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Fig. 2-1-1  Names of the investigated rivers and the surveyed spots

(figures indicated the No. of the spots)
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Table 2-1-1 (a) Results of the survey (The Upper Tenryu River Basin)

T mAE | Li|Hy | Ly Hy | Ly | Hy | a [S80DTH
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512,70 10.922. 57/1.312.65]1. 862 6200. 10| 12,000,282 61~
6| 38.2010.722.621.712.822.402,790. 14 10,000,202.60 »
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REEII No. 1 40,30 1. 11]1. 5512, 681, 7813, 581, 61/0. 24 33.30[0. 20]1. 50| 1975.7.23
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2| 22,90 l0.832.281. 433, 552, 622. 46]1. 47 10,80/0.202.00,  ~

OMEORHE PRI AERRES LIodd s KETRAORS



114

KREREXRID S, BUABHEORSOR/NDURKTH L EERTEDOTH L. &
D OERARYERE SIEFWAESE DL T TRAINBCEREENDTHESR. Ttk
VBRI R SR & D REE S 2. 3B 2-1-3 I B E I & b ok e i %, 38 2-1-4
ICRWRBENE LD, BREERE T ENERBNICRT. 197540 5 1978 o fifitic>
WTRBIRICK SBMERA SN v. 197948 & 1980 42 & DRI 2 W T I 5 TR

# 2-1-1 (b) BlEEE CTEN L3R4 )
Table 2-1-1 (b) Results of the survey (The Upper Tenryu River Basin)
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3| 11,40 {1.39[2. 0312, 992. 243, 58[2. 21l0. 08| 12. 90/0. 20{2. 00 “ ;
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2| w1701, 54(3.29]3. 014, 282. 67,0 45| 25.000. 202, 50 " 1952
# 37 RNo. 1| 19010 [ * | % [3.24]7,0704.2217.020. 17| 8.330.206. 80| 1975.7.24
P4 )1 No. 1| 19,10 [0.69]1. 54]1. 20]1. 68]1. 69]1. 6300, 14| 16,000, 201,50, 1975.9. 16
2| 22.90 (0. 71]1. 57|1. 903. 072. 20[1. 6711, 51| 18. 80l0. 20]1. 50 " 1963
3| 22.90 0.41]1, 08]1. 411, 72/1. 81[1. 14[0. 63| 21. 400, 20]1. 05 p
4 57.30 0.721. 6902, 3212, 644, 30/1. 840, 97| 21. 100, 20]1. 60 p 1963
% % JINo. 1| 19,10 |o.8112. 08[2. 402, 26]2. 8012. 210, 10| 19,0010, 2012 10| 19759, I8
2| 38.20 |1.202. 04[2. 202, 182. 802. 15/0. 08| 18.200. 20[2. 02 " z
3| 28,60 [1.602. 122, 4112, 382, 862. 170, 25| 17. 400,202, 05 ’ | 1961
41 w6 0,812, 0711, 4112, 292, 602. 100, 22| 25. 000. 202, 05 ” [ !
S| 57.30 0.812.052.2112. 37,2, 802, 080, 32| 22. 70(0. 202, 00 " 1964
6 | 115.00 0.61]1.09]1. 601,422, 801, 150. 38 50.000. 20]1, 02 " )

*OMPEREE Y R WERERES LI 3 KkEHEANDEY
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¥ 2-1-1 (¢) ks CRREN L4 d8)
Table 2-1-1 (¢) Results of the survey (The Upper Tenryu River Basin)
T g 2D
T P o n oy i amo i ) Imgg,c& WA R MR
T4 BAN No. 1} #  |1.304.022. 304. 173. 09.4. 06/0. 17| 21. 10/0. 2044, 00, 1975.7. 28
2| 120,00 [0, 80.2. 09{1. 902, 44]2. 10.2. 12{0, 37" 13. 600, 20[2. 00 p
330,20 (0,822, 1012, 2112, 2812, 7112, 21(0. 11| 16. 00}0. 20}2. 10 P
4 21,00 [0.80.2. 03(1. 79,2, 20[2. 282, 12{0. 14| 16. 000 20[2. 00 ”
S| 10,9112, 08]1. 96[2. 4212. 902, 25/0. 32| 16.60/0. 20]2. 05 "
6| 20.70 (0. 722. 08]1. 4212. 38}2. 31:2. 21(0. 29| 15.00[0. 20{2. 05 "
7| 24.20 (0. 71|1. 5711, 21)1. 73{1. 01[1. 630. 16 16. 70{0. 20]1. 55 "
8| 16.80 [0.67|1. 75]1. 4512. 10{2. 25/1. 92[0. 35| 13. 80[0. 20}1. 70 p
9/ 40,30 0. 69|1.98]1. 3812, 2212. 88[2. 12[0. 25 17. 60{0. 20/1, 95 p
10, % 1,40[2, 1412, 2912 36/2. 89[2. 180, 24 18. 80/0. 202, 05 ”
11 27.70 (0. 6011, 54/1. 4111 84i1. 91]1. 67)0. 26| 17. 60/0, 20|1. 55 "
12, 32,20 (0,812, 10]1, 70,2, 2912, 29]2. 20[0. 20| 18. 20,0, 20|2. 05 p
13 38,20 {0, 50,1, 53/1. 50/1. 70{1. 90|1. 610, 11| 18.20(0. 20[1. 55| 1975.8. 11
14] 38.20 [0. 81/2. 14]2. 21{2. 56/3. 00[2. 33(0. 43| 14. 30/0, 20[2. 05 " 1961
15| 38,20 |1.00/2. 15]1. 812. 42{2. 81]2. 26/0. 26| 15. 000 20[2. 10 P ¢
16| 57.30 11.0312, 22{1, 8412, 44]2. 4412. 310, 29| 18, 20(0. 20/2. 10 p 1964
17 57.30 0. 60/2. 00{1. 60[2. 38[2. 602. 180. 35| 18. 20/0. 20]2. 00 p
18] 115.00 {0. 531 5911 13{1. 80[2. 33/1. 70/0. 18] 16. 00[0. 20]1. 60 P
19} 115,00 10, 52/1. 60[1. 31|1. 81}, 11]1. 70[0. 22| 16.70/0. 20]1. 55 P
20, 38,20 [0.40/1, 001 00|1. 18{1. 80[1. 12/0. 15| 16, 00[0. 20]1. 00 "
21) 57.30 (0,731, 6011, 71]1. 7812. S1|1. 72(0. 17| 15, 40[0. 20]1. 55 ”
220 38,20 [0. 5111 6411. 40[1. 52)2. 00|1. 15/0. 46| 16, 00[0. 201 00 P
23| 38.20 (0. 60/1. 03/1. 80/1. 6112. 10]1. 16/0. 55| 20, 00[0. 20]1. 00 P
24 28.60 |0.8122.13|1. 602, 79.2. 802, 1410. 73| 26. 70[0. 202. 05 "
25| 22,90 (0. 400. 991, 201, 392. 20{1. 07]0. 38| 23, 50(0. 20{1. 00 ”
26/ 115.00 0. 40/0, 98|1. 40/1. 26/2. 70]1. 080, 24] 25. 00[0. 20]1. 00 "
27 . 57.30 0. 50[1, 46|1. 51\1. 96/2. 88]1. 57,0, 47| 19. 00[0. 20]1. 45 p
28] 38.20 [0. 61|1. 15|1. 81}, 8412. 00/1. 17/0. 78] 21, 10/0. 20]1. 00 ”
29/ 57.30 0. 60[0. 99|1. 40[1. 412. 39]1. 180, 39| 26, 70/0. 20]1. 00 P )
thE eI No. 1) 33.80 |1.873. 683. 88i4. 32/5. 66/3. 8210. 63| 12. 500. 26/3. 57| 1975.7.23
B JiINo. 1| 28.60 |0.651. 301,051, 41]1.45|1. 36[0. 13| 14.30.0.20[1.25| 1975.8.12
20 12,70 |1, 212,091 612, 2212. 22[2. 160, 11| 12. 50[0. 20[2. 05 P
314,30 [1,012. 15]1. 6012 452. 10[2. 21{0. 34| 12. 1010. 20[2. 05 ”
4 19.10 (0,611, 07(1. 01]1, 12]1. 62{1. 1110, 03| 19, 000, 20{1. 05|- p
5 16.30 10. 601, 00{1. 20/1. 081, 80{1. 07,0. 06| 21. 10/0. 20/1. 00 p
6 28.60 [0.9011. 50(1. 69]1. 8112, 69/1. 54/0. 31| 40. 00/0. 201, 50 p
722,90 {0,621, 0911, 42/1. 30/2. 22/1. 13{0. 23| 30. 80/0. 20{1. 05 p
8 28.60 0.81]1.06/1. 41]1, 14]1. 81|1. 10[0. 08 50. 00/0. 20{1. 05 p
9 57.30 (0,601, 00[1. 4011, 2412, 01|1. 07[0. 21| 21. 10,0 20{1. 00 p
100 57.30 0.62!1.06/1.41,1. 212, 02|1. 110, 13} 25.00{0, 20/1. 05 P
AP No. 1 24.90 1,052, 04]1.602. 172, 112, 11)0. 10| 15. 800 20/2. 02, 1975.7. 23 1974
i R I No. 1] 47.60 |1, 555.622.175.722. 97,5, 660. 12| 16.700.205. 65 1975.7.23 1973
*UBORTE MR GEREES 1T A RERENDES
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Fig. 2-1-7 Comparison of each erosion shape surveyed at
the No. 2 spot of the Oguro River
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# 2-1-2 AN No. 2 0 AR EIMOR RSB L OHED AR
Table 2-1-2 Grain size distribution of the deposited surface layer and the
deposited slope gradient at the No. 2 spot of the Oguro River

1 ® @em| 1 1 2 | 3 6 | 10 | 30
PRERESR (%) | 2.9 349 | 489 66.6 | 822 | 100.0
oW e m 1154

|

% 2-1-3 W G AR RERR o f K
Table 2-1-3 Annual -maximum specific discharge in :1974-1978 at-the Oguro
Water Power Station of Chubu Electoric Power Company

5 L 1o 1975 1976 1977 1978
Fedest (m3/sec-km?) 5.90 3. 42 2.34 § 2,04 0.90

#2214 AR ISR R PE B AT O B R o B4
Table 2-1-4 Characteritsic values of rainfall in' the Nishikoma experimental
forest of Shinshu University

Ngg”“éi“*%nikufﬁwﬂ‘ 1974 | 1975 1976 1977 1978 1979 1980
Bk B W mem) | 1370 | 14000 | 1305 | 1460 | 1620 | 107.5 | 1350
BRI (mm) | 340 | 24,0 25,5 16,0 | 3.5 | 320 30,0
& B FF f(om) | 27360 | 2627.0 | 3087.0 | 22250 | 20810 | 2700.0 | 2934.5

DSFH BLI M & LB B & OB B, 1975 4EH L 1978 % T L R0 BIRIT b B Lk
ENG P CTHENMEO S ERICBIC K SRR MBE DL ERBEL V. Thid, -
BRMBTUSKYKEL O TR RNOP R L > THRC B MW TEEHDT, &
TR I WA L2 BAREBHEEOHCEESHETHE LA S

2.2, PEEUEER

ORI, KNS I RAORNREREERTICEEHNELTNS. COkS
WD, CCTHEME UKD ETBAR, BAERE UTHEBEROEEROKRS
&, FLEEMTORBOKEN, chEEBaBIRE DA, /- AMoRE TR REH
B oWEREheEn, BRBCRETEBLETHs. b, EREOKECEE
MEL, & SICAMORBEIEICNS WS PR S RN T 2588 E TR R
BT EMAILOVELH N CCCREREOMA O, L, ZORPIZREL
7.

PFcofiid, (a) £abb0RBO%EDY, (b) AMOMRIC X2 KPORED
2okilah s

2.2.1. H &

AEEIBIBK I ORI E, £ L OBEZBPICBELLSDT, TOMITIIR 2-2-1}
RTBYTH 5. LROKEBEKEZer2 vECHEEPK m?&@ﬁ@zwmm&%owm
FRMBER T Y v BTH S, KRB E2-2-1 0BO T, KRRHKETS B, AR
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(ERRSRNbEHE) 13, 3% 2-2-2°
DEIWA~EDRRBEED, Th
LD EBRIENEN 0T DR,
BREEEENE L BBLokS
TERAE D BRI REET &R B X3,
itTmMimﬂmmTw LA & b
EnEFhe

{1} km(a)@%&?iIWm
BT BROHNE, K2-2-10C &
WA I HULIERE Sem & & el
WTHL Y, chbogKET Lk

Fig. 2-2-1 Measurements of the open channel

TAEBEMIE LT, £ OKEREE (at the head part) -in the model

R, ETFAIRE IR K experiment-(unit:-cm)

WU AT, BT gupn M7 FEIGE GERE o
B cm

B AL T £ DIESHEL 18 B3, ~ :

WL T RBEASE N T D FA KD S8 ~TRY, I ICRE Lo AKROE S 3, %3290

cm - OHET, RKO LS55

gD %&LTiMM,%A®ZHﬁT%% A OB A A~E O &L 30 3D
EREABT Ufee MBS RORTABRETHO LM 10em & 1.5Sm 02 5TH 53
BLAEDEHER, B MG c—E RET ORI T L. 9880 150g XU 300
g¥D%, RICA, C, EMi&D 150g ¥ D2 DRA%R, TNENE T L3 10em
KOB|TF L. BNT, A, C, BB 150g, -300g D 2zhZhEHETHOLRE Im&kd
SHMBTIOERTLT MR OETEIER. CCTHOWAKO LR, K¥K
DN EZEUTED . BB LOBTOEIRT T, KE LK Sem TH 5.

