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4. Evaluation of Evacuation Time from Debris Flow by On-site Experiments™

by Yasuo Tovyosawa** and Noriyuki HORir***

Abstract: It is important to predict the time required to evacuate from a debris flow at the
planning stage to take effective countermeasures against debris flow such as installing a detection
system consisting of monitors, alarms, etc. To prevent accidents caused by debris flow, the evacu-
ation time should be shorter than that of taken from when an alarm sounds until the debris flow
hits the construction site. The evacuation time depend on several factors such as the evacuation
route, composition of workers, and geographical conditions of the site. Therefore, on-site evacuation
experiments were carried out to evaluate the influence of those factors on the evacuation time.

The following values of evacuation speed were derived through the on-site evacuation experiments.
(Evacuation for one worker and route width is 1 m.)

(1) Evacuation speed of 1.5 m/s on a flat smooth surface and 1.3 m/s on a flat surface covered
with stones.

(2) Evacuation speed of 0.7 m/s on a slope of 30 degrees and 1.1 m/s on a slope of 10 degrees.

(3) On a ladder, the evacuation speed is 0.4 m/s for going up and 0.35 m/s for going down.

The following relations between evacuation time and number of workers, width of evacuation
route, etc. were also derived through the experiments. The evacuation speed needs to be modified
according to the following factors.

(1) On a flat surface, when the number of workers increases, the evacuation speed decreases, and
when the width of route or distance increases, the evacuation speed increases. Regarding
the surface conditions of the route, the evacuation speed is slower for a route covered with
stones compared to a smooth flat surface.

(2) On aslope, the evacuation speed decreases as the slope angle and number of workers increase.
On the contrary, the evacuation speed increases as the width of the route increases.

(3) On a ladder, the evacuation speed (individual evacuation speed) increases as the number of
workers increases. The evacuation speed (individual evacuation speed) does not change even
if the number of ladders increases.
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Photo 1  Experiment site condition. (Flat; covered

with stones)
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Photo 3 Site condition of a smooth flat surface.
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Table 1  Conditions for experiment. {flat; covered with stones)
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Case | WEENEK | HEIE T P e Hah
Fq 1A 1m 10, 30, 60, 100m O 4 7 — R 58 2 3 <
T 5N Im 10, 30, 60, 100m ? 4 7 — R W L2 4 <
T3 5N 2m 10, 30, 60, 100m O 4 7 — R W I o <
Eg 5 A 3m 10, 30, 60, 100m ® 4 & — & 37 L2 4 <
Es 10 A 1m 10, 30, 60, 100m ® 4 7 — & 5 12 4 <
Fe 10 A 2m 10, 30, 60, 100m & 4 4 — X Bz <
F7 10 A 3m 10, 30, 60, 100m & 4 4 — X @iz <
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Fig. 1  Cross section of experiment site. (flat; covered with stones)
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Table 2 Conditions for experiment. (flat; smooth)
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Fig. 2  Cross section of experiment site. (flat; smooth)
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Fig. 3  Ground view of experiment site. (flat; covered with stones)
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Table 3 Conditions for experiment at slope @.

HMEOICH T 2 EREE
Case FEAE | FEsE S A | EIR HEFH
e 27.8° 7.3m 3.41m 1A 1m EBICHECTED - D
£e-2 27.8° 7.3m 3.41m 5 A lm TEFICHENTEY -« Y
#@-3 27.8° 7.3m 3.41m 5 A 2m LEBICHNTEHD « &Y
#@-4 27.8° 7.3m 3.41m 5 A 3m W HENTED - By
@5 27.8° 7.3m 3.41m 10 A 1m ERICHENTERY) - D
£@-6 27.8° 7.3m 3.41m 10 A 2m MFITHENTEY - Y
#e-7 27.8° 7.3m 3.41m 10 A 3m A5 2 %w’c N k&Y
#E-8 27.8° 7.3m 3.41m 1A 1m SEZTEY - BY
f@-9 27.8° 7.3m 3.41m 5A 1m SERTE V) < B
#£@-10 27.8° 7.3m 3.41m 10 A 1m BERTED - BY
#@-11 27.8° 7.3m 3.41m 10 A 2m BEETE ') < BED
#©-12 27.8° 7.3m 3.41m 10 A 3m BERTEY - &Y

Table 4 Conditions for experiment at slope @.
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Case FEAaE | PR RS HEEEAS | g BE&T
£ 23.4° 19.8m 7.85m 1A 1m WFIZHECTE '9 -4y
#O-2 23.4° 19.8m 7.85m 5A Im LFEITHNTED - &Y
#D-3 . 23.4° 19.8m 7.85m 10 A 1m 3 ﬁL%w’C -3
D4 23.4° 19.8m 7.85m 1A 1m BERTED - Bﬁr‘- U
#£D-5 23.4° 19.8m 7.85m 5 A 1m ar E'cﬂ - B
#£Ha)-6 23.4° 19.8m 7.85m 10 A 1m [ERTEY -B&Y

