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ABSTRACT

The stability of the back slopes along the Highway No. 41, segment of Thung
Song District to Ron Phibun District in Nakhon Si Thammarat Province was carried out. There
were consisted of two segments, the first segment was on the kilometer of 13+300 — 13+400. The
other is on the kilometer of 13+900 — 14+050. The research methods were composed of five
stages as follow. First, the geography and the features of slopes failure were investigated. Second,
disturbed and undisturbed soil sample was collected to be analyzed in the laboratory in order to
determine the soil strength parameter value covering both the peak strength and the residual
strength using the direct shear test. Third, the shear strength reduction was performed by
measuring between the normal and soak conditions and also from the peak strength to residual
strength. Fourth, the stability of the slopes was analyzed both in the normal conditions and in the
worst case. The slope stability in the normal conditions was use strength parameter at the water
content of soil while sampling it represent. On the other hand, the worst case of slope stability
was analyzed by using the soaked specimens to determine its stability. The last one, the
improvement of slope stability was undertaken using the gabion, slope decreasing method, ground
water table controlling method, and using the Gabion combined with ground water table
controlling method.

The classification of soil specimens can be determined two groups, ML and MH.
The slopes on the kilometer of 13+300 — 13+400 was separated into two soil layers. The slopes on
the kilometer of 13+900 — 14+050 was divided into three soil layers. The average of degree
saturation of sampled soil in natural water content during sampling it was approximately of 77.50 %.

Moreover, the average of degree saturation of soaked soil specimens was approximately of 99.00 %.
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The result of the shear strength reduced in range of 26-39 % and 19-38 % from
the peak strength and residual strength in respectively, that between soil specimens in a natural
water content while collecting it and soaked soil specimens. In addition, the shear strength
reduced from the peak strength to be a residual strength in a natural water content soil specimens
and soaked soil specimens about 17-26 % and 9-21 % in respectively.

The results of the slope stability analysis were exhibited that there are safety
slopes on the kilometer of 13+300 — 13+400 segment in the normal conditions that safety factor
was 2.764. On the contrary, there was unsafe of stability value in worst case when the ground
water table increase nearly to the slopes surface that safety factor of 0.585. The ground water
table, which is safety factor approximately at 1. When the level from analysis 4 meters below
form the slope surface. Actually, the slopes stability has not been failed, which indicate that the
ground water table is lower 4 meters.

The results from the study on the kilometer of 13+900 — 14+050 segment were
revealed that there was a deep seat failure slope. It was developed the multiple rotational slides.
The back analysis showed that there is a chance to be a slope failure. The study was also found
that the failed slopes were more stable than the slopes before failed. Currently slopes are stability
in safety factor of 1.832, however, its was unstability in the worse case that safety factor
employed in 0.812. In addition, the study of slope stability improvement was found that ground
water table controlling method is probably the most effective in the engineering applicability

comparing to among mentioned methods.

Key word: Slope stability, Shear strength, Residual strength, Nakhon Si Thammarat
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Variation in Negative
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U0 1.2 dnvazduszavihvesduauni i (Fredlund and Rahardjo, 1993)
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517 1.3 Auan i 11ududa (Unsaturated Soil) (1112, 2541)
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Olson and Langfelder (1965) N3£AUANNIUAIUDIUIA1 AMTIAUIIIZLAM
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(Aeration zone) ﬁﬁl!ﬁ’ﬂﬂuzﬂﬁ 1.4
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519 1.4 M3nsza1eaIvea1irlu@AY (Olson and Langfelder, 1973)
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tension) N30V voUAIIMeazI N8l uF0IIN nazTuivvaveulaan Tagna liida
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usalsganswanmeluniaau nazyiellsuliuadesnimuesalndu Ho and Fredlund (1982)

' Y ] v
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C = ¢'+(u, —u,)tang, (1.3)
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Y\)3) C NITYALNIZNUUDNAUNNNURA
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3 1n 1.5 Ltg(} UVOUUANITITIA Mohr-Coulomb (Fredlund and Rahardjo, 1993)
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A d? o [ a 9 aAa Y v
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ANTANA LASAMUS (2550) 95U HIIQAUNNTNY (Matric suction) WA

Y
o
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Characteristic Curve (SWCC)
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Aitchison (1965) 0511971 ussuihniluauluuiedau neldinailuusige

. ' a A v o Jdo ' dy £ ' .
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a . . 4 g A A Jq a
ﬂﬂfﬂllﬂﬂ (Osmotic suction) GNMJmm@muaamﬂfmazmamzma“luuﬂmu Krahn and
Y [ a I A A oy a (]
Fredlund (1972) Vlmf‘fuf]’ﬂlliﬂﬂﬂﬁ]ﬂﬁhmﬂ Wuwannaisazarenwesrs i luau (@wun
IS = o Y a a dy
Wunaes) Mldinausigayiiail