# 2-2-1 HBic A fegok
Table 2-2-1 Hydrographical values in the experiment

o m (1/se0) 6.8
W3 (om/sec) 79.5
kg (cm) 3.0

#2222 H OB o0 oT
Table 2-2-2 Measurements of the gravel

S #E | # ® (mm) oW (g) I W
M%\\ B~k T~k FooH R~k | T #

A 25.4 ~30.0 28.9 ~56.0 39,0 2.60

B 19.1 ~25.4 9,90~31.9 18.5 2. 54 2.62

C 15,9 ~19.1 6. 88~14.8 10.9 ¢ 2,60

D 9, 52~15.9 1,91~ 6,28 3,26 2.77 2.61

E 4,76~ 9,52 0,34~ 1. 14 0. 66 2.62
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Fig. 2-2-2  Equipment of the experiment (—: direction of
the circulation of gravel)

R2-2-2 SRl (—RBEHROMBREK

# 2-2-3 S b3 R OIS
Table 2~-2-3 Measurements of belt conveyers

q R—— 2 B 2
~ b i (em) 30 30
oL O (em) 60 50
B £ (m) 7 3
~ v b BEpEE (cm/sec) 88 78

{2} (D) DM TE, K222 1IRTEEEH V. 20T, ARV o v
TICELDIERT 5. ORMRAFIICEEITR UK. Nk avy~N7OETR, #*2-2-3
KRT T E LT, 2 b ic BRI 0 LY HO e LB DWTH A ToE40/KIE%
TOEER, Nvrary~TEHERTHBEL Imicie k. ’

ETKIEELOK 7y vz v ORI, R2-2-308H T, %% 0em OHEETR
(a) OERELEA—TH S, ETAHEOMBITE TR EZEMET 25T, BB TH .
MO A#IEA, B, CORMTHY, BEONSVUDBIUVEOHIZDWTE, LT
BIEBCETR P OWENE L BB HBRA L. BRT ZAROME (2) OHEBEFULL
BRI 2 U TEY o R BKRINHENICHET LA, KNEP TR EWE
CEIET 38 &M 20T, ChEEEM S UTHTI Y. S/, KWNEHE LA
%, KEFRBEONMR, LOhOHEE 6mm OEMOREBLT, bk, &
N b2 vyT EOHEBER LT EhThiThhi.

— R EE, Bkl shsay 2 ) —riefbh, BECHHY A vy sy
—t&lLi Thidavy ) -t ABHREETFEHCZIGDT, Sl Lt v iB&
B, WEAL LS Y Fed v b BIOHRE ERRSEREE) cbs. ERHLULK
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P OKR S SBHEL i, BE3zhThso,
28.5, Sem T, ChER2-2-2thic
AT &L B0 BB AR E VT
Bl Ule. COERBTEE 2241, ¥F
ey A4navyy - rERORBAEER K 80
2-2-5CORY. EERRIZ, KR OMEGS m
2em CEOMTEOMET, BRESE D
s Ufe. —J5cMIb R o B E & U
T, TTTRERBREZNELL. chid
HERBEoWERAE (ER Sem, £X 10em 40
OMEE) SET D%, FHEEE TR

Wi Le, #FAolE [~3mm/min T 20
FHERERE T, & ORI o s
KohbDTHB.

Bk, COERE, BiioitkEoiRR 0 20 40 60 (cm)
AT L b ISR BIE b o TRIE. ET D > O IR
T 5 AMORKRZEIE, KELOBMMHEE  Fig. 2-2-3 Shape of the falling nappe and
R B E K<, FAKMEEDY 4 the water cushion
DV sy — i, EOREINS T, 2-2-3 ETFKRRBIOKS v ¥ a v OFIR
—BBAEEZIRPTVEDTH L. LhL
T, NEEEREGTRAETCHERT A Lick D, AOETOREE &b B
CRIBTCEMTE, FARAEEZUPLTOMBEIKE- T, BREEEHcETEE3IC
EWTES ZLTCOLD EHEROEEMET BN S+AUATELEEI LN,
& D BAc MY 2 BROEMNHEEEHBICTE S LB 5.

(em)
100 ;

60 1

WED o

# 224 RIORFICONT ORI
Table 2-2-4 ~ Measurements of the experiment on the erosion of apron

oo

= 7® o —
%M%g\\ gomow | B | LA [ H B
1 A 0.3 1.5 7
2 C 0.3 1.5 7
3 A 0.25 2.0 7
4 C 0,25 2.0 7
5 B 0,25 2,0 8
6 A 0.2 2.14 7
7 C 0.2 2. 14 7
8 A+C 0.2 2.41 6
9 A 0,2 2. 41 7
10 A 0,2 2,41 7
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# 2-2-5  vAna vy )~ EHORENESTE
Table 2-2~§ Accumlated particle size distribution of the soil

concrete aggregate

T REE ! 2 34,5 6 7 8, 9, 10
R (mm) T

0.074 4.75(%) 3.93(%) | 9.20(%) 6. 60(% 12.7(%)
0.105 1.7 10,9 129 9.70 16.3
0.25 34.4 33.0 29,1 25.5 33.1
0.42 55.2 54.1 441 40.8 47.0
0.84 84.8 84. 1 72.7 69.8 73.0
.68 100, 0 100, 0 100, 0 100.0 100. 0

A HE L OB, R,

2.2.2. HRBIUER

(a) FahoOFRMOELS

(1) MHAETORE

A~BEOMERTHO LK 10em L0 37T Uiz B4 0 KPEEER oMEI 2K
2-4-4 ERMTRT. ThiE, AEEOMK GBNEE) 2HOTRRLLLDTHS. K
BORSOARDOEZRONIOERBICE ZICHVEIAET L, Eomlmmngkd i
BEABRELNS. 5K KROTHIMINET T 2001 RBELBELTHDTENT
H3B. BWE CODFIEMOBBREZHOTERTICLLTES. £ OTHE (W3

0.81 C
A B
k7
0.4
20 | 40 10 . 30 50

FKEEETEEE (om)

0.8+ D E
e 1
2 0.4+
O o

20 40 30 50
KFEENEBE (cm)

Fig. 2-2-4 Distributions of the herizontal arrival disance of the in-
dividual falling gravel = (——expression by number of
gravel, - expression. by mass of gravel)

H2-2-4 RANE T OBRBOKPEEE 0N (— B, - HERER)
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D&A %, & 2-2-4 thicibig TR,
B, D, Eog@onitokyig, @ (")
HORRICEEEOTTHIL, O]
KEOFBEIGE 1K D 2 BT
Abohs. —HA, CHTEIDE £
SWEMRASHEN. #-T, 20 30
L3 BRROERHLENLT, EBLD
D THERBERITENE S

0=39.5—1 . [Tpm¥

éf,&%wﬁ%xb%%®mmﬁ 20

EEHE D P AR, FRRE D 0 5 2 10 5
B AERY 5. CCTREBICH < "

WO I7 S8y S ke FETR RS (ke TR Fig. 2-2-5 Relationship between the two-
7}(5“0){3 iE}Tr;é@%?Jf[[Kﬂﬁl Okt thirds power of the average mass
MOBEmMED BT 3. 20 TH of gravel (m#y-and the average

MO TRIZKIE D 3 BOWSETH 5 15, horizontal arrival distance (0)
R2-2-5 HHOTHRREO 2/3 F (m5) &

HB 2 RORTETCHBR 5, RO KT () & OB
MEE /3L, e PEATER
B & OB AN EE 225 E 1%, £ ¢ TREIM OIS BB, Tib
KOS & BB & OWRICHIGT 5 &4 U TRBSETT 3700 Th
B LMRTE 3

IR0 T O EAE, HTHO LN | Sm kbW SErBA L, LD
BAEER 226 CREAE THET 3. ERORCHE, T bCHLmn 5L

0.81

A B c
o :
HE2 0.4+
0 - T ”i r: 1““ 1 T r—1l L}
0 a0 20 40 0
KSR EERERE (om)
D E
0.8
4
0.4+
0 - = .
20 40 30 50
IKTEEREHE (om)
Fig. 2-2-6  Comparisons of the distribution by the difference of transported
distance of gravel in channel (——1.5m, « 10 cm)

M2-2-6 IKESO W T RERED 22 R L B A0 IR (1. 5 m,---- 10 cm)
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. sy X

40 20 40
AT EERERE (om)
E
E_._} : .,
50 20 40
KR E)EREEE (om)
Fig. 2-2-7  Comparisons of collective falling (——) with
individual falling (------) of gravels

[2-2-7  SEAHT (—) EMEMET Co) &k

BHDINEERMAAFLICESHD, CCTRIEINEN D ICABIIEL KD 5148
SR LN, ChBCERCPDOBICRIRENTHSE, Lrl, ZO0ERIKONTHE
EHMCHEER TR,

(2) #EEToEE

DTORHERTNTHRBORRIC L DFERL, EAFEERALAEA KR, 2h%
NESWELUTERT 5. —HERNBETHUATE, 2ofHsEnicy, 3ET K
DELETOAT LTERT .

FTA~EODKHE 3008 92D T, REREBEREERT &, K2-2-7 &8 5. fE5
BT OB, K2-2-4 OWMROAH2ZRARIIKMA . T TREHNETICLNA
OETREFMO MBI LPBP LK TH 2. — 5B, D, ETR, £hZEHEED
EBKELL->TEBY, BAETOHMNIOEL KE L ZEANED 5N 5.

KiIcA, C, BEHcoWT, #HOKE LHELET 3. $7AKO, OCHLORA,
@EML DEA, @150g ik @300 g oL A%, RK2-2-8 1KRYT. Th oM
EOMEIZE—T, S HBRBEICGESL, WHETEENTORETSS. L
Uy OWEMEHEOAE THESENT 2@EABRA N, AROBTRICK > THTFDER
MEDOENE. ZOFRE L TRIGECE MBS EMNEL NS,

Rie, CHto, ©150g, @AKEDIRA QEEIORE, @300 MoK EAER
2-2-9TRY. ThOREEDOEMSEEAEILK2-2-4 OHENETOBAL LT HE
—THE. ABOBEACROMWARTROEEZC I TRPR L.
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0.8 ® @ ® @
ko
5 0.4 JJJ‘I‘L
0 J ! 1 L3 1 f i T 1 L f“‘: T T 1 I H ¥ T l-.1|
10 30 o 30 0 20 40 10 30 50
KB EERERE (om)
Fig. 2-2-8  Comparisons of each kind of falling of A gravel
K2-2-8 ABDET D E LI O ki
0.8+ O] @ ® ®
e i
0 - f T T 1 i T 3 4 t T ¥ 1 f ¥ T T i
20 40 20 40 S 10 30 10 30 50
KT RIGERE R (cm)
Fig. 2-2-9 Comparsions of each kind of falling of C gravel
R2-2-9 CHfORR O E LD
0.8 @ @ @ @
L A
3 0.4 '
g - f T T 1 T T T i T 1 T d r T 1 d
20 40 20 40 20 40 20 40

KRR R (om)
Fig. 2-2-10 Comparisons of each kind of falling of E gravel
1% 2~2-10 EfofMon s Lol

etkic, BiE, ¥970AMEIORAE @CHLDES, @150 doRGEAZK
2-2-101RT. @, @ONHRICIIKRERRL, BER—:RETCEMNTESE. Lk
Ly Zhekhk®, 782724 OfBET L2 &, BEEOMNEB PR S SieB iR
WS, ZOEEDAHHBETH D050 Mh 5. ChZAMOBTROBESE H S
DENWALL BT, LOBMUETFTRELEARFTULEATHIOT, BLAETLALL
BT FRC I TR O L3 10em X0 T Lca%, B @ Q25 [T
KoRUL7e. @QREOHAMETEEDLST, o> CLEOEBMRED ST,
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%226 ABOKHORE LHOERAT
Table 2-2-6 Frequency distributions of each kind of

falling type of A gravel

R '
S (omy 0~o25 25~30 30~50
M T
D 7 24 7
2) 26 31 19
k)] 9 14 7
# 2-2-7 CH:OKFDYE & UHOEHA
Table 2-2-7 Frequency distributions of each kind of
falling type of C gravel
T KRR .
S (Cm) 0~30 30~35 35~50
| -
1 20 53 17
2) 11 26 8
k)] 12 22 12
5 13 31 7
5 62 174 86
6) 10 41 13
% 2-2-8 EMoOZImMOHE & LH DR
Table 2-2-8 Frequency distributions of each kind of
falling type of E gravel
T AREE A FR R
e (om) 0~35 35~40 40~30
% T
D) 152 397 40
2) 72 194 16
k)] 92 204 24
4 9 162 54
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Bl SROBEA OERIERIC DT~

COEDBERIC L 2EREDEDIIC, FEEOETHEED SHHCHREZTT LKO
kHiEs. A, C, ERBENRICLT, HHRo—ECBT5 »* BEEZTS. %
T, ABSTR, BRome s, 1) 150gqi, 2) 300galilk, movic3) X2-2-4 0
HAE T O&EE%, RICCHTE, 1) 300g, 2) 150g, 3) ALOEAE 4) E
e DEE, 5) 300gilikE ¥5i6) MNETOREAE SSWEMTE, 1) 300
g, 2) AMEORA, 3) CHEOEA, 4) QoMK TOREA&ENRIC UK.
WHEETERCHELT, Cl6) Tk, N2-2-4 0BfkBNLEL0T, FiEl
D, 2), 3) TRERZFNOBODELDS B, EOHOHEZHO.
PEoEAEOERATTEA, C, EOBOIHIRT &, Thehs 2-2-6, % 2-2-7,
#2-2-8 LB, chbkD yt OlERDBE EhEFNONEI S 56, 9.38, 106.9
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THD,

3. ChEDAMBXUCHEII DT,

—HEEKE =005 DLID .t

ERWVAL L.

