The Journal of Engineering Geology, Vol.15, No.2, June, 2005, pp. 105-121

oN
40
=2
O
on
19
0x
rn
pal
re
>
rg
>
P
™
10
Ral
]
Ok
Jok
1
HI
1=

AZ4* - UMY - YED - BN - x8H
BIRAAALTY ADBAANAD TR

Engineering Geological Analysis of Landslides on Natural Slopes

Induced by Rainfall
- Yongin - Ansung Area -

Kyeong-Su Kim" Won-Young Kim - Byung-Gon Chae - Young-Suk Song - Yong—-Chan Cho
Geological & Environmental Hazards Div., Korea Institute
of Geoscience & Mineral Resources

ety A AdARAA A EE A E 2 Yelo] tiEE AFSo g7t Aoz, A Z Q13 1Y
g Az E2 A AT e AA ot A7IEA A A E 19919 RE HZ7pA]| AL A9 F ez go) i
AE vk e, o] H e AAte o] GEE vA = SRJEZ =AY, A92Y, AL L EFIEY 52 E 5 Ut 1991
79 19U 2 219712 397kl AA ¢ 250mme] ST E 8 $2A-HAA FA A oF 66070 AFALEN 7 LA S R
o} o] AT A E o] A Gl A BAHE Ao et §R], A, A4, 7181 FH D 4 & 2AEHA A 2
HEA S Ba51% )

O A RS AAEE 7RG AR ESARCA HAHU L AP ST SR NAHY {F5 34 HE
WP = oS Byl 283 dojs RE 50m o8t AR Aotk w3, EdzAd o2 Aate) g
EAE 7HE] S8 AL B A d 5 SIS A R A YA Ao ESARE A FHE AUAPS 5T
EZZEH EAE HUeAT AAHEAA Y EFL A Z A2 9 By FRu0) £ 2@ A vhsle] b
FAANE S AEY HEYAY] FANI £ Adde] $AsA 28T B4AFE A E AR o o] v etz o
Y ASEG H Z AR YEyT

F80): A, A, HES, A2, EAEA

Most of the landslides triggered by intensive rainfall on natural slope occur serious damages of human be-
ings and properties. There have been many landslides since 1991 in Gyeonggi province. The influential factors
are rainfall, topography, geology and soil properties.

There were 660 landslides occurred by intensive rainfall as much as 250mm at Yongin and Anseong area from
July 19th to July 21st, 1991. This study surveyed location, topography, geology, geometry of the landslide and
rainfall at the area and analyzed occurrence characteristics of the landslides. Most of the landslides occurred on
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the soil layer above the bed rock. They showed changes of landslide types from translational slides at the head

part to flow at the central part. The landslides have relatively small magnitude of which length is shorter than

50m.

In order to identify characteristics of landslides dependent on soil conditions, geotechnical properties of soil
were evaluated by laboratory tests using soil samples which were collected on slided area and not-slided area.
Soil properties of the slided area show high percentage of coarse material such as gravel and sand. However,
soil of the not-slided area is mainly composed of fine material such as silt and clay. Permeability coefficients of

the slided area are higher than those of the not-slided area.

Key words: natural slope, landslide, intensive rainfall, topography, soil properties
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Sviehe] A %L 1,100~1,400mmE A o
F 2ol 683 98 A0l ¢ HFHL Y2
o, 2o 7)ol el BE £ me TAA £
7t el @il gl it watd F2 HAFH
ol o AR BAH T Qe fevieke Hd
o] 7o AAEZE HEH LR SAHT 51O, o]
2% Y 2 AR E G2 Frtsta e AR
olth. 18] fuekes Ao A7 £3517]
g A ] gon, EZe £ A2 o
& o] BonzE e gol BAE Wi ade
TH 3L ATHH 73, 1986).

