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BEREIAFEIND L S5CR-IEND ThHB. L Lind bEIFEREOMOFHEHRSE & [
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ST Im ISGEL TR D, FHTHUE 3m fodoTh- 1.
3. % W

(M % K 8

MERFRORH, ELFLEOHECIL, T HWEEMES X OE+LR REE+a
TREBRBER LI S uvd, [X—20,21 T & - CHETE, BITA No. 29) &
h Lo LS E AHEE O TR 12, 580 m?, HiiE 4 BiY 53,000 m® f, Fh XD TFHO
TEFEEELI-E RSN 3EAOERKT 32,500 m?, DMk 52 BT EH
FEOFMAHIR L LI WO TIEFRICITRDE D, X L3RBT, —8LEH15
HERLI LY, KRENITI 250 m oOBFICHERE L T\ 5

D BFELHERE

TEFREDL S METRALYEL, $5WEHEEET IO OWLTHS 12HIC
No. 29 ¥ COLATMMBEBICOWTERAE, HFEIV TN %D REE T O R FTHNTE O 3
SheliDEOlEL-THELEK2 DL Thb. ZOHBOMEBCILEANE
RAMFEL L, METIIHEENRED b, D% DIk ECHR R ET A AR BE IR T
BY, THRE—BOHHEY TH2. - & bEBITZ TIIBIR B/ NE BRI
HERL T B2, ZTORCKBEOLDETE—S O T, Wb sEAEROB:HINE
PEEIEHC-TVWE LR bR

h_}
b
0.5 L fCHIX
0.4} \m
/\ \ NN
0.3f N\ 3 AVAR
. / \ /\ o
0.2+ ' oy / .\.\
AdF T )
01 /\-~~—=/ D — 1 /
O 1 1 1 1 1 1 1 1 1 1 1
0 500 1000 m
M—22 &£ ¥ W & B ¥ 3 -h/D
#=—S5 EH oo m & K & &
bl I} No.29 X b ofEg & bt & 2
No. m m3 ton*
25 9.3 18 47
24 126.7 47 122
21 247.3 53 138
13 559.5 50 130
13 559.5 46 120
13 559.5 53 138

* HE 2.6 {RE.
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LHRBAARTHLL - Libn s, o M—22 & REBETIUTES O& TS Rn— g
B3N, BHaREEL V20, 2P0 TAEE-TWB L B EDRE. Shid
KOEE=F N X —DFAEZB L UL, HRTHIRIZLNEEIRS.
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%El ° o L]
25} AN ,/\H//\/
. WAL T

AR
i / \// \
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~25F—
T/

_50 10 1 L " 1 1 1 2 1 2
0 500 1000 m

M-—23 gfr@EiIcE 32 98EZE 1k

A

3) +TAEROHE

TAWRD I D=FINF ~HHMBIDITIL, TORHEXHLLERLS. LRMOERS
LULEA #5143, RO kT 2 RLAIDIEAT, SMUlr RO ATHICER 24
TaHZrhb, TOEFA 0 235kDONIERRNTHE IR S,

v=1"tanf-g-R
K g EHhomEE
R: [FlEzeR
FIEC & - TRDIHRITIER—6 OFH Lz o710

*£—6 AT9Y R L+TFRHEOEE

|

il Al BKE | W OE KR | B & A THEERME | K #
No. m m? ° i m m/sec

28 17.9 84.4 12.0 57.0 10.9
25 16. 4 80.8 35 34.0 4.5
23 13.2 2.8 6.0 | 62.0 8.0
22 | 166 100.0 Lo | 90. 0 3.9
20 ‘ 24.2 94.8 | 9.0 | 80.0 111
13 i 37.2 146.8 | 50 | 150.0 1.3
11 16.6 9.0 40 | 150.0 10.1
7 ‘ 20,0 80.4 10 250.0 6.5

FETR2EL LT ER: FETRDEFROEEY Lh N EhEx R LTED,
Haiden", {Li1” 7% ¥ ORIEHE & LI 7s - T 5.
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4. B H b

A 7Y RCHETZLEATCOWCTHAELCER BB 2 CRIAEALTER BT
$% 4 HE 1,300~1,600 mm fIDOFEHIT X - T Uio REBE LERBRIEREFR
FEx bh, WHIHEIZK 50,000m*® r#EFINT. 2ATTFOLEEE»S 1,100m
Cbtc - THTF LIcANiRIE, BRSNS BERAMOALRBITRAREL, h
LR T 5 TIRHERELE Cle. ZOWHIT 4~11m/sec BETH -1

ChEBETICERMONTH3BEOHEROMECILE 24, HFRCKT2h0x
IEEEYRCLTWBZ LI TH 3.

