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" fig 1 The geological cross (2-2) for the slope
under and above the Sanyuan Cave.
(D Loess
@ Greiss with broken and laose structura
(3 Greiss with broken and laose structura
@ Schist and gneiss
® Dacting tumnel
©® Sliding suiface
@ Normal fault
(8 Thrust

Leai B B 1y
g2
wof [R573
[AaRE}

0k

ELEVATION (m)

Boreholes EXiSliﬂg depth (m) Thickness (m) fig 2 Eetailed geological profile at the Sanyuan
- ave.
(D Loess
+ No48 65—-195 30 (@ Green schist
(3 Brecciated rocks
A-18 75 —150 75 @ Granitic geiss
% — (S Gneiss
BZI 9—5 l§—0 85 @ Fault zone (Fracture zone)
¥ BZ2 7.0 —11.0 4.0 (@ Gneiss (cracky)
@ Rupture zone of landslide of Block |
Fig. 1 Analysis of the existing geology

— 100 —



)

= ‘§‘. Q

NN S
Aty

e

ia Tl Al )
AT et 0y /
\% : ff‘u—}“éﬂ il

:M % .‘t

*Imf

T ALY

/ ‘rvi(/'i"‘""

4
|
7

I
e
-

A7/
u:%ﬁ%/qf-?@} !
——= 1

2

i

== ’ni;-fw- 1 e
3& I Bloc >

A

Tl

\', =

ﬁ'ﬁ”}\‘\\ Sdf
(e T (- By
i [ e
IS

photo number

I ----------- Analvsis section of I Block (i) () (&) (1) (m) photo number (in a tunnel)

Fig. 2 Landslide Blocks

WA T B 2—2 T AS M ) i )

L)L

L: sen

Jo

Fig.3 Analysis section of [ Block

— 101 —



Photo I The landslide topography and phenomena in I block

(a) the whole view (b)) the preservation (¢) main scarp (d) wes!t side, the topography and
geology (¢), (f) cast side. the upheaval phenomenon of boundary on [. Ilblocks
(z) geolorgy of cast side  (h) landslide mass in [ block
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Photo ¥ The slip surface in Ihlock

(). (j). (k) out croup on slip surface in a tunncl, [lal circular gravels on slip surface

(1) removal layers, weathering basic gneiss, Precambrian
(m) steady layers, basic gneiss, Precambrian (n) conglomerate, unconformitly
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Photo 3 The creep-type landslide topography and slip surface in Il block

(0) creep Lopography (), (@) cast side, oul croup on slip surfase, wealhering hasic
gneiss on steady lavers, brecciated structure on boundary
(r) rock creep (S) growth of a head clack
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Fig.5 Fellenius method
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Table! Results of Slope Stabilitiy Analysis, Under the Present Conditions(H ¥.L.)
(Section of Line 2-2 in region 1)
Landsiide
WYL dralnage Prevention Notes
Deasures
(. V1) (Y1)
Safety facter Fs — 1. 000 1. 080 1. 200 Fsp=1.200
Tocrease in the ek — +8% +12% | S=+20%
Safety facier
) ; r | ml  — _ wns | Sar [ s |
eterrent force m 3 Ancher 156, 2(4%)
Length of the
228,239 —_—
Sliding surfase L "
Siiding mass
A m 4437, 690 —
area
W Slidi
Shear stress T \/m 3909, 040 Sln.hng mass
(W-sing) weight
Normal stress N (#/m 799, 900 @ : Angle of sliding
{N-cos 8) sur face
Pore pressure Ud t/m | 3106.420 2759. 860 Ground waler level
Ahmax=-5m
ear thquake force Te ti/m _— Te=ki-N
earthquake forre Ne t/m _— Ne=ki-T
Internal o | dee 421 (1306 =0, 90387 —
friciion angle
Cohesion [ t/m 2.5 _—
Unfl weight of 1 i/ L8 _
soil

Table2 Results of Slope Stability Analysis, Under earthquake (L.W.L.)