Magnified
soil particles

-Radius of meniscus

735 cm:
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d' (= 1 Y a 3‘ . d’d [
E‘IJ‘VII.6 VAT ANVBIAIU 1A9H1N (Meniscus) NUNAADLLTIAA (Jenssen and Dempsey, 1980)

aa a 2K a Jda [ A a =
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Y Y Il 1
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AIA (Residual strength) Aauanalugii 1.7
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e
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517 1.7 mdsvesauiianmiiaegeganaz M1anIA1e (Lambe and Whitman, 1979)

a 1 a 4 [

15591 (2543) 8311971 M UATIEHIADETAINTLILEIVOINUAUNIINT DY
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ANBAUTMINATITHUVUHUIOLT 5L ANTNA (Effective strength analysis) tag lgmidenanig

. A ¢ A A Y A A A

(Residual strength) 11MIAATICHINOWLLUINTIAOUNIVOIAAAUKTONMSHUTAN N LA
Tudumileadadunun (Heavily overconsolidated clay) A18189A9A199z0gNAIMIAT A
(Percent strain) 11ANI1 20 %

. Y o a o a 1 a
Timothy, et al. (2005) latuzihinmsinszdadesamarnauinlunsaiainau

v
a K

A~ a a wva . A Avaw A A A 1 Y
NIAYNANITIURA (Old land shde) UUARNDUIUY iJﬂilzl,ﬂﬂﬁllurlmm’;W’Jﬂﬁm@uﬂi\lﬂgﬂammﬂ

% { 1 o W a J . ..
Fandsnozl¥amaensdiialunsinse (Residual Strength Condition)
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AUKWIDYADTN (Residual soils) Miumaninmsnasunasmmdunouvesauaunuan
Aa Aa 9 a a d‘ [] a
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Y
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udrnlag (Arc shaped), N5 (Planar), Wyl e (Irregular)
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Multiple rotation slide

-

— Flow Successive slips
Main slide types Rotational slides
A
: : ,.':r - ey
g /Z’,.,.x’/'- Earth flow

- "'i"ransiatiunal block slides

7/77-’"
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/"_’Z/-'}P/
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A

Slab slide

Lot e =

.
o
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Multiple translational slide

/..Z'ZZZ_W

Lateral spreading

Translational

31U 1.16 dnyazmIiaveIaInauIas TUILUVAINY (Blong,1973)

an @ tﬂy a va df Y 1 Y =~
(Ua, 2547) aﬂymzwugmmmmia‘Umﬂuuuﬂﬂmm"lmﬂu 2 yunenIs

1
a vad

A1iaNana (Slope failure) tag MIITANG I (Base failure) Aavaaalugili 1.17 msdtianaiada
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' I [ a { A wad
LL‘]JQ]‘],QE]}L‘IJH 2 anue ‘ﬁi’] MIIVANHY (Face failure) uae msIUandareain (Toe failure) N3

a

[l Y I
NANTIU (Base failure) Aadiu Idieanldguvesanaiiuduseu
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Depth factor Dy = H—;E

] L LA A
Face Failure Toe Failure
(n) Slope Failure (D, < 1) (1) Base Failure (D> 1)

A @ a va g an
517 1.17 anpazmsaadunua Tdsenan (Gia, 2547)

@ A v a wva a
Varnes (1978) anvazndszneunuilumsitavesainauuuy Slump-Earth

flow udaaszii 1.18 drundrngsznoulUdremdu (Scarps), T08UANHIAYL  (Tension

P
Yo A

cracks), AIILIANSIAOU (Surface of rupture) LA HIUFIUAN (Toe) Fe0T 110 AR

57 1.18 arutlszneulumsideunavesaiady (Landslide Feature) (Varnes, 1978)
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Bromhead (1992) ldendeg1ansdianniiimiaesuay Jordan Cliff, Dorset)
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@ t @ a J a 4 @
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o a va a I a 1 A = Y v .
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toe heave zone Oxford clay

sea level
\ probable slip surfaces
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RETROGRESSIVE
LANDSLIDES

R

3 1 1.21 an¥LNI5IIANUUDEYAY (Retrogressive slide) (Skempton and Hutchinson, 1969)
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v J . . a Jd A . .

