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ON THE OBSERVATION OF GROUND-STRAIN
AND GROUND-TILT AT A LANDSLIDE ZONE (III)

By Michio TAKADA

Synopsis

At Kamenose Landslide zone located in Toge, Kashiwara City, Osaka Prefecture,
the geophysical investigation to establish the perfect stabilization plan has begun at 1962.

First of all, seismic prospecting along 9 traverse lines were carried out in this area
and the fractured zone distributed NW—SE, dividing this area into two blocks was
caught.

The observations of ground-strain are being carried out by 74 wire type extensometers
set up along 8 survey lines. Considering the distribution of strains, also the landslide
block in this area was divided in two by fractured zone and the change of strain was
the largest near the fractured zone.

In the case of landslide due to soil mass removal, the peculiar variations of ground-

strain and ground-tilt were found which seemed to be the forerunning phenomena to the

landslide.
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Photo. 1 Distant view of Kamenose Landslide area.
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Fig. 1 Disposition and distribution of the instruments and traverse lines of
seismic prospecting.
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V—1,2,- 6, VI—1,2, VI—1,2,- 14, Vi—1,2, m—Iv, A,B,S:—
Extensometer [( ), — :o0ld], x—A,A/,B,C,C" : —Tiltmeter, @®-—1,-
-5, 6, 12 : —Observing well of groundwater level, @—I, II,------ B:
—Travelling post (<~ : —Direction of the displacement), In:—Portable
underground inclinometer, @S-1: —Shaft-No.1, @S-2: —Shaft-No.?2,
———————— : —Traverse line of seismic prospecting, «Wn: —New crack
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Fig. 2 Geological section along the survey line I for investigation of
ground-strain, disposition of the extensometers, variations of the
ground-strain and displacement of each block.

1,2, eceneenees ,11,12 : —Extensometer
= : —Variations 0f the ground-strain and the displacement

from April to July (1963)
Each value shows the propagation velocity of P-wave (unit:
km/s). Variation of 2’ is presumed from variations of 2 and 3.
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Fig. 3 Crustal structure obtained by seismic prospecting. (Each
value shows the propagation velocity of P-wave and
value with under line shows it in July.)
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Fig. 4 Geological section along the survey line of ground-strain.
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Fig. 6 Variation of the monthly mean values of ground-strain.
+easre ¢ —Qbserved value, —— : —Secular variation.

Table 1 Relation between secular variation and annual variation

Extensometer Seculas variation ﬁl’“nﬁllz“v‘if)n
I— —1 0.8 0.2
I — 1 : 0.3 0.1

I — 2 0.9 0.1
I — 3 1.0 0.3
I—4—1 1.9 0.2
I1—4—2 61.1 6.2
I—5—1 38.2 4.4
I—5—2 56.5 5.7
I — 6 1.0 1.0
I—7—1 1.7 0.4
I—7—2 1.8 0.5
I — 8 0.8 0.2
I — 9 1.6 0.4
I — 10 3.5 0.7
I — 11 7.6 1.0
I — 12 23.0 2.8

v — 1 19.2 4.0

v — 2 0.9 0.4

v — 3 10.7 2.6
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Table 2 Ground-strains observed by extensometers (S), values of contraction (C,
+ : — cont.), values of horizontal contraction (H.C., + : — cont.)
and accumulated horizontal displacements (A.H.C., + : — cont.).
(from Apr. 18 to July 31)

Frdctured .
Zone
[Extensometer 1 2 3 4 S
S xi0 0.23 .?4
1963 C mm 49| 320
H.C. . 49, 318
AHC. = 549 500 18
Extensomefer] — 1 | 1 2 3 14
S_(x109[%0.01 0.05[-0.01F 0051
1964 [ C~ mm [- O 1.21= 03[ 1.0
-|LHC a_|- O 12|~ O3
AHC, » -02 ~14 -l
xtensometer | — | | 2
S (x10 0.02 0O 0.05{-0.02
1965 HCC mm 8; (0) Ij- Q4
X " 1
AHC. = €9 55
tensometer [ = 1 | 1 | 2
S (x10%] 004[-0.03 0.0l
1966 C mm l.II= 09 04
HC. " Q9= O 04
AHC. » ~126 ~117 ~12.