V. BUYLDOWHIBEREHICOINNT
. 1B L » I

LT AMTBWME R - C RN Z BFKERI T, BERGEDCEM, REEEOB)
1k, BRILHOBEE, MEMBONE L AN, MkoRE HELpAOMESOMEEY
L, thbofEAC X - Tillitth, BWKEORFIE, BRY Iz 2 xXEMET5. #
STZ DX 5 PO Beya 2ZRT 5 oDt E 1 2Bl 5 o 8 a3tk LA
EOFIRNCH L CHIHETEH D, ChHLORBEFCHEELZI RN LBBERMGET
53,

DlboBERC LY, BUFS2OERTHIc - TULF 2 DFIR, REE BT ST A% 4
b MELECIECTC, BREMROBE Y 2 OMEZRELIRTUE L b, BROR
BRI FHLEL, RBELITOBELS A SRS BBRT22 2135 5.

1971 £ 8 A KR 19 Bic X - ThMEMIEY O HEL R, FoBE—y#EllE
TIRTIXIBL S A OBERRAE L. o dHmKBEEO 8 525 26 OFHE, BELE
F 2L FZOMNBEORMEESYTI2BENEBONICOTHERELYHE L, FoRFECNT
DETOBELRRI.

2. BIY LDOEIEKR -

BREE ol gy 23—y N ER
BORI WL o+ ‘L
FaPthp 2T, 1H (Dam-A) T
KEAN—BEFHON—240r FFH
oA, ft (Dam-B) [XEXHO
FRAEMNRBWCThZREEZ I
P30 THB. K24 RLEXKEOE
HWENTREC Y 600 m DIk, Hepbp
DA E XL No. 1 S0 F AHERIRT
TR 2.5cm, Fhic 30cm BLED  pam-a
AR A HF IR RED b, 1{ e —
F X—25 3B OMMTEXE, Dam-A o
DEBFL FDOE LF A DRGE ST B—24 — ¥ EFR A ORI FER
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M—-25 #HAE#HOEZMANKER

HENL 3.64% (2° ) THEHRETH M, hICHATIAERORILTFE 35 Bl E
DRERTH .

YKERO P L BBICHETE T 21T, MEOBEEIC KW CTHEOKMERZRIZEL <
KEDHERA 0 K, IV, 3 (3) TRNAEFHETHEINS.

No. 1 #E D5 & L0 Y e B S\ TR0 FES HE LTAh 5L, K
B 3.43 (m/sec) rin-to.

BEA R 2&oEbL S A OFR, Tk IOBRELERBE X—26 00X 5HT
55.

"%}-————- 14.0 f— 4.0—} N —l2.0}—
T'_
Dam-A _L}-—s.a—-i
f—5.0—3.0 fb—--uou— 27.5 ——-»If _L o
W///' !
Dam -8B _L—.“.o[-

M—26 s s ORERI (BAL m)

—fRC & A DIEIRR L L OMRICE 3 T TORMIC X - THETIUE
(a) FEOHIEACL - TRACHFBRLTVWE, R eda/isafic
TETHHO.
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(b)) ERKREABC—ECRBICHEINRE LD,
LI KBITE 5.

—26 » Dam-A FEIZEOWEHZCEL, BEOHREA»DHET T2, Fak
BEOWEIC L 5 7 AEORGETABREEYBE I, I DLICHEDENC L 52 KEXRGFO
EBENTSBHFEOERTH 2 L2 bh, ZhALARKICHIEAETL T O X 5 s
STedhDELHEEINS.

IR LT Dam-B 3#FOWBEHRRCEL, R L AHORAC X VKGR
OB REBCHELIcb DL EL bh 3.

