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Experiments and Analysis on “"Debris Flow Braker” screen.

Sabo (Erosion Control) Division Akio Yazawa
Takahisa Mizuyama
Akihiro Morita

Synopsis

Some sabo structures have been proposed to control debris flow. Some of them have
been devised and constructed for test. “Debris Flow Braker” screen among them is like
a drain board. It has been confirmed that debris flow was reduced its velocity and stopped
on the screen. As “Debris Flow Braker” screen is very simple structure, light weight and
economical, it attracts many attention now. :

We studied to find the best design condition of *‘Debris Flow Braker” screen in this
research. Firstly, screen effects to stop and catch debris flow was investigated through model
experiments. Secondly, we analyzed the best screen condition from these experiments and
tried to apply it to the field. '

It was found that debris flow arriving at the screen was reduced its velocity by constant
deceleration and deposited at a reposed angle of the material on the screen. Its effectiveness

was also checked for mud flow.

Key Words !  Debris flow, Debris Flow Braker, Drain board screen
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River bed Condition of the debris flow Condition of the screen
Run Na g;a(ddiggt) material discharg | velocity |wave height] angle | length | space
Q( ¢/sec)| Vkn/sec)| h (ca) a(deg)| € (cm) s (em)

1 17.6 A 2.16 67.3 5.15 - | - -
2 67.3 4.00 -0 | 60 8
3 61.5 6.09 45
4 54.9 6.25 30
5 63.9 5.42 . 45 12
6 47.0 5.38 - j 16
7 73.8 4.17 0 30 8
8 50.0 5.42 | 15 j
9 63.9 5.20 30 12
10 69.6 6.00 16
11 62.5 5.60 20
12 50.0 4.80 6 15 8
13 48.7 6.15 12
14 70.0 5.00 16
15 \ \ 60.0 5.38 20
16 16.1 1.70 55.3 3.81 - — -
17 47.3 3.45 .y 45 8

18 53.6 3.30 0 30

19 , ‘ \ 46.2 3.30 g 15

20 14.9° B 1.95 54.5 2.68 —9 | 45 12
21 39.0 3.57 30 16
22 ¢ 4 53.6 2.62 15 20
23 16.1 C (50.4)* 7.3 2.00 -0 60 8
24 (58.8) 6.9 2.00

25 o 89.8 1.92

26 * (67.2) | 96.5 2.2

* moisture ratio %
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(en) (ea) (mn) (deg)
No 1 ~Nalb 359 56 1,000 17.64
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Flta 1 g/cc & LT, MEEKDER A OB LT,

I's= 8530g/5000cc =17 g/cc

MEC DlikBtV., KolkiV,L35L, SKkitwi,

Vo
= X
X 2 100

ThHbo




&K I DB 5 S W

Ve V. w
(cc) (ce) (%)

Na 23 6,000 7,000 50.4
Na 24, 25 8,000 8,000 58.8
Na 26 8,000 7,000 67.2




HLERNa 1

NWR727p s A

R 0 = 176 ° n Q = 216 1/s

Ay =& AR a= — B& | =—cm I S =— mm

e 515 cm

B f 70Vl 4t 4X B
t (sec) ¥hgt X (em) (sec) (cm) V=4X/dt ( ca/s)

0 0
0.1 6.67 0.1 6.67 66.7
0.2 13.33 0.1 6.66 66.6
0.3 18.67 0.1 5.34 53.4
0.4 26.67 0.1 8.00 80.0
0.5 35.00 0.1 8.33 83.3
0.6 42.33 0.1 7.33 3.3
0.7 49.33 0.1 7.00 70.0
0.8 54.33 0.1 5.00 50.0
0.9 69.67 0.1 5.34 53.4
1.0 66.00 0.1 6.33 63.3
i.1 73.67 0.1 7.67 76.7
1.2 81.00 0.1 7.33 73.3
1.3 86.67 0.1 5.67 56.7

ity - ab it q (cm®) : —

HEBDIEL h(cm) | — i3 0'(°): —

scale (cm)

