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DEBRIS FLOW CONTROL BY GRID DAMS

By Kazuo AsHIDA, Shinji EGASHIRA, Mifsuo KURITA
and Hiroshi ARAMAKI

Synopsis

Debris flow control becomes a major problem to prevent and to mitigate sediment
hazards these ten years. A large number of concrete dams, called sabo dams, have been
constructed to reduce or to control sediment runoff from mountain regions. Most of them
are filled up soon by sediment in the areas of active sediment yield, decreasing their
sediment storage capacities. Concrete dams, consequently, could not have controlled debris
flows successfully if they lose their storage capacities. Instead of them, grid dams, which
are some kinds of open dams, may be attractive as a sediment control work.

In the present study, two types of grid dam, zigzag and square grid dams, are chosen
for considerations, to investigate the mechanisms of debris flow control. Flume tests are
made with attention focused on the relation among pass rates of sediment through grid
dam, sediment particle sizes and openning lengths of grids. A mathematical model which
gives a boundary condition at the dam is presented to evaluate the pass rate of sediment
through the dams.

Numerical analyses are made with Asida and Egashira’s governing equations of debris
flow for the outflowing sediment rate through the dams as well as the deposition of sediment
from the debris flows in the upstream reach of the dams. These simulated results compare
well with the data from flume tests.

1. #H

£, IRRERBEECO—FRIKHY, ZOIOEMEHLERRENETN TS, Baoksic, K=
BELERRICI, BETERY R 7 APEREICS U HFIREHET 2y 7 MBS & bie, #E
MeRTBL LXK THNEREET 2L 3N~ FRHEEDND S, ~— FIIEORENL S OICIZE
Bi& L3 - T, RPOARBABEDDOBELBBEINTETV S, ZOWRDL 213, BT TR
FROBEEZETHICRET 505 BRRICEOTIE, 20BESEEEIh TS, 2hid, ForntERk
T—HRERT B L, FALDBAMBICGEOIRIEITIE B BB NIEDTH D, COLII, RBEEL LITH
HEDKFet DENIC BV THEER > T 3,

EBDES R DOHTT, FERORKBEEFROKBBE SESNER Y v MROBTFIROBEMULH & &
DPEHINE ISR - TEI, ZORBROL 41, ANTEEICEET 285 ED & Bkic, Biko
KEEERS 72 b DTH %o TIbD, HELIBEZER - BEHTL2L1CL->T, REAKKTEHE, B
KA LOFMBEHRLTEL EOIBRICESOTNE, CDESIC, BEML L IIBEOKSEEDET
REZHRHER > T B,

BRUEDF 213, EBOLSICHEL LE LTHEVICHEINTE D, ZOBEKET 3 EZBRHELT

Jil |

— 1 —



442 HABKMERFR HF05B-2 #E62. 4 (1987)

BhTN3, A« FEPE, =, BANE10mm CEERAM 3.03mm LY 2.08mm 2 EHED
BREZE, BEBICHET3X Y v bELAOTEMBEERE~N, 2 ) v rOBZEMHELT /4,215 %
AT EEBIE, BHEL LIBOVEMAE UT 1/dn.=2.0 ZiRU7c, 2 2iC, L3R Y v POMBERT, du &
BROBRKETH 5.

SNTE, SIIRE1EMEL A A M2 v M) TBE3LAROERBE? ICE-T, Y » MEDOMHA
F DS U dpas=1.32~1.42 (d,0,=1.3~1.4m) REBEICIL>TNBC ERR LT BEZ - Kl EFEY
12, BKE18mm, EHRE. 49mm OEAERNTKEERZT, 33324 7OBEBL L%0
Ric LT, FAKICHTAZN o OFAMBBEERT L. £hick-T, WFhos 4 F0Fsdb, ©—7
HHEDBOBRSHRECHESRERET 2 2 L 2WLDIcDs, —BONHEREEZRVETIIZE TR
Vo FHH - BET, BAE20mm, rhiuyiE 8. 3mm OBEAERVTKRTR L AL BN EER
HHCHE Lice 153, 1/dm.=2.5 (I BRFRHESH 00L&, LAROOTHEHERRIALNED, T
KT 32 EERL, 1/d,=2.0 D&%, +TAKROIELFRRCERSHTD, —MIWHT 20, #
BLADRI, SROBEOEOMENICE > TRE -HHTAZEERLI. A5, V/du=1.5 OFH
T, BEBERL, BHEOBEOEVENICE > THHRH LB ERNTN S, ZEUDEZ 40 HG
BHIICOVTIY, PEDX S BHEMANDD, ThoDHhTRY) v MNERD VBB FIREMHORAEL
OUMEER/ 5 4 -2 THBIEMEHINTNS, LhL, WIFhOMAELRFOEHNLERICEE
F -5 Tbo