A1ADUUA (Method of infinite slope), Taylor method, ’J%Tmnuﬁ, 75 Ordinary method of slices ,

%5 Simplified Bishop 4181 Wedge method

a [ [} H a Jd a 09/’
15109 (2542) 93118731 HANMINIFIUMTUATIZHIADITNINUDIAIAAUITU

9
adaA

TagnaldiEmsiarsan “auaasinaueanIadu” (Limit equilibrium) 5 Uilauyagiud « o
] Y
FanansItaned luvaziuwraavedluanzauga” nanne NITANNANY AN
4 a s a a
(Force equilibrium) uazﬁu@aimuum (Moment equilibrium) m'iamiwmim?fuﬁ’aﬂﬂﬁawﬁ
o Aa ava 1 & ' Yy Yy 9 =
sdupudnvazvesdImsIia Mdugluuyle s iduese 2nan Tasduves givatemiaew
1 1 9
484 udihmssnnausdumuiiemenldinennudugavewiadun g naswmiu
malSeufisudasidiusenieiaeresauaeniions G IuUMIUIULAUAD FUT o
“dns1aiulaoane” (Factor of Safety, F.S) UA1MIN1INAADIGUNIAIIDIOATIAIUADIIN
@ = v =) o 1 a awvad 1 =) a 4?} d’
dasans Tasmsnfasuanbagniedwriswesdamainaningd Tomanaduliisoon aumny
1w 1 o A Y A [ a vay ¥ ' [
avasdiuasansivesiiga Tagenaniuanyuzmsiva laudueu mnmsdrsnTuaum

o A A [ 1

MteueIdadIvlasaione 8nI1dIUVEIMAUROUFIGAVBIAUDUA?

=

A 1 ] A A a dgl a di’ Aa A o 3 ~ I FIN o dy
mmmawmauﬂmaumﬂmmiﬂuwummmﬂu cmfmmimeusmtﬂuﬁmma”lmmq@Nu

Shear Strength T4
FS. = = — (1.4)
Shear Stress T

o w a a 4 = J L4
mamﬁauqqqmmmaﬂuuumsﬁau (GHZJV]QHQ"U@\UJfJi— flagly

Eh.
)
N

I

7, =C+otang)

] A A A d? A & o o Y 09/’
ﬁu')ﬂlli\1m@u'ﬂLﬂWIJ'LH]iﬁ“ﬁﬂlWﬂQWﬂﬂTiﬁN?ﬁuuﬁﬂJﬂﬁ

N
Il



34

a o

) Y] Ada A I [ 9 Y] [ [
wazd@msunmsaIvandaewudiulasvecienay ons1aIudanant

o 1 4 4 @
Viiﬂflf,dﬁ am1mumaﬂmuu¢1iammgfuﬂﬂaw ANTUNIT

a

A a o w A a 9 a w.
FS. = T uANNAINA I8RO UYBIAUATUNIUNTT AL (1.5)

S a oy [y a o a vAa
Tumuannanmimiinuiaaui e

1.5.9 MSAVAIDLAUUVUAITMNW
A 1 vAa a a 09/’ ] o
AMsnaasUeIAIaNITANIIAINTTuYIaY Tuureaselieraniing
zﬂy A 9 a FY A Y o w 4 =S % 1
nadoulunuineas19ield esnndesinavesginisinadeuuazmsmisuaiogialu
=KX o 9 o <3 o ' a o Y a wva <}
NSNATD mmgﬂuﬁmmmimum@mmu"lﬂmmsmaaﬂuwmﬂz;]mmﬁ Taensiny
% [l A Ao 1 A Aa a’/‘ Y [ o 1 Aa A Y
dreg1eauni linaasumaiauianidanssuiudeudludlredadauuuuasanwne 137
Y A a a 9 a1 ] = v A d‘ L] dy d' 1 9
lasauianmalmanssuvesaugndsazlinusuaeinuauiedlununnedsis

3 o I a .. A o 1% A < <]
YALNUAIVYNNAY KU - Miniature Sampler uaﬂymzmgﬂﬂ 1.22 1ilugany

Q

a
9
A A Ja o @ Y

fedsaunquiitonaziauInnssulgiinazgugn uninedoinsasanans anauiu
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2. MINAgoUIMNWNAKa) (Liquid limit, LL) sagminanaiaan (Plastic
limit, PL) @MUU19331U ASTM D 4318

3. MINATOUNIAIANUD NI UNIZUDIAY (Specific gravity, Gs) ATMUINTFIU
ASTM D 854

4. MINATILHMVINATAAUAIAZINTA (Sieve analysis) AIUIATTIY
ASTM D 421

5. maangimunamaaudielalasines (Hydrometer analysis) A1)
11995914 ASTM D 422
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HAMINAFOVAVTANIINMENNLAAIAINITINEN 3.1 WuNTunnuuIdaaIaay
a o a . o a Y a
WINN1TAIAINMITWUNAUAINTZULIONN N (Unified) szamnsoswunan idiilu 2 siano