—HEBETE 2>
2)) 3) @‘%‘7&)’5}%2):?.%&, x02=2-40v X(xzz“

RIEBHHERVI.
Ci«f%ﬁé&ﬂ%ﬁ%
(b) FEEOWRI LS
LT, F22-4OBTIBE SO TERET - 1.

ThoDEmL D,

¥}
R

Lhoid, ORIKES

IR D 48

Bzheh 9.49,
EWBEDPD, BHWREWK BIED
THEPOHENHIRRLE &
9.49, TiRbBL 2 <y
Efciz4) of8HH D, 2, 3) on
EELEFA~DEDTH B

WA5

18.3, 12.6 T&h

EgTD,
ERDPThbR

T ORRERTE, H2-2-9 &%

#* 2-2-9 . JEEER (BAils LUBEHEERD
Table 2-2-9  Restults of experiments (on the amount of erosion
and the correlated factors)
E”_-fi b }rA e HE ol 21 e S0
T~ ¢ e | RIS\ KUDIER | gy | KROELT
%lgﬁﬁ?u%‘\\\\ M 1@\ N(mm> g /cm) K{} I‘Zﬂﬁcwﬂﬁi%{ (sz)
I A 22 3,87 1290 568
2 C 20 13.7 2458 46
3 A 40 11.8 2435 304
4 C 60 11,8 7134 303
5 B 60 12,6 5139 316
6 A 40 12,9 2400 254
7 C 60 12.9 8003 287
8 A+C 60 6,15 A 239 755
C 3076
9 A 30 7.18 1885 312
10 A 60 7.18 3464 724
B4 0.2
{cm) (em)
% %
= 20 = 20
73" . j‘)\
b b,
an 2 )
B iz) *
B 101 B 104
0 . : . 0 -
10 20 30 40 (em) 10 20 30 40 (cm)
T A S DR ET D o iEEE
Fig. 2-2-11 (a) Plane figures of eroded apron - (contour line (unit: cm)
indicates the depth of erosion, symbol-»implies the
direction of flow)
H2-2-11(a) DR OPHIEN (SHR (o) 14, BWEHHAIE, —REHD
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REK S 0.2 e Y 0.2
(cm) (em)
% %
B 201 1.0 B 20
P2y N
5 L, b
2 gé 1.0
i) ,
w10 w10
0 : : 1] . . :
10 20 30 40 (em) 10 20 30 40 (cm)
ET HIERE ET A b O RERE
Fig. 2-2-11 (b) Plane figures of .eroded apron (contour line (unit: cm)
indicates the depth of erosion, symbol—implies the
direction of flow)
2-2-11 (b) KIS A O BB (4 Com) 2B S F I A~IE, ~— ik EH D
KER 8 0.2 RERI0 0.2
(em) (em)
% %
% 20+ = 204
m n
5 5 s
)] [}
i) sl
BE (0 w10
0 : : . 0 . ,
10 20 30 40 (cm) 10 20 30 40 (em)
ET A b D IERE ETih S DIER

Fig. 2-2-11 (¢) Plane figures of eroded apron = (contour line (unit: cm)
indicates the depth of erosion, symbol-simplies the
direction of flow)

H2-2-11 (¢) KIS AEBOPHIEIR (GFa (om) RIS, ~KEETE)

Lo —HFREBRICONTR, ZNEADED» SRR DL 22K 2-2-11 1k,
F RO IR R K 2-2-12 w e hEhAR Y. HBEE, MmO A DEEHE &
DIV DDTH B chokbiic, UTOEEETS.

(1) FAHOETARE & AR OB

9, K 2-2-12 o AR IR, (a) OREREEED S & ik 5. wiEE
Sem MEOSEEl EUHBOAHICEL, BEREAET 300gppliconTsh
ThMid ER2-2-13 &8 5. BBERK 4 BAMOYAE, AMOFEEE &M
&0, R2-2-TDE[HERBRLIcbDTHS. CONTR, RAEOHHOHHILKEDS
PIEEAERLTOEM, K2-2-8~2-2-10 & i 32 & X 0EH LS ED B

FMY
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Fig. 2-2-12 (a) Mean longitudinal sections of eroded apron
®2-2-12 (a)  KUTEHZ AR O BHENTTIER

N5, TOMSHICDNTE, #OHEASLUCBEFEEOMBIRRL—%L, GHOETE
BAATREAEZRELCTHEO. #-T, KPHOBAREHOWEICE - TR 5 &K
T& 5, ERICEABONENEE SR AHEE UT, ENOMNE CIARIME
DT ZDOHBRDOWRBETHESINDZ I EBEIONS. 08, KROBETAIHEBX
CCOTHTERARB/NENT 06, BTFROWEL ZCABOTHR~OBIIICED &
BRBEELRVNEELONS. ST 22211 TR RO b OfrEi, STL
L2 0L OMEIIED. I CHBOBAIEETH 505 T NRAREMTY 22X DIk
W TSN AH, HBRESCRRE DEL OEBMICED, +O%RET L TN i
KT HESCOEANEN LD THBEERBTCLENTEE. B, L THRBDKE
S PR E O L i AT ISR O B TR E M F—-TRE L (a) ofRiERE2Z20
FEHO, ChRETOEMIcLS. 345bs, BEBBOETHEEC > OWTREZD
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ETiEH b DB

Fig. 2-2-12 (b) Mean longitudinal sections of eroded apron
R2-2-12 (o) KMEEAHOFLEITELR

BAME (B/B) 23 (b) 0E229 20 TRDBE, A, CEETREAENLO,
2.2k, wic(a) TR, BTHABROPLEAKBETLLOT, £2-22602), #
2-2-TD5) kpehzFhl3, S5.40KELELEE. THRHLBFBEBRHBELDNEL,
(b) it (a) OEBREEANKSZ. —FHEZFKO2VTE, (b) & (a) DEFEHS,
WEHIBTENS. 1, (b)) TRAMEKETAZEITICKS v va vEBETEH,
NEEESOHICED BHBININWDTEZOEBE/NIVERBTCENTE B,

(2) KoBAERIFERE OME

BEBR—RICETAMOELHEL F v¥—, KHHOBAERRZE TR &L S
LEZONE. ZITINOREHBECHETZERTHY, AERITELDOEEEREL
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o8- (1)A % (RE&6) (2) B (RBR 5)

o
% 0.4 i -

0o - =5 :
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ET A S o) IEEE (om)

0.87 (3)C Rt (SRB& 4) @A, CHDIBE (5 8)
% 0.4- : P

0 ol ‘u..i = T i “l
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ST i & O BEBE (om)
Fig. 2-2-13  Comparisons of amount of erosion (—-) with horizontal arrival
of gravel (... on collective falling)
K2-2-13 #EHHAORAR (—) LHBOACERER (EAET ) O

% 2-2-10 KNI AT & AT & oI BRI
Table 2-2-10 Partial correlation coefficients of amount
of erosion and correlated factors

el LB TR OB 0,88
{24 E: &R FES TR -0.93

fe, 1) WFABOMEE, 2) ¥TREBOHEE, 3) KHHOEHREOALERICDL
TEET L. ¥, £2-2-101TiE, £2-2-9 kb, EHREOEZ AR (R, 3, 6, 9,
10) OBARIDNT, BT AMOMEI O U RINOERME 2N 1 & OREERK
R, TNRF-ABE FHTROE FEREEOMUME T TEEL0TH
5. ¥biT, K2-2-14icid, 2 2-2-9 ERKEOEHEE (E2-2-2) » b, KEH1HH
Hich O FETAMOEREBAR LD BAZMH N, BELTT, KEBOWREEDE
OKEHFAOETBEOMHRCEEYT ) @ HIELIbTHLTEET I ENTE 3.
D BWTABOMEK

FITHERI L 10, TROLAMORE—EEEEOEEE, R2-2-12 Thigd s L, ¥
T A SRR 10 1298t 9 ik, B —BSE A TEroBREBEMLTHE. TO
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Fig. 2-2~14 Relationship between the mass of falling gravel and the
amount of erosion of apron during one minute
(o Experiment 2~7, e Experiment 8~10)

B2-2-14 |5 D O% FHBOTHE & KO & OB
(o%Bp2~7, o%HE~10)

BEBARTHREEAEEOMICE, £2-229 DML LABG NS ENE S —FHE
2-2-10 I 7o T O R BRI, EOHBIBHRERLTVS. #-C, FRitiE
TARBE—NEL U2 OMBICILAT 2 LRRTILNTES. Chid, KNHE~
OUTABCE > THOUTOWBINTEAINEILLLERTEOTH S,

2) WTFARBOHR

K 2-2-14 B 0WT, FERREMNEH URER 2~ 7 cEEHT 5 &, BREEET AR
OEELE, BIFEALTHWS. -7, TCTRAMOEZRTH»PHLT, ¥THED
SEMBRKELBBELbIE, BARNRESLIEANBDLEZENAS.

3)  JKADERR o FEHE R

X 2-2-14 T, FEB3, 638, 9, Wosrr—7%20Ed5E, ETARORE
PEUL TR R 5T ERMEIBBOFBKE L. ChRBISV—TDERTH
BIEMERERE DS EEL BN, EERESDSVESEERIAREIRELNAS. —
F5$52-2-10 X 0 @Al & EEHRE & OFHEBGREER S &, ROMEBEBEBERLTEY,
Chitk-Td EBROL EBVA 5.

ETAT, BARNETAROBBCEATICEI0AER I Mk 2E88E%KD,
g s ch & OBHREHL & A, CRBIEDWTEhFNE2-2-15, K2-2-16 &
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[EfgE  (kgf/ om)

Fig. 2-2-15 Relationship between the compressive strength of
apron and the amount of erosion by one gravel
falling (A gravel)

Ri2-2-15  KWIOEMEE AR IECLsRAERLOME (A

0.08~
°
&
B 0.04- °
E [+]
(em)
o
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ERREE  (kef/om)

Fig. 2-2-16 Relationship between the compressive strength of
apron and the amount of erosion by one gravel
falling (C gravel)

R2-2-16  KINOEMBEEOE i3 Re8EORE (CH)

73 CCZTEERERA, CREOTHEERLETHERE IV ZAThOEISEELLD
OTH5. Zho5ONMIE, MBLAEABERE—BRIRTHDOTHS.

wE, K2-2-14 L0 EaENAMOERICHFIT S EEBTH KNOLESE
NFhE—HEETLTH, BREVSE-KZOBWWESFLHELELLNS. THD
B, —RIcarys ) - rOFEBRCARETIHER KT v 7 Y — + EE OBERT I
ETELZCELDBCBEEELILOND (CHiEK2-2-14T, BRELERERE & X B#E
TEAWMICHENTOB) 28, NIOVETRERICL3HEGIPHEHRINTONSNWEEZLS
L, ZOMMBBERACELROEABECDES. COLBROEPIERLTHER
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FEULD. FERTIEIKROERICLIZBARZELTHRVY, Z0BESH SBEDIN
HRBECEHES S, LBROWHEEHICELSVERAD~D2THEERALEMNTESE. —
FHEDEHRET 2L & OBEMAOKR SISO BRESE U I AT HEEND 2. &0
SORB—HBEOMTHEMESA & & SRABIUT 3 C & XD EAMITEI/NE
BB THB. YL Eds, BFALEITHOTROKREXN, avs )10
BEZEI LY, VORAEEKBEELTEERT 201 E, K2-2-14 04T, FETME
BROZBILNBZCLICHBLUTEB BESEAD.

3. BHSLTRODARE XK VKPOHEE

3.1, HEfpEE

3.1.1. MBI LTHRODAE

2. oRBERIC I NI, KUOBRAERIGHOERICER LTEY, K3-1-1 KRTEE
OBfEE P i3, ChEBZZOTRAUTETABOENEHET IELEBALNS. BB
FLTHOYDALERETAHICE, FAREPSETTIHEET, OEBSBEINT
DWEIBEINEZLS Py OEETE, OOVREEVHRLTHELSLEVAZ. BHFCHET
ZRMDOSTHRODAROEREENT 2L ERWEF 2 EBETR TS 2R EASHD,
FOEHRITKE.