(Section of Line 2-2 in region 1)

Landsl ide
LWL drainage Preventton Notes
measures
(P.¥. L) (Y1)
Safety facter Fs - 0.810 0. 890 1,050 Fsp=1.050
Increase in the
AFs % — +8% +16% L=+2u%
Safety facter
Deterrent force P tf/m —_ — 788. 6 . Shaft_ L SoL. 38%)
Ancher | 394.3(8%)
Length of the
L 8. 239 —_
Sliding surfase m 2.2
Sliding mass
A m 4437, 6%0 —_—
area
Shear siress W :sliding mass
T f, 09,
®-sing) (W/m 3909, 040 weight
N I s1 : idi
ormal siress N W/m £759, 500 8 : Angle of stiding
(Fcos @) sur face
Pore pressure Ud ti/m 2430, 050 1950. 810 Ground water level
Ahmax=-5m
carthauake force Te tf/m 1019, 850 Te=kH:+ N
earthquake force Ne ti/m 586. 360 Ne=kii- T
Internal
.e . b deg 42,1 (tano =0.50387)
friction angle
Cohesion C ti/mf 2.5 e
Unit weight of
niweisn o TR 1.8 —
soil
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Table3 Results of Slope Stabilitiy Analysis, Under the Present Conditions (H ¥.L.)

(Under the S. Y. Cave)

Landslide
WL drainage Prevention otes
measures
(P.F.L) (PEL)
Safety facler Fs — 1. 000 1073 1. 200 Fsp=1, 200
Increase in the
AFs % —_— +7.3% +12.7% L=+20%
Safety facter
Detercent force P ti/m — —_— 92.9 —
L
ength of the L m 48, 072
Sliding surfase
Stiding mass a o 920, 729
area
1 W Slidi
Shemt stress T W/m 138,113 ?dlng mass
(-sin8d) weight
N 1 o : Angt idi
ormal stress N \/m 1385, 220 mgle of sliding
{Recos8) sar face
Gl ter level
Pore pressure Ud | it/m| 45668 359, 535 round vaer leve
Aoax=—3m
earthquake force Te | ti/m — Te=kH+N
earthquake force Ne (/m — Ne=kH+ T
Intermal
o [ deg 28,9 (tang =0. 55205) —_—
friction angle
Cohesion C ti/m 2.5 —_—
Unit weight of
nit welght ¢ Tt | /e Ls —
s50il

Table4 Results of Slope Stability Analysis, Under earthquake (L.W.L.)

(Under the S. Y. Cave)

Landslide
LWL drainage Prevention Notes
measures
{P.¥.L) (V1)
Safety facter Fs - 0. 801 0. 855 1. 050 Fsp=1.050
I L} th
perease In e 4y po | g — +5.4% | +19.5% | D=+209%
Safety facter
Deterrent force P ti/m —_— —_— 183.1 _—
1hoof 1
Length of the L m 88,072 —
Sliding surfase
8)idi
\Cing miss A n 920,729 —
area
Shear siress W Sliding mass
1f 732. 113
®-sing) T m weight
Narmal si1 8 A idi
mal siress N /m 1385, 220 ngle of sliding
(W-cos0) sur face
Ground water level
Pore pressure ud ti/m 309. 122 218. 937 .
Ahmax=-— 3m
earthquake force Te tl/m 207. 180 Te=kH- N
earthquake force [ Ne t/m 109, 920 Ne=kH- T
Internal
L ¢ deg 28.9 (tan¢ =0. 55205}
friction angle
Cohesian [ /ol 2.5 —
Unit weight of
s owelgnt o | e 18 —
50l
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B, Rt o—%Fig 61ZR LI,

(1) TEREER+7>h—) 1
HIROHBELELT—RIZAWSN TS R
MIET7H—LLEMABEDLEEIETHS,
FRRTRMEANORERKENZENS, T
M (KESTUH) ELTHODESBDEL, TOMI