YA o2 759 o) Y H = WMt HEA
o7 7t Yele §¢ 574 1155 % (pore water
pressure) ¥} % % ¥ (seepage force)oll &3 LA H =
7oz dEA 9] o (Mathewson et al., 1990; Sitar et
al., 1992; Anderson and Sitar, 1995; Montgomery et
al, 1997), AQA A A F7HE 54 EFE
B &9 (effective stress)S Eo|I AQHGEE 7L
AoEM A% HAEF FEAUHBrand, 1981
Brenner et al., 1985). $-2lut&te] 739 AAAH o A
o A E dFE EZAM BAH=, EFS T
a3 e AEuE &, BEA F{(debris)’t A5
2 A AAYo] FHF LN &HH 0 FHUY
£ #5444 (flow type landslide)®] FejE 23l
tHA 7 4 9, 2000). AHAHE = A 813 2] A 8l e
2 FEG Folon o]E F adlo] A R EHAS
w vl 24 AL R A B &, JEFSE A
Atel 2R o] 2 A gl sjFaty, Y 4 EAEA

& A wAe A 2e) Aeks Aolt(Ee
9} $94,2002).
MRATE 7] SR SIS EARAS

Ho 2 g Mst= A, 19 GIS
Fo] 22 o] &3t AR EE S o
TARY FHHYE d S8t WY Fol Atk £
ueke] A4 A A ol A B & AL E o R
EZA dAEY, AugEs 2 ENFY &
At ot EARAALE Y td 7] AT
249 2(199, 2003)l ot F2 FHEH A k=
g, 7] A E A S AL kAt o] F &S b)
Ae AHAESH AAEE FE31T, AAEY ¥E
BAE TAHOE EXste] AAte o B S &2
HOo 2 q =3yt =3, TUX £(2004)= AHAFE A}
E2E EUZ AFAALE o] 83t AAEHE d &3
v} glct.

AN M EFolgt g F3U4H ¢H T
3ste V1A EAE AT} (Varnes, 1978). AT+
Aol A2 A E LS o] 2 F 7] (bedrock) 9] &
Ho X3 EFo] 2HH FE4 A oItk o]
g FEEAEE B A E ESE 793
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£ AF st EDESA 5L Bt ol 9
3tod 1607] HAHRNE ZAFSIA OB T 5] 407] 0]
A AEE AAAT T FAEEA A G5
IR E el HEAA G 7 LAAE ARE A
AT A ZE A A A, A H AEE
2] 5ol AHHESF gl 4 HA vttt nF Y
EAHNEE AAGHT. o)FA AHHY BE EF
Mgl el AFAAA 1097 FF) EAAYEE
ANt 7 £ Fad # AAE o] By A
£ B4
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29z, A¥A4 2 EHEN 5& &+ U0
AAEE WA FHokg g 2T e Ankel sy A
H25 59 913 ae] 8rbE v $AEr] {1, of
F oo ¥ 288t W e A EHA
tHAA 5 9, 2000; 39 &9} 594, 2002).
Olivier(1994)°ll &J3}d, AtH&FE w327} 1
oY WEE HAY 5 Y gro] ALFE B
E& BolAH, HH R SFRT 20% ol A4S
7h R S iR AR BT ThsA o

r!I.
O

ot e

Y= HoZ BRIHUT Tkeya(1989)E thH-3o gF

A f-F(debris flow)2 7ol ofsf FA sk, =A%}
ko] 150mm o] o] AJZH7F-¢-%o] 35mel ¢
of ATy Bustgct vt AS AU
Aol A BAE A E Ao A7 FAY
£1(1998, 2000)°1l &J3}9, 19963 371 =X G ol A4 &
ARyt AL RT B4 4% 1 1~697}
Ao FAZ}EE dFFEX G A9 22 st
F}SAF(Ce)e 36%2 UEIGoH, AAHELS
Oliver(1994)2] "< A&stHe 3¢ T2
o3 YAROE JFFo e TYE AoE 3
7Fak A,

239 A% AWIE 100~500me] 75 A (hill
slopes)oll A o] Abxte] SR =7} AFEIE 100m ©]
8to] A1 500m ©] 49 FEARE Al HIE 2.7~6.44] T
EUT 23 I olfE FL ARMIEAE BE
Fage 54 Wl AGFEs 31, obF ¥ 1
T A A Yol gutste] FHFo|U AFE T4
A g dedl et F19 LTdA = AArE )