FROBEICLEBRONTNB XS I, BRUERF 2 X2 L ARORMEBES LT, DIAKOKE
B AOREVEREOENL, DRBHEECEL, ) LEEMBOBIGRENELLNE, ThoDH b,
DRE—s KB EFEDRBOBOME, BRHEOEL, RIS HEOE/IIZETHY, 2)BRNOERE
REAIE, TRAVE—FRLILIHE, DEFL 2LV EONELETTS & &b, TAROEBERER
LT AERISETH B, ZNOLDT EFPLMICL TN eDITE, £ 2kB0 5 EAFROBRD SOIEEH
HEOBEE F AEICBE 3 LAROBEELETFMTC EBRIEELL L. FRAERCBOTE, BB
BELELT, FERESIUOFMOBRTL 22EDH, LoD ARBHEBEICET 2RTE2TH. X
T, BEWICET 5 LAROBEBEICOVTE, F2HiIKB) 2 AKOEBH ZEEINICAIET 52 &2
DIEVRETHADT, MENEHETINEERT S, TbhL, FAILk>THAROKHHMBEMNED X
S ET BOEKBEERICE > THEN, ThEEBEL, TARROEBEFVEERT S, ¥ LHEARE
A FARERER, LHEBicET 3 TAROWHE &R OARPZ OMERFEICKET 2056, & oMl
B 2EBL% 4 O EROBREEZERMICHANZORPRORETH S, 22T, ZOMBIRONTIE,
+EROHREBERSHERITICL ~THESMICL, 2hedbEits stk s 3 LAROHELT S
T3, AIIC, & 20k 3 EAEHEBHEOBILICOVTHRINT 5, IEOERICESNT, BHF D&
D— RIS BRI DN TR BEED 5o

2. RBRELEZDBROEE

2.1 %k®&, ik R

AR L LT, Fig.l iIRT LS5, FBR (Zigzag Grid Type) B LU HHE (Square Grid Type)
DOEBL LEAB L. bR, WTFNMERORBEDEF L OKBRERTEBECLILDDOTHY,
FECARN T AR OBERARBER & 4 LR LTH 5. BFRMICIZEZSmm O7 7 ) viEEHNT
W5, TRERBWTIR, KBFER BLURIFOESEZEIIBEELAL, FRITBWTR,
2EHERCTV S, CCTUTHEDY, ThbERR—RTHEEE X Bl —# FREH < o &
THET 5. bIaAIL, Fig.l OFITE, 2B 5% (Z—30x2-60x5; TRHE K FHFRESE 30 mmXx 2
B— R FEH 60mmX 55)) ObOIRINTEY, FETIE, 2B5F (S—30x2-30x5) ofhR

—_ 2 —



FE ST - B - TR BAEDN £ L0 AR 443

ENTV 3,

KRR L7k, EX12m, 1g50cm
ONEAEOWEKETE -, KEHEO—F o rA‘T‘H o r"-ﬁ“-]
RIS ZABRDIIE>TNB, KETHELD 1.6
m OB EBROZ 2 2HREL, F4EH2.4m {-—tﬂ b [.L’:ﬂ: ]
ORI EBEEKE LT3, 20 kI3 ER "
EREIFHZLHDICES 2m OBEEREEHRD
TW5, Fig.2 BT o2 BAMTRLIZ b DT lflow direction
%o BEIKICHER LRI 3EETH- T, 1275245 122 1275245 25
zhoDRENSf% Fig.3 IRLTW3, Th E%E EME
LOBANZRIL, #hFh, 20, 15.9, 10.0mm,

SEHGRI %12 5. 96, 5.24, 3.34mm Th B,

sBi, FeosEokErEe LT, sex 0 L EEEE | e84

-
OMEEKTRRIL R, LREL D —ERBRO

Zlgzag Grld Type Square Grid Type

Ke—EkiHa L TLARERES Y, Fat Z—30x2—60%5 S —30x2—-30x5
THBic T 2 T ATRBMEERIET 5 L 51205 Z—-60x] ~60x5 S —60x| —30:5
ETiibhice KB THRBICENTE, #1-8 2—30x2-60%3

KEERCTEALAROTRE, RPR, R Fig.1 Zigzag grid and square grid dams.