Lishan slope
Sectlon of line 2-2 in Region 1

I

Under the Sanyuan Cave

l Under and above the Sanyuan (Invel

[
| l |

1

Under the present conditians Under earthquake Under the present conditlons Under eathquake
Gr(;undvater H.Y.L. Groundwater L.A.L. Groundwater H.¥.L. Groundwater L.¥W.L.
Earthquake kH=0.15 Earthquake kH=0.15
Paraseler (100~200gal), Parameter {100~200gal ),
( Slope Stability Analysis (Conventional method) )
pse1.000 |- —C2.8ttfat Lo 0 oo B 077 B
- g2t | . $-28.9_ 3 ’

Fs=1.073

Fs=0.855

iDrainage |—

[ ettty |
" Prevention,
Fsp-1.200 _'Lneasures !

P=183tf/n

tack Under and above the Sanyuan Cave Under the Sanyuan Cave
nditions Under the present Under earthquake Under the present Under earthquake
Prevention measures conditions(H.¥.L.) (L.¥.L.)kR-0.16 conditions(H.¥.L.) (L.N.L.)kH=0.15
Dralnage Groundvater Drainage <«-«* ¥eli( ¢ =3.58) ,Drainage Boring (YP-¢d0)
c¢=5.0n @ 10n ~¢= 550 @ lla
® Shaft <g= 40n c1-4ln _ _—
Shaft ‘N =15 ‘N=-14
+ « 75.6 TON Capacity - 99 TON Capacity « 75.6 TON Capacity + 99 TON Capacity
Anchors Anchors - 5 steps @ Im - 8 steps @ 2.58 - 4 steps @ 3a - 5 steps @ 2.5m
+R=25m N~ 260 ~2~28m -N-~504 |-0=-25wm ‘N~ 208 4= 28 -N =315
~¢= 3.0m +¢=3.0n <¢=3.0n -P=3.0n
Vertical
2 R.C.Piles 4 steps @ 6a - 5 steps @ 6m + 1 steps @ 6 + 2 steps @ 68
- o= 350 “N=93 <=3 ‘N=116 .f-2~28a ‘N=~24 =278 N~ 47
<= 2.60 g~ 2.58 «¢=-2.50 -¢= 2.5
@ ﬁ?::‘:?::l + 6 steps @ 5m « 7 steps @ 5n - 1 steps @ 5m - 2 steps @ Sa
- 4= 5ln -N =141 2= 4% *N = 182 k=37 ‘N-28 g~ 39m -N=-52
Fig. 6 Flow chart of the investigation L ishan Landslide (I Block)
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under the preseni conditions (H W.1.)
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Fig. 10 Vertical R C. Piles, Uuder the
present condition (H W.L.)
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Fig. 11 Model of Multi-stage

Horizontal R C. Piles
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Fig. 12 Under the

Horizontal R C. Piles,
condition (H W.L.)
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Table 5 ICRFBRER L, IR0 OHRE W
EMES) BREVWED, IIH T M TRERT) &
METE2EEDLEEMNRTOEANEENS, H
TAFERIOHEICYS 2> TiE, ERBFEOHTXE
R E IS BANBELLS,