0.1 sec, step




HEANo. 2

ebiE A
MKaRe 0 = 176 ° M Q = 216 /s
AU — vt At a= -9 k& | = 60 cm [ S= 8 mm
% 400 cm
By Hi 7av bili’F 4t 4X woo
t (sec) FEBE X (cm) (sec) (em) V=4X/dt (cn/s)
-0.2 —-13.46
-0.1 - 6.92 0.1 6.54 65.4
0 0. 0.1 6.92 69.2
0.1 5.00 0. 5.00 50.0
0.2 1077 0.1 5.77 57.7
0.3 15.77 0.1 5.00 50.0
0.4 21.15 0.1 5.38 53.8
0.5 - 80.77 0.1 9,62 96.2
0.6 40.38 0.1 9.61 96.1
0.7 46.15 0.1 5.77 57.7
0.8 52.69 0.1 6.54 65.4
0.9 53.85 0.1 1.16 11.6
1.0 56.77 0.1 1.92 19.2

witpa q Cecm®) & 100
HeRDIE h’(cm) : 112 3. 0’(°): 28-10

screen

~=87 —




SHERNa 3

d8ME A
MR 0 = 171.6 ° wilk  Q = 216 1/s
A9 vt BRL a= -0 EX | = 45cm M S=8 mm
#HE 6.09 cm
By 1 70V hifF 4t 4 X i
t (sec) FligE X (cm) (sec) (cm) V=dX/dt ( cn/s)
-0.2 -12.30
—-0.1 - 6.17 0.1 6.53 65.3
0 0 0.1 5.77 57.7
0.1 4.62 0.1 4.62 46.2
0.2 8.46 0.1 3.84 38.4
0.3 13.85 0.1 5.39 53.9
0.4 20.38 0.1 6.53 65.3
0.5 25.38 0.1 5.00 50.0
0.6 39.62 0.1 14.24 142.4
0.7 46.15 0.1 6.53 65.3
0.8 51.15 0.1 5.00 50.0
0.9 51.92 0.1 0.77 7.1
- eba q (cm®) : 600
HERDIE h(cm) @ 126 Heph e 6’(C°): 29-11

screen

_38_.




RR7272 < SN
TR AR 0 = 1716 ° ikt = 2,16 1/s
A7 — v A/ a= —0 & | =3 cm [ S= 8 mm
HE 6.25 cm
&5 7oV bR 41 4 X AT |
t (sec) gk X (cm) (sec) (cm) V=dX/dt cn/s)
- 0.1 - b.49
0 0 0.1 5.49 54.9
0.1 9.02 0.1 9.02 90.2
0.2 15.29 0.1 6.27 62.7
0.3 - 23.14 0.1 7.85 78.5
0.4 29.41 0.1 6.27 62.7
0.5 33.33 0.1 3.92 39.2
0.6 36.08 0.1 2.75 21.5
0.7 48.24 0.1 12.16 121.6
-k a q Ccm®) ¢ 5,000
HERDIE hM(cm) ! — HERD LIRS C°)y: —

screen




JLE&Na 5

b4 ¥t A
AR 0 = 1716 ° Hlifit Q = 216 1/s
A9 ) -Vt B a= -0 EX | =45 cm k% S =12 mm
#5542 cm
i 7avhiliF 4t d X i
t (sec) Mgt X (cm) (sec) (cm) V=d4X/dt ( cn/s)
0.2 -12.77
~0.1 - 1.23 0.1 5.54 55.4
0 0 0.1 7.23 72.3
0.1 7.66 0.1 7.66 76.6
0.2 17.87 0.1 10.21 102.1
0.3 26.81 0.1 8.94 89.4
0.4 28.09 0.1 1.28 12.8
0.5 34.04 0.1 5.95 59.5
0.6 38.30 0.1 4.26 42.6
0.7 40.43 0.1 2.13 21.3
0.8 44.26 0.1 3.83 38.3
0.9 48.94 0.1 4.68 46.8
1.0 52.77 0.1 3.83 38.3
R g (cm®) © 700
HERpE h’(cm) : 117 RS 6’(C°): 30-15