L AT, EMUAKNORENEIL BEETARTEOIREBESEZILHETDH
D00, THOODHAEZERTIORHEYNTHS. P, ONEI LR OGNS H, & L,
K2ODWTE, £0FR2-1I-1ICRLTHY, Thikd BHE O BEEH S EKII2ED

HeEbE
Ha Hi
"F
Hs Hz By
D
Y
m oy P
) S et -
a BT &
%“‘“ﬁ P,; 1\:7,..\
L1 ) Pz | iR
e Lz Ea—
L3
Fig. 3-1-1 Type figure of eroded apron

H3-1-1 RIMER A OBERE
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Fig. 3-1-2  Relationship between H; and L, (The Upper Tenryu River Basin)
K3-1-2 H & L, LoBKR CREN LKA
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Fig. 3-1-3 Relationship between H; and L, (The Shingu River)
M3-1-3  H, & L, toBfR GrslDd

5.
AL O¥WT 2L, TROOBERTO2AMEUTOLRERSVL, KEIBEDOS
SHORBREISIHETES. 06, COXINMHER F2RBEHOKE (KEED
FEEORELSN) KL->THEATEEELLNS. K3-1-31, K3-1-2&0 1@E)D
BFEULTHBNOBAZRLLEDTHS. CCTRELES H: 0BATY L Offic
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# 3-1-1  Tiop Aol (Ku)lLits i)
Table 3-1-1 The allowable range of the downstream slope of
debris dam: (The Upper Tenryu River Basin)

b () o b G K
| 0.4 ~ 1.0
2 0.3 ~ 0.7
3 0.3 ~ 0.6
4 0.3 ~ 0.5
6 0.25~ 0.4

BEMBHECEDD, FIROZAMNEYTHIENAS.
T @R ARy 2HRNE, K 3-1-1 05 EEA L TR &,

Lo=W""2H /g , @GB.LD

C e Vi BESHE HREE YN 2O KM, g B OIEE.
5 3-1-2 thop xSk imitic om L, coRo@Aicikiglcns. 2oRT
i V=2m/sec VBT EEINTNEY, Hho V offid 0.8~2.4m/sec
OEIEAHELTHEY, —EMTREY. F3-1-2%2b L AREBTHOONEET
oL EEMAEREHS 5L, F3-1-1 58505,

COMBROLI KK, BAD2H4KWVL 3FOAREICH—T 2 0EE) TR, Rl
L LDPARBCCRT LI BBALE T 5O0H .

3.1.2. KPoES

KMOESKDONTREE R LCBIKREEOBMETERINIROKARNBS 5.

L=j (H+h)—nH, G.1.2)

cZic L:KMoES, H: e h BEHKE n THoLRE (Lin), j RE
(G4 5 2.0, Ha s 1.5).
oM MR IEET 308 B LRSS BKME, T ERE BB
KEOETHEETTORKEYE T 2LV S BEXFCESOTVS. ko BBER L
12, HRONSTBIEEKROETEOE KEBLC &M D, AROMREICL > TET
BEAOKTE (U3-1-1, & P) R, EARKKROETREBE-KT S, L0
HAEADBBEEBCTRAKRSSBHT LR, ROMEHAOLIKELTES L
ZZONLEND, FehoZDETTOERE, BEKNIORERESELEAZ60TH
A
#3122 ik, M3-1-10B52BH LT J 2RRT S L,
. Ly
A
h 2 EAORTHAONBENGELLHETICEREMILY. 22 TLERXM S £ 280
T, Hy & Ly SOBBERC EX3-1-4 2185, ZCTR, Li/Hs=2 OFEO S LM
KRBT 260D, Tk L/H:=150LlicBdss0b, HE 1~ 2moif
AHCETFRLNEM ImPllconTRBED S ARL. J 3R G.1.3) toafi b %

(3.1.3)
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Fig. 3-1-4 Relationship between H, and L, (The Upper Tenryu River Basin)
M3-1-4 Hy & Ly Lok CREN LKA

# 312 KWoOmEERS CREJ|L#ELED

Table 3-1-2 The required length of apron
(The Upper Tenryu River Basin)

7OE (m) KMoES (m)

1.0~2.5
I.5~4.5
2.0~5.0
2.5~5.5
3.0~6.0

[= 2N SR U S

MALMETHE225, SHWAILBEEEITEID. #H->TZOKPOESIZ, RERE
ZONTVAEIDHENHDOT, FLRENEL BRI ONC OBEANEE LS E VA
3. BBZORIE, WKEOKERCHEELURBEEFRORKMFCOERSILIEEL2E
CERERUTBLMNEND .

K 3-1-4 L0, AFHEWBRTCOKNOFERS L LTEI-I2ERTCLENTEE. &
2 RETKEBERCLIERBEBBREBEREE LT 2L LOTEEREITHD, TO
THTHEBRRBENSE ARHEND Z/00, THOLICEEERRBCTzALE %
B UBRBRICERT S XD, KNOTFTRICHEZH OBEVERET 2 EOEYT
WEOBETHAD.
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3.1.3. kWoEX

KD S PRI Ry o NTh Y, WRNIKKkY I &Y, Thiclsd 28
BROBMMILOLROTHATHZ0T, AEERRIhETclbhTHRL. TR
TR E L TIREEKS L OEBOMERI OB, AMOETICE > TRINLET 284
EHBRUSTNEE SN K ETARO R TRER@g2ET3 21D
v OBMEBMTEMRINIHEY LU D EEINTEE QESEET B EN8D
Ve o TR AOW L B%BEOER O BEETEH 5.
KPBZOXIUWRABCHAGIESSBRETHED, BAORADEIR, 20BEs0D
W BT . £, F3-1-1iELE H & o EOMEGERHE &K 3-1-5
LA BX SmBTO £ 4 TEBI 0.7~ 0mOEI At E X TH D, AKT
' L.OmPIAOSDONHRETHS. LALENEASMNGDLYD, B 3mEITToRAk 1.5
MICEREDOBNDhR LN, COXSRESOMRBREENT, BILavs)—1t
DIEFE P ORMBERLTEC LB EEZLND. KUOBRAERIFICES HRIKETT 54
HWH20T, CLDEHREIINATHREER DS, BAMIKTAEKs v va vl
TEZLERNEDZORITMBENIN BT EGEZ NG R3-1-5 KDHHHT 2 &, W
BEREORBTL TR LIimBEOESBAETHD, HNFLLATREABOWELMNEDK
ENpL NP U TREGBOEALELONS. B0 MR & HIEN
10~30EDTH 205, BT LIPHL -OBA0L S BENMCHHETELLDTH
Ve FET, s AREEREOBFMEAREL, ChERE LB ERE T
BEVIHEEMEN TR, FIKME—REBESK 26N, TOLIRNRA%E
BELT, €OMAEEL Lich, BRFRETFHLCT K2y vavidohrLHl
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Fig. 3-1-5 Relationship between H, and @« (The Upper Tenryu River Basin)
B3-1-5 H, &aloBff CREN LA
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3.2. HEMMEZE

3.2.1.  EFKXOBHE

KN BABBL 22 LR ZORTCEERLI DD EHD2EEILNEDT, UTT
R OBREWMIICHELT 5. ROKB LD REAOKRZE, £ LXKEHSET T 2 A
DIEAEEL, £ o LRATOAMONS £obbDAROET, 2hofligtick K
MOBAOKBBICHBMR S vESTRY, BABRERSAWHREYL &
%.

B UDICE 3-2-1 © &5 B2 gy, BAIDKEBIUHRETA~OESEZH
Fhox,z £T54 EREBEZFNFIAROLSCED B, H: B, B: K& UIE 0
& & LANBRERETE, b KB, v: W, O .

x

Felz,0)=0.1p 4 ) D 7K 1T i
: 1095~
=0 x 0'0217H(x?:0.2[1)
z (<0.21)
Fig. 3-2-1 A section of debris dam and apron, and the
establishment of the axis of co-ordinates

H3-2-1 & s K UURMI D BT & BEAT DI O O

&5 Bl oREOHM I Manning XMBEETE360E L, HEADOLDRESL
KEET, FRMREHEEERETERERENTEEE, v BT b 2RDbITRRBKRD
KB B,

v-~--~J12/31/sTr'1”0 3.2.D
B Qﬂ 3/5
h= (Bl/smO) ! G.2.2)

ZZiz n: Manning OMRERE. CO& ST d OBOBARBEABKES 2D ©
Wik (B % g 958, CThitRROBEOXBRIHANWLGNS

g=/i(h, g s5,d,d,, [(d),0) , 3.2.3)
zZic gr WHOMME, s ABEOKPILE d.0 BREBOYENR, f(d): K& do

FEDSRER I 5 0 B H] A
K (3.2.3) KO0 TRETO 2 EHEY L 5.
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8 1T (1= Fre N [ Hae
T (CoTT 17TXE(1 i )(1 o ) , (3.2.4)
BXO
q _=24stanl v 2T T
[ sgd,  cos0 T (1 e nm>( a‘/ry,,,)
(3.2.5)

72l e >uee &7 5.
Z T
ty=1"ghsin g ,
Hyen=1"80.9 d,, ,
tye = V"0, 85 ttyrm (d/d, < 0. 4)

fémg‘m;j!/d/dna Useom (d/[]” _,,_.0 4)

e Ut sgd |

Tae= Uy l/sgd ;o (3.2.6)
Tww==Us/sgd, , |

Tuem =2 0. 05 |

Tike =% Ty |

| Y s D & 5 IR O) %

Uy, & Uy,

/2{u,~(s+1)/s tan 0}
I—(s+1)/s tand

/

22T R (32,4 BERES (1972), ® (3.2.5) BEELS (1978) wik-T, - Fh
FRRENIKTH 5.

BCKETFTERTWNA AR DOTHE, chic RAh &R EBHAI T EED
R d ORIRBOBEERE V 2 &, £ LHEREO &S KRB OBRKAGES 5
REOHHEIMWETE 0D

Vw»%%@, G.2.7
D

zzie Cpr EBLAREL o RHEOTBBRE, /1 V<v &75
REEOEBRTRAMOETIRIESLA, HHORBATREN > E&hb, T
CTRBEHAEICOESTVSD L L TAHABOET ZMMNNCID RS, £ 4 EHMOK
WRPEKEFAE HTTH 505, B EHETFES KEDOHDT L BHEOBINL L
bDET 5.
B 3-2-2C, V OHBETH LRIEE KEHEICEEN RN E P (x,2) KBTI sL
&, HlkoMBiokALD

Vo) 8X
Vit (3.2.8)
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X G227, 328 kv VEEETHLI

=3 Co _J gx* )
4 su,g{v 2(H+z)}
ERERX B.2.3) WRATECEICED 93, d DRDDIC x,z ZHLTERDH LR

B. THbhH g=q(x,2) EELCEMNTEE.
RICCDOEEMNKINECERET 2 EE0HEEE V, ET5&

Vi=Vi+2g(H+2) . (3.2.10)

BHRICLZBAERR FHOEHx vF— OEAXBICEPTZ CAIES, 1968). £C
T, BOLNRENOEREEZT, THERRTERDLT.

3.2.9

E1=—;—cm V(1 —e?)sin?(w—¢)

=—%Tc(1—e2)d3{V2+2g(H+z)}(sinco COS ¢ —COSs ® Sin @)? |
(3.2.11)

ZZic B 1 HOEMCEsKkII0ES
B, o ABOEE, m: ABOER, =
MAEE o¢: K3-2-2&R ¢ KHEHFH
¥, c: e

ZZTHR P2 2&T/KINE LI, #%
INEE 4dx, 1B w (HEABETHRBEOFE
BRE) 2EOREEHREL, COHL0

4t RO BAESE 42 LEPT C ik '
+ 3. i P(rz) XALE
)
g #%bTx (324, G.2.5 z
f(d) FEBCRIEREERKTED IR, Fig., 3-2-2 The locus of falling gravel

and symbols

FORBOHBEICL > THAMEINB T
Hi CoEEA R3-2-2 BHROBETHHEARES

LD, g(xz) TS LT EYSEI
WHICk-> THDPE (BETE) RSN, 20 4x oI B CEATBE B BEED
WHEE, 9(2)4x L1125,

ZOREND At BEOMOETEIL q(x, 2)dtdx w TH b, BEAE E=dxdz w |3,
E CHEOETHEER (BTE/1E0KE) 2R LTELILINE

E=4xdz w
=FE\g(x, z)dx4dt w 6/d*r . (3.2.12) v

CT E 2EFbLTR G211 th, V ieR (3.2.8) £HL, Fk, tano=2(H+7)/x
XV sinw,coso EZNEFNER x,z KXDERDLTE, R 3.212) &b
dz

2
T A g(x, 1) (H+2) (2———}%tan ¢} (1+tanip)" (3.2.13)
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BROEN 5. 1\1

i /‘f

Az-i-cgp(l—eZ) : (3.2.14)

KU

TZTiR, H3-2-30&5 cBER Xz 2RV
THRAOKWEIEIREEZDL L, xt FHEIC dx B & z
U At EROBTRERIZE, x B—EHEOKT Fig. 3-2-3 Establishment of
BT A BBBOBEEOMN 42 R 3.2.13) T gginp"i“‘s on the
EbE8NBCEIBE CORT tang B KMNE  gi,3 jpE~okTsolks
DEFTEDD dz/dx DETERDENS. TTT,
At, Ax—>0 & LT 4z/4t=93z/9t, tangp=dz/4x="0z/

ox tzhZThERTSE, K G214 &2

92 _ 4 g(x, ) (H+2) {z’ﬁjﬁ%}z{”‘(%ﬂ f (3.2.15)
X (3.2.15) BANEOBRERREHET 3EARTH 5.

3.2.2. HEHLIUSE

(a) FHERPFOREROEE

TR ETHW - ERTOFTEROEE L, BANEEMNEZRLTEERT 5.

P& LTS H=400cm, MEFEK n=0.03 (m-sec B, BIKQYE 6=2°, Tk
% d,=5cm &L, OKER=30cm, FTRbBR (3.2.1) XK »=279 cm/sec,
® h=50cm, F7bb v=392cm/sec DFKFEALIY W 5. F/ KWNoOMEEEK
324 KHFET B CCTR AL THROVEEHEES L, HOOWEZKYER AL L,
FrEEINHERREMINB &3 5.