HAE7] 4525 gF 850l o 7] WEd A
o2 §48H thDai et al, 2001). 2L9 2](1998)2
AFAddd o3td, A7EAYY NYase HA
20m%-E 1,200m% =7HA] T3t A2 &3¢ 4
AE el gl=d, AFuso o d3ue} i
MY EE A% A9 A He thA 2 400m ©]
Ak 2] A <A e] 50%0]23©] 200~300m
I wAsIHo dEdd dANE E3
200~300mel A 1.271 £ 713 Fo} Ha8l £ 0.6570
o} 281 & 3 sk T
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ZRALE 9] f- 3 (type)2 ik (fall), M = (topple),
5 (slide), &3 # (lateral spread) B 5 (flow) 52
2 EFHEH(UNESCO Working  Party  on
Landslide Inventory, 1990), ©] Sl A 9Rt7 A x+=
T2 GMAHEA A A E Sojot) A FEEE
T %49 (planar), #7)(wedge), @7 (stepped), &
(circular) ¥ &Y & (semi-circular) 502 £/E1,
THE 2L 7R TET AT Y (rock), &
d(debris) ¥ &(mud) 5.2 &7 F UT}H(Vames,
1978). =, o 5] Aol Al #go T A
A7k R wal D (single)olyt B-§Hmultiple)
ozl #9E AE3U|E  HBrunsdn, 1985
Hutchinson, 1988). 53], ¢85 592 Q3 &
AE d Ry AAEIE QAR E FF(torrent)®]
< Wefsta A E o] B ¥ 3 A o
o AgHQ H(natural dam)& o] FEd, &3

B2 g AEE S0l A oY E ZHY
& ol gk 2 3 th(Ikeya, 1989).
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YL Aue £4282 F /M F8 AHH 9
7181813 e (slope geometry)E A3 & BT o}
Uk AR 7L A e g Ao B2 A FLe
AAted A 2 A sHAl AdE ol ) TH(fohnes, 1983;
Griffiths et al., 1990). AFH &} A Ab= AL 53], &
Afred Afd W Fad g et
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2} 7 th(Hutchinson, 1988). L8] I R EZ& 7|5kt
AR FAAFES HASH L IR FgHes
TFAREHE, o]E EEEL M dove A9
o AAT ARFE 2 B F, FHAFEY HA
EE2 AL dojd A 4T st
AARAHDZE AHE T e FEH Rl o5t
EAEA o BEA verdthA Y9 4, 2000). 1
HAAGA Gl A AR G obd A HTe| YEE
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A" (finer grain size)o]l3 W& YA A (liquidity
limit)& 7HA = A 22 Bust At

ZAFH Al

£

AU A9 19913 7€ 199 HE 214 74A] 3
U TAE JF AR st § AL TA
A7 BUAIEAG 2N A HAEFOEE F
73 127°01'23"~127°23'38", 59 37°02'24"~37°11'04" 9
s Fat, WA 2 oF 544kitof o] EtF,

AFAYY AZREE 993t7] Y3t 1:50,000
Z39 7] #E FEEZ(UAT &89, 1972),
O|HEZ (AT Y8, 1974), LAEE(LAIAHFH
B3 1973) B PP EZ (0] T 9, 1989) AR EE
o] &34t AFAFol= A TR Ao EX
S YA T A7 ZH o FIEA EH 37 A
Ao 2 deghsto Hnjgh, WY 4 JP¢oE
3T (Fig 1). AFAGol= 297l ZA 250mm
ALY 37571 AN e, o] 2 s 66049772 4F
Al 7} A = Aok