screen




SLERN. 6

AEbiA R A
WK A R 0 = 176 ° il = 2.16 1/s
22—Vt WES a= —0 EX | =45 ¢m ks S = 16 mm
#E 5.38 cm
L 7avbiF 4t d X [
t (sec) ¥lig¢ X (cm) (sec) (cm) V=dX/dt ( cn/s)
—-0.2 -9.39
~-0.1  —4.08 0.1 5.31 53.1
0 0 0.1 4,08 40.8
0.1 6.31 0.1 5.31 53.1
0.2 13.06 0.1 1.75 11.5
0.3 20.41 0.1 7.35 13.5
0.4 31.48 0.1 11.43 114.3
0.5 37.14 0.1 5.30 53.0
0.6 42.04 0.1 4.90 49.0
0.7 50,20 0.1 8.16 81.6
0.8 53.06 0.1 2.86 28.6
wHtHE  q (ecm®) @ 15,000
HipbIE h(cm) @ — HERD RS 0(C°H): —

screen




SZEANo. 7

K727 A
BIRGIRS 0 = 116 ° R Q = 216 1/s
Ay Y =Vt AR a= 0 £E |=3cm [ S= 8 mm
WS 417 cm
By 1) 7avbiiF 4 d X o
1 (sec) #ligt X (em) (sec) (cm) V=dX/dt ( ca/s)
-0.2 ~14.75
-0.1 —~ 8.42 0.1 6.33 63.3
0 0 0.1 8.42 84.2
0.1 6.25 0.1 6.25 62.5
0.2 13.33 0.1 7.08 70.8
0.3 20.83 0.1 7.50 75.0
0.4 24.58 0.1 3.75 31.5
0.5 26.67 0.1 2.09 20.9
0.6 27.50 0.1 0.83 8.3
0.7 28.33 0.1 0.83 8.3
it at q (cm®) © 100
HERDIEL h’(cm) : 12,6 HERAR 0’ (C°): 22-15

deposition

é\V/////ﬂ
\0

screen




LToHE A
WK 0 = 116 ° Hift = 216 1/s
A7V -Vt AR a= ¢ & | =15 cm M S= 8 mm
¥ 542 cm
By Ml 7oV hiF 41 4 X Y|
t (sec) FidE X (em) (sec) (cm) V=4X/dt ( cu/s)
—-0.2 - 10.00
—-0.1 - 5.20 0.1 4.80 48.0
0 0 0.1 5.20 62.0
0.1 10.00 0.1 10.00 100.0
0.2 14,80 0.1 4.80 48.0
0.3 18.00 0.1 3.20 32.0
0.4 21.20 0.1 3.20 32.0
0.5 22.00 0.1 0.80 8.0
0.6 23.20 0.1 1.20 12.0
0.7 24.00 0.1 0.80 8.0
BB q (cm®) © 7,400
HEBDIE h(cm) @ — Hepbr)RR g'C°): —




JLE&N 9

MRY27RR A
TR AR 0 = 116 ° itk Q = 216 1/s
A0 —v&M Wi a= 0 E& | = 30ecm [ S =12 mm
M 520 cm
By I Jav ikt 4t 4 X A
t (sec) flisE X (cm) (sec) (cm) V=dX/dt Ccn/s)
-0.2 -12.77
—-0.1 — 5.96 0.1 6.81 68.1
0 0 0.1 5.96 59.6
0.1 2.98 0.1 2.98 29.8
0.2 6.38 0.1 3.40 34.0
0.3 10.21 0.1 3.83 38.3
0.4 13.19 0.1 2.98 29.8
0.5 15.74 0.1 2.65 26.5
0.6 18.30 0.1 2.56 25.6
0.7 20.43 0.1 2.13 21.3
0.8 21.28 0.1 0.85 8.5
0.9 22.55 0.1 1.27 12.7
with L ob A q Ccm®) © 300 o
HepbIg h’(cm) : 14.4 HEWHIRS 0’(°): 30-10