A ~ A o Y 1o 1 a o oA @
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Q13199 3.1 #ANITNATDVAVTAN AN INVBIAIDIIAUIINAIAAUFIL 1.3, 13+300 D9 N.31.13+400

UUIAA | AWMU . %Pass Atterberg’s limit Grain size parameter Soil classification
fi fi Wt o5 #200 LL PL PI Cu Cc AASHTO USCS
1 37.61 2.79 87.70 44.70 32.10 12.60 7.33 1.23 A-7-6(10) ML
2 35.67 2.78 82.99 43.94 31.75 12.19 9.00 1.78 A-7-6(10) ML
1 3 34.89 2.79 81.35 44.12 31.54 12.58 10.00 1.60 A-7-6(10) ML
4 32.25 2.72 79.20 72.20 40.00 32.20 11.82 1.42 A-7-6(20) MH
5 29.99 2.72 78.05 71.50 39.23 32.27 10.42 2.82 A-7-6(20) MH
1 33.30 2.78 85.60 44.25 32.56 11.69 7.67 1.45 A-7-6(10) ML
2 34.48 2.77 72.75 43.68 31.13 12.55 17.39 1.32 A-7-6(10) ML
2 3 29.41 2.79 75.80 42.67 30.54 12.13 15.00 1.07 A-7-6(9) ML
4 30.49 2.71 80.93 71.78 41.45 30.33 11.50 1.07 A-7-6(20) MH
5 30.22 2.72 74.23 73.89 40.21 33.68 13.04 2.09 A-7-6(20) MH
1 34.76 2.79 78.65 43.45 32.34 11.11 6.25 1.44 A-7-6(9) ML
2 37.29 2.78 81.41 44.58 33.64 11.94 12.50 2.00 A-7-6(10) ML
3 3 38.67 2.78 88.77 42.65 31.36 11.29 11.50 1.76 A-7-6(9) ML
4 31.42 2.73 76.43 71.48 42.24 29.24 15.00 1.24 A-7-6(20) MH
5 28.99 2.72 74.59 69.98 43.98 26.00 12.59 1.84 A-7-6(18) MH

SL
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2. maaulurisnlamns 13+900 99 14+050

HAMINATOVAUANTANTNMENNLTAIAIN319N 3.2 W TunnuLIAAYe
a a o a o a |

AAAU MINHDITAUINMITWUNAUAINTZUVOANIN  (Unified) vzamnsodmunanldiiu 2

a A A = A g Y 1a o 1A v A
silafo ML (mioutlandiaougnmanumiioanilad) launaudwmiah 1,2 uag 5 fussila

A = = 9y 1a o A a

MH (ns1eutlenfigoiuznmanumiionniags) launaudwmiad 3 uag 4 viiniinsaau
WIATFIU AASHTO dnnsnduunauld 2 ¥iia ae A-7-5 launauludwnisn 1, 2, 3 uava
nuwia A-5 launauludwmiad 5 uamnWsana1awsingy (Group Index) 92 &WTOUL
Y 1 U Al v A 1 9 a o ] d‘ w 1 d’dl
laaeenqu nquusniimdriinguiszanm 7 - 10 TAunaudwmviiad 1, 2 wag 5 Aunguiiian

avtinguilszanm 17— 19 launaud i 3 uag 4



M3191 3.2 HAMINATOUAMANTANINIYATNYDIAIAAY FII0.4. 13+900 D9 14+050

HUIAA | AU % Pass Atterberg’s limit Grain size parameter Soil classification

4 r W % GS

n n #200 LL PL PI Cu Cc AASHTO USCS
1 25.30 2.79 67.00 44.00 31.60 12.40 12.25 1.00 A-7-5(8) ML
2 26.94 2.78 75.43 43.23 30.46 12.77 19.50 1.28 A-7-5(10) ML

1 3 28.76 2.77 88.90 59.30 33.90 25.40 18.82 1.49 A-7-5(18) MH
4 28.80 2.77 79.39 58.68 32.98 25.70 6.00 0.67 A-7-5(18) MH
5 26.45 2.78 74.50 41.20 31.50 9.70 12.00 1.33 A-5(8) ML
1 23.98 2.79 71.48 43.97 30.54 13.43 5.00 1.80 A-7-5(9) ML
2 26.05 2.78 68.54 42.95 30.56 12.39 10.00 1.11 A-7-5(8) ML