LEALERZEA}

AbAbe] o] AEatobg Ete] A AFA D HA 9
AAE U2 2ALE AAE A A7A G oA
= 25 6604719 AL 7F DA S 202 I
t}. o] ol BANA, AF € ANGE F& MF
Hog zAEG e, ol E AR ZE A AL
o] E4& 5 393l7]7) o it A Y &
A& gobsly] AalMe ARG NP2 el =
8,19, 71518 e, EZo Exie @ 3
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YA 02 FAd A dZA 7 1:50,000
Aol AALE X & BASS T 1
g ol 7122 AY, NA L 2AHA 5& 178}
o FHZAE AT 160709 AAERE WYt oH,
o] Eol | e 1:5000 3 2] AP EE o] 43 A
ZAHE A A3 T
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2 AALE 9 AR e Bue AR 9] |Et S
< 1:5000 A Eel| F3A BASEA FAE S 2
=, 44w 225, 9 2 72 5 ARE 7
8t thFig. 2). 18 T ZAE A E(sheet)E 0] 88}
AAE ] EAEA Y] Had AYES FHHLE 7
At FAHOE BASGT =8, AAH S ER
EAQ7Y ABVAAENE 95 EFARE AT
(Fig. 3).

EZAE

AN EAEATY 4B FAHE T
3 AL SR A B e AdY B
AE4 S MTEAR) eke] AAelst BT A
3 wAEA e Ageld Aze] EZNEE A3

127°01' 22.49"

gk 18 AAtENE, A8, Ad 2, ESER
9 g HAGe] Y E TP EFY 54
o] #5aA BE F UEE st AEHTYAY
407 29 BB RA Y 37 L2 HE F 77 NE EF
NEE AFFHL ASE REE AAT F 40~60cm
ol EFS UANOE TR ELANEE 7
B3t AR BRI EE 222 A AT
A7 10cm, ¥°) 6cm 3719 YFH EE(stainless
ring sampler)& ©| §3t9th. 53] FFAEE BXY
AZE A4 10cm, =°] 13cm 27)9] 458 ECE
ALgstant. 121 AFAEE BldHE o] &3t
AFsgon, RE ANge Y8 A2 g2
o] AYF FAHES APAZE WAt LA
S8 o] g8ty HF, geu), Y%, A L &4
A 59 BANEE AAEGeH, BRTARE

9188 L), 428

37°02 23.48"

Fig. 2. Maps showing landslides mapped on the 1:5,000 topographic maps. dark part; translational slip, and light

grey part; debris flow.
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Fig. 3. Location map of collected soil samples with the landslide sites in the study area.
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o] AR WEE 209 HE] 21974 A) ¢zt
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SRS RERAT AR fASe S Ao Y
Faol YFHE WA DY A AFA Lo
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A0 4 AHE FUREL AT D 44
HSREEE Teiste] 2H P BT ACE DY
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AR A o] A gl Zbke] EEE X HoA
RN ATE wE ENFEC EFJEe
AEF dley, o] Afe T RIAM AFHE=
Aol g e}o] Etranslational slide)dll o8] Al
Aol ofJEE AZ oA TAEHE 4 (gully)d
FHE oA ok geld olHd EAFY HAL
AN R AR H2A E2E 95 o3
AZFAY Folu FHEC) A H e A Bolt)

AFAG AMe A F2nunY, H49HY
2 3749 5 3% gHorg TRAD a3} L
Hrlgta A YHGL e A G M9 vprtA =

b W



Aol o3 SAY AAAND SAEY AAFGE B4 111

Table 1. Rainfall records of 19~21 July, 1991 measured at 6 rain stations adjoins in the study area.

Rain station Rainfall (mm)
Date Suwon Icheon Yangpyeong Wonju Chunan Choongju
19 July, 1991 43 6.6 374 1.0 0 0.6
20 July, 1991 58.8 66.8 86.6 138.0 435 785
21 July, 1991 218 89.9 54.2 374 56.5 90.1
Total 2811 163.3 178.2 176.4 100 169.2
BEFHLZ TR 2A EAHA glof AY
of met tha e @3S T Ao g, 7N e % p-

B3xoz EAFH de PSS HEAHY 44y
A Hult, HY ¢ 5730 2 sty

ol A AF 3 vhe} Zo] AR ol A 9] 1607] 4F
Aol i AU ZALE AASHoH, 1 FoA A
A2 AYEXE & 1H3te txHQ A RA
A 8ES Table 29 UERAQITH

