT EBED LN,

1 ZhZhoREDEROBIXIZRD 3 2iIcHEHE N5,
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10
1o 14
O~——Target L (a) b= S5cm 13
20 70 ol5 ‘ ’ ] L 1
30 8° 16 l ’
L 90 17 1
) o 018 T
% o oyg
@ H Pile
12—
° (cm)
139 2 5
6 © ©°l4 10 ' 5u]
= } (b) b=7.5em . 13m
7o o5 g ‘ol
=8r 11 A
- Wi R
8 ~ n v \‘
10200 ©]6 S 4.$ﬁ6,’\ \
90 6 B 17 --%\ ’/l 4 \\ \
e o) _— P 1%
4° 12 o, o
12° s
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] Q—A—g—-l—.lj .o
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80 014 o (C) b=10cm 13.7- ?
Io9o ol5 /
20 010
. 3 ol6 ||
4o
1
501b o)
60 ol2
70 0-
13 (cm) PO YEDN WNE W N S S T
Q.2 .3 0 0.2 0.4 0.6 0.8 1.0
Ax/AS

Fig. 22 Location of targets and relationship between x and 4x/45 for
zigzag arrangement.

(@) b=5cm, (b) b=7.5cm, (¢) 5=10cm)
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A; {DFEH ((c) - b=10cm)
B #{DEM (@ -+ b=5cm)
C;RAR ((b)+5="7.5cm)

(2 {OFEH (b=10cm) I, =3mm BHIKEL S 4x/456=0.35~0.6 FERE/A8, o=5mm BHicidH
I du/d ATy 7 P LTINS 185, CDZEDND, COBETHEREDLIEY T —FEALRE

BNTVBEELLNS,

(3) HEDFEH (b=5cm) i3, d=3.mm 3 4x/456=0.1~0.3 F-RiCEIET > T\ 3 53, 6=5mm
Bicid (2) Likatic 4x/40=0.5~0.7 f,EIcBE T3, DT &id, b=5cm DELBTEIVIE
W, BTN & OWMRER THNESRDSEE TH 505, B TELEATRZZOWIESRIBETT

BT EWbhrbo

(4) BAER (b=T7.5cm) 3, {DFHOH OFHMEELUIRHLEL > TS BT - RFWIHR o 28

AR CROBMIRHEDT, THIZRYRCEEEDbNS,

Target
Ty ree T E T \'\\'\'\\\
AR | e | IR AR AN A
T 1% °2¢0 0 p PP
? 299 ¢ 90 o PP?)?,;,;'; % \1 \
? 29T Neop N aQ /3
oy L - 11T <N
Pile?}t“?? _Pr??‘\- | \ |
u 1| 1197/ ’PT‘( o
% ?'?? f T V ;e \ ] /
E 12%% % I?P\] /
|t I ERES '
“O‘ -~ \ [“’“ //
o B ~F g
LE1r 77 MARNER S/
w
() §=1+-3mm (b) 6§ =3 -5 mm (¢) § =5 - 10 mm
Fig. 23 Displacement vector of targets.
(Zigzag arrangement, s=2.0d, z=15cm, b=10cm)
(a) b=5cm 1 (b) b=7.'5cm (c) b=10cm
0 !
Middle
arch
nNVE
1 I t Equilaterall
l ! 1Isosceles Jriangl triangle ajch
| arch

Fig. 24 Shape of arch for zigzag arrangement.
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Table 8 Acting load for zigzag arrangement

Kinds of plie Measured value Estimated Value
Rigidity small, 1490 gf (6=>5. 00 mm) 1465 gf D
s=2.04d, b=5cm 722 gf 643 gf Straight line
Rigidity small, 1410 gf (6=4. 00 mm) 1465 gf D
s=2.04d, 5=7.5cm 938 gf 929¢gf | A
Rigidity small, 1440 gf  (6=10.00 m) 1465 gf D
s=2.0d, 5=10cm 1027 gf 1019 gf B

A ; Isosceles triangle arch
B; Equilateral triangle arch
D; Middle arch (between A and B)