2 3 28.26 2.78 85.34 58.98 32.06 26.92 15.00 2.40 A-7-5(19) MH
4 29.45 2.77 79.90 59.35 33.87 25.48 6.04 1.16 A-7-5(18) MH
5 23.97 2.77 70.48 41.10 32.40 8.70 5.7 0.60 A-5(7) ML

8L



M3NA 3.2 HANMINATOUAUAVTANNNINTNYDIAIAAU FIIN.. 13+900 DY 14+050 (AD)

HUIAA | AU % Pass Atterberg’s limit Grain size parameter Soil classification

4 r W % GS

n n #200 LL PL PI Cu Ce AASHTO USCS
1 26.11 2.78 64.54 43.74 31.55 12.19 12.50 1.13 A-7-5(7) ML
2 26.30 2.78 68.83 44.83 32.87 11.96 16.50 1.52 A-7-5(8) ML

3 3 30.83 2.78 80.84 57.94 32.76 25.18 13.33 1.41 A-7-5(18) MH
4 28.20 2.77 82.45 59.57 33.87 25.70 14.78 1.01 A-7-5(18) MH
5 32.86 2.77 71.47 41.15 31.98 9.17 6.05 1.51 A-5(7) ML
1 26.76 2.79 72.43 44.89 33.01 11.88 5.27 1.23 A-7-5(9) ML
2 27.77 2.79 73.43 44.29 32.95 11.34 4.62 1.01 A-7-5(9) ML

4 3 30.38 2.77 79.34 58.46 32.75 25.71 10.42 2.40 A-7-5(18) MH
4 27.41 2.78 88.43 57.25 33.92 23.33 60.00 0.08 A-7-5(17) MH
5 25.34 2.77 70.43 41.87 31.27 10.60 e A A-5(8) ML

6L
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M3317A (Failure envelope) ttaad 3 lumanuan v
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@ﬂﬁNﬁ 34 Nﬁ‘ﬂﬂﬁﬂ‘uﬂﬁlﬁ@uiﬂﬂﬂ‘iﬂlmﬂliﬁ]
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= d C % CELE I C % GHe!
(Degree) | (ton/ mz) (ton/ m3) (%Sr) | (De gree) | (ton/ mz) (ton/ m3) (%Sr)

Soil A 31.38 7.12 1.797 76.26 24.30 0 1.901 98.18
Soil B | 27.09 8.02 1.823 | 81.11 | 26.89 0 1.879 | 99.63
Soil C | 21.74 8.94 1916 | 75.76 | 21.28 0 1.958 | 99.11
Soil D | 22.64 8.69 1.863 | 76.73 | 27.76 0.04 1.984 | 98.19
SOl E | 34.57 2.74 1.765 | 78.87 | 30.02 0 1.933 | 98.46




3.3.2 MINATOULLUT (Slow Test)
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(Drained) Glummmﬁ’aumemﬂﬂu vnalﬁnlmﬂmljmumﬁlumaﬂu ﬂ']ﬁﬂﬁulﬁlﬁﬁlﬂUﬂ']aﬂéU’ﬂﬂlllﬂ

'
a A

Y Aa A I ] Aa A Y1 oo o w a dy
aununsansoluniiouselseaning wan1snaaed laamaulssiasvesaunuiu
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(Failure Envelope) UUUAIRE 9000 (Peak strength) 11aZUUAIRIEIAIA (Residual strength)
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Y I A Y Y g’ a
miﬂﬂﬁ@‘uLL‘]J‘UGmgﬂumiﬂﬂﬁa‘U‘ln‘c’JfJaJGlm!,’imuuﬂuTWNﬂuﬁzmﬂaaﬂ

o Maegaga OAGRGRGEN v seduB I
AdpE19AY C C 3
(De(zlg)ree) (ton/m”) (Dei)ree) (ton/m”) (ton/) (S
Soil A 32.70 7.33 27.76 5.13 1.772 77.28
Soil B 29.83 8.32 26.01 6.70 1.801 78.06
Soil C 25.11 9.72 23.27 5.90 1.851 78.24
Soil D 26.60 9.56 23.58 7.49 1.859 76.94
Soil E 36.67 3.66 33.56 1.67 1.709 75.80
1519 3.6 HanageumsiSon Tasaswuudh @Guani
o fagaga GEGRGEN v et
AdpE19AY C C
(Dei)ree) (ton/m’) (Dei)ree) (ton/m’) (ton/m) (%Sr)
Soil A 29.46 2.21 24.30 1.53 1.863 99.66
Soil B 30.20 1.76 25.80 1.59 1.898 100.09
Soil C 27.38 3.79 24.81 3.11 1.923 98.86
Soil D 29.46 2.88 26.50 2.79 1.941 99.96
Soil E 32.17 1.52 28.43 1.13 1.909 98.90
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Soil — — "
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A 38.25 37.07
B 39.50 38.41
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E 26.06 20.22
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Shear Strength (ton/sq.m.)
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Shear Strength (ton/sq.m.)
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PYANNAR KUY (X, Y, Z) IAAUTII 1.3 13+300 D9 13+400