Fig. 4= AFA Y AH AAT S} AALH Hl T4
o] #AE Vb Aotk 18 A B uke} o] A
Azo] wE e MESFE Ry FAHRDE
ekt A AL A AFALEN 7L Bol HAYSHE Ao E
E}ytTh Fig. 4(a)c AHAHE] DA - o] A AL 71X 2
BEAF AFEA AALE Q) 50%0] 4 A ALzto] 20%
AF9 SAAHA A BAEH S-S HGFT ot
Fig. 4(b)= AHA e A A A 7 A7 Buys A
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Hol e ARz maA A== AL =)
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A3 A7 85%7F A A BAE Yo, O
Uz e AFRA 24T A2 AU, o
g g2 AA e s FeAdc A S E T H
Bl M F2 54 nl2ole o X&) A FH o
2 47 2 E T (concave) FEAA AFEFEHNOH, 2
7ol AeolgEeto| =2 ANZH T} B3 EA L
AEHEAEL T F2 AF A0 whel 2 s
o 77k AFE et FHWEHA FE5AAAEH R
W35 = FAS By

Frequency (%)
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Fig. 4. Relationship between slope angle vs frequency
of landslides in the study area. (a) triggered
position, and (b) measured from head to toe.
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Table 2. Survey data of the soils collected from the landslide sites of study area.

. Elevation Slope angle() Slope Slope width{m)
No.| MapID | WG. | v | Ry | T/R%) | P | Top | Mid | Avr. Ie(“n‘f)th Head | Center | Toe | %18
1 | AS51-01 | HW | 143 | 234 61 30 | 30 | 28 28 15 7 10 8 Gn
2 | AS51-02 | HW | 207 | 240 86 190 | 28 | 30 | 30 40 10 Gn
3 | AS51-03 | HW | 145 | 204 71 25 | 28 | 30 30 40 5 8 10 Gn
4 | AS51-04 | HW | 200 | 204 98 40 | 30 | 32 32 100 8 10 13 Gr
5 | AS5105 | HW | 176 | 220 80 110 | 29 | 32 | 20 70 5 5 9 Gr
6 | AS51-06 | HW | 216 | 234 92 300 | 30 | 38 | 38 15 25 5 6 Gn
7 | AS51-07 | HW | 230 | 245 94 300 | 38 | 35 35 100 8 12 14 Gn
8 | AS52-:01 | HW | 274 | 279 98 280 | 22 | 26 24 12 12 15 15 Gn
9 | AS5202 | HW | 130 | 241 54 100 | 24 | 26 26 20 5 7 7 Gn
10 | AS52-03 | HW | 325 | 400 81 150 | 27 | 30 30 80 8 8 10 Gn
11 | AS52-04 | MW | 195 | 235 83 30 | 42 | 6 45 50 3 5 6 Gr
12 | AS5205 | MW | 210 | 235 89 30 | 42 | 45| B 50 3 5 6 Gr
13 | AS52-06 | MW | 215 | 235 9 30 | 42 | 45| &5 50 3 5 6 Gr
14 | AS5401 | MW | 235 | 250 9% 280 | 40 | 40 | 40 50 8 8 8 Gr
15 | AS54-02 | MW | 295 | 415 71 40 | 30 | 26 26 50 9 8 8 Gr
16 | AS54-03 | SW | 360 | 405 89 80 | 45 | 40 40 100 25 30 30 Gr
17 | AS54-04 | MW | 375 | 415 90 140 | 30 | 30 | 30 80 7 7 8 Gn
18 | AS5405 | MW | 370 | 415 89 140 | 30 | 30 | 30 50 7 7 8 Gn
19 | YI37-01 | HW | 219 | 220 100 102 | 35 | 30 | 35 50 17 8 10 Sc
20 | Y3702 | MW | 165 | 183 90 20 | 40 | 31 33 100 10 12 12 Gn
21} YI37-03 | HW | 165 | 178 93 170 | 38 | 26 | 30 120 20 15 15 Sc
22 | YI37-04 | MW | 201 211 95 174 | 40 | 25 28 140 10 7 12 Gn
23] YI3801 | HW | 114 | 155 74 20 13232 3 50 5 5 5 Gn
24| YI38-02 | HW | 114 | 130 88 290 | 35 | 38 38 40 5 5 6 Gn
25| YI3803 | HW | 120 | 155 77 70 | 32 | 32 32 50 5 5 5 Gn
26 | Y4801 | HW 96 105 91 330 | 28 | 30 30 50 8 10 10 Gn
27 | Y4802 | HW 95 116 82 1 26 | 30 26 70 8 8 10 Gn
28 ] YI4803 | HW | 105 | 110 95 270 { 20 | 20 | 25 60 10 15 20 Gn
29 ] Y4804 | HW | 106 | 110 9% 330 | 28 | 30 | 30 90 10 10 12 Gn
30 | Y4805 | HW 95 70 136 330 { 28 | 30 30 90 10 10 12 Gn
31 | Y4806 | HW 95 116 82 315 | 30 | 30 30 70 8 10 10 Gn
32 ] YM807 | HW | 9 | 116 80 3151 30 | 30 | 30 70 8 10 10 Gn
33| Y4808 | HW | 100 | 119 84 290 { 30 | 30 30 40 7 8 10 Gn
34 | Y4809 | HW 80 132 61 340 | 30 | 32 32 40 7 10 12 Gn