HBEHSAMIHTHE 2 Y 2 )~ F AT, a3y by ~— NBZ X3 FafER
EREE OFERIFERIT 150 (ton/m?) Ll ETh 54, KiFin b b, FTHRERCIZWTR
LEAIBINTgd -7

3. ALY LoREMIZXT BHRE

FEHRBLS 2% 2 RICHCTHENTT 256, F23#FNICHLTCEOEHEORC L -
TEHTEDLE2 3. H-oTHLFS 2T HELUL () FoDBEE, @
KE. ) #HELE W #BEH, 6 LEWROEES, (6) H#AE (1) B,
®) BETC L 2BENLBENERELbRE. 22Tk 6), (D, 8 Ko\t
S A OBBE L HBOMP, RRENSLRZTISBRETE 2, O) KOVWTIKEILE

ZERTTCERTAZ LT o TH AT
L VERS B 1L 20 At M—27 o X 5 aBEfR
= it 5.
K—27 TR\ TEEIT
P S ADBEE
NV J5 s
=
B KR S
HV AN 4
S 7 W RS
] h i B K &
h: % W B
E®RL, IBI
ret FABOBEMNAEER
R—27 ?‘*?M'W?@CT‘F%“% ro: EREEKOBMNREER
AL T DT RO MM ARER
PHEATIE FAREATINEE A ILHT 27T —alRRATEHLINS
VA T — &

ah
G] = Trc

h
T mmyQ

W
1S

G, = bhr,

1~
+
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G;= % r.
W, = bl'r,
Wg =ch T

W= h+2m)r,
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El —'ﬁ'fs
2
Ey— X | kh (1
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a+b+-<
b
d+?

[4
a+b+7

a+b+%—c(1—

)
)

T >

1
a+b+c<1—7

by B3N
3 h2H

+h,

a+b+c(l~%%)

hahu+3(h B
3 h,+2(h+H")

B FEOKFESH E 137 v F Y OLFEREERAL, LEOERGENIHEEC YT
CAERT 2D LREL. HoT k ko vy o+ EEEEEG3.
T, FABECELSITRTOADENE P L, P ORERELLTCKFETHELTN

Fh Py, Py ¥THUL,

P, =G +G,+ G+ W, + W+ W+ W, +E,

Py, = W.,+E,
rinh.

Pl EoBIRNE BT Dam-A, B OZEEERIFILTAH LS.
Fd 5 2 DFTIE—25 O X5 CEANTERTH L0 0, TOHREEHET L LET

NZELTeb.
®—1 #® VAN B (B m)
m T ! ’ ! 5
L a . b Ll ht b |k, |k
f i | (
- | e
Dam-A L2.25 | 290 s | 630 | 200 — | 750 : 7.5
Dam-B I 2.10 ! 0. 80 — | 29 | 100 — | 700 1 7.00
i 1 i

WIS DK E JIT DT K BRI OIRF HHEE R T 2 2870\ 8%, 2 2Tk

T FroBTEEREOMKTEDLL, .,
(ton/m?*)
(ton/m?®)

rr=22 23 24
r,=-= 1.2, 1.4, 1.6
{r5=1.8 {r,=1.9 {r,=2.0
k=10.33 = 0.27

k=022

ro, rs OfEKE LT

(ton/m?)
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=HAL .

IR HLOMAELEOREK 27T I OWTF 2@ 1 P, Py 23K®D, RITEEE 4
DELYDOHDE— Y bOBFNRE R, Tibd Pd— S M=0M 3[X—26 O3
NTCOJDE— A +OFD) OFHC I D E A2BEN P OVERSE TOREME d 23k
bha.

¥ie, FABEOKFEHECKT 2FENFMISAEEY | 23T

THRERIEH (54

=2 (23

LHEFRIGS (R B)

2P d
a=2p (37 1)
Lin%.

HUEDHARBREY ELDIONE—8 FIVE—I THYH, £—8 X LE: Py (ton),

*—38 FLERE L IDEES XUKEGHEZDR
Dam-A

N Te 2.2 2.3 2.4

po o cTe otz bna | L6 | 12 | L4 | 16 | L2 | 14 | Le
Ls | 22.65] 23.64] 24.63| 22.65| 23.64| 24.63| 22.65| 23.64 | 24.63
92.95 | 94.56 | 96.17| 96.39 | 98.00 | 99.61 | 99.83 | 101.44 | 103.05

(K=0.33) 0.244 | 0.250 | 0.256 | 0.235 | 0.241 | 0.247 | 0.227 | 0.233| 0.239

19.29 | 20.10 ! 20.91| 19.29 | 20.10 | 20.91 | 19.29 | 20.10 | 20.91

1.9
93.37| 94.98| 96.59 | 96.81 | 98.42 | 100.03 | 100.25 | 101.86 | 103.47

(K=0.27) | 0.207] 0.212] 0.217| 0.199 | 0.204| 0.209 | 0.192 | 0.197 | 0.202
20 16.34 | 17.00 | 17.66 | 16.34 | 17.00| 17.66 | 16.34| 17.00| 17.66

