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Abstract

The houses are formed in the lower part of the mountain slope face in most agricultural areas of Korea, and old residents accounting for a large portion
of the agricultural populations cannot respond to the evacuation quickly when the landslide happens, and the possibility the life damage occurs is high.
Therefore, it is urgent to arrange the measure on this. This study is intended to develop the personal disaster evacuation apparatus that can be installed in
the house to minimize the life damage by the landslide and to develop the self-initiative evacuation apparatus. This study suggested the load applicable
to the personal disaster evacuation apparatus by quantitatively analyzing the effect of the load of rockslides and avalanches caused by the landslide on the
structure. Also, the material property of materials was calculated through the tension and bending intensity test after making the specimen of glass fiber
reinforced plastic (GFRP) member. The load weight and material property drawn from this study can be used as the basic material for the stability
analysis of the personal disaster evacuation apparatus.
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Fig. 1 Calculation of Rockfall energy (MOLIT, 2013)

Table 1 Types of open—cut slope and Coefficient of equivalent friction (MOLIT, 2013)

Characteristics of Rockfall Characteristics of open—cut slop Coefficient of equivalent friction
Round shape Hard rock, little rugged and non tree 0.05

Angular or Round shape Soft rock, medium or large rugged, non tree 0.15

Angular or Round shape Weathered rock, small or medium rugged, non tree 0.25
Angular shape Cliff, medium or large rugged 0.31

*degree of rugged of open—cut slop (rugged heights per 1.0 m of open—cut slop) below 0,1 m: small, 0.1~1.0 m: medium, more 1.0 m : large

40 * Journal of the Korean Society of Agricultural Engineers, 58(5), 2016, 9



oy
02
e
o
&
10

;
N
d

SN - B - A - 28N

1714 pd% BN

%% NEE JEEARE  A85Hs SIS AV Sl 2918 Abnnel thgt gk

A5 A0 vt A Al (RF 7~11), he BARE =0l a =
=& oA (E% 1.0~1. 5), AL EXEYL s2 thiz, 7t EMR AT EEZN &2
Q= BEARY T EST, ve BAH FEE FE A & BEAR AT B2k Svl BN glo] L2 ARFY A

=5 Uehik

SR EAsE 7)o R T F 2

15P1y 17

Ply 19Ply

21Ply

a) Specimens of tensile test
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(b) Specimens of flexural test

Fig. 2 Specimens of test

Table 2 Landslide velocity

scale
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L Old class
Division (Varnes, 1978.) New class (WP/WLI, 1994.)
velocity . . ) . . . .
class typical velocity | typical velocity | description probable destruction significance
1 _ _ extremely slow precautions structures undamaged,
v detectible only with special instruments,
some permament structures are undamagd, crack etc, occurance
2 0.06 m/year | 0.016 m/year very slow P . ) 9, :
(Repair possible)
in case of non continuing, distributed over a wide area: frequent maintenance
3 1.5 m/year 1.6 m/year slow ) . o
roads and insentives structures can be maintained,
me r nd strong structur n temporarily repair nsitiv
4 15 m/month 13 m/month moderate some roads a d s ong structures c.:a be temporarily repaired, sensitive
building located on soil clod can be damaged.
5 1.5 m/day 1.8 m/hour rapid all persons are able to escape, structures are damaged.
locity is too fast ryon n not i me persons are Kill
6 0.3 m/min 3 m/min, very rapid velocity is too fast, everyone can not be avol dgd_ some persons are killed,
struct—ures can be occured serious damage,
extremel eople have no time to escape, so many people die,structures are destoryed
7 3 m/sec. 5 m/sec. ney peop Pe. ¥ peop ’ ved.
rapid (catastrophe occures)
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Table 3 Dynamic impact pressure acting on the structure by analysis of landslide in Korea