W.G., Weathering grade; T, Triggered elevation; R, Elevation of ridge; D.S., Dip direction of slope face; Gn, Gneiss; Gr,
Granite; Sc, Schist.

ARAFEREIE Fig. 55 AFA Gl A 2AE 2hAe] o) e

FHEE NAEE BE3 Ao FY HAAAY

AFA YL ENFI} FE o) FE F54 AL ARALER S A7V L Hukd A Holl A 45%0] AL, HY
o] wAg z) ot} A F U REL EAFO 7} 373 Fol 2zt 32% D 23%¢ Ao 2 Ve
Ak, FIRAET 22 B AHEAME EF0) 2A Aol Ho| AkAbelol 73 F kgt v, 3R]
F48 Aol F Yede 2459 JHE Ho| A FgAo] Mg FE ZOE EAHAT o] AF
71 gt Holgr|go] 7bd & AN EE Holy Y
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Fig. 5. Relationship between landslide frequency per
unit area of different geology in the study
area.
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Aem 14%= AFlA, 2 1%To] FAdFAA
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Table 3. Physical and engineering characteristics of the soils collected from the landslide and non slide sites of study

area.
Coefficient Shear strength
Moi . -
Sample | Specific oisture Void Sat Dry Pe@ea ' Anglg of
No avi content Cu c uscs ratio degree | density | bility | Cohesion | shearing | Remarks
I K (%) g (%) | (g/cf) | (cm/sec) | (kg/cd) | resistance
)
ASD4 2.66 1818 3 1.0 SM 1.06 | 4272 | 1291 | 8.50E-02 landslide

AS05 264 20.88 164 0.8 SC 094 | 5668 | 1363 | 2.32E-(4 !
AS06 2.66 21.36 240 0.3 SC 063 | 2788 | 1.634 | 2.13E-04 "
AS06-11 | 2.64 9.39 21 35 | SWSM | 098 | 37.00 | 1332 | 341E-03 | "

AS0705 | 2.67 9.50 21 35 | SWEM | 085 | 2934 | 1442 | 492E-03 0.247 25 "
AS08-02 | 2.68 15.76 15 11 SM 094 | 4633 | 1379 | 2.96E-(2 "
ASI10-18 | 2,67 11.12 46 18 SM 081 | 3030 | 1479 | 3.4E-03 0.051 39 "

AS11-04 | 268 21.27 42 0.6 SC 094 | 5942 | 1384 | 2.59E(2 "
AS515-05 | 271 19.93 213 0.7 SC 088 | 6431 | 1445 | 4.05E-04 "
AS17-09 | 278 18.23 86 0.1 SC 074 | 5810 | 1597 | 3.77E-4 !
AS18-32 | 264 10.80 907 33 | SPSM | 091 | 27.04 | 1379 | 2.02E-03 "

AS19-11 | 263 11.26 23 13 SM 082 | 4110 | 1449 | 3.15E-03 0.150 39 !
AS20-11 | 269 26.77 159 02 CL 112 | 6870 | 1272 | 6.62E-4 0.008 36 !
AS2340 | 262 2375 79 05 SC 094 | 57.74 | 1349 | 1.14E-03 !

