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INVESTIGATION OF THE CLIFF COLLAPSE PROCESS AT
THE ECHIZEN COAST ROCK FALL HAZARD IN 1989

By Masashige HiraNO, Hiroshi Suwa, Takashi FujiTa,

Kazuo OxunisHI, and Takayuk: Isan

Synopsis

Toppled rock blocks from the steep cliff along the Echizen Coast, Fukui Prefecture, hit a
part of the shelter (rock-shed) below, and 15 persons in a micro-bus just passing there were killed
by the breakage of the shelter on July 16th, 1989, The rock falls foregoing the toppling at least
for one hour were reported by two eye-witnesses who had watched the full-process of the rock wall
collapse. Their statements give cleary the mode of the collapse starting with the tilting (toppl-
ing) of a part of the joint block composing the partly over-hanged sea cliff. The joint block tilted
about 30 degrees was then disintegrated, falling vertically on the earth surface. Distribution of
the scattered blocks after the fall suggests the rotation of the blocks around an inclined axis at
the base of the cliff. The rotation is also confirmed by the fabric analysis of the distributed blocks.
A part of the disintegrated blocks hit the rock-shed roof at its edge. Intensity of the impact
force given to the soil-covered roof is estimated to be 1100 ton-force, assuming the volume and

size of the individual block deduced from the survey after the fall.

. I U & (&

19894 7 H16H, BHBBAMERTRELVAEAICXY, BFOREEATHO <1 7 o2 bslg#L,
158 DFEE DTz, BE O BHRERD T H9RBEMEHN, BLDSZORRIRTLE BE LD
b, BHFAEERA . £O%SMEDIE IV THRE UARRO—IIIFEIZh (1989)° & L TEEC
AFRUTD, Z2OBRBOHER - HBEEEHODD, EORRONFMEE, THICBEEUCHE - Mgk
COVTUTICHEET 5,

DR U 7T R L A 135 585), JLiéky3sis8mc B L TH D, RARHFEROVDYS
FALMOTEHICE VT, BESSAABICREEMNEICHE (Fig. 1) RUWEMEORIEZHI)Y T
50, BRICHS BREADOTREE, SIS, HERUEEE XU THEEEZDENT
Wito FNMIER2EICHERE=ERE LT, FEERORSERROICABE TETE T EE &



220 SONBGRBICHTAES 33 B-1 22, 4 (1990)

18 »7tco ZDHENHHHRASE 4 JICHEMK U CTEE 305 B &K -70b DT, LllEE LTOBEEEH L.
ZLTHREIC, REOBROL— FELT, BREHE LTOMRIIEE - 7o £ LTZNLMR, HRINICE
MOWRTESERONTE T . 20, MELEAEITHE (BB BRELTHS.

20T, &ICABEIOBRERSICEHEO DS D22 25D, U EDRABIEEE UCE RO LY

S
TR

) <Al

'\ : ‘& o‘“
NG i\;\f{/{!

Sl ;«T’S :.,

3 o ))‘i& .

Bay

(]

IR .‘ : \
g i f‘; VLAY \ ‘\“\‘\\\\\\\\\\\\‘

L.ocality of the Echizen Coast where the rock fall hazard occured in 1989, and
the landform around the site before the construction of the Route 305. After
Umeura quadrangle of 1/50000 by Geographic Survery Institute, Japan.
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Photo. I. Aerial photographs showing the Route 305 before the rock fall in 1977. After
C CB-75-23, C10-1 and 2 by the Geographic Survey Institute, Japan. A tunnel
over the road has been shown at left-up part.
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Photo. 2. Aerial photographs showing the temporary by-pass route after the 1977 rock
fall.  After CB-85-2X, C 8~1 and 2 by the Geographic Survey Institute, Japan.
Currved route avoiding the fallen blocks has been shown at left-up part.

Photo. 3. Acrial photographs one day after the rok rock fall hazard in 1989. The right
part of rockshed has been broken by the rocks and the rescue is going on.
After 1499 and 1500 by the Asia Air Survey Co.
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The collapsed sea-cliff at the right side and the previous one in 1977 on
the left side, viewed from the sea.

Outcrop showing the development of eracks in the rock wall neighbou-
ring to the north of the 1989 rock fall.

Mortar and wire work on the rock wall northly neighbouring to the
collapsed cliff.

The open crack (dark part shown by arrow) observed the day before the
collapsc. Re-produced from the photo by Koji Niwa.
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Fig. 2. Geologic map of the surrounding area of the hazard point, where 1is tuff,

tuffaceous sandstone, and sandstone rich portion and 2 conglomerate rich one.
The member names are given in brackets.
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Photo. 5.
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The Tamagawa fault (shown by arrows) running behind the sea cliff.
Minor faults developing in conjugate set in tuff of the uppermost Benten-
iwa Member. The fracture shown by the arrow is runs in N60°~70°W
direction.

Head of the acidic dyke which intruded into the conglomerate of the
Benten-iwa Member.