D 27, KPEAICETTIRONEEERT S, coTX (329 POEHICE
— BB I AEE UTE3-2-1 252 5. KIDME MK 3-2-4 OKEHAD & &, X
(3.2.9) KREBEERALUTHRE d 2HE T30 L, 7T QO KDV TZ DL
Sk, E3-2-6 (1) &12h, @DV TREM Q) &£753. 22 TRKFIEH x 58

100 200 300 400 x
0 A (em)

A z=0, tan ¢=0 xXz0

B: z=V'185%—(x—200):—105
_ . 200=x 100 =< x < 300
NP (45 = (x 1 200 }
z=0, tan ¢=0 0<< x< 100, x> 300

Fig. 3-2-4 Establishment of the model section of apron
B3-2-4 KA 1] DRR R
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%3271 AR RAEK
Table 3-2-1 Constants used for calculation

s o FEoKpHLE 1. 65
Cr @ #E B B 0.4
aro Wy BE RO 0.4
g B omEE 980 (cm/sec?)

RELIBBLLEGIC d WS BBEMTIWRENTVER, ZOMOLEIZ &WTHS
CEPDOPZ. TRoDHHRK B.2.7) © v>V (AHOBIEE) %iikd x off
HicH b, v BREVFERT EL T TRY, FA—HEcE T80 gk &n
B n BRU 0 BHEETE v 3, COXIK—FEREOS ETRADWHEELLET LT
LT B. RBTTTKIROETRESARE FMCKKAO OB RES & RS
&y d=0 OFRKIRBUDOETHRTH 3.

—TFRADBELT, BE 2 BRERBEEBIA—D x OAICK D ORI
REBBb0THY, AW, WHMSK32-40MIBOEIOIRDVTD d D5
Bids RI3-2-6 (3) &40, MIEHTREL LS. LALZHRETTHD, 2L TD
B e & 288 R/A & . ‘ '

2) RICT OHBOEIKMOZRICHETT 5 & &2 ORMABRT 5. TR (KR
) g #RbIRELTK 3.2.4) ZRY LA, CCTRBEHIMMELET 2200
BHERE x=x, LRHIEL, xo=H/2=200cm &9 5. KD LEDH P(x, 2) KETT
LR dy OEDOEE g ERDL, WPAHEB D ILD0T g/q 2K 5 &

9 _I Uyl =ty Uy, :
M‘;;wfo ”:s:z“’“”;coz ":“"“:5:00 ! (.2 16)
EI8B. CTTR, HE d OFICDONT tye OED oo THY, EH1cRE.2.9) %
d=¢(x,z) L& &, [fi=fW(x, D)/ [((x0,2)) ThH 5. ;
COBARBONEMTIROL IR, bbb, KK d DT OEMOBBHE
B Fd) £358, R3-2-305P(x,2) KEDAAMOBEE f(0(,2) Thahb,
FRO 4x Kfc#Eb 58084k
J(@(x, 2)) dx=F(p(x, 2)) — F($(x+ dx, 2))
= — A4 F(P(x, 2)) . 3.2.17)

FATERORER, x OMins &bic d MEDT AT &, T8bL F(d) HEbd 2
X ehB.
K G217 &Y dx—0 & LT

S, y= - 2EWxD)  Ad)Bd (3.2.18)
KB INR ORI N S ONIPABE 0L L, ThE MAH LT dAFE)/dd
(=F (D) %, 71K 3.2.9) &b 8d/ox RzhFhRKY, ThdLd (¢ 2) %
RODBZEWWIEB, T
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S _FP(d) H+z, vV2(H+z)v—v g x (3.2, 19)
fo Fdy)yH4+23 2(HAyz)v—v g x,

TR, T /Ai=1 &L, R (3.2.16) OHEMHLUAOHEHDOWH ZRY. K&
[ 3-2-4 @ RETA E L QB LU@OPIC >V THBERERT L 2hENK 3-2-6 (4)
BEU () &3, x 0 #me>nT @, () &b FAMOE(ERT M x BREL
dfd,<0.4 &g 3K (22 TRAROETHAOEL <)k, X G.2.4) ofHLD,
fHld—ELE 5.

Ric T & TORBEDNTICH, MHOkDIc FI) #H0sC&E L, dy=5cm %l
TR E LTIRI3-2-5 254 %. CONEEEN L THAMZRT. Ok
WTIRIE 3-2-4 OKEH A, F2@IK20TERAKLERABIUCHIIBOEADFRREC
DONICRT &, ®3-2-6(6), (7), (8) &3, LITRMOBERROREN d=1
~2cm 5, THRLBEOTIE x=200cm, @TiE x=300cm FiHOMMBELLTED,
CThIZ 3-2-5 OFRMOKEDTOBRSGEYU LTV BT &M b, T O OBENHEY
RKENT Ehthbd b,

BB, X OASNREBTHRDLE d DREVEIET ¢/9.=0, T4bbRPEDO0 L
BYADEDNS. CHRCOIS DRIV, H oo UnBRKIKEELRBVES,
KO H A NERK (3.2.4) T sy < ttye ERBEA HZOEZOWOREINK
R EERBBEADVTNNTH S AHAHATHEOKESRINTREUATTHE0
B, KEPIEES2MBETHPEM0 85T EFRND, RICEOK & SHKEL LD
Bt >ty P SNTh, e BRELWBCLICIYD 0y EDEMNSLALD, B
WEEDEEE. CCTREOHDRAMIARKEO T LK AEEIRICLALSDTDH
BLEBREERULT, ABEIODRKSOVEIEO2OTRERREZ0 & L. HE—RickKsl
BEEBRICEET AHAR/NS VLD, CORMCEAEHEIARELRRVLOTHS.

— I x BREVRIRT d 3EPDHTNELEE. CoBd, AR0 X5 RREY
BRIGEFTE 2 0B AE N EY, CCTRCOEBEHLTHIT, Th—Ricd
O & 5 BN S K IR AW AR O P SHERDEVTH LS.

ZeT () BLU B) 20T, HHEE x TO ¢ DEAEZLEN G, qor &L,
Gon/Gon DA (3.2.16), (3.2.19) ZbLic UTHHE T E L, 0.76 &1 5. bbb
HHEE DN D LS KEL BT EREMTIE, HHOREE () & &) LOMT,

0.3 -
F'(d)=0.256d 0=ds |
0.2 =—0.0565d +0.3125 I&d=b
Fld) =—0.00{64+0.0375 5= d=25

0.1

0 0 20 {em)
$Ed

Fig. 3-2-5 - Establishment of the grain size distribution
R3-2-5 FEEORNRAEORIE
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X
100 200 300 400 (em)
0 : = :
201
d
401
60 4
(em)
X
0 100 200 300 400 (om)
4
do 1
Teemeenee ()
2

Fig. 3-2-6 (a) Results of calculation
(1)~ (3) distributions of values of ¢ (4), (5) distributions of values of g/g,

M3-2-6  (a) & W # R
O~@) d Ot @, ) a/a D

4/qs DR EBIPFCR EN BHBEEBRNASVERL T ENTE B.

3 kethic, RABEEERTS. x OEOMMGHORERES 42 &L, x, DEOZ
N dzy, ETIKMEOERMA ¢ 20T, X ODETOHEAE ¢ &4 5&, 3 (3.2
13) &b,

dz _ g H+z, 1+tante {2(H +z) —xtan ¢}?
dzy gy H+z (2(H+z,) —x,tang, }? 14-tanp

. (3.2.20)

CCTHHZR 3-2-4 DKPHET BE, TNTD x DETz=0, ¢=0 TH3Hh 5,
dz/dzy=q/q, L1580, DBIT@IDVTE, K326 (6) BLU (7 OEELF—E
1B,

Ric, KA OHAMIG OB EELET B, a/q B—EDE &R (3.2.20) th, k(g)=
(2(H+2z) —xtang}?/(I+tan’p) L&, 0< ¢ <tan 'QQHA+2)/x) ORI Tl ¢
WRECRBEBE (TROLETFTHMCHLIEE), k@) BN 1830 &0 HEAEIRN
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0 100 200 300 400 x (om)

= 05
{6)

|

0 100 200 300 400 x (cm)
q
o 5

10

0 100 200 300 400 x (cm)
Az
AZ 0.5

!

0 100 200 300 > 400 z (cm)
Az
Azo 5

10 ~ 19

Fig. 3-2-6 (b) Results of calculation
(6)~(8)  distributions of values of ¢/gq,
(9), (10) distributions of values of 4z/4z,

3-2~67"(b) ~ B W K #
()~ q/qy O . (D, Q0 - dz/dzy DLHH

EL8Y, e=tan'Q(H+2)/x) K#E#T 5 & EHRIEOERG & —H L TRARRO
LB —F 00 > ~r/20RI T
k’(qp) —2{2(H+z)~ xtango}{x-i—Z(H—{_z)tangv}
cos*p(l-+tanp)?

LY RO, k(=n/2)>0, Fic tang=—x/2(H+2) D& & K(@)=0 &0, ¢ H
0 XD/RNEBBELBBABEIREINBYN, Fp)=0, b bR I‘]Nﬁi
T &85 & SMAEIR L, DBREATER/NETS.

e, & (3.2.20) wk BEEMERT. F(d) ¥ 3-2-5 A L, K 3-2-4 [N
B OB ORE&EDBLVORDVTRT &2 NENH 3-2-6 (9), (10) &3,

CCTRKBOUET T 2FEMENEL BB &8bd s, v (10) & @4

(3.2.21)
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—ATRD N (&) D q/q OH/HITHNETFOEALUMA LB, chis G2
20) CHAOBE T IRLANOEROEH LTINSV EERT SO TH 5. HBEOEA
BHEOBRBC CIRTEBEOHBETE I DAREIRVEENRE VDL, 20HERER
INEWERRTCENTE S,
WE—IEOHRTESINLAKNEBROECHETEOREAINIA &b >
T, FEHAOKERLZFAERREINEZOT, bFHhEBOTLE2OBEBEATL
LPRTEZEDOTRIL.

IC, QEOOEYADBBYEILKT 5RO LA A, KINEHE % KER & L
FHEE x TOBIUQOMAMEOBAREEENEN d2,, d2 EFD L, TRHEL
72 Go, o, o, oo WDWT S EDOKBICFEMICHRT, 8L, 220 TEDbT & &

4z vo Uyt = Hyend  Ugen = Uspe oo
vz Goz __ [95 2 etz Happ He02 (3.2.22)

dzyy Qo oo el U Hgen

LT F(d) 28 3-2-5& L, ZOMSpESEERALTARZEHES 5 &, d2p/4dz2y,
=0.44 005, WHMAKEHOL S, O BLU@DVTOD dz/42, [EHR DK
3-2-6 (6) BLU (D LFE~TH 205, TOURLE-T O BLU ) 02nFLOD
WRMEZELE T2 &, (1) Z(6) O 3.3ELBD, RARCHEYOEROD I LN
bbb TREOLBRERI-TOREBEELERILLBHRTES.

ST LD LS cBABIRE, OB RKE (i) K- THERSSEEE
Fu B0, GEORABROHER 3.215) @, LEOBEELOREES IR LE
bOTH-T, CCEBIMUEFATRL LI NS X E R EAEEET & 2 T feik
RENTOBEVE B,

(b) BHbw— & &H A

CTTHD L5 D RETRICHIER AWMU LTH /ML) No. 2 ofitho, R
(3.2.15) OHFHBEERL, #OEAMI DN THREBIREZFS.

COMERRT, WMER 2 L L il B E 0 EFATE S, ChicRARRO
BARDOE —~ 7 Bt e 2 OEBRBANWRLTH D, CORBRRBEREMIAOMLNE &
VE3~5SEBMLUAFEEMHSE Sh, FRBELODENE S R5H9 Ko R cE
ENs. COMFOKEE -7 2BENE ] BRETHIRO BKT A HEEED. 22
TYRE — 7 BA TURKOFEHEELZOMBO 1 ~2 HOMENSIC L, ke —
7 PR RS SO D O BRI 2R I e Rz L, B 3-2~TIRT A Fers 7%
1 L.

ERNE 1974 E~197B SED M SR EBMHIC 3 DO WAKEBA O TH 5. [MOUK
DOIERBMT U REEEF—TRZOD, KELRIROBEBIIREN, MRS
Nic3MPRONA F o ss5 72RO THROBAREMAC &3, FFLOIEMLLE
BThHb-

HEICSRER LR EHELEDRE 3-2-1 DEFh, 33222 1CRd. % 3-2-2 T n BA KB
BREE2BELTEDLLDTH S,

HBlEd o b3, e SBic Jon K0 o FERE R IC B 2 08, KO pkAs—Bkis FE
MREERHDERRZL, ChERAEIRZRD IR F—V7 704 —E LT, ROLH I
HEIC L ORD I TRDLBREMNBHANENEEZBREL CNIOHELLBAESD
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Fig. 3-2-7 Hydrographs used for calculation
(The No. 2 spot of the Oguro River)

®3-2-7 HEWER Lo Feds 2 (MEN No. 2)

# 3-2-2 BHRIEWEER
Table 3-2-2 Constants used for calculation

H . 1} e 642 (cm)

B ook & LW 1800 (em)

0 1 & LEHINREAR 372 ()

dw 1 IREREEOIIH 5.6 (cm)

n @ Manning OB 0.04 (m-sec Hfr)

oo RO %K 2. 65 (g/cm3)
BB OB 0.5

¢ WO oE K 3x 1071 (em sec?/g)

BRAEDS WEMDZNECS LT K3 EERE NS, BOBELHREELTK
b,

A ORERRDG F(d) 3k L lid BB, F2-1-2 L ot
HMUTR 3-2-8 ZER L, ThEREMSLT F) 2RpbC L& L. BEHE
32-2 B d, BT Fd) LoRpIbDTH 5.