TREBORERTS L b, KBOKEATD
RELTNS, —F, £4ERBIBENTE, EFtH 2 5ERAVTRREZEHL, TAKROKTHE,
BRITEZFH L TN S,

FEB A — 2 RUKMT Table 1 (KRTEBDTH S, RBRITBNT, 0 KB, du. BERPRO
BRE, do IFHNE, Q BIRE, T KBTS . KOBKEEGEKERIZ, HAKSE 228 L
RBNESEBLTREL TS, Run 0-1~0-6 5K Run 15, 16 {3, £ 22BELRLVESOERT,
Run 13, 14, 35, 36 BHERORBBREOL L CHTEIERTH-T, ZNORBEL 2O/ REHEBKT 2
1eDIFTbh T3, 738, 7v— FHEUIZROWTEROR &y — v REBEBICER TN TOL S5 ic
Whe TIbB, =42 A=k 2= ly=2% (4 FBMIZOMEE, 4 I, A REEHE, 2
REEE, & BERRL) Thsro, 4=1/100 L3hd, DUTokdiciis,

Parameter Model Prototype Parameter Model Prototype
res 20 mm 2m Velocity 50cm/s  5m/s
Volume 101 104ms3 Discharge 11/s 100 m3/s
Time 10sec " 100 sec

1
I /
: dmex=159 mm /
dm = 524 /

dss =14.0 / y
'l

dmox= 0.0 mm
50 dn = 3.34

des = 8.8

LA SN S B S S S R

8=16°—{ Q=1 L£ec) x{ T=15sec)

8=20°— ( Q=1 L4ec) x { T=10sec) ' ol N [¢ T I T E
Fig.2 Side view of experimental Fig.3 Particle size distributions of sediment
flume. partices employed in experiments.



444 FRBIKFRFERFHR  F305B-2 FE62. 4 (1987)

Table 1 Condition of flume experiments

Run No type of dam #(deg) d . (Mm) d, (mm) Q/s) T(s)
0-1 " without dam 16 20.0 5.96 1.0 15.0
0-2 20 1.0 10.0
0-3 16 15.9 5.24 1.0 15.0
0-4 20 1.0 10.0
0-5 16 10.0 3.34 1.0 15.0
0-6 20 1.0 10.0
1-1 Z—30x2—-60x5 16 20.0 5.96 1.0 15.0
1-2 1.0 15.0
1-3 1.0 15.0
1-4 1.0 15.0
2-1 Z-30x2-60%3 16 20.0 5. 96 1.0 15.0
2-2 1.0 15.0
2-3 1.0 15.0
2-4 1.0 15.0
3-1 S—30x2-30%x5 16 20.0 5.96 1.0 15.0
3-2 1.0 15.0
3-3 1.0 15.0
3-4 1.0 15.0
4-1 Z—-60x1—-60x5 16 20.0 5.96 1.0 15.0
4-2 1.0 15.0
4-3 1.0 15.0
4-4 1.0 15.0
5-1 Z—-30x2-60x5 20 20.0 5.96 1.0 10.0
5-2 1.0 10.0
5-3 1.0 10.0
5-4 1.0 10.0
6-1 Z—-30x2—-60x3 20 20.0 5.96 1.0 10.0
6-2 1.0 10.0
6-3 1.0 10.0
6-4 1.0 10.0

7 S—30x2-30x5 20 20.0 5.96 1.0 10.0
8-1 Z—60x1—60x5 20 20.0 5. 96 1.0 10.0
8-2 1.0 10.0
8-3 1.0 10.0
8-4 1.0 10.0

9 Z—30x2—-60%5 16 15.9 5.24 1.0 15.0

10 S=-30x2—30x5 16 15.9 5.24 1.0 15.0

11 Z—30x2—60x5 20 15.9 5.24 1.0 10.0

12 S—30x2—-30x5 20 15.9 5.24 1.0 10.0

13 concrete 16 15.9 5,24 10 15.0

14 concrete 20 15.9 5.24 1.0 10.0

15 without dam 16 15.9 5.24 1.0 15.0

16 without dam 20 15.9 5.24 1.0 10.0
17 S—60x1—-30x5 16 20.0 5.96 1.0 15.0
18 20 20.0 5.96 1.0 10.0

