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A—5 1.0 53 1.49 1.10 1.04 1.04 1.07 1.12 (1.15) bt b ”
- 0.78 0.81 0.86 (0.88) (0.81) —_
A—6 1.0 11.5 2.00 1.83 1.39 1.21 1.28 1.28 1.31 1.23 1.20 W h X
A—7 {10 | 98 | L92 1.83 1.21 1.21 1.26 1.24 1.25 117 | (1.15) -
B 0.90 |27 ~28 2.23 1.73 1.28 1.33 1.33 1.23 1.18 1.28 1.17 »
C 0.74 26 2.33 1.46 1.21 1.19 1.20 1.16 1.09 1.07 1.11 ”
D 0.2! [29~31 1.16 1.00 0.48 0.52 0.53 0.50 0.55 0.51 0.5% ”
E 18.4 17~18 3.38 2.74 3.04 3.07 2.74 2.54 2.43 2.41 2.24 ”
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LR AEHITRVWEELLOND,

—%, BB ADEFIRE, WS AOMEREE2EE TS L, BibhE0b s &
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®2—5 THRik222HBEL LEEL

tang =0.2 DIFA
tan a tan 8 tana+tan 8 | (tana +tan 8)
100 & L7-RoD
0.0 1.00 1.00
0.1 0.81 0.91
0.2 0.64 0.84 100
0.3 0.49 0.79 94
0.4 0.35 0.75 89
0.5 0.22 0.72 86
0.6 0.11 0.71 85
0.61 0.10 0.71 ‘ 85
0.7 0.01 0.7 85
0.7 0.00 0.71 85
0.8 - 0.09 0.71 85

l
_Ib+(tana+tan@)(H—h)+ htanBitanfd + h

X

1 —tanftany

h(1 —tanatanf)

Y= 1 +tanftany

Fy = Xtany, Fy=Llany & 35¢ £y wimaa(F) 1z
=2(X+Y) |b+(tana+tanf)H + (X + Y Jtany} — (Fy +F )
2-18 WBH S ADRKREEY BTHEX
7hoC, tana ERELTHIE, tan B I/ NI TR LB TEH00KBYEIIER AR
DBV EEEZEVBARETH D, WY LADE S 10m, FKRAE 2/10, KIED HES 3m OF
ERPNZE D L, TiiE% 6 5 L& 2 5056 L U CRIE Y BER T 20% 125

BifT 2 LB TE 2 LiEER RS,
W7 ADERBRIRE I 7Y - OBRETTEZ 2L IRESEELRR I 2 EHD
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ZrEzeond, LizhoT, UEDZ s, THELZECTS I LIZL > CTERBEOH
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(1) EFrEE kORI
W5 ADME R RET 258, KELHHRIBEWKER2 DSBS €310, BFREOD
EAEREE 1/100 BE 2 b L ciEE s 2 5HEgKRE 720, BIESREAED S bREWL
WMEPHEEIZREL TWVWS, THRECDVLTIRIER, TRECEHRL CER, HE2521 5
WhEod TRAKEDENE 2L L, ZORAREL S LITHREL TV, L2L,
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(i) THEICERL CER, BE25230NEIRFEDRZEOMNETIERL, HE
Tawhn & 0BENERT 2.
(i) Bmph xoE, MEHEKTEKOBRIC L > THES h, BRI EDIZIZ60
~T0% IXBHARICE TN THT T 5.
(iii) HHWH & IARERD L & OFIREFETREI NS,
CEMHEES NI, LizaioT, THERZHRET 20 ICRREMN & 2HET 2 8tKkOH
BE2EETILEND S,
SRERTS 15~20 EEEFB L TV 2 E0BH 5 A 7K & Ot (BEFER) 2L, HERATE
DEFHEBNVRNI L, BRLSENTMBIC 1~ 28O —7 2 DEEENMER S 1
TR IEHNTRIN, ZOMOEKII1I~2ETHS ZEMEESNL, ZDZLiE, BF
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HIETHRET 2B I8 07, 2D 2 L R FERWERMG L L TTHEREDFIHIC DWW TR T 5,

(a) FEEKZ(Q)RHEET S

INEKDOFEESEE X ZOHBTHREIE L, MEphsizdin, Lo, HEgk
i 5~10 FEREEDOBNEIC L 2 P ABEOHKERZNRICT 5,

stk R(Q) 2 RAL SHEE T 5.