Bended or kinked conglomerate layer at left base of the collapsed block.
Conchoidal fractures formed at the edge of the side wall tilted scasides
about 6 degrces after the impact of the fallen blocks.
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Fig. 3. Plannar distribution of individual blocks brought from the collapsed sea cliff.
Based on the aerial photographs one day after the hazard, with some modification
according to the field measurement. Numerals correspond to those in Table 1.
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Fig. 4. Representative topographic profiles of the site after the collpase of the rock wall.
See Fig. 3 for the location of measure lines.
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Table 1. Size, dip and strike, and related remarks of the fallen blocks. The blocks are listed
following the approximate distance from the cliff (free face). See Fig. 6 for the
horizons. The size is in meters, and the class is LL; very large, L; large, M; middle
and S; small.

No. dip & strike horizon size (class) No. and size by Miura (1990)®

1 (N85E, 655) I

2 (N35E, 30S) I

3 (almost horizontal) I~ 10.2x3.8x3.5(L) A;9.0x4.1x3.3

4 N75E, 508 Ie (M)

5 N30E, 30E I? 4.5x2.3x0.8 (L) 1;44x24%x1.2

6 NA40E, 48S i (M~L)

7 N52E, 26N il (L)

8 N60E, 35N e (S)

9 N30w, 208 v 4.0x3.0x2.0 (L) E; 42x32%25
10 N44E, 86S I~If 11.0x5.7%x4.0 (LL) B; 18.5x5.5x%x3.2
11 N70W, 70S I (LL) J;45x40x%x1.8
12 NG60OE, 868 I e 3.5x2.6x2.2 (L) G;3.2x26x%1L7
13 N65E, 608 I~II L) H; 3.2x2.6x20
14 N55W, 15N m? (M) 0;32x15x1L5
15 (?) I 2.3 x4.6x7.0 (LL) F;46x3.2x1.9
16 NG63E, 808 I 7.0x7.5x5.0 (LL) D;4.9%x3.9x2.5
17 NB84E, 828 il 3.0x2.7x2.3 (L) C;5.0x22x2.0
18 N40E, 208 i} 1) L?;30x1.35%x13
19 N50E, 30N il )

20 N68E, 50N i} (M)

21 N4E, 76E I (M~-S)

22 N45E, 90 W~V (S)

23 N44W, 568 M~V (M) M;2.8x1.8x1.7
24 (N10W, 35E?) v (M) N; 3.1x2.8x0.95
25 N8OW, 54N v s)

26 N86W, 45N m~1v (S)




232 HABKBIRAPTER 338 B-1 F2.4 (1990)

7, BAT 0 v 7 ORTREDPSHT, 0y 7V =y FORREEET LcbORENICS T —%T,
BHEROIDBRHINET O/ A3 100m? OEMHECCHY TS LBbNhb, BROVEHBES 2.4
by /md, BIEBRORBICE Y 2 EEER0.4-3 5L, M40 YBETFT L EHEINS. = (1990)
KE->THEOHEBT, AR 1500 m® B, £EERWB00L v EHEXINTNADT, BpiEtET
VB ERBN, BFLIEROYA XL LHELCLEETHS 1500m® BBRKTHBEEEHLTY,
2EEDI/I0BESZVEENLTTHA5,

FEAT O v 7 OEBLHDIDOOTIE, BEE DG TEZOMBOK X IZRMTERTHAE L. &<
KRENDORDPEVEL I TRERLTH ST, 2NoORAE L BEOEFIC HEL TV BH#E &
By Y2y FOBBADOBRTOBICKEI B LTS, EIL—BEBEEZ1ER7T 9 v 720
TR, ZOBEEY 1 XDEhIC, ZHOEBNESS OO KEBROEMEMEZRE LD, £0550F
BiSbD%Z Tablel [ORT . WBEAES 2 ORMERSED ONABEICE, 2N50HMOHEL
2o 108, HBDIH= (1990) SHBMLTHEERT 0 v 7 OFF (A~0) &4 4 X[/ LT

BET Oy I BEDEYP S XDV TIZ, MEOEBTIOEMESOD > TVEDT, EROEM
HRE» S, DI b ZThoBEESE (1~NTRY ; % Fig.6 M), Lichi-THINDLB, &
I Tablel XBIFE7 2 v 7 OB, BOEFICENSDEENEET, 2hb 5@ L5120 T

<— toppling

Fig. 5. Stereo-net projection of z-poles of the original bedding planes of the strata at
the outclops near the hazard point, and those of some fallen blocks. Upper
hemi-sphere projection on Wulf-net with 1 the pole for original bedding, 2 for
bended conglomerate, 3 for larger blocks, 4 smaller ones, and 5 for joint plane.
Arrows show the rotation by toppling.
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Fig. 6. Schemaitic illustrations showing the re-composed falling process of the rock wall
starting with toppling. The original profile with lithologies in A, the toppling
phase in B, the falling phase in C, and the final state in D.
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