19 20 15.9 5.24 1.0 10.0
20 16 15.9 5.24 1.0 15.0
21 Z-30x2-—-60x3 16 15.9 5.24 1.0 15.0
22 20 - 15.9 5.24 1.0 10.0
23 Z—60x1—60x5 20 15.9 5.24 1.0 10.0
24 . 16 15.9 5.24 1.0 15.0
25 concrete 16 20.0 5. 96 1.0 15.0
26 concrete 20 20.0 5.96 1.0 10.0
27 S—60x1-30x5 20 10.0 3.34 1.0 10.0
28 16 10.0 3.34 1.0 15.0
29 S—30x2—-30x5 16 10.0 3.34 1.0 15.0
30 20 10.0 3.34 1.0 10.0
31 Z—60x1—-60x5 16 10.0 3.34 1.0 15.0
32 20 10.0 3.34 1.0 10.0
33 Z—-30x2-60%5 20 10.0 3.34 1.0 10.0
34 16 10.0 3.34 1.0 15.0
35 concrete 16 10.0 3.34 1.0 15.0
36 concrete 20 10.0 3.34 1.0 10.0
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Fig.4 Characteristic of debris flow
measured at the flume end

without dams.
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Table 2 Esxperimental results of total sediment volumes transported by debris flows

Rub | type of dam | O(deg) (gﬁg) dymm)| Vice) | Vi) | Vi) | VoV,
1-1 Z—30%x2—-60x5 |- 16 20.0 5.96 6567 4619 1948 29.7
2-1 Z—30x2—60x3 16 20.0 5. 96 7943 4797 3146 39.6
3-1 S—30x2-30x5 16 20.0 5. 96 11407 10767 640 5.6
4-1 Z—60x1—60x5 16 20.0 5.96 10554 4738 5816 55.1
5-1 Z—-30x2—-60x%x5 20 20.0 5.96 13178 12142 1036 7.9
5-2 ) 9783 8417 1366 14.0
5-3 10473 8990 1483 14.2
5-4 9119 8262 857 9.4
6-1 Z—30%x2—60x3 20 20.0 5.96 12190 11030 1159 9.5
6-2 4040 3578 462 11.4
6-3 11554 11248 305 2.6
6-4 11490 8612 2878 25.0
7 S—30x2—30x5 20 20.0 5.96 14630 14437 192 1.3
8-1 Z—60x1—60xb 20 20.0 5.96 9129 7889 1240 13.6
8-2 10553 4241 6313 59.8
8-3
8-4 10979 1953 9025 82.2
9 Z—30x2—60x5 16 | 15.9 5.24 12742 5100 7642 60.0
10 S—30x2—-30x5 16 15.9 5.24 9797 9005 792 8.1
11 | 2—30x2-60x5 | 20 | 15.9 | 5.24 8994 4746 4248 | 47.2
12 | S—30x2-30x5 | 20 | 15.9 | 5.24 | 13302 12011 1291 | 9.7
13 concrete 16 15.9 5.24 7224 7224 0 0.0
14 concrete 20 15.9 5.24 13059 13059 0 0.0
15 without dam 16 15.9 5.24 8621 338 8284 96.1
16 without dam 20 15.9 5.24 10165 298 9867 97.1
17 S—60x1-30x5 16 20.0 5.96 5454 5212 242 4.4
18 20 20.0 5. 96 19625 19486 139 0.7
19 20 15.9 5.24 12603 11781 822 6.5
20 16 | 15.9 5.24 7366 6709 658 8.9
21 Z—-30x2-60%x3 16 15.9 5.24 8200 2221 5979 72.9
22 20 15.9 5.24 13553 7988 5565 41.1
23 Z—60x1—60x5 20 15.9 5.24 25566 1907 23658 92.5
24 "~ 16| 15.9 | 5.24 | 12957 3038 | 9219 | 75.2
% concrete 16| 20.0 | 5.9 8996 8996 _ 0 |__0.0
26 concrete 20 | 20.0 5.96 10733 10733 0 0.0
27 | S—60x1—30x5 | 20 | 10.0 | 3.34 | _ 15011 2440 | 12572 | 83.7
28 16 10.0 3.34 11420 2277 9143 80.1
29 | S—30x2—30%5 | 16 | 10.0 | 3.34 | 11845 7093 4752 | 40.1
30 20 10.0 3.34 13834 8261 5573 40.3
31 Z—60x1—60x%5 16 10.0 3.34 15754 2105 13649 86.6
32 20 10.0 | 3.34 | 13122 459 12664 | 96.5
33 Z—30x2—-60x5 20 10.0 3.34 12727 2209 10518 82.6
34 16 10.0 3.34 11111 1802 9309 83.8
35 concrete 16 10.0 3.34 14149 13119 1030 7.3
36 concrete 20 10.0 3.34 9112 8083 1030 11.3

I
-3
!