STH B.2.15) EEHET I, x=0 OB XD FHHFA 4x=0.0l H ¥7- 4t
= 1 [ (3600sec) & L7cgTE2BEl, B UERE) clkofkpasc L&
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Fig. 3-2-8 Grain size distribution of the deposited surface layer
(The No. 2 spot of the Oguro River)

R 3-2-8  #2HERbFEIONBEIME (NI No. 2)

Ufe. BIIGAE, 1=0 DI z=/,(x, 0) (M 3-2-1 {RT) &L, N4 Fass 7%
HichlcoTHET AL &Y, 20 1 DEHELEBOBRERO TS & L.
FhBRGHR, x=0 0L & 7=0 & L.

C DR FAERIEEK 3-2-9 00 ¢, DR XU E e EN /H BT x
JH EUTERLESDTHS. (1), (), B) BE32-T DA A V¥as 35 7%(a),
(b)), (c) @lific, T/ B, 6) BehoEkFER—FBLTELFNHRLLLDTH
B. WERPpERRE (D~@ <k, R G249, 6 i, K G235 BHNVbD
ThbH. UTCOREL L KELT S ;

FTMEMEHEMELRET AL, Hic @), (5) o@andruss7ERORE
A BEOETAMTE, WFRONEHESENLTVWS. BAOKRTHEDMEE, 3K
DTGP0l H 205 ZOMEE ULTHROHES, SRMMA TR 3-2-7 Lo
REVEKBD - L LBEDEBEALLNG. —HRAESERS &, MEMolFHsE
e T, WEREOR THRMOBAEI XSIRINTOL B85 RSO AT HABH)
T 5 D e, %Wcmgj&ﬁmLc D ThrEMRTEL. @ & G) oHpE
KB, ESTEETIBRERBROBEBE S

ELAT, OISR DED NAFRS 57 KhaTh ,;1 ﬂfifanmti‘ﬁﬁé,&:!:{u?‘éc
&, TROLLEHMOKILERTS, BROBBEESFNTCELCLRERETD 5.
it,C@A4Fm¢a7®ﬁﬁfik%ﬁ%ﬂﬁe@ﬁﬂmw%mkéwmb,ﬁm:
BULEK 32T R — 7 AT NIEHE A TRERTLDTHAS.

RIT, EAMREOBMAERNS &, BROIEAD BEMT & EbiC, B &MINY

BRIMERT. CThid2 L2 TRUCBREEETEO — BT IcK —HLThwa. %
7o, BEBICRIEXEREBRBBOEINED, —D2D L Ful 5 7@hy TR, ¥
BoehzHWEATS BAO—MINBREVAZIRD /¢4 -V 2R LTEY, T
NoRAROHEHEERT EELTL L.

AXOMESELTER, TKRNMFELICTEER » ¥ a VEEBUTHNRNETH S
2%, SRR B TR L, oK@ @8 TFKIR DRI LETIEN D
T JBOKY y v a VISTEROERELALLDTHS. L LEATIIKIEAEELT
Koy va vBRELBBEEESK, ZORBLHETEROAREETINESTH S,
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Fig, 3-2-9 Comparisons of - calculated shapes' with the surveyed shapes '

(The No. 2 spot of the -Oguro River)
K3-2-9 Mg fi & BT & oMk ORI No. 2)

Fio, ARNOBRICHOZNFRORPER ISV TR, RRofhkE 5. T
LICHME ¢ BEWL DHOEROBY FL2VTHE, ZoROATE +AWHBMIC
LEBRBWHRBS50T, 2BROMNIOBETIAZENRETESS.

I 2.2 THRAT LS RIEMTNS VIR 3 v 27 ) — P BES I ZEE LY T, £
BIPEE LBV EbEX BN A, ARP OB CHAHEShEHAR, BFLGA
FOHOHARE L RNOT, KEBMELALLOTREN. :

P EBEKNCE, YHTAKOE T 2B L TR, C OTRIIEMN &M L~
LT ROT, ABRERUARHECHEBI N ERBEN 50, LRI & 23R
L EE BB INS, ChENRRTZEAKDOTRSHBOBEE LTThiZR s
3. . ¥ B

2T, WHENBSHENED b Lo AR, PLEOR U R DB ER B
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TEEFVNTHLEVA S, CEICHEINBEOHEE BES RTEOMBRZ
NENNWEHE RS —KT 20T, WHLLATHRODAME, KO ES OBy
B, FRAKMOBESIE OO THBESADOMB LD EYBAELLTAC EWEHETH 2
W»>Ty CHEDHZLATHRO DA S L CKNBEHORERE LTIRETE 3.

4. WY LOWERE

4.1, ¥, B
UV&A®%%MM&LTi377U~ s AR B EMNS B, BEBLHVE
250322y —+T, Zhefnd &ﬂ%&‘iaﬁﬁ,T Fi 3oz

n%m¢&% Co>bEARNRIMO 2 FB AR F LR T, TP RS
TULAROLD KCHRETH 3 LBERNOOT, SR 2 BB G B &7
&, BHIBHCELHAVLNTNE, 22T TRENRNDYL & 0 WHSRHBEH
WIRET 5.

WHE L RAMOBETOMUNEFRICERIN LD, TR LBEETHO R
BERFES LD THODAMZRICL, FLRBELAMOBRICMASNEEIILDL S
DOHEYET, TNORERBBRICERDONTNS. COLSRTHD D QR & FigE
WHi& sicEolRRTH S ChoD) BTHROVAEICDNTE, 3. TOEENS
%?L%%ﬁ@“@MC?%ﬁ%in<ﬁﬂzaiaﬂﬁmwb BT EMPLRICER
fo. ZCTLOREZELUERO TR D WEESE L TR RS TEAT NE, 84k
HORDERBC EBTESE. ZNNAEROBFIESL OB THAD, ThIZEE
TRELFLBELTEHO SN, BFHERDE BRI RN & i E oy %2
B, FREREEIBNCENSEZOBBRAE.

WL 2 BEGEEAETHD, ChidEs, RE, THROLDAE, EEobaio
AR TEDEINE ThoMEESY TRLbL M EFALELCE, ) BEHLEY
&, 3 BEOWHISHBERERT s &, ) BIREh2ELRVTE, (5)
WO TSNS TH 5 EOBRGHER 2T LS KRS S

IO@E%&LT%ﬁL%LﬂKﬁEb,%xﬁamﬁbfm nE S hIET Bk
DB B, CTNRQWMNEHELREAD, BRI BRI O OMER S EED
middle-third (g 1/3) OFFEMicAET 5 X S WHIEBES 5N 5. middle-third 2%
fekg & N, D OERED, HAKRENEOENICHNIE 2O EIRIGTRED
B B L0Ee ChRRET TOMERNTLERNESNS ~%%ﬂ@¢m
AMBEFEPICEIIBER LKW, $E- T middle-third Wic B RISHREOLRLEE bl
?m%,tﬁﬂ)&MDMEWMﬁténé.cm&vmbfﬁwbmt%@f,ﬁbw
b2 TR TR .

W& & OHERBAT MBI ENL, 2OHIRBEORENRFOMICE > THREZ DM
YBTHE2 5, RiE, THODAEE, EHEOOGEO 3IBERIMRMERLE. 22T
LERD &5 i H I OfEH DS middle-third QFFiMicH4: 4 2 LD B EED, 33
FOd3bThh2o025258, MoBERICoREM ctickykpoh, WHEE
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BEDLNS.

WTNOEBERAMET 20k 0 IFHOXBEL SN B0, HHBORMEE TR
ODETITFABICE ZBRBICOPOVTORELSEDLENLEDT, L bEHATLEEREDD
B AERD BT H 5. L2 Tali~iediok, #, B THErRYE £ o0&,
FTRTCCHABTEEOTHS. LhL, 2ol THODZ 200U 3 HAMDEH
ETBH0THY, TNETRNRILETHTLUSGAHENTHEEZELLT L.

THO OV REAERE LR, BETTOLZAREINTHRL. MBORVF 4
DOEA, B UITOEAMBET 20, CCTRTHRO D OBEEICET 2H3ME 0T &b
o MO0 EMBEE LT, THODAEERD 2 FANBELET S

XTCLCTRBTIHMER, LD 3RO B, KMEOLEE chﬁDD%&UT
MO v WEEZNENEKE LTRY, BRSNS 2 X5 KHMEEED 25T,
CNRIVEHIREOEZ F2IGH LT SERERRcloRD 5 %@T% kL
HODPTHOD BRMB—EOREBEM I ITLTRESBINES S, F0&3HAH
GHER DT IRE LTRDEB B LS ER UL

BECH OB E LT RBAOHES KUHRIEOEMC, a) H#ipLE b)) HE
Fe) WimBAl EMELLNEN, CO3IFLONTRDIHL S Jreikss) Tl ﬁ
M3 20MNEHTHE. THhE, HEWHPICEBLLKOEIEEbIERT Sa) |

B, WUmmﬁwrammmwé@uéwm«f$émca,itD%ﬂAfi
W OBITHENI D, FBOHPNIC L » THAVNELEB D) &, Bk & &6
) BEMULL THRAMENHNC DD TH L. ThbOMANBIEET 3 5%
MH¢A$«@MAiu*%WLT,mmmﬁéwawbﬁ% THD B OEARK
ORAAT TR A 1200kgf/m* B ETE20MBPTHB. BT THRET IHETS,
AHBCORIRUEROEAT ELLB—OEDTH S

4.2. EXKXOHY

PB & AU B L Ok E OIS A K 4-2-1 1KRY. CZTREEERO LS IKE
W B,

roh h

[ (L )

w
oy

Fig. 4-2-1 A cross section of debris dam and the
dimentions-of acting water preassure

B4-2-1 BBFE WS K UKEDIERRM
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mon: BETRBXO KO D DR

dou : BIEDOTRS LU L ICES 2 EERINA

L ABOERBRSREESRZD 28T TORE Lk > O

H: B
a: RigE
h: RiEpokEs coBER (EHFNE) ;
wt SRR & HURRR O BEBR R ;‘ @23
Tw! KOBEAKEER ‘
7o REOHNFRER
P DR |
o BRAKDFFRERSI ,
o053 bR 421 OFBHEBELONATVNAEESE, 41 THRALEHEICED
FiE, WO XD KHENEESNS.
TiEbb, v/re=71, o/H=a, h/H=0 LE%, B BXHE [-1, ZEHE] °EE
DEEEBZEE,
&Hl) at+m+n>0,
G
3) AREFHEONAD < o XPEFHDHNIT,
4) max {du) <P (max{d,u) &, du 05 bLD/NTRHRNEDDEE),
5) max (d(1+m»),u(l+m)} <0,
2l (mon) ObT

=}

IA

2
3

2
S=%{m+m+@,

ERNNCTEbDERDB T &,

T, &) BEE#ESESSVEEOVESRELRNCE, 2) WAHTDOER
A0 middle-third Wicdh 22 &, 3) BEEMBELIVC L, 4) BHBOIRES B
+HTHEBCE, 5) REBGORIEHSHAREICS 5L, DENETNERKT 5

{1} FTBMICEME2) EBET 5. —RIC 7,=1200kgf/m?®, r,=2400kgf/m® &
LT r=2 T BCENBTEBDD, COMEACTRELMMERILETEE—A Vb
DY HVEHEREDB L
-1=p=00D& %

1:1/6(1+n0(1+3)“+aL+On+2n)U/3 (m+n)+a)

(a+m+n){(n/2 (1+B)+m+n+2a) , (4.2.2)

B=0 O& i

K_{az/z-l—an-i—l/z A+m))p+a+(m+2n)a+1/6 {((m+n)2+ (m+2n)*+1)
o (a+m+n){(a+n)B+2a-+m+3/2 n} )

(4.2.3)
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S R2EB/NCT BICIE m+n ZR/NcThE I 0d s, min=[ ELTEK m ofRbhiT
IR | ABATLE, R (4.2.2) BIU® 4.2.3) i1, 2hraR 4.2.4) BLUR
(4.2.5) &135.

(§-2)e+ {(frat-30-Laa+et

+[a{n+a(l—24)} +%(I+B)2{(l +n?)(1+p)—3nka}] =0,

(4.2.4)
(3-2)e+ (@30 +12’~(%—/l) —AB(a+m)
+[-;—{(a+n)(a+n——2a/1)+l} B+a*(1—20) +na(1——%—)
+Laem -0, 4 (4.2.5)

FRicBNT B=j, A=k L LTEbLINIHEE (B=Ji=k) LB LILT 5.

@ {B=-1, 2=1/3}, ® (B=~1, A=2/3}, ® {B=0, 1=1/3}, @ {B=0, 1=2/3},
® {B=%EE, A=1/3}, ® {B=%EH 4=2/3}

D6 DDA NTKHRKT 5.