Occurence area Peak discha;ge slop ratiF)/ movable velocity | static/dynamic total impact
volume (m°) slop gradient (m/s) pressure (kPa) pressure (kPa)
Chunchen, cheonjeonri (1) 78.8 0.35/19 °C 6.08 9.46/77.89 87.35
Chunchen, cheonjeonri (2) 87.4 0.29/16 °C 6.24 17.15/73.94 91.09
Chunchen, cheonjeonri (3) 31,55 0.19/11 °C 3.82 8.43/29.20 37.63
Chunchen, yupori 46,67 0.45/24 °C 572 6.86/65.32 72.18
Chunchen, chugokri 159,98 0.25/14 °C 7.08 10.49/100.29 110.78
Chunchen, seosangri 20.62 0.32/18 °C 3.93 8.53/30.95 39.48
Chunchen, hyeonamri 40.67 0.19/11 °C 435 5.98/37.81 4379
Chunchen, Jichonri 33.64 0.21/12 °C 4,02 4.12/32.31 36.43
Chunchen, Jungri 11.57 0.24/13 °C 2.90 4.70/16.87 21,57
Seoul, Umyeondong (1) 964.4 0.09/5 °C 9.09 17.72/148.66 166.38
Seoul, Umyeondong (2) 988.8 0.29/16 °C 9.16 26.46/151.14 177.60
Miryang, sangdong, yangji 661.8 0.19/11 °C 10.35 103,13/142.46 2141
Boseong, hoecheon, hwajuk 62.0 0.31/17 °C 557 21,78/55.85 77.62
Daejeon, daesadong 31.6 0.58/30 °C 5.48 26.03/54.48 80.51
Seocheon, wonsuri 32.6 0.32/18 °C 455 18.24/37.26 55.50
Pocheon, gisanri 58.5 0.32/18 °C 5.52 18.42/54.90 73.32
Pocheon, geumdongri 30.5 0.36/20 °C 4.63 18.18/38.59 56.69
Pocheon, simgokri 20.6 0.47/25 °C 4.44 26.43/35.48 61.91
Dongducheon, sangbongamdong 2413 0.35/20 °C 9.08 39.30/148.35 187.65
Yongin, mohyeonmyeon 39.3 0.25/14 °C 4.46 22.20/35.80 58.00
Jeongeup, jiseonri 100.1 0.45/24 °C 7.38 12.86/97.99 110.85
Inje, bupyeongri 160.4 0.16/9 °C 6.13 17.45/67 58 85.03
Inje, deokjeokri 159.6 0.18/10 °C 6.36 16.93/72.80 89.73
Bonghwa, chunyang, seokmunri 469.9 0.14/8 °C 8.36 18.38/125.80 14418
Bonghwa, chunyang,seobyeok—ri 357.8 0.16/9 °C 8.12 36.01/118.56 154,57
Table 4 Damage class to buildings by dynamic impact pressure (debris flow)
Division Damage class Impact pressure ( kPa )
Non concrete btiilc:qitn% (Brick/Masonry/Wood/Steel/ Ex?(!ggitve 1(; : ;%Kf;a
ght beam/structure) Complete S 30kPa
Slight 0 ~ 35kPa
Reinforced concrete building Moderate 35 ~ 100kPa
Extensive > 100 kPa
AZNA, pypiais BAT WS A s, v, 0= SA9] A A5 EAEollA AFRE A RS S8l 2 BAR Eae vle
AH), ppae AT WO FAIS B, vy, 1S AIAH] ©F 20 kN/m*& A3k
2 U], AEolsio] QA gA1e} 2 752 shm 4
o) AHule] E3FeCh EARO Wegke Az, FAEA S 3. EAMRO ofsl wEl= ot 24M

of | 4AFgEle] URtE} s7)= ofe¢u, Kang and Kim 7} ARAFEH AE0f ofst B1=
(2014)2] el = PPHOR AFRLA BATRE (o) oy sz ofs ubaelis 3150) 271 52.0] Aol v]
£ 20~22 kN/m? €] 9|8 KarsiA|uh, BEALR A 2|90 = #5ka R o] eslo] AN AAE] S22 Al = W Varnes
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A58 Table 22}

o] 2 = lom, of& 4] (4)0l] ofsf 9] 2] 2-g-o}
L= 3158 AP Aa 4] (8)3) 2] 0.005 kPa~50.0 kPa2] 5}
SO A== 2o & ekt