kT, HEIELTORESE, EBEORT
& TR+ 7 oh—) THROBRHANEENS .,
BHME, XBEEITHRSNLESRD, YHRT
BINSERRTELZLNGHEERS, £ T,
ANBIT2EERETEIHELT. EEBEHI
ZU— b OBFAREHENARERELE. @
ZEORKHETable6ITRT. HSWIETRIICEK
5222V —bHNERERBHOMIZBBELER
FEOHMIZES 2D, HElo#t, KBEDOITHET
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HIBBKETHAIEELLTR, #licksa2y
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Table5 Resulis of Prevention Measures
P. M. . [$)) (2 3
condition Drainage .Shaft+Anchors Vertical R C. Piles Horizontal R C Piles
-Vell {Shaftd> ¢ =3 0m ¢=2.5m
(p=3.5m) ¢=50m @10m | 4steps 5steps
@ -Drainage (D51 X63X 3) @6m @5m
Borring <Anchors) (D32X50X% 2) (D35%X48% 2)
75. 6TON Capacity
Section of line bsieps @3m
2-2 on Region I -Well {Shaft> ¢=30m ¢ =2 0m
(¢=3.5m) ¢=50m @Illm | Ssteps 7 steps
® ‘Drainage (D51 X68% 3) @6m @5m
Borring {Anchors> (D35X50X 2) (D35X52X 2)
99, 0TON Capacity
8steps @2.5m
‘Drainage {Anchors> ¢ =3 0m ¢=2.5m
@ Borring 75. 6TON Capacity 1steps 1steps
. 4steps @3m @6m @5m
Under the S. V. (D32X50%X 2) (D35%48X 2)
cove ‘Drainage <{Anchors> ¢ =3.0m ¢=25m
® Borring 99, OTON Capacity 2 steps 2steps
5steps @2 bm @ 6m @5m
(D35X50X 2) (D35X52% 2)

@ - Under the present conditions (H.W.L.)
@ - under earthquake (L.¥.L.)
Table6 Comparison between vertical shafts and horizontal R. C. piles
Iten Me thod Vertical shafts Horizontal R. C. piles

(1) Structural analytic method has (1) Structural analytic method has not
been established and is very been established.
clear. (2) Construction of a structural body

Structural (2) Construction of structural with homogeneous materials is
characteristics bodies with homogeneous materials difficult to perform
iseasy. (3) There is no definitive calculating

(3) Calculating method for the depth method for the depth of embedment
of embedment has been established thereby making the reliability
and is apparent. very low.

(1) Efficiency of construction is high. | (1) Efficiency of construction work is

(2) Construction management, quality low.
control, construction method has (2) There is no construction method

Workability been established, and workability for creating uniformity
is good. ) (3) Low—quality structures are likely

(3) A high quality structures can be to be constructed.
constructed.

(1) Loosening earth pressure and its (1) Stability of adit wall from
direction have been clarified, construction time is lower than
working method is simple, and that of the shafts.
safety is high

{Loosening earth pressure> {Loosening earth pressure

Loosening zone AN Loosening zone
Safety A
{Acting earth pressure> {Acting earth pressure)
[NNNENY)
TN
(1) Efficiency of works such as con- (1) EBificiency of works such as
Econony struction of vertical shafts and horizontal pile construction and

concrete placement is high and the
works can be done economically.

concrete placement is low and thus
this method is not economical.
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6. MBRAZERETH Y U— M) TEOMEIESE

FEENMICHLRIERTNOICHT IR ER
HEBichn, RoEZERE (AHEE) 28
KLEHE, BHARNTIREN, FoHL, EZE
OBEERIE TOMEIEN, —H., 7oH—T
TOWTHRMIZTZOHRT 28R LN, 2F
KR (2 0mX2 0m) LI DAARBFRMIZHEL
Tn5, Bt AXNE WEDEBICIIRRIOTY »
A=k DPMEINHEDT AL EBET LD,
ZERTHEERESLEDTIRERS D, YUK
AENdWTHB L EEANE, BEREIZOC )
—MEEYMSEUDORIFEL AW, i, B
BEfigNnnkd., 7o h~EHBOEERPEES
OEHE, AFADEIR-EHRSEHEL WO LEE
iohs,

BEoz b, STROpodETEL TH
ARSI 7 )—F (RC) FINEENS.
HHTHOIOIENEELWEDZLTHH .