DBLUVQRENFUNEHBEED L

=710 . (4.2.6)
(BHEET n=0 & [=—3a)
BXU
az
n=l+ﬁ—_352 . (4.2.7)
(R n=I0 & I=-3a)
@b WHRERD U
I=—n—5q—22F1 (4.2.8)
(Rt n=0 & [=—n—S5a)
@i
(n+2a)2—2<l+%a>z=%a2-l . (4.2.9)
7T

(n+2a)? (I+3/2 a)?

az>2/3 %5 3/2 0(2—,1—1/2 (3/2 Olz"‘l):l )

(I+3/20)* (n+22)°
72 (=372 ) 1-3/2a®"

i 0% T AR v AT 72O AR

.

at<2/3 135



af==2/312 513

(n+1/“:2"z-|--‘?‘w§%-§a) (n—v/21+ 3%‘%'3(1)20 YT
®I
_3B-+1 I 2038+ Dap
== 2—@:—1 ll-{*i-‘“:—l" (4&/94‘505“%7@:‘“1“‘“)
" B+2a*+3B41=2apB/(2R—1) (daB+5a—2(3B+ Daf/(2—1))
QBE—Dyn+2ap '
' (4.2.10)
B41/2 13 5 WA R DL L, IR
) 20
IIM]WTZ"E
&
351 1 2038+ 1)af
oo Z“B-:I—n-{"z“g“:wf {4“34'5&“‘““2‘@:‘“] } .
B=1/2 12 B IX Ikt
lmz%znz—;«?n—&-g—a—k 25_& ,
&85,
®RR iR eRD L
24 {60 +4(a+n)BY+ {at— Qo+ 3n)n—3} B+ 20— (da+n)n—1=0,
(4.2.11)
W s ‘
A A V2QB+D(B+D 20(B+1)*  a(2B+3)
"( Bt 2 )”i/z(zam)(ﬁw) 2
(B RIE
{2} RicstE3) 2ntky 5.
KREBLOBEF AN D EZNEN D H LU IV 35L&,
FT-l=p=00Es
SVH— ff-giﬂcl A .
(4.2.12)

nv=LTe ()t rQat) .

r=2 &L, FLEHFHVONBMELT u=0.75 & LTHEERNEZHL &

1> (—-m—%n-i—%w)(l-}-[a’)”-—Za . (4.2.13)
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zﬂaﬁ?ﬂo+zm.

SV B [Twa,9+ (1+28) vt (2a+1) sz} .
E#kic LT o & &oieii

ﬁg(l+28)(%-%)n~a(2+ﬁ). (4.2.15)
Nk, @B=-~1, ®F=0, ®@R=REHHEOThTNERDITHEMR TADDL

@ l=-2a, (4.2.16)

® ha§—4a+%¢ (4.2.17)

® h:ﬂ+2@(%~%ﬂ)~u@+8), (4.2.18)
ERHOTHLRYT 5.

Pl {1}, {2} 2849 5L, BMOBERBEZEROLO ®@L0, ®LEDENE
ho2 iR IEhcRRTtHs. (Th
4.4 THBRTB) ThO® © Q0% 3 '
EHO M h 2RINTEH 5. F5IKék

W1 ZERTRE 1> —a 2T R o
TbdH b TnoOEFORBP»ERET 2
[ BEATH B RERBTE E EICE DI
4.3, BITPIS & UHEROIER
!
®
g
|

®

® e

(1) kD oN5.
Pk % OB T O THAPZRT

(1) a=0.1, 8=0.2 04 @
O~@DOHHMMN K 4-3-1 K HfidrhTw
! /]

Lo B G 1 | ok Iy
ORIBICRBENTHR Y. HOEERRI
BRI Ui (BEFVEAT) THY,
COmEhd, | OFAMERRMT &, i
®OH/METH Y (=0.734, m=0.688, D
n=0.046 T 5.

(2) a=0.3, f=0.6 o4& Fig. 4-3-1 In the case of a=0.1, 3=0.2

(1) ERMELT, Atz (o slvion fmuted s o el

fivh, ROBERBHRENTOS. | 04-3-1 @m0l 5=0.2 DA

2 )

OBMER ®E® & DEET, [=0.667, R TR U ROBEERIR XD o @A

n
@
@
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S)
//

0] — R

Fig. 4-3-2 In the case of @=0.3, #=0.6
(The solution is marked as .o in the solu-
tion existing area of oblique lines)

4-3-2 a=03, #=0.6 D4
FRRTR UL OFEERIR L D o M

m=0.648, n=0.019 & 3.
(3) a=0.4, B=0.4 oA

&)

© )
: @
® @

®

@ ®

Fig. 4-3-3 In the caseof «=0.4, =04

(The solution is marked as o in the solu-

tion existing area of obligue lines)
K4-3-3 a=0.4, #=0.4 DAL
BHRTR L 1B OFEARKIR X 0 o BIHSHE)

HIPIE AR LT, A 433 IClis T 5. c OBADTMIE © & ® &
5.

DRETHYD [=0,438, m=0.536, n=--0.098 T
LHOD SHABICB A EERTHEDTH B,

AR BELET 554,

fek 24 m<Zm GEED) OEE|
n<m ORIKT ! OE/MERRB T @BEons.

LT n BEOETHEAEDIR
RBLOLSWETFRODELEEHDY
ZhooEo I—

T, PEERULIEFIECE T a BLU B MEA DR EO & SO (n,n) %3k
W, #4331 WRL. BHEMCREEE2) &3) kkoEsd

1 ®OfNME
I ®©L®@E0xE
I @LOLDRA

DONTRLELTROB O, BB IOWTNTH ELE2ERUE.

e FR4A-3-21C 3,

BEROHETHAEN B2 DO THO DV QL E Licka &, MIELEWIBMICE 5h 3
L0 b 2 & U BAORMEER Uik, Chdickh~e324-3-1 OWmH 0w
BERTERAIB LU LRI HRERDT SHAMNE . R43-1 OIS0
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HEOTFTHODERLAC LK DOTHE, FIBUH#HEM0m L LS BEELEThE
BN, TEBWIHBAR T A LI COTHRMCHELAKNOES OIS S
HTCHMRLOTH A,

# 4-3-1 TN & 78 B BB 4 & i
Table 4-3-1 Measurements of sections of the minimum area of debris dam

N 0.0 0.1 0.2 0.3
“ \\ m . noo R om n o EE om noc R om n yil:A
0.1 0.576 |—0.012 | I 0.666 {0,010 | Il 0.688  0.046 1 1 0.666 1 0,131 1 1
0.2 0,470 0,039 ¢ [ | 0.5521-0.036 | J1 | 0.624 —0.034 | Il | '0.688 {—~0.032 | Il
0.3 0.380:~0,075 1 I} 0.456 |—0.070 | I 0.522.1-0,066 | 0.580 --0,064 | I
0.4 0,299 0, 116100~ 0370 40,1094 L 0 0,433 1—0.105 | 1f 0,487 1—0,101 ' 1l
0.5 0.225 (—0.160 | T | 0,294 10,152 11 0.3531—0.147 | W | 0.404 —0.142 | W
0.6 0.157 |~0.206 | 1l 0,223 |—0. 197' il 0.279 |—0.191 | I 0.328 —~0.185 { 1
0,7 0.092 |—0.253 ¢ I | 0.156 |—~0.243"} 1N 0,210 —0.236 | [} 0.258 |—0.230  Ii
0.8 0.030 |~0.301 | WL | 0,093 [—0.291-{ I | 0.146 {—0,283 | Il 7 0.192 ~0.276 ; 1l
0.9 [—0,029 0,349 | 0:.033 0,338 11 0,085 1—0.330 | I 0.130 |—0.323 It
1.0 |—0.086 {—0.397 | W ~0,025 ~0.386 @ 10 0.027 —0.377 | Il | 0.071 |—0.370 | W
\ : 0.4 0.5 0.6 0.7
c \ m i ne o FE o om n %jj'}}g : l "o ‘jj(}\ m ; 0ol
0,1 0,650 ¢ 0,200 1 0.636 - 0.257 {1 0.6247 0,306 : 1 0,615 0,347 ' 1
0.2 0,672+ 0,041 4: 1 0656 0.104 i1 0,643 1 -0.157 ;1 0.632 .0.203 1
0.3 0,633 —0.061 | 11 10,662 —0.039 | 11 0,648 ¢ 0.019 11 0.632 1 0,072 | 11
0.4 0,536 —0.098 | 1l 0,580 ~0.095 W 0.621 —~0,092 | I 0.610 1—0,041 © 11
0.5 0,450 {—0.138 | 11 0,491 —0,135 | I 0.529 0,132 1 0,563 1—0.129 : W
0.6 0,372 1—0. 181 | 1 0.411 |—0.177 . 1 0,446 0,174 HI 0.478 10,171 + 1l
0.7 0.299 |—0.225 | 1Ii 0,337 |—0,220 | W | 0,371 —0.217 |1 | 0400 —0.214 I
0.8 0,232 —0.271 | 1 0,268 |-0.266 | L { 0,301 —0.262 | 1 0,330 |—0.259 | WL
0.9 0,169 |—0.317 | 11 0.204 |—0.313 W 0.236 —0,308 W 0..265 1—0,305 : 1l
1.0 0. 110 {—0.364 | 1L 0. 144 |—0.359 | Il 0.175 ~0,355 | I 0,203 10,3501 | W
g 0.8 0.9 1.0
S
o b omooon éjj'ﬁi; moon Uil m no i
0.1 0.607 0 0.384 ] 1 0.599 1 0.415 ] 1 0,593 1 0,443 |
0.2 0,623 1 0.242 1 1 0.609 0 0,282 11 . 0.591 0.3231 11
0.3 06150 0. 121} 1 0,599 1 0.166 | 1T 0,584 1 0.207 | 1I
0.4 0.597 1 0,007 11 0,584 ¢+ 00511 11 0.571 0.091 T 1T
0.3 0.574 10,105 1 1t 0.565 |—-0,062 | 11 0,555 1—0,022 | 1I
0.6 0,508 i—0.168 | 1 0.535|—~0.166 | 1L 0,534 —0.134 |71
0,7 0,429 0,214} T { 0455 {=0:209 | 1L | 0.479 —~0.207 | W
0.8 0.‘357 ~0,256 | 1l 0,382 |~0.253 | 1l i 0.405 —0.251 1l
0.9 0,291 1—0.300 0 I 0,314 1—0.298 | Il 0.336 1—0.296 : 1l
1.0 0.228 |—0.347 | W | 0.251 |—0,344 | I D 0,273 10,341 | 11
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e 4-3-2 FEROBAHICK B WHEOH
Table 4-3-2 Examples of measurements of the section by the
former method

X~ f 0.0 0.2 0.4 0.6
3~

o N m n m n n I m n
0.2 | o442 | 00 0.2 | oss2 | 02 | oss0 | 02 | 0.73%6
0.4 | 0237 | 00 0.2 | 0277 | 02 | 0402 02 | 0.48
0.6 | 0075 | 00 0.2 | -0.037 | 02 | Ou6 | o2 | 029

& 4-3-3 RO AR RO WER O WD ES (%)
Table 4-3-3 Diminution rates of sectional area compared
with the type of the former method (%)

a0 02 | 04 0.6
0.2 L2 14 12 10
0.4 5.0 12 12 I
0.6 9.6 5.4 8.3 9.0

4.4. EEEMORIE

[a) BOBiELH1), 2), 3) DARE->TRDENTNEN, FTLITRID
EDRBIIRBRMA) BRUS) ZMET B E S LERITT 5.

{1} & 4) o TTheiMicd-+ARMeE%d 5. REEE b &L L-b/2=
e, P/Hr=v &FEbd Ly 3. max{du mz—gj{(l—}— I~§~b~e—l—)'<?&>z>7bu;

max {du} <P i3

(N2 e 5.
lop-ti=l eszns,
—~<LBL0 DEX
2a+1+ 8B <oy (4.4.1)
B=0 D& &
2a-+l+af+ (14+28) 2 < rlat+l) . (4.4.2)

DENENI S, max (d,u) < P MK,

ETAT, HBTRHIRRBME - 2WRT (7~10) X10°kgf/m? EFEEFHEEEN3
PS5, TCTRP=7.2x100kgf/m* &L, %7 1.=2400kgf/m® 20, (B4 & 2HE
LCleild H=5m £FRETEE, r=6. ChiE® (44.1) BT (4.4.2) it
AT BEERZNR (4.4.3) BLXUR (4.4.4) &85,
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1z 0B, 0,80, (4.4.3)
1= -@%Q@ 75 —0.8at . (4.4.4)

BEER-fcE &1, #hEFN n=0, [=—-0.8a BLY n=—a, [=—09a ZHHE
R RD T
R (4.4.3) BLY (4.4.4) OffFE, R43-1LOERTAE, B (n,n) BTTCh
Zilile Uy B> THRA4) ZRET 5.
{2} &4:5) KDV T4) METICHic IR, ThENET D445 H%
T 5.
WE max {du}=d &L
max {d, u}(L+m?4n?) =d(1 4+ m*+n?) Z u(l-+n*)
Wz e max {(dQ+m?), u(l+m))=u(l+n?) TH-»Tbd
max {d, u}(1+m*+n?) = max{d(l+m?), u(l+n?))
max (d,u)=n & UTHEKOHRERS.
H»T max {d (A +m*+n) <o B HIET
max {d(l+m»), u(l+n)} <o
WA max (d,u} S P WD DE &

Vment < -% ) (4.4.5)

%o max {d u)(1+m*+-n*) <o
TRbhbH
max {(d(1-+m?), u(l+n*)) <o BEiRHIZED.

o I3 —fic 15x10 kgf/m? FRER-FHICH BT EEBELT o/P =2 LT 55
(4.4.5) B m+r <l chiz (ml<0.7, (<07 ©0&s, BIiEiahsd. #4-3-1
RFRshie (mn) BTNTThERL, #-oTEHEES) ZHET 5.

[b) CORMEAEBPTICHic-T, RERPELHIEL, /MR,
W ERBRMTES 2N D BT E2MHT 3.

(1} ROBERBICHEBELT, B 5 —1, 0, BEHOKHEDEE, A=1/3 & 1=2/
3 toffroilic A=k (1/3<k<2/3) OIMMBELET L, TbBRRIMHBOE
@ ®LO®, @LEOFBMOMICRIFNAEKIRCHERET I L EWHT 2.

X (4.2.4) BLOK @25 RER, KORX (4.4.6) BLUK (4.4.7) THb¥ 3.