'EM; 15
S (x10™ —
1963 C mm _

HC —

|Extensometer 15
S (xic%y O.(I)
|

196 4 C mm
HC. =

[Extensometer 15 16 17
S ix10%) — — =
1965 — — | —

1966

1963

1964

1965

1966

LINE—IV

[Extensometed | 1T [ 2] 3 41 5 [ 7 8 9 T10

S o3[ 0.28[ 0.06[~0.12[-0.03] 0.09 | 0.10 [~ 0.05 | 0.01 | 0.04 0.03]
1964 C_ mm S6[ 16~ 23 o 2. 25 = Ll 02| o7 05

HC. o 55] _15[= _22[— 08 191 25[- 09 0.2] 06| 05

AHC n 55 70 48 42 s 6.1 86 77 7985 90

Exiensometer ] 2 4 [ 7 8 g T1oT 11

S oy | T49-003-1.00] — | — | — [ — — — =1
1965 [C mm 295 o7m19.1 — [ — [ — [ — — — ==

HC . 2941 07|-183] — | — | — | — [ — — [ =T—

AHC, = : 42t 73 104 n 5 ] l ]

[Extensometer] 7 8 9

S (103153 ] 0.08-3.36]-0.02] 0.0 0.16 1-012[0.03 0.03+-0.02
1966 mm || 304 Zli-642- 04 Q5 = 04 06!

HC . 302] _20-61.4/- 04 0. 5. |- 13]_o4] osF o4

AHC » [Q 2 322 -297 <296 -291 -240-253 -249 -243 -247]
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Fig. 8 Relation between internal frictio-

nal angle (¢) and water content of
; - soil and relation between cohesion
§! NN ERER 1 | | | | Ly (C) and water content of soil.
- 1aes o 1ees " (after G. KAJIKAWA)

Fig. 7 Averaged annual variations of
the ground-strain.
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Table 3 Sliding forces of divided soil blockes with the change of water content
(unit ¢ —ton) and ground-strain. (fron Apr. 18 to July 31)

Year tIN(M|LI{K]| v |1 | H |6 F| E|D|lCc|B]| A
N -::.%25_ 0.7€] _.%;g._m 1,20]-0.66] 0.9 -g.g; K : g g;‘ '95'8‘?»'6 8. ‘|'
. Q. X 49 [-0.4 1,20 |-0.70[ 1. -0. . . A
N .08 0.78| 'ss'TCTZE 731-0.85] 0. =0.04] . .57 [ 1.49] 299042 O.I7
1963 N - 0. . .58 |-0. =1.27]_0. ~0.26 X 1.05 [ 1.]2] 22610.38|~0.2¢
R =0.66|-1.268/-2.23 |-4.16| - 2.6 4 —z.eg - 04 —2,72 1.2 = g ég _2%8:2.32"%_”
4 = =7.421-9.47[=7.73 -7, 19]- 4,66 |-4.15[-3.48 |- F F232F3.63[=1.
— = U I 4 138 T 18 10 ]
1 4 18.6] 82| -26.4 |-3950] 163 - 2 1 =82 -4% | —8.1 |
-Q.12} 0.76] 2.23|-0.52| 0.86 -0.25 .60 _|~0.04 42 [ g_ |
Q.05 .561{-0.42] .17 FO. Q.76 .2 , 0 .57 3 .
. 009/ 08 62]-0.47] 1.18 0.16] 0.78 [ 0.04 K 491 299]0.42
1964 N [-C.24] O. 64 1~ Q.43 F0.47 ~Q.1 121 2.261-0.38 [~
. —1,661-1.04/-0.86(-2.62] -1.01 -1.20| -0.24 ~0.2 0.09 [-0. F0.20 +0.451-2.22 -0
-4 -6, 9.371-5.011-7,04] ~5.20E5,17] -4 -3 =34 -3 259 -2, 3.63 [~
s { ) = {'3 e -"e;c' |:zz 9.!;'{'1-'} g %e [ |c5 Vel
g9 ~-0.1 .5(-0.1[F 051" ~0. 10.9 0 —14. 0.5] ~ 0. AT
-0. 7 23}-05: 0.86 -0.25] 0.60 [-0. 2 43 4 %:__W X I_I
(o3) 256]-042] | =0.14]_ 0 .29 .50 | 1.54] 3.04] 0.38] 0.24 |-
. ,_g%_%_gg .18 -0.16] 0. ; 6 712981049 0.17
1965 . -0. = (] [-0.47 - -0,16 R .10] 2.341-0.28 [ ~0.22
. -~ | _g_g_-'_._% 1.0 -I.i—g_t-o. -0.27 % -0.10 -0.141-0.371-2.14/~0.98
K = -443[-6.351-4.4714.39-3.26 |[=3.11 [-2.59 [-2.79 |-2.251-1.99F327 |~ (.45
-1 [ 3 [A-T]4-2[5-1] 5~ T—H7—2] 8 1 9 | 10 | 11T ]
02] 0 | 05]-02|~06] 339|-219 —28.2 [-2.4/—1.4-1.6 — | — | — | — |
0.12] 0.76] 2.23]-0, 0.86 F025] 0.60 [-0.04 42 7 1 1.25] 2271 042] 022
0.05] 2561-042] 1. 17F0.1a] 0.7 0.29 50 45 1 1.341 2.4110.71[ 0.45
. 0.09] 0.88] 262/-0.47] 1. 18-0.16] 0.7 0.04] .46 39 T 131 2421 0.65] 0.54
1966 N F0.24]0.52] 1.64]-0.92] 0.431-0.47[ _0.33 [-0.16] (.07 97 [0.95] 2.03 8‘}, g%
.4 ~1.66]- .?—Q&g— =101 ~1.20"-0.24 [-0.27] 0.23 " 0.05 [0.23] 1.28]-0.54] 0.
4 -4 2%—3 0[-349(-5.27] -3.33 -3.19/-2.00 [-1.80[=1.21 [-0.94 }-0.44[-0.17]-1.08]-0.1
=T ] 2 ] 3 14~-11a=-2 [5-1] -2 6 [7—1[7-27 T 9 [0 [ 11 ]
Qg% o4 [-03] o.i| o3[-07] aso[-280 —-51.2 | -6 ~12] 05| 0.3 —03 | 07| 07]