T

\0

deposition

screen




92E4N0 10

1wk A
MKAR. 0 = 176 ° ik Q = 216 1/s
RV -v&MH AR a= 0 kX | =30 cm [IFE S =16 mm
% 600 cm
B H zav bl 4t dX iR
t (sec) g X (em) (sec) (cm) V=dX/dt (cn/s)
-0.2 —-11.91
—0.1 — 5.11 0.1 6.80 68.0
0 0 0.1 5.11 51.1
0.1 3.40 0.1 3.40 34.0
0.2 6.81 0.1 3.41 34.1
0.3 7.66 0.1 0.85 8.5
0.4 8.94 0.1 1.28 12.8
0.5 14.47 0.1 5.53 55.3
0.6 17.87 0.1 3.40 34.0
0.7 20.43 0.1 2.56 25.6
0.8 24.68 0.1 4.25 42.5
w g q (em®) I 900
HERDIE h’Ccm) @ 13.6 HERD )L 0’(°): 36-15

g\///”4
A0

deposition

screen




S2EANa 11

LR A

TR L) 0 = 116 ° Wit Q = 216 /s

27 Y =V AR a= o K& |=30cm  [HF S=2 mm

e 560 cm

I i 70V iR dt d X o
t (sec) g X (cm) (sec) (cm) V=dX/dt ( ca/s)
~-0.2 ~12.50
-0.1 ~ 5.83 0.1 6.67 66.7

0 0 0.1 5.83 58.3
0.1 1.25 0.1 1.26 12.5
0.2 2.08 0.1 0.83 8.3
0.3 4.58 0.1 2.50 25.0
0.4 7.08 0.1 2.50 25.0
0.5 10.00 0.1 2.92 29.2
0.6 17.08 0.1 7.08 70.8
0.7 18.33 0.1 1.25 12.5
0.8 21.67 0.1 3.34 33.4
0.9 23.33 0.1 1.66 16.6
1.0 25.00 0.1 1.67 16.7
1.1 26.25 0.1 1.25 12.5

it - eb A g Cem®) ¢ 13,000

HeRbIRE h(em) @ — AR  0°(C°) 1 —

screen




J2EANa 12

btk A
MR AR 0 = 116 ° it Q = 216 1/s
A7) —vEft AR a= 0 K& | =16 ¢m BIEE S =8 mm
5 480 cm
B I 70V biliT 4t 4 X ok
t (sec) #igE X (o) (sec) (cm) V=d4X/4t ( c/s)
-0.2 -10.00
-0.1 ~ 4.80 0.1 5.20 52.0
0 0 0.1 4.80 48.0
0.1 3.60 0.1 3.60 36.0
0.2 7.60 0.1 4.00 40.0
0.3 11.60 0.1 4.00 40.0
0.4 15.60 0.1 4.00 40.0
0.5 18.00 0.1 2.40 24.0
0.6 19.60 0.1 1.60 16.0
0.7 20.80 0.1 1.20 12.0
iitia g q (cm®) ¢ 100
HepbiE h’(cm) @ 14.8 A/ 0/(°) : 40-10

deposition

screen




LBME A
MRBRL 0
A9 — v &&fF

= 17.6 °

W a= ¢

#E 6.15 cm

S2E&Na 13

Hitit

Q

= 216 1/s

X | =15 cm

W S =12 mm

8% I 70 v bilF 4t 4 X o
t (sec) FlisE X (ca) (sec) (cm) V=d4X/dt Ccm/s)
-0.3 ~14.62
-0.2 — 8.46 0.1 6.16 61.6
- 0.1 - 3.08 0.1 5.38 53.8
0 0 0.1 3.08 30.8
0.1 3.85 0.1 3.85 38.5
0.2 6.15 0.1 2.30 23.0
0.3 7.69 0.1 1.54 16.4
0.4 9.23 0.1 1.54 15.4
0.5 10.00 0.1 0.77 7.7
0.6 11.92 0.1 1.92 19.2
0.7 13.46 0.1 1.54 15.4
0.8 14.62 0.1 1.16 11.6
iR o (em) © 100 |
HEBDIE h’(ecm) @ 13.1 Hepbfc 6’(°): 35-10