Py=2,000 x (0.05~5.0)2 = 0.00 5kPa~50.0 kPa

(8)

o]7]4, EAF Dz Kang and Kim (2014)0] #4320

Table 5 Loads acting on structure

KN/m?-& 28319 o, A &= AR A E) 9] Z5-
AJolaiLt, # AolA 9

| et

gl AL Akt 67

Sl G ER= AT £ 0.05~5.0 m/sS 283515k

Lt I EAMR0| 2§t 220 AEsh= SHFH ¢

Table 3o LebH vfe o] 222006 d°)14 2011 Afo]

of e U AbAef %257Hi°ﬂ it B4R

EAR oA, ol

%I‘E EE 5>

%52 Rickenamnno| A]0ket & 4|

Rockfall load (kN)

Load by landslide velocity class (kPa)

Load by debris flow in Korea (kPa)

average: 4 general: 1 ~ 30 0.005 ~ 50 2157 ~ 21411
Table 6 Size distribution of dynacmic impact pressure in the Korea landslides
load size (kPa) Number of load size (kPa) Number of load size (kPa) Number of
occurrences (%) occurrences (%) occurrences (%)
30 6 (14.0) 50 6 (14.0) 100 19 (44.2)
150 7 (16.2) 200 4 (9.3) 250 1(2.3)

{ 30 kPa: 6 (14.0 %), { 50 kPa: 12 (28.0 %), <100 kPa: 31 (72.2 %), 150 kPa: 38 (88.4 %), { 200 kPa: 42 (97.7 %), { 250 kPa: 43 (100.0 %)

Table 7 Topographic slope and occurrence number for landslide area

Landslide occurance number by regional groups

Divisi i
Zone sion Kangwondo Kyung buk J:l:); glussaanr; Ne;)t::zal and so on
less 10 °C 0 2 1 0 0 0 1
11~15 °C 0 1 7 - - 2 -
16~20 °C 14 0 26 1 10 6 2
Landslide 21~25 ‘;C 40 5 22 - - 4 - >Gapyeong area
area 26~30 OC 86 12 140 59 83 2 34 —Averag gradient : 1952 °C
gradient 31~35 °C 42 14 30 - - 1 - —Standard deviation : 10,77
36~40 °C 10 1 92 73 78 0 55 —Qccurrence number : 322
~45 °C 4 12 86 25 11 0 18 D>Yeoju, Icheon area
Y 46 °C 0 11 64 4 - 0 15 —Averag gradient : 14,470
subtotal 196 68 468 172 182 15 125 —Standard deviation : 9,87
NE - 3 7 66 53 3 0 —Occurrence number : 56
NW - 10 5 55 48 3 0 >Hoengseong area
SE - 1 2 26 44 2 0 —averag gradient : 17,55 °C
Landslide SW - 5 1 25 37 1 0 —Averag gradient : 10,99
direction N - - 5 0 0 1 59 —QOccurrence number : 643
S - - 2 0 0 0 51 >Gimcheon area
E - - 4 0 0 3 5 —Averag gradient : 18,52 °C
W - 3 1 0 0 ) 10 —Standard deviation : 11,05
_ Igneous rock - 23 - 106 106 12 60 —Occurrence number * 499
Geological -
characteristi Metamorphic rock - 58 - 38 7 0 65
cs Sedimentary rock - 0 - 28 69 3 0
and so on - 0 - 0 0 0 0
landslide year of occurrence 06 |02~11| 06 05~07 05 14 (hazard) 06 2001~2014
averag gradient 3235 20 | 2995 23.0 us |, (excslia?:g(t::i'lnal o
gradient standard deviation 8.99 8.26 6.93 5.60 8.20 8.64 (total)
A= als)i=g] A58 A A3, 2016 « 43



MAEHZ QIS QIBL[EH CHH| JHOIE RHtTHI|Z |+ JHE (1)

3} A3} 2}=2of| gt Choi (2013), Kang and Kim (2014),
Choi (2013)¢] AF-8-2 arsto] B4 At B4R 9
& xR0 W S92 o] 9= 21.57~214.11 kPao|w,
FLEAE AT Wt 95.36 kPao] 54 Y S e
B &g lom], B 220 A T4 A8 Al EARO
WS 6.12 m/sec7F AESE Al o2 BAEC) 5L, =
- 2J0] B4 Tl ofato] 7E Aol thet g B e S
w o F9F 24> WAR= Hu et al. (2012) 9] $5u8-2 3ars
=7HiollA Kang and Kim (2014)7} @l 5HA] 7 =<t 1]
BN7E0] 4 552 Table 49} ZFo] 6THA|= Lrebd 4= 9k

i3

4, HAE THHCHT| 7T *HSHEHES A

NS A7 |t 285 1H= A Bl EAR: Slol| st
FARME-S 2015HH The- Table 5&F o] vpepd 4= glom, 2
83152 Table 504 AKBHole 57 sl thslo] QFdst
Ao AVY, A8 Sl Eefslo] A A] EAIR HAEQ),
EAR AR 58 7R - BARAIRE AR slo] Ak Alo] 2
gop50l 2 o158 W8l Siet g SRS WEslaint