Fractured
Zone

B & BB 5L T D SO L ELMIRIADE s 0Ty AR~ D, 4T
TRYBROWEETIT 5 1B, BRHORELRO T 5 BT B LB,

5, BELCHSPREHMIRDREMEOUREDTH

FRFI38ERK, WEEHETEXfTI YD, ERERYBERTILEN DD, BHOTHEECE >
TWAMEXINE LRl bielitofe, L, Fig. 1 13 BRHbh 5 L5, Fotewicit, HE
EROME AL LT uisnd, §iE Fig. 2 R UEWERIC KT %, 8§Es— 3 HEniEgloxs:
Eigotc, Losl, ZOMEREE—IOOTAGMrLRT, MBaoMachh, LMupsr CUrFL
BMERL T - A - BO 3IEBY KRS 1250 T, BSOS MCOLTIRAS R T bS, i EEER
DREERRED LN T T) IV THDTROEBIEL TV AMGFTHB0d, HTNhYFERIELHEHR
PEANC TN, YR ERET— 6 s\ C RSB OEE *— L L Tuh B EE 2 bhTitv i
By ChARRTERHMBEOBE L LHRIEL L TLRMT—KETH Y, TEICES BN
Zbhi, TDHR, OTROBANBEL T, FIHEO 7 v v 7 FENC X HEEHOHSE (Table 3)
PHELTYL, MiET—6fHE (F7r v 7)) WERELTED, L&A EREHIIEELTCLF Ry 2
QTS EE T O HROBEE LI LB & OERCELR, -0, TEL H BERE % COERIEH,
Thb, BRIEXTFTCL > T, BHEDYC ZICHED, ZhEHh THNDIRORELEETE LOF
¢tT, 9AHELY Photo. 2 DX HBHS—1 THEREOWHEIA, TOLEBRD L LB,
COLOSRULTUAEHET, EHBICHR > TEHCE» THIBTHEI D B, = OETH 5000ms Dk
237 ntc, LOMIC Photo. 3 I/RL7c X 5 7t crack 2EBEL S—1 @ EficR4: Lic, = UTTRER
VFOBEEEE CRRINERHCR - TAELLIDTHLIL, LEIALEOS L bl o, O
%, 12AA X D UMRES 30m THo B S—1 ¢ Fic 15m #h TFs (FE2 8o ETEDHR
12 MBIIFORFE LAY, BI6AIC D, BHOECEEPR, ESEHE ) AL DT, T~
RO TR DB L, EELIE LBRIC ST 7%, MEORECIIESE IR bR
hotl, LL, BEDI7TAK Y, Fig. 9, Photo. 4 (a) TRLALS1, ME—64+5 (Fry 2
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Photo. 2 Removal works of soil mass.