93.79 | 95.40 | 97.01| 97.23 | 98.84 | 100.45 | 100.67 | 102.28 | 103. 89
(K=0.225 0.174 | 0.178 | 0.182| 0.168 | 0.172| 0.176 | 0.162| 0.166 | 0.170

Dam-B
A 2.2 2.3 2.4
““\\]’w i !
o P12 |14 n6 |2 | e |16 | 12 | L4 ! 1.6
s 1733 | 17.79 | 18.25 | 17.33] 1779 | 18.25 | 17.33 | 17.79 | 18,25

29.45 | 29.61| 29.77| 30.75| 30.91| 31.07| 32.04| 3220 32.36
(K=0.3% 0.589 | 0.601 | 0.613| 0.564 | 0.576 | 0.587 | 0.541| 0.553 | o.564

L9 14.84 | 15.22 | 15.59 | 14.84| 15.22 | 15.59 | 14.84 | 15.22| 15.59
29.45 1 29.61 | 29.77| 30.75| 30.91 | 31.07 | 32.04| 32.20 | 32.36

(K=0.27) 0.504 | 0.514 | 0.524 | 0.483 | 0.492 | 0.502 | 0.463 | 0.473 | 0.482

a0 L1263 | 1294 13.24 | 1263 1294 13.24] 12.63| 12.94| 13.24
| 29.45| 29.61| 29.77| 30.75 | 30.91 | 31.07 | 32.04| 32.20 | 32.36
(K=0.22) | 0.429 | 0.437| 0.445 | 0.411| 0.419 | 0.426 | 0.394 | 0.402 | 0.409
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-9 NOERR &L & LER T (FSIBIERE)
Dam-A

NI T 2.2 | 2.3 2.4

-7 :
Te 12 | 14 |16 [ 12 14 [ 16 | 12 | 14 | L

2971 296! 295| 298| 297 29| 30| 29| 298
1724, 17.66 | 18.08 | 17.67 | 18.09 , 18.51, 18.07 | 18.49 | 18.92

|

(K=0.39 | 12,38 12.48 12.57| 13.06 13.15 13.24 13.75 | 13.84| 13.93
Lo ©3.09| 308 308 310 309 3.0 312] 310]| 310
15.62 | 1595 16.32| 16.05| 16.41 16.74 | 16.49| 16.82 | 17.15

(K=0.21 14.14| 1432 1447| 1481 14.96| 1514 15.47| 15.64 | 15.83
20 319 319| 319 3200 320 319 3.20] 3.20] 3.20

| 1420 | 14.47| 1475 14.63 14.90 | 15.18| 1505 | 15.32| 15.60

(K=0.22) | 15.69| 15.93| 16.17 | 16.36 16.60 | 16.84 | 17.04| 17.28| 17.52

Dam-B

w;ii\Jc ! 2.2 2.3 2.4
] -
Tw | ' l
b 12 L4 | L6 | L2 14 16 | L2 | L4 | L6

0.37 0. 34 0.31 0.43 0.41 0. 38 0. 49 0. 47 0. 44

1.8 ,
32820 33.61 13 4.41| 32.89 | 33.68 34.47 | 32.95| 33.73| 34.52
(K=0.3D " _12.51 |—13.19 | —13.88 |—11.68 |—12.36 —13.05 |—10.85 |—11. 53 [—12.21
Lo 059 o0s7| os4| o64| 062 0.60] 069 067 0.65
| 28.23 | 28.86 29.50 | 28.29| 28.92 29.54 | 28.33 | 28.98 | 29.62
(K=0.27 }- 7.92 |— 8.43 |— 8.97 |— 7.08 |— 7.61 |— 8.12 |— 6.23 |— 6.77 |— 7.30
20 | 078! 0.77] 075 08| o8| 08/ 08| 08| o084
| 2415 | 24.65| 25.15| 2419 | 24.70 | 25.22| 24.26 | 24.74 | 25.26
(K=0.22) | _ 3,84 |— 4.23 |— 4.62 |~ 2.99 |— 3.39 |— 3.79 |— 2.17 |— 2.53 |~ 2.95

B Py(ton), FE: Py/Py OfERRL, F£—9 X EB: dm), HEk: g,(ton/m?),
TE: o,(ton/m?) DEZRL T2,

(@) WECHT s RELORE

TAUSEERERE f XL T

Py
>4
f_— PV

DEEFEM I ShAE & 2T By,

£—7 » 5 Dam-A &o\TiL 0. 162g%;0. 256, Dam-B GiI 0. 394g%g0613
LB, WBLS A OHFFEEFEII T 0.75 BELEZ LREDT, —hadbh
Xl 23R ETHE L EL 5.