Q=0218Ara (49)

Q :5~10 EREEOHEEAE (m¥/sec)
A FEER (km?)
r 1 5~10 EHZEORMFE (mm/h)
a @ FHER
(b) HEBAR(Q)Z® b & T (ho) 2K 3,

B DB S 5 W IZ R D ORI B 3 BOKE 2 5 FHis O BTIAE (h) #F
HMrehiE, 2O h 2V, ThBTELWVLEESRQEZLLETRIZL > T h ZHEET
5,

(46)REEEL b D= GB0O)HE L, GOR»S he 2KD B, BIIWES LADKBELUIBT
H5,

=(z%5) (50)

(c) BRIFOREIE (vo) HEET 2.
BOKGISAKE L 2T 5 L & OFFESAIEFEANCH, EEC S ZIZFRLCTHS LA
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VoS vm=51Vho 47
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2.38

—%, FMRECENEBEET S 20550, ZOHBR»EZDHOLEEHO 0T, fit
IKEFIZ B BB NEE2REBT 20T ZVEEFEZ N, TORLDRW, LizBoT,
TEHFUADEHSIENEZBEALTIVwEEZON S,
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Experimental Study on Practical Planning of Sabo-Dam
especially, Decision of Downstream Slope

By Teruo Horrucui
Laboratory of Erosion Control Engineering, Fac. Agric., Shinshu Univ.

Summary

In case of flood time it gives a very dangerous sight in Sabo-Dam, because overflow-
ing sediments (mixtures of boulder, cobble, gravel and sand) carried over Sabo-Dam
often destoroy the surface of downstream slope. If we should have a gentle angle of the
downstream slope, the stability of Sabo-Dam may be more stronger and the cost will be
more cheaper at the same time.

So that, it is very important things for us to decide how to plan the reasonable Dam.

Up to this time, the value of downstream slope has been guessed by both gravel’s
limiting velocity which the gravel begins to moving away on the stream bed, and
planning theory based on the “law of falling body”.

The conditional formula is expressed as follows,

_,, /2
n=ve\| L 1)

where, n is downstream slope, v, is limitting velocity of gravel, g is acceleration of
gravity, H is height of Sabo-Dam.
vy is estimated by following formula,

oy T ®
where, 7sis a unit weight of gravel, 7. is a unit weight of flow water, g is coefficient
of friction, d is diameter of the smallest gravel among the overflowing sediments that
damage to the suraface of downstream slope, cos 8 is slope of stream bed.

It has been believed that the impact-wear against the surface of downstream slope
was decided by the specific size gravel. But, now, we have been clear that the impact-
wear was not due to the gravel’'s size but to the total weight of the overflowing
sediments.

Where, v, is the velocity of flow and not that of the overflowing sediments.There-
fore, for applying above mentioned formula, it is not reasonable to use the limiting
velocity (v,) in stead of the overflowing sediments from the downstream edge of
Sabo-Dam.

This paper aims to explain the movements about the overflowing sediments from the
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downstream edge of Sabo-Dam at the flood flow, and the mechanism of the impact-
wear against the surface of downstream slope caused by the overflowing sediments.

Thus, we can decide reasonably to make the planning of downstream slope.

1) Discussion about the observations and experiments in the actuate spots where
Sabo-Dam have been built.

Based on our experimental data about the distribution of the overflowing sediments,
we have analized the wear marks which had been traced by the overflowing sediments
on the concrete front aprons in many Sabo-Dams at flood flow.

From our experiments, it has been clear that: surface velocity at flood flow, bed flow
velocity (velocity of the overflowing sediments from the downstream edge), minimum
velocity of the overflowing sediments and relationship betweeen velocity of flow and
velocity of the overflowing sediments. Those results show as follows,

a) When the sediments overflow down from the downstream edge of Sabo-Dam at
flood time, they flowed through clearly under the condition of tractive flow on the stream
bed. And, their behaviour were realized as “movement of si'ngles”.

b) Overflowing sediments seem to conform to the velocity of the flow near the
stream bed.

¢) At flood flow the bed flow velocity (vs ) was estimated by an extent of 70~90
% of the surface velocity (vo).

d) At flood flow the amount of sediments that overflowed down from the down-
stream edge of Sabo-Dam were calculated about 60~70 % of total mass, and they
overflowed down including themselves within the nappe. The rest of sediments (30~40
%) were dropping down outside of the nappe.

2) Hydraulies discussion

The velocity of overflowing sediments ( vs ) in the stream conformed to one of the
stream flow ( ) on the stream bed, so that, the relationship between vs and v is express-
ed by following equation, which is given at the condition that the sediments begin to
move against the frictional resistance by balance of power.

—,_ [4o=plgdp
vs=v 3Co 0 3)

where, Cp is coefficient of drag, ¢ is density of sediments, p is density of stream water,
g, d, n are above mentioned.

Cp has been already calculated from many hydraulic experiments, its value is said
to be similar to0.4. 4 is a range of 0.3~0.5, 4" is value of moving sediments in stream, it
is not known.

From this, we investigated 4’ in our experiments, and we have obtained as follows.

a) It is very reasonable for us to recognize that ' grants for “the appearance of
friction’s coefficient” which puts together with ressistance against friction, fluid and

flow’s disturbance.
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b) The measured value of &’ have obtained 0.01~0.1 and considerabley smaller
than p.

From our experiments about measurements of velocity of flow and overflowing
sediments, it was confirmed that the change of sediment’s velocity arising from differ-
ence of sediment’s size at the downstream edge seems to be transitional phenomena
caused by momentary acceleration in the stream flow. And we are able to explain by
following equations.