S 1/6 (L) (L4 B+ e+ (14 m) (1/3 L4a)

(a+D{n/2 A+ 2a+1) . (4.4.6)

&w{aZ/Z—i-aIH‘l/Z U+m))B+at+ ({+na+1/6 {P+{+nm)i+1)
o (a+D{{a+mp+2a+i+n/2) :

(4.4.7)
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2T

1) B==—1 Ok
I=k B 5, K (4.4.6) b LIRS LD,

_kla+D(+2a)—a?
/3 I+« R (4.4.8)

T A>—a {&4]) oB&EmA) 2o {>-2a THY, Fhk 1/31>—-a T
BEMD, | R THBES, n 13 b EEBICHT. foT /3R 52
=k O A=1/3, 1=2/3 orhFholiigodilich s

B p=—17TA=/35EbITXn= “; KBNT [>—a O&HEHERATSE
n>—a/2 &5 kY atn>0 BROELD. CNRETTHWERS.

2) B=0 BLU B=#FMHD L &
A=k LLTK 4.4.7) 2bli

e [ (3(atm)+3—2(a+n) (a+D)B+n(l+5a) + 202 +1 +112]
3 2a-+n)(a+DB+{a+ 2l +4a+n) % r

(4.4.9)

(3(a+-n)?+3—2(a+n) (a+D)B+nl+5a) + 202+ L+n*__ =
2a+n)(a+ D+ (a+D) 2 +4da+n) =

L &
1/3k52/3 ThHahod 0451
T a+n >0, a+l>0 Thio

Qa+n)(a+DB+ @+ Q2l+4a+n) > 0.
Re-T

(3Ca+n)?+3—2(a+n) (@+ D) B+nll+5a) + 2t +1+n2 = 0
5k

_Blat+nm+3)B/(a+) —28(a+m) +n{l +4a/(a+ D} + Q2+ n*+1) /(a i«l)
2{a+n) B+ (2l+4a+n)

(4.4.10)
LB 5.
ZLT k~—1/3 k=2/3 DL ED I wﬂw%n%m l,,1> &7 5 &
i)y B=0o&a X (44100 LY

_ n{l+da/(a+-D)} + Qe+ n? -H)/(a+l) :
2144 +n (4.4.11)

CH A, T 20 B LML ot THMMTEES A RRDTELD,
kB id2/305 /35 THADULET S n{0 BB A=0,L, >0 &85 I, BEET S
L3, o L, S CTHMTAES, RIZ2/305 /33 THDLEDS.

T U3 hC2/3 1551 A=k OHifs A=1/3, i=2/3 oo diics 5.
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i) B=%EEOLS
T n=0 TR, A=0 2ificd L BEETHIEEE, [ 8L M6 L T ULE
FELBINE LB L hotoETEnEFNMNTAES, k122/305 1/3FTHRDL
W B,
wic n<{0 TR (4.4.10) kKb A=0, L > Ziffid I, BELT S
Il o L 2TNTaes £ IX2/300 /35D LEDTS
%oflﬂ<k<ﬂ3ﬂ%ﬁluk@%%il:V3A-NB@@M@w%K%a
(2} Micazsshitnd 58 [—1, %HE] oFgEofod s 1/35152/30
RiBich s EERAET S
(1) ~1 RS0 &S
® (4.4.6) BHOT

AX 'i"B . .
)”““C:‘ !*D ¥ 7’\..7‘:—[/ x‘-1+ﬁ (4'4‘ 12)
i
_‘._;l,, . 2 == v 2 ..1_ e
_6(1 >0, B a+(1+n}(3lla) ,
cm—’-z’—(a-x-z) , D=(a+)(2a+0>0,

KM E> TRV E S, TRLLEEHEIADOEREBREELNTRLSE. T x
=0 D& 1 =120 THEMLB/D>0, f#if-T B>0 (D=B>0)
wies (4.4.12) &b
~ x(ACx*+34Dx—2BC)
dx (CXZ’*‘D)S s
THEPH Cok0x MRS VIERS BRATI —28C LAFZTHS.
W AT .

(4.4.13)

n< 015 —2BC>0 THELDS %>o,
n=0 OL&FHEbB C=0 D& & 9{~i49x Luamn >0,
o TRBEOLENSKVBBMED B LD AW RATOVEHB L BIE S O AL, EFK
O Y AFMIER S LM~ BIRERRZOBRSTHRUABET S

XT >0 T A M x oinc o TRDT B0, C@&%.c@ A>1/3 B L
TWELTRESR. R (4.4.6) KbnTdl AL1/3 o

1/6 (1+n®)x*+at+ {U+n)(1/3 l+a)< 1
(a+-D(n/2 x*+2a-+1) )

CCTRADHMIRETE IS
nl(2—x*) = na(x*—2) —dan— (1+nD)xt—2a* |
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n>0 H5E nQ2-xD>0 2ho

[ < g dant (I+nm)x 420t

== #(2—x%)

o Cl+a<0 ER-THEHEL) KRT S Fhk n=0 K5 0L —x*~2a% &IL»T
REWMTH B £-T A>3 TH5B.

—FF, A M x LELICHEMTEES, x=1TAZ2/3 BHLINILIBRDEND
BB, CNOEBATNEOISXxS] $48bE-1A0T 1/35452/3 THA.
2) 0B =BilinL &
® 4.4.7 ko

AB-+B

A=Cg+D

layay s

S S 2L 2
A»-za +ants (I+n%)

B=at+ (4matt (B+(+m+1)
C=(a+D({a+n) ,
D=(a+0@a+bh%).

TR

ai_ AD-CB

g (CB+D)* -
EROEDHBIERESY B BEALTS di/dB OIE, B, 0 DREOLE[IREL,
A RHEIN B, —gowThbThs. B=0, RiHMITEThETh 1/35152/3 20
kTESkponshs, 0SB RIMET 1/3=152/3 TH5.

{3} EALORMD SRUTIRTHMEBICH CEEHBTE B LERHT 5.

1L ® {B=0, 2=1/3}
—1<ZBZ0DEE {B=) A=1/3} 2RbTRIE 1 +j=x &LTK 42.4) &Y

_2an+a) +x {1+ x—na) (4.4.14)

! n(x?—12)

j==13%bt x=0 L&D [ & [, ~1<j<0 74bs 0{x=1l QL&D [ %
I 28 &

X+t fax*(2nta)
Li—ly= (7 —2) . (4.4.15)

FZETE n ORI [~a/2, 0) THERH
L.—1,>0 Th b MOEERBE I, OTFTNORRTH 205 Lo O LMCHELET 5 i
®REWTE B,



JuKigd 55, 1985 163

2 @ {B=0, 2=2/3}
Bz0 k& (=0, A=2/3) 2FEbFTHi, X “2.5) &
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(4,4.16)
T O MBI S 8S B 1o O BB SRR
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2® 4.4.17) 5
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3 N1 9 3 3n+Sa
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1,(0) = 5 :

1,(0) mw‘;?__?‘g‘;%/éj'fj:} ,

2{L,(0) ~1,(0) ) = —2af+ v 5a?+ 2+ 10a* B+ 4?2+ 68— St -+-2,
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4oV SaF 13 =/ 800 T+ 3202 < v/ Sl BE - 360 B+ A 32
=92 +28< 1022868
ERThIE

2{L0) — L)) > —2aB4+v 5ot -2+ 4apy/ 502 1 2+ datfi—v St -2
=20+ St + 2+ 2af—v 5at+2=0 ,
Wi Ln)>lL(n)
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WBT&5.
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Summary

With a view to rationalize the design of debris dam and apron, the erosion
caused by floods on the apron surface was treated as a significant guide to
design and by way of field surveys, model experiment and theoretical analysis
of the erosion, a new design method was proposed.

First of all, to clarify the characteristics of the erosion, field surveys were
conducted at 114 spots of the 21 tributaries of' the Upper Tenryu River Basin
in 1975, These dams and aprons had been constructed about ten to thirty
years ago in which the consequent erosion at the longitudinal section were
generally arc-shaped, and the beginning, the deepest and the ending point of
the erosion which indicate the shape directly were clarified in each spot.

After five vears, one of these spots was surveyed again and the transition
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of ‘erosion was examined in ‘contrast to the rainfall and discharge data of that
period. It showed that the erosion has proceeded in the direction of depth
rather than of the longitudinal length ‘and is ‘caused not only by great floods
but also by medium and small floods, therefore erosions are frequent and signi-
ficant phenomena of this basin,

Secondly, the model experiment was conducted in open channel to clarify
correlated factors of erosion. This experiment was composed of the gravels
falling from the crown of debris dam and the erosion apron. As for the fall-
ing position of gravels, it was confirmed that gravels fall inside of the falling
nappe and as the gravel mass become greater, the horizontal arrival distance
become shorter. This was considered to be related with the area of the ac-
cepting water pressure before falling of the gravel. The two types of falling,
individual, and collective, made little difference on the falling position.

As for the erosion of apron, gravels were made to fall in aprons” which
were made of erosive soil concrete and in consequence, the surveyed shapes of
erosion coincided with the distribution of afore mentioned falling position of
gravels, Therefore the conclusion was that the erosion of apron is caused by
the collision of gravel and is scarcely caused by collision of falling nappe or
movement of the fallen gravel to downstream. The amount of erosion was
proportional to both the number and the gravel mass, so it implies that the
apron was eroded little by little. Conversely, it showed inverse interrelation to
the compressive strength of the material of apron.

Thirdly, basing on the results of the field survey and the model experiment,
following studies were conducted aiming at the rationalization of the debris
dam and apron designs.

First, a case study was conducted based on the field survey data. In the
upstream of the beginning point of erosion, the amount of falling gravels were
so few that the downstream slope of dam is possible to be made gentler than
the one actually in force (1:2 or 1110.3)"especially in low dam.

The depth of the deepest point which relates: to the least required . thi-
ckness. of apron.showed that the thickness should be thicker than. the general
value -0f 0.7 to I m as the case may be. Most of the depths were less than
I m, but the depth of 1.5m .could be seen.even in groundsel.

The -ending point .of erosion nearly.coincided with:the maximum arrival di-
stance of the falling nappe, so the distance .from. dam  to. this point: indicates
the required.:length of apron. It showed that the length could be made shor-
ter than the value obtained from. the-practical use formula. . This tendency
become more conspicuous as the height. of .dam increases.

Examples of definite :values for this basin are: in the case of a.3m high
dam, the allowable range of downstream slope is:from -1:0.3 to 1:0.6, and
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the length of apron is from 2.0t0 5.0m and for a 6 m high dam, the allowable
range ‘of ‘downstream ‘slope is from 170,25 to 1 :0.4, and the length of apron
is' from 3.0 to 6.0 m. o

Next, the theoretical analysis was conducted using physical models such as
water depth and flow velocity in a given discharge, sediment discharge by
grain size on' the upstream of dam; falling of gravel on apron surface by laws
of motion and:the kinetic energy loss which relates to the 'amount of erosion.
Then ‘the following ‘theoretical expression was formed to calculate the longi-
tudinal shape of erosion: :

g—tz—:A g(x, 2) (H+2) {2_Hi-z%§c}2{l+ (g{;)z}A1

where

t *time

At constant

% v horizontal distance “from the downstream end of the crown of
* debris' dam*to ‘downstream

7z, 'vertical distance from' the base of the downstream slope of

debris dam to downward
g1 amount of falling ‘gravel at the point (x,z)
H: height of dam from the base of the downstream slope

The results of calc'ulation: of this expression with required hydrographs,
grain size distrbution of stream bed and constants showed the same property of
the surveyed shape, and the position of the beginning, the deepest and the
ending points of erosion coincided with those of the surveyed shape, therefore it
was certified that this expression is useful for designing the downstream slope
of debris dam and the length and the thickness of apron.

Based on above studies, the downstream slope of daw which used to be
taken as an invariable was changed to a variable and the methood of determ-
ining the cross section of minimum area was established using iconography with
the linear programming method. By this method, the area of the section
decreases about ten percent than that of thé former type in which downstream
slope wag fixed as 1:0.2.

As solutions following three cases are given.

1) The minimum value of the arbitrary section in which the acting line
of the external force of the planned overflow depth is on the downstream
end of the middle-third,

2) The section in wheill the acting line of the external force of the
planned overflow depth is on the downstream end of the middle-third and the
horizontal component of the external force is equal to the multiplied value of
the vertical component of the external force by the coeflient of friction between
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dam and ground,

3) The section in which the acting line "of the external force of the
planned overflow depth is on the downstream end of the middle-third and that
of the section where no water stays is on the upstream end of the middle-
third.

For example, in the case of a (the ratio of the crown width to the height
of dam)=0.2, [ (the ratio of the overflow depth to the height of dam)=
0.4, the downstream and upstream slope are 1:0.672 and 1:0.041 (case 1)
and the area of dam decreases approximately 14 % compared with the former
type in which the slopes are 1:0.2 and 1:0.660 respectively.

In the case of «a=0.4, f=0.6, the downstiream and upstream slopes are
1:0.621 and 1: —0.092 (case 2) and the area decreases approximately 12 %
compared with the former type in which the slopes are 1:0.2 and . 1.:0.2 and
1:0. 488 respectively.

In the case of «=0.2, B=0.2, the downstream and upstream slopes are
1:0.624 and 1: —0.034 (case 3) and the area decreases approximately 11 %
compared with the former type in which the slopes are 1:0.2 and 190,552
respectively.

If the downstream slope is restricted by the own condition of each spot, a
collateral condition should be added: in this method.

By these studies, the design of debris dam and apron can be much more
rationalizad than before.





