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DEBRIS FLOW CONTROL ONCE UNDER WAY

By Tamotsu Takanasui and Yoshiyuki Fujn

Synopsis

Efficacies of the newly devised methods to control debris flow once under way
are discussed experimentally and numerically. These methods are retarding and
storing the debris flow by the series of alternately projecting groynes, stopping the
debris flow front by removing water from it through the grating layed on the bed
or on the channel wall, and changing the flow regime from inertial to macro-viscous
range, i.e., slow down the velocity by adding a kind of chemicals.

First, a numerical simulation method which is useful to discuss the behaviour of
debris flow around such structures is presented. Then, the processes of retardation,
deformation and stoppage of debris flow by the structures are examined by both the
flume experiments and the numerical simulations.

Second, the characteristics of macro-viscous flow produced by adding water ab-
sorbent into debris flow are observed experimentally and a new flow equation to ex-
plain those characteristics is presented. After that, possibility and the problems to
be cleared for the practical use are pointed out.
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Table 1. Experimental conditions in Series B
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II\? gn (dgg) P;t(t)e.zrn (?/g) (;:Zx) ?\?:.d Exp. Cal.
B-1 16 0 0.5 20 b-1 ®) e
B- 2 16 1 0.5 20 b-1 O O
B- 3 16 3 0.5 20 b-1 e} e}
B- 4 16 4 0.5 20 b-1 O 0
B-5 16 5 0.5 20 b-1 O 0
B-6 16 0 1.0 20 b-1 ')
B- 7 16 1 1.0 20 b-1 O
B- 8 16 2 1.0 20 b-1 O
B- 9 16 3 1.0 20 b-1 '®) 0O
B-10 16 4 1.0 20 b-1 ) O
B-11 16 5 1.0 20 b-1 O
B-12 20 0 0.5 20 b-1 O
B-13 20 1 0.5 20 b-1 O
B-14 20 3 0.5 20 b-1 O o
B-15 20 4 0.5 20 b-1 O O
B-16 20 0 1.0 20 b-1 O
B-17 20 1 1.0 20 b-1 O
B-18 20 2 1.0 20 b—1 O
B-19 20 3 1.0 20 b-1 0 o
B-20 20 4 1.0 20 b—-1 O O
B-21 20 5 1.0 20 b~1 O
B-22 20 3 1.0 10 b-1 O O
B-23 16 4 1.0 20 b~-2 O
B-24 20 4 1.0 20 b-2 O
B-25 16 6 0.5 20 b-1 O
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Fig. 5. Comparisons of front velocities in

the uniform straight channel and
in the channel with alternately
projecting groynes.
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Fig. 8. Hydrographs in the experiments and
by the calculations.
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Parallel Type

Level Type

\_\ Slde screen

Adverse Type

Fig. 11. Models of the bottom type and side wall type gratings.

Table 2. Calculating conditions

Run Screen Slope grad. Screen grad. | Screen length Hydro
No. Type 0 (deg) 0s.(deg) Lsc(m) No.
C-1 Bed(Para.) 16.1 16.1 0.45 1
C- 2 | Bed(LeveD 16.1 0.0 0.45 1
C- 3 | Bed(Adve.) 16.1 -~ 16.1 0.45 1
C- 4 | Bed(Para.) 16.1 16.1 1.0 1
C- 5 | Bed(Para.) 16.1 16.1 1.0 2
C- 6 | Bed(Para.) 16.1 16.1 1.0 3
C- 7 | No(Para.) 16.1 16.1 X 1
C-8 No(Level) 16.1 0.0 X 1
C-9 No(Adve.) 16.1 - 16.1 X 1
C-10 Side 16.1 16.1 1.0 1
C-1 Side 16.1 16.1 1.0 2
0.05~ Hyd&%?roph Tf__och;t Segm\:nf

] S - 20
1 (sec).

Fig. 12. Hydrographs used in the calculations.
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Fig. 13. Front arrival distances versus time in
the calculations and in the experi-
ments carried out by the ministry of
construction (Doken).
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BTE0T, RPDc BETZ2RTTHE2MZ0HRIE for various types of screen.
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Fig. 17, Comparison between the bed type

t (sec)

and side wall type gratings.

ERINTVEV, TOESBAIRBEL TS oickkst
ERBELLTVWE,

PHEKEZE R 7 Y — ViV TIRHIBERICZR 7 Y — ~
BHRE L BHSEREEL L, ChioLWTREKRT
EEZERF—-IBUOVOTHES I EREAL VN,
Fig. 17T CRI U&Bfo L RHIc>WT, BEHR 7 Y-V
ERER 2 ) — vy OWHIc D WTEHEL THE L 4R
ZRLTWB, N Fas357No. 1 (UNER) ko
WTRIERR 7 Y — v CEILIEgESE» S, N Fo s
57 No. 2 (KB TRUEDHEREZRLTWS, T
DEHBHEROBVEEICR 2T — V2 BLTDRE
KBOFEIhdbb-TVLEbDEEbh, ERR 7
) — Y OBBIHT ARENHROMRLE L b, 6
BKOBB IS S TS ERNRASLETS
0 CDEINWILEBR->THREDTRI ) -V OFRE
EZOFERNFMOEHEC LI b0 EEIL LN B30T,
FlziE 47 RoLH>RERARB—OERES AT
Wah, EMOBHIEIsRE0—EEE T3