AS24 2.64 14.80 250 59 SCSM | 087 | 5260 1411 | 4.22E-02 "
YIO1 2.63 9.83 76 3.6 0.76 | 46.49 1.498 | 1.93E-02 "
Y103 2.69 17.89 90 038 0.88 | 55.08 1428 | 4.06E-04 "
YI05 2.66 26.86 153 0.3 0.64 | 68.80 1.623 | 1.72E-04 0.045 31 "
Y108 271 17.85 90 8.0 0.77 | 52.30 1529 | 3.14E-04 "
YI09 2.65 18.17 10 02 087 | 55.64 1.420 | 1.75E-04 "
YI12 2.66 19.13 936 0.6 098 | 5151 1.344 | 8.01E-04 0.047 34 "
Y113 2.68 20.90 164 03 SC 1.07 | 4173 1.295 | 4.05E-04 "
YI14 262 14.90 922 41 SC 119 | 5148 1.203 | 1.07E-02 0.011 36 "
Y114-24 262 16.96 784 0.5 SC 1.51 | 47.14 1.044 | 1.73E-03 "
YI15 2.64 13.05 90 0.9 SC 113 | 4852 1.237 | 1.50E-03 "
YI18 2.60 19.54 340 0.8 sC 127 | 60.16 1.148 | 1.01E-03 "
YI19 2.67 17.86 189 24 SM 083 | 57.13 1457 | 1.99E-03 "
Y122-03 2.73 16.81 92 0.3 sC 092 | 6085 | 1419 | 7.60E-04 0.184 33 "
Y123 2.65 8.39 210 0.3 SC 1.09 | 26.00 1.269 | 1.35E-03 "
Y24 2.67 21.12 610 04 SC 0.77 | 65.22 1511 | 2.74E-04 "
Y125 2.66 11.54 326 0.8 SM 099 | 41.8 1.338 | 3.62E-03 "
YI26 2.65 15.51 188 0.3 SC 093 | 47.38 1371 | 5.87E-04 0.147 30 "
Y129 2.63 17.99 146 03 SC 121 | 59.38 1191 | 9.66E-04 "
Y130-23 271 18.96 137 02 CL 1.00 | 56.02 1.359 | 3.15E-04 "
Y132-03 263 19.95 343 04 SC 150 | 47.95 1.053 | 3.07E-03 "
Y134 2.71 13.92 272 0.8 SC 052 | 79.28 1.785 | 2.68E-04 "
YI35 2.69 20.39 67 04 CL 071 | 72.80 1576 | 2.48E-04 "
Y136-01 2.60 16.90 169 11 SC 118 | 60.33 1197 | 3.10E-03 0.010 38 "
YI39-02 2.66 11.59 535 2.3 SC 099 | 5048 1.335 | 2.22E-03 0.008 36 "
YT40-08 2.69 16.94 249 04 SC 084 | 54.33 1466 | 7.21E-04 "
Cu, uniformity coefficient; Cg, coefficient of gradation; USCS, unified soil classification system; SM, silty sands; SC,
clayey sands; SW, well graded sands; SP, poorly graded sands; CL, Inorganic clays.
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Table 3. Continued.
Coefficient Shear strength
Moisture Sat. Permea-
Sample Speci.fic content Uscs Vo%d degree d;)n?i/ty bility | Cohesion ;Izl:;:gf Remarks
No. gravity o Cu Cg ratio N . )
(%) (%) (g/ci) | (cm/sec) | (kg/c) | resistance
)
AS53 273 20.10 71 15 | SW-SM | 090 | 6137 | 1440 | 8.53E-03 non slide
AS57 268 2010 18 | 19 sC 112 | 4798 | 1260 | 3.22E-03 "