deposition

screen




Lok A
KAk 0 = 176 ° w Q= 216 1/s
A2 —vRfE Akt a= 0 k& | =156 cm Wk S =16 mm
®HE 500 cm
L 70V MF dt 4 X /A
t (sec) g X (em) (sec) (cm) V=dX/dt (cn/s)
—-0.2 —14.00
- 0.1 — 8.00 0.1 6.00 60.0
0 0 0.1 8.00 80.0
0.1 1.60 0.1 1.60 16.0
0.2 4.00 0.1 3.40 34.0
0.3 8.00 0.1 4,00 40.0
0.4 10.00 0.1 2.00 20.0
0.5 12.40 0.1 2.40 24.0
0.6 14.80 0.1 2.40 24.0
0.7 16.00 0.1 1.20 12.0
0.8 17.20 0.1 1.20 12.0
0.9 19.60 0.1 2.40 24.0
i kE  q (em®) @ 200
HERDIE h’(cm) : 16.3 Hemb R 6’(°): 35-12
deposition

screen




J2E4Na 156

At A
i A 0 = 116 ° Wikt Q = 216 1/s
29 ) -Vt A a= ¢ K& | =15 cm HkE S =20 mm

Hi¥5 538 cm

By i Z7av biiF 4t 4X Y
t (sec) gt X (e (sec) (cm) V=dX/dt ( en/s)
—-0.2 —12.00
~-0.1 - 4.80 0.1 7.20 72.0
0 0 0.1 4.80 48.0
0.1 2.80 0.1 2.80 28.0
0.2 6.40 0.1 3.60 36.0
0.3 9.20 0.1 2.80 28.0
0.4 12. 40 0.1 3.20 32.0
0.5 14.40 0.1 2.00 20.0
0.6 15. 60 0.1 1.20 12.0
0.7 16.80 0.1 1.20 12.0

i it q Cem®) I 2,000
HERDIE h’(cm) . 13.6 Ko 0/(°): 25-10

screen

~ 60~




JZkANa 16

1M A
TR i 0 = 161 ° Wit Q = 170 1/s
Ay Y - At a= — B& | =—cm [ME S =— mm

%% 381 cm

By 7avbfiF 41 4 X o

t (sec) gt X (cm) (sec) (cm) V=4dX/dt (cn/s)
0 0
0.1 7.62 0.1 7.62 16.2
0.2 11.67 0.1 4.05 40.5
0.3 18.10 0.1 6.43 64.3
0.4 2429 0.1 6.19 61.9
0.5 30.00 0.1 5.71 57.1
0.6 34.76 0.1 4.76 47.6
0.7 40.48 0.1 5.712 57.2
0.8 45,95 0.1 5.47 54.7
0.9 49,52 0.1 3.67 36.7
1.0 54.76 0.1 5.24 52.4
1.1 58.81 0.1 4.05 40.5
1.2 63.33 0.1 4.52 45.2