PEIDRBESKELOBHOEENS S > TR LDTHLL LIS,

5. WKEMEICK B TRTOHE

51 BKMMETIMCL3LAROEH
KicHIROBKEME @ERB vy 2 v b) 2BATSE, ZORARKIGU THEMSEL 82, L
feBSoT, HEhOLERICRAMMEERMNT T, TERORBEUEMSELT 5 EMalfFan 3,
P FROMEDOHEOMRSEEEL LB L5 BFHENICOWT, Bagnold'™ i3, BHiLv 4/ v XEUCH

Sand o-1 Sond 0-2
dso=115mm d50=1,60mm
dm=115mm de=1,61mm

Sand -3
d50=2,72mm
dn=2.67mm

Fai7cw=133  Jisa/dw=130 fss/Te=122

Scnd 0-4 LD 5 A — % —
dso=5.23mm
dn=5.23mm 2
Apa7dw=1.25 G= od ; .................. (49)
Aﬂf

100

(%)

50

L]

UL '/'/‘"(”"T

Sand a-1

—r EHAL, G*H 100 LIF T,
= (140 (1432 50y

Scnd 0_2 p=137_- ..................... (51)
Sand a-3 DEACBBELTVWE, I, 4. #

—Sand a-4 BEE, u, FBRFRAOKHEGRE, di K
. HANTA, pi EBEIGS, dwdz: EE
HEETH 5,
(50) RORFRIZ G? 5 3000 LI L D1EH:
ST A (dudz) D2FEICHHITS
14 ll 1 1 lJlIll 1 111 GJCE*H@L-C, T l\ ‘/ﬁﬁkg"]f; (du/

10° 10
Particle Size (mm)
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Table 3. Experimental conditions in Series A

Run 6 y dm h Us

No. (deg) (kgem~Tes™1) | (x1073m) ¢ (x1072m) | (m/s)
A-1 12 1.50%10! 1.61 0.055 1.0 0.143
A- 2 16 1.20x107! 1.61 0.249 1.5 0.201
A- 3 20 1.28x107! 1.61 0.338 1.8 0.246
A- 4 25 1.30x107! 1.61 0.338 1.4 0.241
A-5 16 1.12 1.61 0.111 1.1 0.172
A- 6 20 1.12 1.61 0.170 1.2 0.201
A-7 25 1.24 1.61 0.249 1.0 0.204
A~ 8 20 2.55x107! 5.23 0.466 2.7 0.301
A~ 9 20 2.50%107! 2.72 0.296 1.8 0.246
A-10 20 2.50x107! 1.61 0.194 0.8 0.164
A-11 20 2.50x107! 1.15 0.165 0.8 0.164
A-12 12 1.21x1078 1.61 0.158 1.2 0.156
A-13 16 1.22x1073 1.61 0.339 1.4 0.194
A-14 20 1.24x1073 1.61 0.515 1.5 0.224

ST 2R 2R T 26D TH B, 22T, ERIck->THRhOBHEFANS it

KB 2B KA FIBN VKRR 0 2 AR EBKIE 28 10 cnic LT Y, ERANICIEER T,
o bR B, BukMEmA TlEEE LARBEHRT ik~ THARERES
#, EFFIREICL > TZOWE, REBFESERAIRY, FLRNEENT I L& > TREORAIEE
fT-7

ERAVIR Fig I8ISRT&L IR LD TH B, £/, EREMHELTIE, Table 3T LI, ¥l
i, NEEEELEE,

Fig. 19 REROKEREBE SN HENHOHERL TV 3, Khic 3REFEH R OBES—HRICHHL
TVWBLDREDS &I, (BN O Bagnold OERS S B N LEBOTENHRY, RHRED
YD A EE X - HENTHRR

4 _Ar(2h—2)

z o (52)
$5MESEIRIC 5517 % Bagnold D& X itk B

u = pTz (Zh _Z) ------------------------------------------------------------------------------

& 2A+ (T4 Dk (53)
R 20 & B BRI FRAC & AR EZE L 12

u PIR R 2 et (54)

W 2{l+sd/(/c—1/eoluh
HEWT, NFERBRETH 2 EVWHEHDT, sd=3 &L TRBONFHERRE L bIT, HBbBO
ARARIC L > TEHENFENFRIC L BHEZRSRL TV S, RunA-13 0 & 5 ichiFHH<, M
MUREIK TH BEHERROFKEN TR, R, ERORMIBEAL TV, RHBRREOHEIKEL
BhidEEoNizdbbs4, (52), (63), (B4) XOBABGEL LTS,
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