448 KBTI 307 B2 W62, 4 (1987)

Db 5T, HEFUBIREG XOHERG E AT THREY B - Tk, HEL LCBNT, EHEENRLS, &1
REOHER it b B {18 > T Bo THUL, SHEIBERDBARTH > Th, WEOMBRDIRIL Z &2
35DTHO, WEOMHEEIZIHSERICE S 2B FHIBIED O TEL, ThUADMSHD/7 4 =2
HKEL T AT EER LTI A,

Lllk, KPFETIT > 72 H2BD S B, W DOhDRERATENSOMERIRNI, K7 —RCBHNTEDS
NICEBRFERDS b, RELAROBAERE V., 2 21 Ve, Bl L E Vo 8K V/V; i
T 55 % Table 2 ITRLTHE<.

3. TROEAKE

3.1 BiBKIBCEET HRTHENNEE

Photo 1,2 (3, 0=16°, d,,.=20mm [T ¥ ZLBO—BITH - T, 1T AROTMIANCTRELGZIERN G
75 Z—30x2-60x5 & S—30x2—30X5 DX LICH T AW BOPIIREL R LD TH D, TRBIC
BOTE, F1AREHYTEL, 1HE20EHEDRESCRIDEM & 2510 & ORI BOENA SN S,
—7, HENCEOTIL, 02 SRS DA% A LN B DD, FEEDH 1 AR E EE - T
Bo TEBHIT, WIFNDL LITHEWNTHHT 2 FUH ity U, 7584 2208 L TW5A T EMHIFX
N5,

FROBEE LU CNE TRUALEBRBELERAITNE, AR S 2850 O mR#EEE, £ otk
WCBI AR OIS, JISOREIC SIRET A E OB ONED, & LT, Fig.10(a), (b) i
FETEHEELIFEN 20T BF ERTFORIRr — Vv E L ARMBORBIUELTNE LI TH S, C
T, SR OGRS OWT, SEEN, NS 4 — 2 SED TR 21T, haFERR
DEHEREINDo

P:-Q§=F<J('}L, ,,lzzz ; i;, _l’bi, C TF%EZ) ......................................... 1
AT, P, Q. 32 20wl Qu 34 Ak kb, 4 3 ARME R
FRE Lo b L 13 Fig.10(), (b) (TR THHRE, v 134 40O AGHEO AR, v ZKDOHS
YERRL, C B DRE, o BWEBOLET, ¢ 3EIOMUETH %,

(D) ORRTTERD > bOMEINN B KO IHNERIE, HARORNOmEI 2R LTS5, MY
IR DM BN DB RDRNEERT BN 4 =4 THEEBEAL S, UL, BEEHITENTHE, B
WBRICHET N SDEBETMT 20RNMETH B, 2T, 0F, SR P LMY 5 4 —&C

W R gﬁ@g@& ; . P et
Photo. 1 Inter-locking feature of sediment Photo. 2 Inter-locking feature of sediment
particles in the zigzag grid dam. particles in the square grid dam.

e T4l



FH - ILEH - RH - i ERUERE 4 20 L ARENRE 449
= 3
2 Lt e Ipt
o Ji| o~ - I st Line o} 0| oe—s0 ~recuuan Ist Line
& l
o N eeee-2nd Line o o oMo 2nd Line
) ° 0 eeeee- 3rd Line O O 0 0eeeeeee- 3rd Line
Plan View Plan View
2nd Layer 0--=-2nd Layer
lv2
1 st Layer Flow o---- st Layer
Flume Bed ---Flume Bed
Side View Side View
(a) Zigzag grid dam (b) Square grid dam
Fig.10 Span length and particle motion in grid dam.
100 " '°°- Y
Qso : B.IG. —Q'—° " 9.20'
o= | a Qua |
%) o R (%)
" " o
50 © Z-30x2~60x5 50}- © Z—~30x2-60x5
A a A Z=-60x1 ~60x5 a A Z-60x1-€0x5
a . 0 Z-30x2-60%3 e 11 Z-30x2-60x3
a ® S-30x2~30x5 @0 © S~30x2~30x5
3 FY e A S~60x1-30x5 L A a A S-60x1~30x5
" a
OQz I!O 2!0 3!0 4!0 5!0 6{0 00,, I?O 2!0 3!0 4!0 5!0 6’0
Imin./dos Imindos
(a) Bed slope with 16° (b) Bed slope with 20°
Fig.11 Ratio of peak sediment discharge passed through the dam fo peak
inflow sediment discharge.
EHUT, EBRERER/THS, Fig.11(a), (b) I, RENEE UTH%HIE d 28T, I5KK3IHA
DE[THER 7 4 —2 DS BORPDHD, TIEbb,
i . (1 I l
—mis_—Min b1 , __"z_’ T
d95 ( d95 dBS d95 ) (2)