T, BURCHAEERETHIEILDNTI
R, FOHEBMETEEOEE 2T =,

6.1 HEMILEHOER
Fig 13IcMat 7 0 —%&5i L, Table7, 8ITH#H
BRERLE, INETIBRHLTEAHEICED
<M, BRFEFHETOICUEHST. LTO2H%2R
BL*~,
O HTAERIOHRZSYNSNSETER
L7
@ B (L.VL) OHEEELREFs=L1 00
L%,
Plrowétick v, #EMIEAP=444t{/miz &
D, BERFGFTETIIEICT S,

Lishan siope
Section of llne 2-2 in Region [
I;Jnder and abave the Sanyuan Cave

Under the present conditions
Groundwater HY.L

Under earthquake

Groundwa ter LwL
Earthquake kH=0, 15
Parameter (100~ 200gal)

- | C=L5tl/n |
Fs=1.000 I
................. +10%
Fs=1,100 Drainage Fs=0,510
0% N . +10%
- ' Prevention e
Fsp=1.20¢ ! neasures Fsp=1. 000

{ Deterrent force » P =44411/m

K
< Adoption >

Fig. 13 Flow chart of Analysis

Table7 Results of stability analysis
(Under the present Conditions(H. W.L.)

Lands|ide
WYL drainage | Prevention Notes
méasures
{(rN.1) (.51
Safely facter Fs — 1. 000 1. 100 1. 200 Fsp=1.200
Increase in the
AFs % — +10% +10% I=+20%
Safety facler
Deterrent force P ti/m —_— _ 390.9 —
Length of the
L 3 —
Sliding surlase m 18, 2%
Stiding mass
eing Al o 4437, 890 —
area
Shear stress
T 1f 3909, 04 —_—
(W-sing) /m 0
Normal siress
t ) —
(H-cos8) N /m £759. 900
Pore pressure | Ud| ti/m | 310624 2673, 297 Ground water level
Adpax=—56m
arthagake
cariha Te| ti/m —_— _—
force
thquaki
carthquake Ne| tI/m —_— —_—
force
Internal
L ¢ deg 42.1 (tand =0. 90387 —_—
friction angle
Cohesion C t/m 2.5 —_—
Unit weight of
it wele il am LE —
soil

Table8 Results of stability analysis
(Under earthquake (L. W. L.) :kH=0. 15)

Landslide
HEL drainage | Prevention Yotes
measures
(. Y. L) (VL)
Safely facter Fs — 0.810 0.910 1000 Fep=1.000
[ncrease in the AF o
Safery Jacter ors +10% +9% Z=+18%
Deterrent force | P | tf/m _ R 4436
Length of the L
Sliding surfase m 228,239 _
Sliding mass
Al om 4437, 690 —
area
Shear stress T o
(-sing) m 909, 040 _
Normal stress N i
(i-cosg) : m 6799, 500 —
Pore pressure Ud| (I/m | 2430.050 1882, 364 Ground water level
Ahpax=—5m
earthauake rel
faree ¢ m 1019, 900 —
earthquake N Ny
force ¢ m 586. 360 —
Internal .
friction angle | * 8 42.1 (tang =0, 90387)
Cohesion [ 1i/mf 25
Unit weight of
soil TH /e L8 —_—

—1i2—




6.2 X | T & MoTTF o A—%TE&T 5,

LIFIZRT 3y —AKDWTRHA TS, BIHOHK «CASE— 2 Mg Ha s U—RMR+T 2 h—
HEREHI 727U — MROMIZ, BILER&EHD MWL D7 > h—EEROBIILZITL, A
Yy U— T oA=L, HiofmFBLT BRICT o h—%EAL., AR TEESES,
BRI N &, 7 o H—BIRIEH A L DHKFEIT, # - CASE— 3 #yigfia> U — M
TARONICERTATHEEULEL 2. Fig 14, 151 ANk oz EE L, SmiuEicas
FheEFNERLE, J—t+2i#ET5.