Ak QP el AHgSe 315 e TH] 2] A4
o] WA Aol 2SI 574 3RS 50 kPa L
7] 91 LRl TR Table 62} 0] Lhehl 5= k. T4
7HP R 8 IR A ARER QIFE BEAIR RIS
A13¥ATE (Jung, 2009; Park et al., 2010; Lee et al., 2015)E-H}f
B0 2 AR AT Table 73 20| EAIR A =R= 2] 2|3
ZAAEE7T 20 °CoBlof|A 11.5 %, 21°C~40 °CojlA] 71.5 %, 41
°C~45 °CofX 7 %, 46 °ColdollA] 10 %7 ST o = Aick
o1 Tefslo] A B150] 45 Alktel 455 Sl ot 515,
AR Sl A8 A S okl o) =AY 5 B20skE
S A PSP B, A8 4 SRS T2
Q18 AcHe)7] ol ez 515 S S Table 831 20] 25
SI9Irk LhHEIES 1455 A A] 2P REES Defa)
o] a5 0) B 8ok 4-65 T Al WAl B

Table 8 Load class acting on the disaster safety structures

7ol b AN X171 ekeES Hhg st

. 741 RHACHI|7 |+ XH= Al

1. Az &

0%

EH
=

7t ARBME = AIEKIE

NG A=) 71 ARke: fiste] w4 5442 7wl
], ZA00 = ZsHaA AAA] R m e SEE= AT
7331Z2}~~E (Fiber Reinforced Plastic, |3} ‘FRP’ 2} $H2
Asgon, S0 pagel AR g 59 H4asHEA
g 14 72 = G245 (Glass Fiber), 143446 (Carbon
Fiber), o}2h1)= 415 (Aramid Fiber) 5©] )tk

SRS B FLEFRP A2o] 714 o] AgSH= A%
A UFAVS 9 Ui/do) 7, widol| gk e F Aol oF
s, W2 AR YA o' W2 =S 2= A0 54
ofck. ofehu|= 41 AR AN ERS 7 ik
Frolw, W - ko] gt a7 A ook EAR ] At
o] - Thtsto] QA 0|71 SER| Tk fhaifofl Hls g del
o}, 9-S-2jo] oFat 710] S0k (Introduction to FRP
Composites, 2006).

2 Aol A= FRP Azlof| 7 gho] ARG-E]H, -do] 7+
3t §2)4d-67)381&22 8 (Glass Fiber Reinforced Plastic:
GFRP)Z A1g31o] 4110 sk whie) e 254
(Hand lay-up method) ©.2 Fig. 22} Table 9oj|4 YERH v}
20 Sepe SAol v A R FEAE ABS
Case#l (1573), Case#2 (1773), Case#3 (1973), Case#4 (217)
©& 4 Case?] AL AT

o
vy
o
(e}
¥
o

4 9 AT KS F 2241 (24 740k 2t
2-5]] QP W), KS F 242 (el ot Sepele)

Acting load
Load class | Rockfall load dynamic load Slope ratio of applied terrain Remarks
(kN) (kPa)
1 class 4 15 0.368 (about 20 °C)
2 class 4 30 0.568 (about 30 °C) *concentrated load is Loads due to rockfall kind,
3 class 4 35 0.635 (about 33 °C) *distributed load (dynamic load) was classified by considering
4 class 4 50 0.835 (about 40 °C) to size distribution of the dynamic impact pressure, and
5 class 30 100 1512 (about 56 °C) damage class of building during in the Korea landslide,
6 class 30 150 2.168 (about 65 °C)