CEBLUCERAREEELALODTH S, TIT, Qo & UTKETHRBRDEORAMELYD, Qu it
RETAROBRARPEE L > TVB L EICEREET, Licd-T, HOF—# BEFICRERFEBED
BORBOE®RERE > T b, COLEAAFRB SIS Fig. 11(a), (b) 24hiE, TERDOBEERID
LREVWEITH AN ERF—21F, BE—KOELHEHBOTOLHIEDEC 8002, X 5T,
Luin/ o5 131.3~1.5BEDETZ AT, Qiw/Qu PERTEBIZLENE T >TUBo Lua/des=1.3~1.5 13,
ME s EEMWRLA A B Y » POBAESRFICIZIE—HL TV 3, Fig.11(a) ITRT 0=16° OEEL
Fig.11(b) @ 0=20° DEBRZHET NI, Qo/Qu BETEICEOTH LREBEERLTNELSITH S,
ZhiZ, 0=16° OHDICHNT, RETAHOFEDLHEED 0=20° KB TAELE-THEY, 20k
DITHEEORASNC L ZHEMEZ DRTNERBCE > T cbDEEbN 3,

3.2 BROFAEFN
ChEToBRICINE, BERCBEZELIIDEOS L, F27HABEB LI b0RFricEEERL L

— g —



450 HAB KR #3305 B-2 ME62. 4 (1987)

HLBBLTLEY, 20EBBEREIXE LTRFOBRNIBICEEL T3 &AL, UL, &l
REFHT B I REFOB/NIBIE I TRRTDTHY, F20O8MER 5 4 —%, IR, AR
ORMEER R/ €T 4 — 2 BRBERCEERRLTVS. LT, BRECERTED I, FlHL
2FICBIABINBLIUE 2MNOEIRy —VENS ¥ — 2 CBATEREEDRNZT>THLIe TC
TEINOEX Ry —nER, BHlICBY AKTFDKES ZWEBRERBRO S bOE/NDSDOEEEK LT
%,

Fig.12 13, B15EOKTETIhIEEEEZRLLbDTH 5. HE 4 ORERTFHZOBEE %
BELESE LS, BB TIERT S LS5BEETR, ETRCOEEZERTET, KFofulds
ARTHZNAEOWMIIKAET 2 & XICBATERbDEER 5, T5L, ZAMELIFIBICBIEZD
HFOEBHER Py 12, KROS5 ITHET %0

= d) (i) e (3)
lhl lvl

Rtkic, #25E0@a%ERI, -

= i) o) e eeeevireesesssessrssnsessessssteaessasassnessnssnnsessaaanne @)
le 12
D3l B. ERO by LT, FHERTE Fig. . lh I
10(a) iIKRT EHIC, F1FEE 25 & DA - >
LONTNBZ ERBEREET . —iIC, 7EAE¢‘@?J§ 1
HRICEBDT, WEEE » BERITHEL, NE r“{%?"1
DEERE f LTHI, BB L cwwml_ H '
BE P I, RROLHICED 5. ‘ﬂ'd. ' L
. / 3| " vl
P=3 Py Py f; wreerereesessesesssssssens 5) H '
= 1 '
FRE, # AARDSEBEEICI - TV A O#E beeeeeeead |
PROEBRETH 5o APRICHNTIE, KELHO Fig.12 Pass model of sediment particle
ABREECE - TED, HBRIAEEHEICE - in a grid dam.
TNBbDEELTN S, WV, MEICEHET 208
FEELEVWboETHIE RG) BRRDOLHIE 06
X ohbd,
B R Pcol. B
P-To Z PPy fi ververenersnsannnnnns (6)
< o4l fA
Z C&Cy BO GiZkié L/’BES’ Bd iiii\fllg'(éé%o a o
Fig.13 i3, X (6) IL L 2 @BBEOHFMEE KERE - D‘cm .
EHBLIcbDTH B, CTT, EREDEERITI, 0.2 ° o
BERELHEO7 vy M EBRBRIW T ARELATRO 7 “r OO 7-30X2-60%5
1 = O 7 GOX | ~6OX5
oy MEBEBOEBE SN TS, O EEETHI B O-——-02-30x2-60x3
c—r G- -
BNTRZRNE, JERICERITE S Vichhb ST, P+ ok i3
WERHIED L LTEY, K6 FPROESR 0 1 ! 1 L ] ]

o 0.2 04 0.6

Pmeas.