Points X Y 4 Points X Y V4
1 5052.48 | 987.99 8.68 28 5012.86 | 972.03 16.70
2 5048.79 | 977.12 7.86 29 4988.02 | 979.73 14.19
3 5045.52 | 990.17 8.89 30 5000.72 | 976.44 16.53
4 5027.21 | 983.04 8.46 31 4976.35 | 980.57 14.63
5 5037.61 | 992.35 9.15 32 5000.71 | 974.72 17.10
6 5008.53 | 986.22 9.16 33 5953.81 | 980.14 14.40
7 5016.08 | 996.32 9.65 34 4988.71 | 977.07 16.76
8 4984.59 | 988.56 10.07 35 4938.08 | 982.69 13.90
9 4996.09 | 998.63 10.04 36 4989.55 | 974.83 17.30
10 4968.57 | 989.75 10.66 37 4942.59 | 976.88 17.76
11 4972.33 | 1000.71 10.54 38 4976.59 | 974.45 17.38
12 494541 | 992.79 11.66 39 4941.46 | 977.25 17.68
13 4943.12 | 1003.55 11.30 40 4968.68 | 977.48 16.48
14 4929.06 | 995.64 12.15 41 4935.75 | 979.07 17.44
15 4937.25 | 988.93 11.75 42 4971.24 | 973.79 16.96
16 4940.57 | 985.24 13.39 43 4966.12 | 973.49 16.67
17 4976.48 | 987.95 10.34 44 4955.15 | 974.04 18.08
18 4965.45 | 983.71 13.73 45 4971.00 | 968.68 19.35
19 4997.98 | 985.88 9.58 46 4953.15 | 966.08 21.86
20 4993.29 | 983.06 13.31 47 4980.71 | 969.86 20.19
21 5022.76 | 981.68 8.59 48 4960.57 | 964.48 21.59
22 5010.31 | 981.47 11.50 49 4958.04 | 966.2 21.25
23 5034.57 | 979.10 8.29 50 4961.33 | 960.84 24.26
24 5020.86 | 978.75 11.10 51 4986.62 | 969.55 20.81
25 5027.76 | 969.82 14.49 52 4963.34 | 955.78 27.03
26 5013.14 | 974.08 15.94 53 4996.24 | 971.20 20.57
27 5002.29 | 979.61 13.08 54 499590 | 967.11 21.28
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Points X Y Z Points X Y Z
55 4965.97 | 945.02 31.92 84 4984.12 | 953.59 25.45
56 5002.44 | 970.66 20.72 85 4984.54 | 961.05 22.47
57 497426 | 933.38 37.28 86 4990.32 | 950.21 28.42
58 5000.87 | 967.33 21.56 87 4998.05 | 957.84 26.33
59 4973.65 | 931.69 37.45 88 4993.01 | 953.68 28.45
60 5010.82 | 969.03 19.90 89 5004.65 | 961.42 24.45
61 5009.46 | 965.55 20.66 90 5017.08 | 954.08 24.94
62 5012.51 | 967.35 20.07 91 5014.68 | 951.77 28.18
63 5012.23 | 963.29 21.20 92 5006.83 | 958.89 24.93
64 5020.94 | 955.84 23.73 93 5006.36 | 953.29 28.60
65 5021.98 | 955.89 23.26 94 4998.94 | 959.18 25.43
66 5015.17 | 955.83 24.62 95 4998.77 | 953.86 28.83
67 5007.35 | 959.16 24.75 96 4993.79 | 958.91 25.55
68 5005.03 | 924.74 40.99 97 5001.16 | 953.29 29.11
69 5006.87 | 962.19 24.18 98 5015.88 | 949.18 29.08
70 5001.31 | 963.56 24.03 99 5000.57 | 943.84 29.78
71 5001.15 | 960.06 25.04 100 5013.69 | 945.83 29.57
72 5004.69 | 923.60 41.41 101 4993.22 | 943.75 29.99
73 499437 | 963.14 23.96 102 5009.27 | 946.11 29.71
74 4994.86 | 958.92 25.60 103 499448 | 942.41 29.92
75 4989.63 | 962.74 23.82 104 5008.28 | 925.19 39.71
76 4990.81 | 959.08 24.98 105 5032.22 | 932.02 35.97
77 5029.25 | 954.22 23.15 106 5029.32 | 924.14 37.68
78 5033.40 | 953.22 23.20 107 5026.98 | 917.39 40.66
79 5035.17 | 948.68 26.85 108 5024.63 | 909.32 42.48
80 5035.32 | 948.15 27.84 109 5022.90 | 903.03 44.46