Gt BR  q (em®) @ —
HDE  h(em) @ — WAk  0/(°) . —

scale (cm)
S
R o

"’;q_q’u) g "l

'ﬁ,o-' 4

0.1 sec. step




HERNa 17
RIZ7R
FIRAIC = 161 ° Hilit = 1.70 1/s
Ry Y -V W a = k& | =45 cm B S= 8 mm
#E5 345 cm
B i 70V bifi ¥ 4t 4X ek
t (sec) gk X (cm) (sec) (cm) V=4X/dt (cn/s)
- 0.7 -33.13
—-0.6 —28.44 0.1 4.69 46.9
—-0.5 - 23.44 0.1 4.00 40.0
—-0.4 - 16.88 0.1 6.56 65.6
-0.3 - 10.63 0.1 6.25 62.5
—-0.2 — 6.56 0.1 4.07 40.7
-0.1 - 3.76 0.1 2.81 28.1
0 0 0.1 3.75 31.5
0.1 3.75 0.1 3.7 37.6 -
0.2 8.75 0.1 5.00 50.0
0.3 13.13 0.1 4.38 43.8
0.4 15.63 0.1 2.50 25.0
0.5 20.94 0.1 5.31 63.1
0.6 25.00 0.1 4.06 40.6
0.7 28.75 0.1 3.75 31.6
0.8 32.50 0.1 3.7 37.6
0.9 33.44 0.1 0.94 9.4
1.0 34.38 0.1 0.94 9.4
1.3 36.25 0.1 1.87 6.2
1.6 37.19 0.1 0.94 3.1
1.9 38.44 0.1 1.25 4.2
oL q(cm®) ¢ 0
HewblE h’(cm) : 10.0 He AR 0/(°): 40-14

M\

screen

deposition

R A T AN S L U A 2D

s

wesnr b e,

i per O i e b e




YJLERN0 18

1ok A
MR/ 0 = 161 ° Hifit Q = L70 1/s
Ay -V A a= 0 & | =30 cm i S =8 mm
#5330 cm
By M 70y bEF 41 4 X Wi
t (sec) ¥igk X (em) (sec) (cm) V=4X/dt (cn/s)
- 0.7 ~37.50
~0.6 —-30.94 0.1 6.56 65.6
-0.5 —24.06 0.1 6.88 68.8
~0.4 -17.81 0.1 6.25 62.5
-0.3 —13.75 0.1 4.06 40.6
-0.2 -10.31 0.1 3.44 34.4
-0.1 ~ 4.69 0.1 5.62 56.2
0 0 0.1 4.69 46.9
0.1 5.63 0.1 5.63 56.3
0.2 7.50 0.1 1.87 18.7
0.3 12.50 0.1 5.00 50.0
0.4 15.00 0.1 2.50 25.0
0.5 17.81 0.1 2.81 28.1
0.6 19.06 0.1 1.25 12.5
0.7 20.00 0.1 0.94 9.4
1.0 21,25 0.3 1.25 - 4.2
1.3 24,06 0.3 2.81 9.4
HtpE g(cm®) : 0
HE h’(cm) ! 10.6 Hewbme 0(°) . 35-15

)
W\///Kg,/ﬂ

deposition

screen

—b3—




F2ERNa 19

- ebbr ket A .
MIKARL 0 = 161 ° it Q = 170 1/s
R - HWE a= ¢ kS | =15¢cm fills S= 8 mm
M 3.30 cm
By M 7av hifi’F 4t 4 X oo
t (sec) st X (em) (sec) (cm) V=dX/4t (cn/s)
~0.9 —41.56 .
~-0.8 —35.63 0.1 593 59.3
-0.7 ~31.88 0.1 3.5 37.5
~0.6 —27.50 0.1 4.38 43.8
-0.5 —24.06 0.1 3.44 34.4
—-0.4 ~ 18.75 0.1 5.31 53.1
-0.3 —14.38 0.1 4.37 43.7
-0.2 - 11.25 0.1 3.13 31.3
-0.1 - 6.88 0.1 4.37 43.7
0 0 0.1 6.88 68.8
0.1 2.50 0.1 2.50 25.0
0.2 6.56 0.1 4.06 40.6
0.3 9.06 0.1 2.50 25.0
0.4 10.94 0.1 1.88 18.8
0.5 13.44 0.1 2.50 25.0
0.6 15.00 0.1 1.56 15.6
0.7 16.56 0.1 1.56 15.6
0.8 18.75 0.1 2.19 21.9
1.1 19.69 0.3 0.94 3.1