-CASE— 1 #yisEmas27U—bMI+FH— BB, TrA—IE THOMHIEHR] & T51Z21ED

FARBEORBRICR—) T &2 KA PR OWEEEE RIAALKERETET S,
L., JiEWE (o2 5m) ORIER» SHILICH

side & section

magnifying wide section . 9&'} . )
! "\.\Q Anchors magnifying wide section

4 > (2104 C-r“;'])

Al 7 i - el )
I e |

// /)%\ R.C. Plle
s $1.5m
Anchors
plane

® 700

== 'j:

{Procedure of construction work)

(1) After completing the excavation of horizontal admil (2 5-m diameter), the arrangement of reinforcemen!
and concrele placement for pile body are performed up o Ihe \ip portion of the widened cross section

(2) A boring machine is carried 1o the widened portion, and 4 unils of anchor bodies (85 [1 apacity) are
driven from a side partion of the cross section of each pile body (2, 5-m diameter) with an angle of 5.

with the horizantal and a slope of 20..
(3) Upon completion of the placement and tensioning of the anchor. the reinforcing bars are arranged and

concrete is placed inlo the pile body up to the porial

(Case where are driven from the widened to the outside of the pile body)
Fig. 14 Model of RC Piles+Anchors, CASE1
side section

i
protect tube

s oS
- 7 fy anchorage length Anchors

AN PoROreg e et @<
e e @Qh

"/' ' " - \\\fgll"“‘, R.C.Plle
A / @Anchors a5

plane

& 1000

{Procedure of construction work)

(1) Upon completion of Ihe excavation of a horizontal admit (% 5-m dia-meter), work of drilling hole (4
units, 1, 35-m diameter, 5-m tength) is performed for anchorage portion for anchors fram the pile tip
portien with a Jeg drill,

(2) Anchor members and casing (free length portion) are set {rom the tip of drilled portion to Lhe position
near 5 m in front of the slip surface

(3) Reinforcing bars and concrete for the pile body are placed up to the head portien of the anchor.

(4) After the hardening of concrele, anchors are tensioned and [ixed at the anchorage

{5) Reinforcing bars in the piles are performed up to the portar and then concrele is placed

Case where the anchors are inserted to the pile body and fixed at the
anchorage at the tip portion

Fig. 15 Model of RC Piles+Anchors, CASE2
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6.3 #F B% B% wF
6.3.1 CASE—1 I#HWIRCHI+T>H—) 1T
(AT > h—§T3%)

() MBEVT H—EF

- i # :$=25m
(AHEMIOETHELD)
H OB B :@7.0m (MoFLERRET >~

H — kG 2 HEfR)
OB B O3B

T A—RS M 1IEL Ot/ EREDY
N— ABEBT S, (&t
BEo7 o h—EE 1.0m/H4
=1.75m

(2) LA ORES

BEt7 o H—H80LI/ABEL D LS, 7T
H—TZFEHEOREMIES (Pa) 2HEICEIDOR
., BUERCHTARBI®S?ZLILT S,

HEREDHENORFFUTOLBD ET 3,

Foh—TZFHEOMIEN Pa = 182 6t{/m

RCHITZJFEOMILAN Py = 261.0tf/m

5t (BWEHMIERN) ZP 443.6tf/m
(3) 7h—okEt
TP DEE

(FHE &4 B K 4o EHE
MHETRY : Block I (HERE)
P :BEWMIE ST s 182. 6t/m
tang : RO E OBEBEBE o 0. 90387
(¢=42.1°)
0 T ROAOERAH e 31.0°
@ TR e 20. 0°
m :HEETERT > —ER 1. 75m
Fi(@7.0m) 1E4UD 4%, m=T70/4)
n :7‘/73__&ﬁ ................................ 3
B :TROEET > A—EDITH - 51.0°
(B=06+ta)
BIDENWT L H—RA Bl Z LD +REDMITE])
T = m- P
n (cos B +sinfB - tang)
B 1. 75X 182. 6
T 3 X (cos51°+sin51°X0. 90387)

= 80,0t /&
UER 7 > b —#) FIIOTA (7T X $12.4)

M FFAEBERN Ta=85 5t/K>=80 0t{/F
(HhEBB%0. 75 Tus) <0.K>
T UH—EEROEH (F110TA)