AS58 263 17.82 40 14 | SW-SM | 1.00 | 47.09 | 1318 | 2.39E-02 "
AS59 265 285 158 | 06 sC 133 | 4586 | 1140 | 1.79E-03 !
AS60 2.69 3474 129 | 06 CL 159 | 5866 | 1040 | 3.95E-04 0.015 37 "
AS6] 2.64 40.58 78 15 SC 160 | 67.09 | 1017 | 7.25E-04 "
AS62 263 19.69 131 | 15 sC 122 | 4243 | 1180 | 2.75E-03 "
AS63 2.69 2541 109 | 06 CcL 120 | 5684 | 1220 | 1.99E-04 !
AS79 262 18.53 26 14 SC 116 | 4196 | 1214 | 4.96E-02 0.027 36 !
AS80 271 6.92 9 18 | SWSM | 084 | 2219 | 1470 | 1L.14E-02 !
AS81 2.69 23.00 21 11 SM 151 | 4093 | 1070 | 349E-04 !
AS82 277 2498 43 08 SC 137 | 5043 | 1168 | 3.09E-03 "
AS83 271 17.22 97 0.9 SC 132 | 3539 | 1170 | 3.32E-03 "
AS84 2.67 17.73 97 13 SC 105 | 4499 | 1300 | 7.16E-04 0.045 4 "
AS85 276 10.85 58 13 | SCSM | 1.54 | 1934 | 1.088 | 1.82E-02 "
AS86 271 16.68 128 | 05 SC 139 | 3257 | 1140 | 2.02E-03 0034 38 "
AS87 2.63 11.34 123 | 10 SC 094 | 3153 | 1350 | 2.25E-03 0.179 36 !
AS88 2,63 17.54 139 1.0 sC 089 | 5210 1395 | 3.29E-04 !
YI51 267 16.56 135 | 17 | SCSM | 086 | 51.68 | 1440 | 213E-03 !
Y152 2.69 23.55 150 | 03 sC 098 | 6295 | 1380 | 212E-04 "
YI54 273 1410 121 13 | SCSM | 095 | 4053 | 1400 | 848E-04 "
YIS5 2.66 2825 100 | 05 sC 153 | 4917 | 1050 | 7.73E-04 "
YI56 263 19.78 79 04 SC 071 | 7324 | 1540 | 2.24E-05 "
Yiod 2.64 26.56 68 18 | SCSM | 1.39 | 5059 | 1106 | 141E-04 0.019 37 !
YI65 271 24.04 138 | 03 sC 123 | 5294 | 1210 | 1.30E-03 0.146 39 "
Y66 273 20.81 30 15 | SCSM | 114 | 5005 | 1280 | 5.06E-03 !
YI67 274 1835 114 | 05 | SCSM | 093 | 55.07 | 1428 | 550E-04 "
YI68 2.65 12.93 69 14 SC 105 | 3252 | 1290 | 2.10E-03 "
YI69 2.66 18.63 80 08 SC 115 | 4299 | 1240 | 3.01E-04 "
YI71 2.70 17.87 21 0.2 CL 090 | 5352 | 1420 | 216E-03 "
YI72 270 13.65 138 04 | SCSM | 1.28 | 2917 1.190 | 1.31E-03 0.175 33 "
Y173 261 2146 74 13 SM 122 | 4596 | 1180 | 2.08E-03 "
YI74 2.63 17.98 121 0.6 sC 081 | 5812 1451 | 4.80E-04 0.017 35 "
YI75 2.70 1594 91 12 SC 094 | 4563 | 1390 | 411E-4 "
YI76 272 12.65 34 04 | SCSM | 089 | 3874 | 1450 | 4.70E-02 "
Y177 269 19.28 77 04 SC 1.03 | 50.69 1328 | 448E-04 "
YI78 273 17.55 31 0.6 CL 097 | 4894 1.390 | 521E-04 "
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