wil-Leb R q (cm®) : 500
Hegbig h'(cm) : 11.2 Hewb2)KC 0'(°): 35-5

deposition

—~ 64—




SEAN0.20
MR/278 S B
MR 0 = 149 ° Wik Q = 195 1/s
A7V —-vifE  Afe a= -9 K& | =45 cm i S =12 mm
e 268 cm
B 1) 7av bt 4t 4X Wk
t (sec) g X (em) (sec) (cem) V=4X/4t (cn/s)
- 0.565 —30.0
0 0 0.55 32.0 54.6
0.1 6.82 0.1 6.82 68.2
0.2 16.29 0.1 8.47 84.7
0.3 20.71 0.1 5.42 54.2
0.4 24.24 0.1 3.63 35.3
0.5 28.94 0.1 4.70 47.0
0.6 32.00 0.1 3.06 30.6
0.7 32.94 0.1 0.94 9.4
0.8 33.65 0.1 0.71 7.1
0.9 34.59 0.1 0.94 9.4
1.0 37.88 0.1 3.29 32.9
1.1 38.82 0.1 0.94 9.4
1.2 39.53 0.1 0.71 7.1
Wi e a g (cm®) | —
HEwbIE h’(ecm) @ — HoHE  0/(°): —
scale (cm)
V
A0
0.1 sec. step
screen




YeERNa21

LBME B
MEAR. 0 = 149 ° Mt Q = 195 1/s
Ay =R W a-= & | =30 cm % S = 16 mm
#¥ 357 cm
52 ] 7avbiliF 4 4 X W
t (sec) fligk X (cm) (sec) (cm) V=dX/dt (ca/s)
-0.77 —30.0
0 0 0.77 30.0 39.0
0.1 4.62 0.1 4.62 46.2
0.2 7.03 0.1 2.41 24.1
0.3 7.91 0.1 0.88 8.8
0.4 11.65 0.1 3.74 37.4
0.6 12.31 0.1 0.66 6.6
0.6 12.75 0.1 0.44 4.4
ks s R3¢ q (cm?®) ! —
HERDIE h(em) | — HER R 0C°): —

screen




itk B
MEKAR 0 = 149 ° it Q = 195 1/s
A7) —vEH AR a= ¢ K& | =15cm Wik S =20 mm
M 262 cm
Bf il 7avbhTF dt 4X [t
t (sec) i X (o) (sec) (cm) V=4X/dt (cn/s)
—0.56 - 30.0
0 0 0.56 30.0 53.6
0.1 1.63 0.1 1.63 16.3
0.2 5.68 0.1 3.95 39.5
0.3 8.37 0.1 2.79 27.9
0.4 10.23 0.1 1.86 18.6
0.6 10.70 0.1 0.47 4.7
0.6 15.12 0.1 4.42 44.2
s s A8 qg(em®) ! —
HERDIE h(cm) ! — i 0'(°): —

screen




F2EANa 23

W27 s C
A 0 = 161 ° wiE Q= — 1/s
R ) -V B a= -0 E& | =60 cm 5 S= 8 mm
HE5 200 cm W = 504%
B Jov iR d 4 X ik
t (sec) Higk X (cm) (sec) (cm) V=dX/dt (cn/s)
- 4.0 - 29.07
-3.5 —25.35 0.5 3.72 7.4
-3.0 — 20,93 0.5 4.42 8.8
—2.5 - 16.74 0.5 4.19 8.4
-2.0 —-12.33 0.5 4.41 8.8
- 1.5 - 7.44 0.5 4.89 9.8
- 1.0 - 3.95 0.5 3.49 7.0
-0.5 - 1.16 0.5 2.79 5.6
0 0 ' 0.5 1.16. 2.3
0.5 1.16 0.5 1.16 2.3
1.0 1.86 0.5 0.70 1.4
7.0 3.72 6.0 1.86 0.3
10.0 4.65 4.0 0.93 0.2

-k E g (ecm®) | —
i h(em) © 2.7 HepbAIEe 0’(°): 45-15

sdale (cm)