Gt & & #)
1) 7> 7—8i# ; SEEE F110TA
d 7TrhH—-EHOBERE

T @8R D N e 80, 000, 80, 530kg
(case-1) (case-2)

Tab : M E T ST MM OFBAFEIRNE
.......... lﬁkg/clﬁ
) EF MY REARE (RACTUTR)
T T 50 L OB
.......... 8 kg/cit
F : EZERER 2.0 (HEE)
(757 b3 L Ha)
D :7rh—HKEE - 13. 5em
(£ & &)
D METSTMHONBICLDLER
1= T/(m»d* Tav)
80, 000~83, 600/ (7t X 7. 0X16)
= 228~238cm
D) VIO EHBOBBIILOLER
.= F -T/{n-D- 1)
2. 0X 80, 000~83, 600/(m X13.5X 8)
= 472~493cm
NE B R
(21 or ¢:)max
= 472~493m —> 5. 0m
W H oK #
-FE S A

H = 261.0tf/mX

- RAEWE N
Mmax = 1, 160tf-m/#
Smax = 609tf{/#&
N —710t{/4&
( N=—H/cos8, 8=31)
- B i
(D35X55K)X 2% (BRHY—F v )
“HANE
L = mw/B2= m/0.00489 = 643cm
- 7.0m
Bz weoeeen TEBovisEE (K
6.3.2 CASE—2 MR CH+T7 > h—) 1T
(HERICT > 1 —&iE)
case—~ 1 IZET 270, HiORFTITEEL, &
ABRBBT HA—CDLTOAHRET S,

= 609. 0tf/%

- T2 —8i DRE
GEL 3 K AR
RRT D :Blocl 1 (HERE)
P B F e 182. 6t/m
tang @ TROEOBEEERE e 0.90387
(p=42.1)
0 P TROBEOMEBAH e 31.0°
a 7)}3__@%4 ............................... 20.0°
m : MEFAT > —EE e 1. 76m
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n TR e 3
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B ERDEETH—EDREH - 3.0°

(B=0+4+a)
BH0EWT H—FN 5l ELED+HEDATE)
_ m- P
T= n (cos B +sinB - tang)
3 1.75X182. 6
T3 (cos3l +sin3l X0.90387)
= 80,5 t/&

(R 7 > H—##) FI110TA (7 X ¢12.4)
Wi RSk A Ta=85 5t/F>=80.5t{/%

KB B B :@bh5m
Bl B K : 4K

B |

Fl1AY D pEMES GREA)

H = 443.611/mX5.5/4 B = 610t{/&
case— 13&&HoA /1 (609t{/4)

BEXoH ORfidcase— 1 EREBEE LS,
6. 3.4 MEBEEREHAER

Fig. 16, 17, 18IXWFERERT &L BITTable
IRENSOPETHEEEZRL .

(2)

(b BEF0. 75 Tus) <0.K> MEBIUOKMETHBROFEAEICD K5,
6.3.3 CASE—3 THiHIR CHIJ T W|HBLO7 o h—TEEZEARTEREL. TOfM
nm B A OMEIB LV TEEZPERTERET D & o 23tFH

< Bl % : ¢=15m RENTETHINEGE, TBAREOIEEELS.
] ] som - ﬂ
550
500] e - ‘-6.‘ fe
!
Aachors | { 85+ Copacity )
H.Q. Poot N2 a floee pile)
H ] P L% 9.0m
[Anchors] ¢ & +f Coparity ) ' i 0 % W Bm
Nes8x42232, Tl 2.088m
’ 450 ////
$2.Sm @ 2.0mx WS E

Nest, DL= 2.923m

(Case where are driven from the widened to the outside of the pile body)