44 « Journal of the Korean Society of Agricultural Engineers, 58(5), 2016, 9



Table 9 Test specimens specification

Tensile strength of test specimens specification Flexural strength of test specimens specification
Type Caseit1 Case#2 Case#3 Caseit4 Caseit1 Case#f2 Case#3 Case#f4
(15Ply) (17Ply) (19Ply) (21Ply) (15Ply) (17Ply) (19Ply) (21Ply)
Length (mm) 70 70 70 70 450 450 450 450
Width (mm) 30.12 30.05 30.20 30.21 49.97 49.86 49,90 49,84
Thickness (mm) 11.56 13.31 15.65 16.33 12.25 13.90 15.67 17.08

(a) Tensile strength test

(b) Flexural strength test

Fig. 3 The tensile and flexural strength test with the laminated thickness

(a) Result of tensile test

Tl L = SEIoN
- 1 — h.\k

e

(b) Result of flexural test

Fig. 4 Result of test specimen

T AIE Bl ofsl AAIBIATE (Ministry of Oceans and
Fisheries Notice, 2013). MTSA}F500 kN -250] Q1ZPA|S W -+
AT Holl ALBBRE 2 ARESl0] QAR 2.0 mm/imin,
TIHE 4.0 mmy/min®] X2 515 A5} 51o] AlEE AA
al3ick (Fig. 3).

Qe 9 QAR KS F 2241004 748k the
A1(9), (10)°f] &Jaff AXFsISAT

QU (MPa)= - )
a L P
eI A4 (E: MPa)= 1 (E) (10)

01714, P= 3tdslg (MN), A= Al e] Foo] Tz
(m?)& LEhfie, 7 2 FARHAG=KS F 22420]14]
sk A (1), (12)& &3t ARktsiint

P L

3 3

THIE (MPa)= 2 2 (11)
‘ L? P

T HEdAS (E: MPa)= - (12)

4h N

of7)4, Pz Teel 5 (MN), L& A11k2] 2] (m), bz A
o] U] (m), ti= AH0] T4 (m), P= Al whaAlo] 515,
A= A9 TFEAle) 91E e,

=t
=

THI8 Aok Aol )4l et Eek e (GFRP)
SR EREEEER VN EL S BB P ERE
gell AL wefslo] 4S5 4 Caseo] S AEs10]
ol 9 A AIE S ATt (Fig. 4)

21747} Table 100412} o] Q17 A13e] 49 Hcfel s

o AFEAL B RS BHES U glglon, Ay

"

2. ANgdZn o

2]
o1REbA Al4== Case#t1 of|A] 212} 22.29 kN/em?, 544 kN/cm®

53R Assd ABE, 2016 * 45
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Table 10 Tensile strength values of test specimen

Type Case#1 (15Ply) Case#2 (17Ply) Case#3 (19Ply) Case#4 (21Ply)
Thickness (mm) 11.56 13.31 15,65 16.33
Maximum load (kN) 77.61 79.71 92,07 102,58
Maximum deformation (mm) 2.87 257 2.61 271
Tensil sterngth (kN/cm?) 22.29 19,93 19,48 20.79
Tensile elastic modules (kN/cm?) 544 543 523 537

Table 11 flexural strength values of test specimen

Type Casei#t1 (15Ply) Case#t2 (17Ply) Case#3 (19Ply) Case#t4 (21Ply)
Thickness (mm) 12.25 13.90 15.67 17.08
Maximum load (kN) 6.88 8.58 10.41 10.26
Maximum deformation (mm) 16.13 14.40 12.73 10.63
Flexural sterngth (kN/cm?) 27.53 26.65 25.43 25.22
Flexural elastic modules (kN/cm’) 929 888 850 926

Table 12 Properties of FRP material for members

Division Elastic modulus Tensil strength Flexural strength Unit weight Poisson's ratio
(kN/m2) (kN/m?) (kN/m?) (kN/m’) (v)
GFRP 8.98106 206,200 262,000 16 0.23

o2 7P-eA| S =9It T3t Table 119 970w A1) 7
& QA A 3h-GAISHA| Case#tl o4 735 27.53 kN/em?
2 Slebd7A4= 929 kN/em’ 2 7P 57 LRtk
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A] ghot Alg)do] QS-S o 4= QLo YA AJHOA A E2]
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