BREEZPZOBFYCERL TS 5D EHMI N5,
> THiC SEE R T4

LirL 23285, RRERRBOBRFERL T Af'\ Fig.13 Comparison between calculated

o, RG) HBVIER 6 2RET E70DITS, & and measured values for pass

BTRRB XS, &£ LLETHBIKBE2HAHTOE rate of sediment.



FHE - L5 - EA - G BREDY £ 4 0 AR RS 451

%bi‘\‘gﬁﬁ 50

4. Ll THRECBIZILRKROEH

4.1 HLHRETDHOBEE

- Fig.14(a), (b) 13, 0=16° BXU 20° OEBRIBFIHRERBIHE V., ERATARORLIRE Vi
Lo, TRHOLREXEIBOBERREZRLLEDTH 5. RO L, Fig.1l DHDLFALbOHE
SNT3. TNHDRITRENB LT, Vi/Va 12, Fig. 11 OFRERR, lu/des ZHONE, 72D
— BB I N TV B XS ICRA B, BRUROBRIR, chEmlisgagzBE LR LTE, +
D NETMT LD TH b, EC AP, COBKE, LEROKHEE #XtIWE, zoMisl 4
BIE-TERBCENT AT ENEZ OND, BERESIE, BUDIOGBRTVWEESIC, LHEEHEDH 20
BRI, FrMEOTAROWE LS LOBBIRELTHA D5 THY, ¥ alicsd 5RO
BEIL, 20LHRICEIIRE R > THXHALAELTINETH S, Lich-T, MALANRIK
W AEBHAEREOERELE—RNICERT 5 2DICR, F oA TEDREREGERELTZ
OETHIBICE T 3 L AROBEEHERICEIT LTOL T EBBETH S0

8=16* L G=20° a a
Ve a® a Veo L Ao
v
Vs o a sl
(%) (%)
sob- ° 4 0 Z~30x2~60x5 so}- o 0 Z-30x2-60x5
X o . A Z-60x! ~60x5 L o . A Z~60xi ~60x5
5 ° 0 2~-30x2-60x3 : 0 2~30x2-60x3
L @ S-30x2-30x5 3 ® S~30x2-30x5
X A S~60X1 -30x5 L a A S-60x1~30x5
olgt 2 $ ] | L | olg-L 2 1 j 1 L
010 20 30 4.0 5.0 6.0 0" 1.0 20 30 4.0 50 60
Imin/des Imin/dos
(a) Bed slope with 16° {(b) Bed slope with 20°

Fig.14 Ratio of sediment volume passed through the dam to the supplied
sediment volume.

4.2 +RFROFEFERLBEREME
(1) ZEHFEX

F+AEHICELTIE, ZhETIROLOLOHERRBERINTETHEY, B - #HRENS XS5 L
GRICELTI, FH - IE? S0b0BLDABNTHS L ICEDNS, 20T, CHAEZBERTSC
LT, —RaohEhicBET 2 XEFEREL, RADXI>TH5b.

AR kEBDBORAY) OEBEREFA:

ah avh == —D llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

N T Cx @
PO ARBREEN:

OCR L GCUR _ 1) oeoeeeeteee e et sese et asasererrseerseses s et e et e enteenanesasananns

T e €))

TiT, h BEAROKE v BEEFEEE, o BLARERPOREEBE, c BXAROLDAER
B, D B ERTH 5.
EHEREN:



452 FRBRFIRAES 305 B-2 62 4 (1987)

—ai+vﬂ=g sin 0—[
()

oh , 1 (c—Dh dc }
ot ox

o T 08 G—Det1 ox
(P)

:5; p (0(0910)&;3?:0 —f (0—11)0-4—1 DL e ©)

(DE) (YR) (FR)
Tz, ¢ RPROKE, u IUBRHEOBEERRAY, f HRERFERTH S, ELOG)RENE B)F
EHE, (DE)E4& - kS AmSHE YRYRZBRIEHICX 2 ERE FR)IRARRICLE
BETH b ERT, m BBEBEAKDI. T~0.85EEEDOETHD, f ZRATEL 6N %,

ﬁ:_24§_( Il:f )2/3{ 1;‘” ]2/3(_})'2 ..................................................................... 10

TTIT, ky/ky BEREBEULTH T, (R/k)V=2 BREOMETHY, d 3HARORENETH S,
FRAFRER b OEEER) :

aaztb =FD; ................................................................................................... (11)
HREEE DO :
—?—:c* FAIL(P— ) veereemrmrontnsnentioi e 12)
zZig, r BEAROEHAIRTH - T, RATHFALGN D,
r=arctan{,u,, c(ix(iz)l.)g.l +1 (a—ll)c+1 _l;zi} ................................................ (13)