Fig 16
Q b S0m _Sﬂ
g“l““\l““ﬂ %]
"ﬁ”uﬂ"'}!lﬂnnﬁﬁl‘l
PR
gutuugubluiuueduy
annn BircaveZnnnann
R f [
nnl..l'u MR
i i
v S00]
2
hai § Copacity)
(35‘ po o /é

case— 1 R C Piles+Anchors

Nz 2/ compilay
23 21.0m

9 10 B Wm
[ SR OO o

N=g8xew232. EBL= 4.872m

[EEFIES] #2:5n870m x 338

N=$8, TL=- 2,923~

Case where the anchors are inserted to the pile body and fixed at the

[anchorage at the tip portion
Fig. 17

case— 2 R C Piles+Anchors
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$2.5m@ $ulm % ST
/l—= 95, L= 4 448m

Fig. 18

case— 3 R C Piles

Table9 List of a rough estimate

Approximaie conslruction cost
Case of "Japanese unit price” orly | Case of "Japanese unil price” only
"oy : oan for stee] asterials (reinforcing for reinforcing bars (malerials) and
Nethod of work Kind of standards Unit | quantity ?:?eﬂ?: Chinese unil price bars & anchor wembers)and oihers are | anchors (materials and installation
vork by “Chinese unit price” for both works) and others are "Chinese unit
asterials and constriciion vork price” for bulh materials and works.
Unit price Amounl Unit price Amgunt Unit price Amount
(yen) (1000yen) ven) (1000yen) (yen) (1000yen)
CASE-1
R C. Piles | Dia. =2. 50 m 2,923 288, 500 843, 300 205, 500 600, 700 205, 500 600, 700
Horizontal R C. piles
+anchors pnchors | ToUW/uRIE g ggg | (170008ED) 406,900 | 253,000 528,300 | 45000 94, 000
. L=9, da/unil 138, 000
driving to the out-
side of pile body
Total o |l . 1,360,200 [ Lo [ 694, 700
(1. 34billion yen) (t. 13billion yen) (0. 69billion yen)
CASE-2 |
R.C. Piles | Dia. =2 5n m 2,923 288, 500 813, 300 205, 500 600, 760 208, 500 600, 700
Horizontal R.C. piles
+ = i .
anchors mchors | TSVt bl e | oo 292,300 | 67,000 426,400 | 45,000 73, 100
R - 1=21. 0n/unit
installed inside
pile bodies
Total . o . 1135.600 | Q00 | 673, 800
(1. 14bitiion yen) (0.93biHlion yen) (0.67billion yen)
CASE-3 ]
. . 1. 283,200 94,100 | o
Rorizontal R C. piles R.C. Pites | Dia =2 5a m 4,448 238,500 (1. 28billion yen} 205, 500 (0. 91bit1ien yen)
. 8 U I ZLT, EBBREOSN] JOyv 7 ORMEREL

19954E B L9964 ICHIRBEE T, S SIZE
BEEMSHEBRZITOILICL-> T, #EiFmhi
FTRODWIARD IOy 7 ERGTHIENRTER

I 70y s ORI eREL &,

WD OB (BEMIEN) BREVD, ]
flT GETFREERRT) T 2@ aHbEEx
WIZEE L=, #TABERI OFHEICSE 2> T
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Investigations of the Lishan Landslide Blocks and the Prevention measures

Haruo SHUZUI" and Kyoji SASSA

sEngineering geologist, Nippon Kouei Co., Ltd.

Synopsis

Many faults were developed at Lishan, a hill at the back of the Huaqing Palace. And landslide
topography and creep iopography restricted by these faults were recognized. Because of these, the
existing geology was analyzed this time, landslide blocks were divided by the reconnais-sance of
site, the scale of Block1 having significant kinetic hysieresis was specifically designated, and
stability analysis and landslide prevention measures were investigated. In the slope stability
analysis, investigations were made not only for ordinary times but also for the time of earthquake.
Also, in selecting the prevention measures, milti-stage vertical RC piles and horizontal RC piles
were proposed by considering the regional characteristics in China.

Keywords : Lishan Landslide, landslide blocks,
RC piles.

preventive measures, shafts and anchors, horizontal
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