81 5034.71 | 944.11 29.35 110 5029.81 | 927.48 35.04
82 5031.50 | 943.40 29.56 111 5020.90 | 898.38 45.54
83 4979.74 | 961.11 20.98 112 5023.18 | 914.55 38.29
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Points X Y Z Points X Y Z
113 5017.93 | 901.60 41.19 142 4980.06 | 912.26 45.01
114 5017.19 | 893.66 46.82 143 4985.58 | 905.05 47.80
115 5015.83 | 896.91 43.83 144 4986.41 | 897.41 53.84
116 5013.85 | 900.04 44.22 145 4990.52 | 903.45 47.80
117 5015.81 | 896.84 43.84 146 4978.75 | 908.14 50.64
118 5011.19 | 897.85 45.98 147 4992.32 | 899.06 48.81
119 5014.13 | 893.56 45.66 148 497535 | 907.09 50.87
120 5013.07 | 901.40 43.05 149 4977.85 | 912.43 48.65
121 5018.29 | 909.52 39.44 150 4977.21 | 917.03 45.72
122 5012.63 | 905.15 41.10 151 4976.10 | 923.59 42.22
123 5015.50 | 915.60 37.86 152 4971.40 | 924.46 40.82
124 5008.29 | 912.27 41.32 153 4960.96 | 922.57 40.99
125 5011.81 | 924.10 37.80 154 4954.42 | 920.00 42.72
126 5005.20 | 921.31 41.49 155 4956.67 | 921.69 41.01
127 5013.98 | 929.00 36.76 156 4953.59 | 914.62 45.84
128 5004.79 | 925.01 41.15 157 4955.54 | 913.84 44.76
129 5020.50 | 929.17 34.84 158 4953.94 | 902.19 52.35
130 4998.35 | 923.42 42.82 159 4955.53 | 903.14 49.88
131 4997.83 | 915.62 44.67 160 495429 | 893.12 57.78
132 4994.02 | 917.85 44.52 161 4968.62 | 905.57 49.59
133 4992.53 | 908.75 46.50 162 4950.23 | 894.07 57.28
134 4994.52 | 924.85 42.84 163 4971.57 | 893.73 54.89
135 5004.87 | 896.10 46.32 164 4956.29 | 885.68 62.31
136 498391 | 923.74 41.87 165 4959.11 | 890.37 55.25
137 5001.41 | 893.74 48.36 166 495322 | 884.43 63.26
138 4975.39 | 932.13 37.91 167 4958.55 | 884.77 59.11
139 4999.93 | 892.13 51.10 168 4977.94 | 881.87 57.84
140 4976.69 | 929.24 40.62 169 4978.95 | 887.41 56.30
141 4991.99 | 894.51 52.79 170 4983.50 | 884.35 56.26
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Points X Y Z Points X Y Z
171 4956.48 | 872.25 69.73 200 4961.14 | 877.14 62.45
172 5003.79 | 874.77 55.40 201 4995.97 | 858.88 64.75
173 4953.87 | 871.29 70.85 202 5000.01 | 853.81 65.39
174 4990.36 | 872.05 55.53 203 4999.80 | 860.70 62.37
175 4956.60 | 864.35 75.10 204 5003.99 | 856.16 62.53
176 5008.95 | 879.22 52.98
177 495232 | 863.71 76.05
178 4994.61 | 881.71 53.01
179 4960.36 | 861.71 75.87
180 4989.18 | 890.05 54.21
181 4958.47 | 858.79 76.95
182 497743 | 876.36 59.20
183 4968.60 | 858.16 75.43
184 4987.74 | 868.15 59.12
185 4968.14 | 856.21 75.68
186 4997.74 | 869.82 59.05
187 4976.08 | 857.00 73.28
188 5001.67 | 871.63 57.93
189 4980.61 | 854.85 72.32
190 5001.19 | 861.39 61.39
191 4980.12 | 853.50 72.66
192 4985.34 | 865.46 61.80
193 4986.22 | 854.08 70.50
194 4976.38 | 865.41 62.13
195 4986.33 | 850.59 71.35
196 4969.55 | 869.37 62.22
197 4993.00 | 856.35 67.16
198 4964.78 | 871.26 62.50
199 4994.60 | 853.70 68.10
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PYANNAR KUY (X, Y, Z) IAAUTII 1.3, 13+900 DI 14+050