PRizB\NT, Ko, o bov, d 2 O5@ETHY, Zhicat LTHFERERD, 8), (9, A X
UR(12) D 5 AORNAEI N T 5o
(2) BRRH

Lifss x=0 KB BHAKMAL LT, £ LRLIHEROEENRILIZNE AT, HAKRMN, HAFHEOWR
B, BE RBBED IV, KRR BE REBBELEZ 5. —F £olimicB0Tid, £408:E
TWER, BLUL LAREICET ZHBREED 2 OBEIRMORGEEUTOX S CEET 5. £ L0EHLY
B Qo 3 RG)EZAVNIIE, RATHEZS5N5.

T, Qu RBELHHICET A% IMRTHS, BEL 2ICHNT, BN KHEINETBE
i3, A-P)Q, THEHDS, INHBPLRY Ir iCHERET b0 LTS, HRFEERIRATEL 5h5,

Dy= (L =P)Qua/BAx ++svervrerserssesstininminiiniintiinn sttt e 15)

WRAMII RO LS THBH, MHRBBEEICE-TEY, FolEORNOBRNNCIIEELES
%0 LLTRENZROIAKES T LT B, PARANE 2BICHALT, #ELD LED &, Fig.15
RT LI, Wb Bk (Dead zone) MR XN B,

KROWEIC LN, FABOKLL, THRBOLOLREE - .
FRBOCEHHBLTOBo LItiaT, CCTR, WhOE —m =2 ;ﬂm 2o,
A LD B IS D5 & 51T, TERROMRALE Deag Zones

FRBOODICELLRBEXIRT B, 207, R(UMU)BXU

P Vi
(15)DBEE P 13, R(6)THAEL, R6)THA BN Flon View.

Fig.15 Schematic flow model
near a grid dam.

4.3 ZEFREAOERG]
EFNVORIEZRTS 120, T, ERPOLBVOLNTEIRERS »IC B 5 LAKOHER LR O %

ol

1T2o



PR - TTOA - JRE - et ERED & 4 O LRI 453

I RERRHRROEL S ICHEA TN B, 6=16°, B=50cm, d,=5.96 mm(d,,,=20 mm), ¢=2.65,
ex=0.6, 11,=0.70, dx=5cm, 4=0.02sec WETHY, LFEHTIR, SHRERREL TS, £ LHN
BT, RERLLTHBDT P=0 L LT3, Fig.16 i3, COLHRBEHTFTTEEINZHDE
REZDOEBRRERLU TS, RIRO LS 1, BREBRBRRERDEFVICK > THE D RICER X
NTHBZEPADPTHY, L 4L - TRBICBY 2L RROBHMBTRTSEZC &L h 5.

Fig.17(a), (b) i3, FREFEES & (Z—30x2—-60x5) B 34 LHEORBE Qu BEFEDE Qu,
FLREICE D B LAROBRE ¢ BLUBRTIDEE o, BHIWOFEBERR 4., icET 28RS
RUICbDTH B, NPicRFHAERBEDbN ERBIC ST 3 LAHORMH, TROLERBEDE Q, B

Experiment \0
Z-30x2-60x%5 %
dmax=20.0mm

Calculation \0
AX=5.0¢m %
AT=00Isec o)
dm=5 96mm

Fig.16 Measured and simulated bed profiles formed by sediment deposition
in a concrete dam.

(X4 10 100
Z-30x2-6015 2-30x2-60x5 o——o0 Ci Dz Om
Qs 8216% dmax=20.0 mm Am 8216°% Omax=200mm  4...... A Cd cal. m—-=tt dmo cat. | C
£/50c) o—0 Qs} tmm) ———8 Co meas. Sl
o— LA

o~ g &-----9 Co cal.
g Q50 meas.

L
20 25

15
t teec)

Fig.17(a) Measured and predicted sediment Fig.17(b) Sediment concentrations and mean
discharge rates at the front of a particle sizes measured as well as
dam and the floume end down- predicted at the front of dam and
stream of it, the flume end downstream of it.



454 AR FER F305B-2 #E62. 4 (1987)

Experiment
Concrete Dam T=1.0sec
dmax=20.0mm 2.0 sec
3.0sec

4.0 sec

Caiculation
AX=5.0em
aT=001sec

dm=5 96mm

-

-

-
o

>
et
vz

-

-

Fig.18 Measured and simulated bed profiles formed by sediment deposition

in a zigzag grid dam.
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