Table 5 Conditions for experiment at slope @)'.
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Case FEAE | FEEE (S BEEAR | EE & T
FD-1 11.9° 50.12m 10.34m 1A 1m WFICHENTED - B
#O -2 11.9° 50.12m 10.34m 5A 1m ERITHTEH '9 =37)
#@D-3 11.9° 50.12m 10.34m 10 A 1m WRIZHENTED - B
#D-4 11.9° 50.12m 10.34m 1A 1m SERTEY - B% H
#O-5 11.9° 50.12m 10.34m 5A 1m SEETED -BRY
#D-6 11.9° 50.12m 10.34m 10 A 1m SERTEY -BEY
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Fig. 4  Cross section of site for slope experiments.
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Table 6  Conditions of experiments for ladder.
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Case | LT | mmeam | L7 | AT
B 1] 42m 1A 1 D - B
¥ 2| 42m 5A 1 B9 -y
B 3| 42m 5 A 2 0 -
B 4| 42m 10 A 1 HY - &Y
¥ 5| 4.2m 10 A 2 50 - &Y
B 6| 26m 1A 1 A2y - &Y
¥ 7| 2.6m 5N 1 59 - k&Y
¥ 8| 26m 5 A 2 70 -
¥ 9| 26m 10 A 1 Y - &Y
B 10| 2.6m 10 A 2 HH &Y

Photo 4  Overview of the site for ladder experiment.
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Fig. 8 Relation between route width and evacuation
speed. (ffat; stones)
IR () OEIE & EEEE DO
(AZES A ecase 2, 3, 4)

2.0
N
1.8 S
1.6 y
@ 1.4 o
Er1.2 |—
i 9
o8
ﬁ -
# 0.6 -
o4 |— [rommas
0.2
0.0

[ 48 38
(B¥) (%)
Fig. 9 Relation between surface condition and evacua-
tion speed. (flat)
IR ER D HE BRI & SRR E DORfR
(1§ 1m + 100m « 1 A * case F 1, 8, 9, 10)

20
1.8 _I:Fﬂ]ﬁﬁliﬁl
1.6 O

© 14

E12 = &

'ﬂ‘l( 10 |--- *

§08 0\5

8 06 * &Y —l—
04 | OEBY -
0'2 - ABYREROD-8) -
0'0 O [2Y. 2EFHD-8) y

5 10 15 20 25 30 35
MEAEC )

Fig. 10 Relation between evacuation speed and slope
angle. (slope)
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Fig. 11 Relation between number of workers and evacu-
ation speed. (slope)
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Fig. 12 Relation between route width and evacuation
speed. (slope)
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Fig. 13 Relation between number of workers and indi-
vidual evacuation speed. (ladder; 4.2m height)
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Fig. 14 Relation between number of workers and indi-
vidual evacuation speed. (ladder; 2.6m height)
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Fig. 15 Relation between number of ladders and indi-
vidual evacuation speed. (ladder; 4.2m height).
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Fig. 16 Relation between number of ladders and indi-
vidual evacuation speed. (ladder; 2.6m height).
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Fig. 17 Relation between number of workers and total
evacuation speed. (ladder; 4.2m height)
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Fig. 18 Relation between number of workers and total
evacuation speed. (ladder; 2.6mheight)
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total evacuation speed. (ladder; 2.6m height)
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Fig. 21 Evacuation speed for calculation. (Flat; stones,

1m width)
HEREERE (FIHE (), #E1R 1m)

18 | R RA&SEEE

16
2 14
\.Ez 1.2 ’1——/—7—47!!
50
B o || Al

04 —m— A5

’ —— A$o0

02

00

0 50 " 100
REEIE B (m)

Fig. 22 Evacuation speed for calculation. (Flat; stones,

2m width)
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Fig. 23 Evacuation speed for calculation. (Flat; stones,

3m width)
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Table 7 Equations for calculation of evacuation speed. (flat surface covered with stones)
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HiERX HEN HER
EIE | AR y: BEEEEEE (m/s) B | A y: R (m/s) EE | A y: WEEEE (m/s)
x: TR (m) : BEHEREBE (m) x: HEEEFEEE (m)
1A y=13 1A y=1.3 1A y=13
Im~ | y = 0.005z lm~ | y = 0.00dz lm~ | y = 0.003z
1m 10 A 100m +0.8 2m 10 A 100m +0.9 ?m 10 A 100m +1.0
100m —13 100m —1.3 Uk 100m —-13
Uk | YT Lk YT Lk YT
Table 8 Equations for calculation of evacuation speed (slope going up and going down).
HMEB-sIRERERER (B-BY)
) 72721, a=0.6/30=0.02 £¥ 5
HaER HiER HER
EE | AR |y BEEEERE (m/s) EE | AB oy BEEEEE (m/s) EIE | Ay #EEEE (m/s)
z: BIE (°) z: BE (°) z: BIE ()
1IN | y=—a-z+13 1A | y=—-a-z+13 1N} y=—a-z+13
Im | 5AN | y=—a-z+ 115 2m | 5N | y=—a-z+12 3m { 5N | y=—a-z+125
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Fig. 24 Evacuation speed for calculation.
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Fig. 25 Evacuation speed for calculation.
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