A0

0.6 éec. step

screen




SEANa24

1otk ¢
MRA R 0 = 161 ° it Q = — 1/s
A2 =V BR a= —9¢ £X | =60 cm HEE S =8 mm
e 200 cm W = 588%
By 1 70V bHEF 41 d X #ooE
t (sec) gt X (em) (sec) (cm) V=d4X/dt (cn/s)
~3.5 —24.24
-3.0 - 18.59 0.5 5.65 11.3
-2.5 ~15.76 0.5 2.83 5.7
—-2.0 - 12.47 0.5 3.29 6.6
- 1.5 — 894 0.5 3.53 7.1
-1.0 ~ 6.82 0.5 2.12 4.2
-0.5 - 3.06 0.5 3.76 7.5
0 0 0.5 3.06 6.2
0.5 0.94 0.5 0.94 1.9
1.5 3.53 1.0 2.59 2.6
2.0 5.88 0.5 2.35 4.7
3.0 6.59 1.0 0.71 0.7
5.0 7.29 2.0 0.70 0.4
10.0 8.24 5.0 0.95 0.2
15.0 11.76 5.0 3.62 0.7
20.0 14.35 5.0 2.59 0.5

Vi - q(em®) @ —
Hepbig hCecm) : 4.3 MRS 0’(°): 45-10

V
10




SZE&N0 25

LHE C
MRA) R 0 = 161 ° W Q= — 1/s
A9 Y —-vEE AR a= -0 K& | =60 cm I S= 8 mm
Wi 192 cm W= 688%
By Hi 70V il 41 4 X W
t (sec) fig X (eo) (sec) (cm) V=dX/4t (cn/s)
-0.33 —29.65
~0.30 — 26.82 0.03 2.83 94.3
-0.26 —23.06 0.04 3.76 94.0
-0.23 —20.00 0.03 3.06 102.0
-0.20 ~17.18 0.03 2.82 94.0
-0.16 —13.65 0.04 3.53 88.3
-0.13 - 11.06 0.03 2.59 86.3
-0.10 —~ 8.24 0.03 2.82 94.0
—0.06 ~ 5.65 0.04 2.59 64.8
~0.03 ~ 3.06 0.03 2.59 86.3
0 0 0.03 3.06 102.0
0.03 1.65 0.03 1.65 55.0
0.06 2.82 0.03 1.17 39.0
0.16 4.00 0.10 1.18 11.8
0.26 5.18 0.10 1.18 11.8
0.76 6.35 0.50 1.17 2.3
1.26 1.76 0.50 1.41 2.8
1.76 10.82 0.50 3.06 6.1
2.26 13.88 0.50 3.06 6.1
2.76 15.76 0.50 1.88 3.8
3.26 18.12 0.50 2.36 4.7
wikE q (em®) @ — .
HHE  h'(cm) : 26 Mk  0°(°) . 40-15

deposition

0.03 sec. step




HEAN026

2770 <
KA 0 = 161 ° Hift Q = — 1/s
A2 —vE  HF a= -6 & | =60cm [ifFF S= 8 mm
e 227 cm W= 67.2%
B 7av blF 4t 4X i A
t (sec) HigE X (en) (sec) (cm) V=dX/dt (cn/s)
-0.30 — 28.94
-0.27 - 256.18 0.03 3.76 125.3
—0.24 - 20.47 0.03 4.71 167.0
—-0.20 - 16.47 0.04 4.00 100.0
-0.17 - 13.18 0.03 3.29 109.7
—0.14 — 10.35 0.03 2.83 94.3
—-0.10 -~ 8.24 0.04 2.11 52.8
—-0.07 - 4.47 0.03 3.17 125.7
-0.04 — 1.65 0.03 2.82 94.0
0 0 0.04 1.65 41.3
0.03 1.88 0.03 1.88 62.7
0.06 4.00 0.03 2.12 70.7
0.10 5.65 0.04 1.65 41.3
0.13 7.29 0.03 1.64 54,7
0.16 8.00 0.03 0.71 23.7
0.26 8.47 0.10 0.47 4.7
0.36 8.94 0.10 0.47 4.7
wHLDE q (em®) : —
HERbE h’(cm) ¢ 3.0 HepbARe 0'(°): 50-15

screef
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fizhitt LT s,
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