5) 32D —ABRBTELE, 2BEDOT— 7
FHERACX VR bBROB S LMET 20 4.0F 4
13 6=10cm O/ —REEZOND, #T w /
DMk & LTOTFEMIE—fic =10 X
em Dy -2 ERAL EEABRERTS T 3.0 “
SEHRSNTOSH, ARBERDPLE 3 >/
DEREDSEMT BN B, S 20 4 /
wic, TO3 DDy —ADEROER s v G T 248
@ — B % Fig.23 ITRT. Fig.23 {3 b=10cm § v Parallel
Oy —2THBH, Nho @, 0, ©BZh § 1. ¢ z=15cm
. = O z =25 cm
Z#h 0=1~3mm, d=3~5mm, 6=5~10mm M mSingle pile
DEM~NZ b THB. RPBARZORKAT A Zigzag
Ax/ 48 DIEHSO0.6 U EDETH B, oD% 0 To io io io
HEICLT, B —ADOT —F OFREFFIdL
W E AR ICoWT Fig. 24(a), (b), (¢) ® Calculated value ( kgf )
LD ITHEE Lo Fig. 25 Relationship between measured
CREDT —FHRERDL S 152 & 2RE L and calcullated value for acting
CHesE LTV B load on pile.

1) FENB2BEOT —FHRBEETE %,
(2) B L BFIHLORR b DN VIES, BIMIKE T —F B TEILL, bBRELLBITONTE
ROKERT —F R EIN5,
(3) BIFHFIDOHBIIBIMICE D hKT BHIEEMI ONTHEDOTELT —F LD PPRENT
~FPTE B,
Fig.24 O7 —FHiRD SRIICIER T AHEZHE LickER%E Table 8 iTR7,
DIk Table 7, 8 2% & THElCHEEE, MEICREEEE>TT ey P L72b D Fig.26 TH 5,
MR T Y Y RV ERATH 2 DR 2B L OHEEEERN I EEZR LTV S, R oX5 - T8 -
B HEBERAEEELEDS>ELELTNEEELLNS,
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5 & H b [

AT, HBFENCT v I BRBAZREY, BROAGTREBESEERS—RICETT AR TEERN
TEEL, SERDEHICGTRINIHT XM OB L ERGICEN D TH 5. FEOERL
SEMWELNE CEIEEL, EE50BBEEETES CERLVYUTOX S BmAEE .
(1) #FY EBEDOBIER D BIRICHT » 7B 5L, HAEO T —FRICL VTR Z2HET 5,
(2) WFWL TR, FHOWEMUTIZZIRALTH %,
(3) —fgic, WFMTRMPODHEBHEAEZ BB RERMOZIROWERKNELEEY, T orE
bFI 5.

@) WATEOT —FHROFELBRTRICK > THRT 2700, HAKERTIHER, BTROBRTRIC
X OET 3,

(B) AEMICITAMED b 0 ~2B%EEREBHEMERT 5.

6) MiMtkick 3, MiclEATINEOREORBETEDO/NS O (0=0~5mm) icDA RS, Hlids
KENVZEERTERIRE D,

(M THOBKRELIEBE, BARRERTIHEORELDER AR5,

(8) TR, 2BHEOT —F3RSHE TERMOT DIRG ZE SMIESREBA SV, FIFIH &%
& OHERBILE D ZDERIZEN B,

9) FEH, 7—FH, ZRELFINOMIESRR, 7—FH>TEA>ZBESFTIFOIEE 250,
B0 &2 X 5 1R B URENRD 5.

AOKEFADHEEDINCEL > T7 —FHRRICEEBEL B, 2207 —F2RETEC&iICE
> TEREBRRETHHRATE S,

ADFBHIL, FIFREEIIMEOMBICL > TZDT7 —FIRZEE 5,

D@ onichEimid, SBRBRSERECIBONIAFEOT TRONLDID TS0, EROBRIBICHE
T 27 DITIZARRAL « B9 D ORABE - 3RTHETNOILIERS EDEIEICOVTELIRNLE
FIULIE 5180,

A%, IOLAPRLZRBIEEDICIE, HEIHBORHO XD MK, Fig.3(b) 0F~h+
ROEKE—F (EMERICHEININ K20 TOMEBBOMEE, &2 - Mlick 3%
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