Photo. 3 Crack occured in the neighbour-
hood of Shaft 1.

Fig. 9 Topographical map in the neighbourhood of fractured zone.

3,4,++,11,12, B, C : —Extensometer, C’:—Tiltmeter,
®-1.0,IV,V,B, x-1,2,3,4: —Travelling post, = : —Direction
of the displacement, @®S-1: —Shaft 1, ®@—S-2 : —Shaft 2,

Ty : —Crack, i : —Area of the removal of soil mass,
_____ : Transporting road
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(b)

Ced

Photo. 4 Crack occured in the neighbourhood of

extensometers 5 and 6 (On the boundary
between the compressive zone and tensile
zone).

O : —Observing hut, 5 : —Extensometer
I-5, 6 : —Extensometer [-6

FLG) o8R, Tichbfifs MHoEA
TR - T crack 23 b, B
 ocrack BT 1 -2+ 3+ 40BEEN
AT T, crack OREBOTLE RT3
LI, THEHMOEREREZR O IodILHE
STt et —1 - 2 o BEERBELA
72 XD, —F/NREIRENFLE, crack [
BRI B 3L » 72 kiR ishs o 7o, SEASEGT
TI2ACMB & REL e L, 5AMH
28 3m 4 Pivic, FALR25AEMNL D
&AM HEILD, 3 BRI lm OGRS
B, 128178 crack @ FALSRAKFCH
4.5m, ET@# 2m DB & R4 L1,

Photo. 4 (b) () XL DOYUFFRF LD
T, Fig. 10 {22 D3~ DH OFAEDHT
B AL O W PEART TR S iR
F XU crack RERZE ShicBEbl—
2, 3—4MOEMOEER LT, Bt
— 5% crack #EAICEKEY-TEY, crack
FEDOBEN LB TWS s berack
FAEFIHI 10 BE L » 2l Otk y, (Z
DOIROEIE crack X5 LD ETHITEH

]

Fig. 10 Variations of ground-strain and
ground-tilt before and after the
crack occurrence and the pre-
cipitation.
1,2,5,6,7 : —Ground-strain, C’ :
--Tiltmeter,

1-2 : —Distance between Post 1
and Post 2,
3-4 : —Distance between Post 3
and Post 4

2cm POST crack AME Ulo#ic it %,)
crack FE4H L MOV TV B, FERIC
X EOBEEREL LTS, L, 1
H3HEI b HFUOBLEE I L, 1LA9H
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OEFIBU L D BINITEE L 7o foe FORIZBICKE MO LITHNC L B~IBY Th B, F10
crack X b _EHEOMERCDH 5 HiEET— 61X12A 7 BEHE T, EHTOMA TV, TORERIIED
1A 5 BEASIIHD LF2MO T B, HEE— 6 O LHCH 2Bt — 713128 7 BEICSH B4
#RL, 1ALRAEIBHUOEBEARONSS, DESLETEORS MR hic, —H 7 DL CRE
Ah T B K EETFREMTOTIY RS L, 12A13HEHL h BTFOBNKEL o, THATHOK
FNHRCEB L LI L 2RL T %, TOMTHCRE S ATV IofEst 4 « o o Lz THED
BIR ERE IR Cish, X OHEBEMB Z LIXTERVD, crack BEBRFREIhIC1 - 20MFETOE
ExR2E1BI2HOAZ L B LB EEARBD LR TEY, 1F12B0ELIZAEL, AihRv#
Bz oEERBREHbRTWA, TOXOK, ) ORECEL TX, LETX » MtRmCERI o
THbh, RERTELT, BEIED, crack NET B LELDNBEND, KIFWRAOEH L EERLE
L THIuE, TORKBRRLRL A ENTE, WTRDORELTMTHIENTELLDLEELLR
B, Bl b, BETACTRLIOED, B0 XHHLANOBERYERC U TREL, LT
R HHROBELYFRETCHKD, BETHRLIATOLEEERNELD, FrBELCLOLELLRD,

6. B
BT, AMROBEX 52 Oh, HBHY WG RRERN TR «BTOME - £ - REDCZRT

BRSO AR DBMELE TS LT, KARELHEEYE > EABEKRTERFE 4
BB ELEBLETFET,
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