) T 2 TEtorkit

#—8 /b Dam-A, Dam-B ¥ }ic 0<d<! nBFEEHET 20T, EECHLTE
2Th35. '
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(c) WEEH & BRI 288

FRDIIE I, 1) FAOBEMROFETEEL,

Q) EEHBEOHFEIREN L OBWEANTHIULS 2L BEXE Ulne.

(D) WOWTULEN P OERAER

!
Fizdzy

Tt Dam-A T 2.1<d<4.2, Dam-B T 0.97<<d<(1.93 © LEN chiuls -
BB DT REL .

Dam-A i oO\WCEEEIL Ay, Dam-B Tk z o CEHAL S O WTFh oM as
bEEE-Th, TRTHF A2 LMBERCEIRRETZZ LT3, b - & b5 IEERET
LEFHERED 1/10BE L Z2 b 30T, EFEFTHREYERQRKREO 150ton/m* I &
U, wFhd IS, FESEERBEARCA LD, WL Th Dam-B OFEIK T r=
1.8, r,=1.4, r.<2.3 OBREOHC WL T BEEBIBEOT BN +5H % L B2 50N
FYThAHS.

2) EOWTIHFERIIE LT, RELEIHBOFELOLH, BEC X - CHEXH
FERDEZ LIERETEH BN, —RCHE - BE O HEE 70~110ton/m?, WEE
BOBPET 710~160ton/m? FBE L ELR TV EDT, ZhALOEXERTIRI—REE
flickhs 8% 5.

v
v

4 & H b I

LERBES 2 el s 2RTTEEN L B2, FAOBRLEINIEHEEL TE
EHORFTEERICOTH SN, COBOHEEOREL LTS 2R TREELEE = ~
70— b F AT, BEOEBERY R AMAEEOESHORBHECOCTIRERLEZ
EbB. RoTZ OO S AT, TR CHic- CHEEOEEHAEYEECIT) O
LA, BMIRCIIEAEOREL 2v 27 ) — b O fTRCRCEERILbRT SR D
oo,

5 A x ®
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Damages at the Source Head of Hitotsuse-River by
the Typhoons in 1971

Katsumi Sug, Hiromi Naxao, Masanori SUYAMA,
Koéichi MoriTA, Etsurd SHIMOKAWA
and Masaru IwamoTo

Résumé

Serious damages occurred in the area of headwaters of Hitotsuse River in
Miyazaki prefecture extending 10,000 ha., which areas are those including the
Miyazaki District University Forest of Kytushi University caused by the typhoons
No. 19 and No. 23 in 1971. Land slide damages as much as 400 places were
recognized by means of aerial photographic interpretation. Total amount of the
landslides was estimated about 200,000 m?®, countless forest roads were cut, and
two check dams were destroyed. It is thought that most of these damages are
due to the unprecedented storm rainfalls amounting to 1,300 mm and 700 mm in
No. 19 and No 23 typhoons respectively, but it is recognized remarkable difference
of damaging degrees in various districts and it is construed from the difference of
natures in various soils. Damages are developed remarkably in the area of
topographic features where gradients show the angle of 30~40 degrees.

From our investigations on land slides occurred in cutting slope of forest
road between Okochi and Ozaki, we recognized most of land slides tend to arize
in newly earthworked zones and within 50 m from line of valley center. Consi-
dering roadway diagraph problem, failure percentage has been increased at the
places such as the length of cutting slope of 4.77m, gradient of ground surface of
31.5 degree and cutting area of 13.54m? Highest failure percentage was reco-
gnized in the conditions as follows: length of cutting slope 8.50m, gradient of
ground surface 42.5 degree, cutting area 32.5 m’

In the Iwaya valley consisted of granite bed mostly, a land slide occurred in
the scale such as inclines of 300 m, width of 50 m and soil amount of 50,000 m®.
Land slide flew down as debris flow having velocity of 4~11 m/sec and it caused
considerable erosion at the place of steep slope of valley floor, but at gentle
slopes contrary made the debris depositin.

One check dam seemed to have been damaged gradually for several years,
another was thought damaged by single attack of debris flow, and our two dime-
nsion calculation of stability indicated the area of cross section was insufficient
for debris flow.