_ (v=0)b+v—vs,) (0 b)b—vtvs,)e™?%

Us (b+v—vs,)+(b—v+vs,)e 2% &
1 (b+v—vs)b—(v—vs0)}
1=5ab loge(b—v+vs){b+(v—vso)} ©)

Where, vso velocity of sediments before they are accelerated, that is, vs =wvs, at =0, and
a=3Coplicd, b*=4(c—p)g d 1/3Cpp
3) Relationship between the relative velocity and the relative flow depth

From the observations and experiments on many actual plots, we have acquired
some knowledge of movements of overflowing sediments at flood flow, and those will be
able to explain in view of hydraulics.

But, our knowledgement is very qualitative on the other hand, it is very hard to seek
for specific factors in applying theoretical formula. And then, we tried a experiment to
guess a velocity of overflowing sediments (zs) on the foundation of surface velocity of
flow (vo), because v, have been obtained comparatively easy from field work. '

At first, we calculated a relative velocity and a relative flow depth, relative velocity
is expressed vs/vo, relative flow depth do % /d , where, ko is flow depth on the down-
stream edge. And then, if the relationship between vs/ve and %./d should be expressed
as following equation,

vslve=alho/d)* (6)

where, a, 8 are constant value obtained by experiments.
Our experimental result will be showed as follows.

vs/v0=0.68(ho/d )**® ™

From this equation, we will be able to calculate the velocity of a given diameter
sediments which overflow down from the downstream edge.
4) Invesitigation about impact-wear against surface of downstream slope
(1) We investgated about the mechanism of the impact-wear against surface of
downstream slope. Setting many sorts of slopes, we tried by our experimental machine.
From our experiments, if value of W (ratio of impact-wear) were given as the ratio of
inclination angle to horizontal place, it will be estimated by the following equation,
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W= (1+1.20sin%0)cos*6 8)

where, § is inclination angle of downstream slope.

(2) It is very difficult for us to guess absolute amount of overflowing sediments from
the downstream edge. And then, on the basis of peculiarity of the particle size distribu-
tion in stream difference of overflowing course by each size distinction within the nappe
and sediment’s velocity overflowing out from edge, we expected amount of sediments
that strike against the surface of downstream slope in view of probability, and estimated
a relative value of impact-wear for downstream slope. Those results are as follows:

a) The impact-wear of downstream slope have been made mainly by overflowing
sediments in case of higher classes floods. At this moment, we found, the particle size
distribution of sediments at deposite was remarkabley similar to that of overflowing
sediments.

b) When we disucuss the particle size distribution curve about aboved deposite,
average diameter of sediments (d») is given as follows:

=100 =100
p=0 P=0

Where, 4 is the hole width of a riddle, p is percentage of sediments of that pass through
aboved riddle. dp is percentage of the rest.

Moreover, we examined for a smaller grains than average grains, and showed the
percentage (Pn) that they took in total amount. It was estimated about 60~70 %
regardless of avarage value.

¢) From the results of above mentioned 1)-d) and 4)-(2)-a), b), if we seek for the
downstream slope on the basis of velocity of overflowing sediments as average grain
diameter accumulating sediments on the stream bed, the overflowing sediments which
strike against the downstream slope is an extnet of 30~40 %.

d) Moreover, on the base of formura (8) and 4)-(2)-c), if we should give 0.6(incline
angle) to downstream slope, it will be guessed that the grade of that impact-wear is
almost as much as one of spillway crown, and of front apron near side of the slope. Such
a grade of downstream slope’s wear will be able to allow in point of view of impact-wear
on Sabo-Dam. And it is suggestive of possibility for us that a part of overflowing
sediments will be allowed of making against the surface of downstream slope.

5) The decision of downstream slope for Sabo-Dam’s planning

From mentioned, experimental and actual investgations, we believe that the down-
stream slope of Sabo-Dam is decided by following process:

a) At first, we estimate the planning flood discharge (@) from the Rational formula,

Q=0.278 Ara (md/sec) ’
where, A is watershed area(km?), » is precipitation per hour(mm), « is runoff coeffi-
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cient.

b) When 4, is flow depth on the downstream edge of Sabo-Dam, it is estimated by
following formula,

=8

where, @ is aboved, B is width of overflow section.

¢) When v, is suraface velocity at flood flow, it is estimated by following formula,
v0=5.1v"h, (m/sec)

d) When we estimate the average diameter of grain size(d») on the sediments of the
stream bed, the relationship between d» and D is showed as follows:

dn=(Dn—11.3)/2.38 (cm)

Where, D» is the maximum diameter of sediments.

e) We estimate the overflowing sediment’s velocity(vs) by following experimental
equation,

vs=0.68(ho/dm)***® (m/sec)

f) From above mentioned, we obtained, the downstream slope of Sabo-Dam(n) is
decided by following formula.
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