Points X Y V4 Points X Y V4
1 571.75 125.67 10.96 28 511.83 86.97 10.78
2 571.53 113.85 10.06 29 514.96 85.77 15.12
3 557.78 122.00 11.08 30 520.02 90.78 10.78
4 562.99 112.10 10.19 31 522.26 89.26 15.02
5 545.27 117.34 11.16 32 529.06 92.49 14.95
6 550.08 107.30 10.31 33 527.70 94.59 10.55
7 528.58 109.68 10.45 34 538.02 95.84 14.82
8 533.91 100.11 10.55 35 534.97 97.33 10.45
9 512.06 101.85 10.98 36 545.84 98.07 14.60
10 516.79 91.74 10.75 37 542.67 99.68 10.17
11 494.50 92.97 10.89 38 551.51 99.43 14.44
12 499.08 83.05 10.77 39 549.72 101.57 10.02
13 478.87 85.28 10.74 40 559.34 103.65 14.40
14 482.17 75.03 10.69 41 556.67 105.01 9.99
15 463.68 78.04 10.60 42 565.69 106.87 14.33
16 468.68 68.13 10.54 43 563.24 108.75 10.17
17 449.18 71.04 10.46 44 572.18 109.16 14.30
18 453.94 61.17 10.40 45 570.56 111.39 10.10
19 464.38 63.76 10.51 46 576.62 110.25 14.21
20 463.88 63.73 10.48 47 578.84 113.58 10.16
21 470.10 64.05 14.88 48 523.11 52.50 37.09
22 477.45 70.43 10.66 49 522.37 46.38 41.82
23 478.64 68.26 14.97 50 523.15 50.21 37.18
24 49291 77.85 10.73 51 526.06 48.00 41.41
25 490.02 73.81 15.09 52 520.86 51.76 37.00
26 504.71 83.47 10.80 53 531.43 50.51 41.27
27 500.44 78.65 15.14 54 519.55 48.94 37.26
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Points X Y Z Points X Y Z
55 540.21 53.87 40.81 84 560.36 75.97 29.15
56 511.32 48.08 37.21 85 552.56 70.62 29.30
57 507.83 46.66 37.52 86 567.30 78.22 29.47
58 527.07 54.49 36.74 87 568.96 76.42 29.55
59 529.15 53.16 36.82 88 578.99 82.00 30.24
60 514.93 44.09 41.67 89 579.81 80.05 30.96
61 532.75 56.62 36.71 90 514.58 54.49 29.90
62 533.86 54.90 36.88 91 513.99 56.03 29.77
63 546.11 61.97 36.87 92 502.88 51.05 2991
64 546.47 59.64 37.08 93 503.63 49.71 29.96
65 554.63 64.81 36.91 94 494.27 46.97 30.18
66 524.52 60.72 29.60 95 494.95 45.58 30.31
67 558.79 65.67 36.84 96 487.24 43.00 30.35
68 559.65 60.50 41.03 97 487.70 41.58 30.57
69 557.39 60.09 40.94 98 487.26 36.30 37.40
70 553.79 62.49 36.94 99 478.67 36.77 30.56
71 553.85 59.31 40.47 100 526.18 70.45 22.44
72 559.35 64.39 36.90 101 531.87 73.13 22.34
73 562.60 67.66 36.62 102 532.80 70.22 22.80
74 562.62 61.62 40.95 103 540.12 76.16 22.35
75 563.62 65.60 36.80 104 541.56 73.83 22.58
76 565.28 62.77 40.81 105 549.72 81.47 22.06
77 528.79 63.31 29.53 106 551.62 79.10 22.27
78 529.41 61.36 29.73 107 556.60 84.96 22.07
79 537.34 66.91 29.57 108 557.96 82.41 22.21
80 537.95 64.93 29.71 109 565.02 87.75 21.42
81 544.77 69.89 29.36 110 565.51 86.39 22.16
82 545.34 67.89 29.57 111 570.27 90.69 20.63
83 552.23 72.75 29.29 112 570.54 88.04 22.25
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Points X Y Z Points X Y Z
113 528.16 68.08 22.77 142 485.88 55.63 19.23
114 517.40 66.91 22.57 143 474.47 54.18 18.08
115 518.89 63.74 22.98 144 478.86 55.78 18.91
116 507.60 62.09 22.72 145 480.53 52.82 19.62
117 508.96 59.01 23.08 146 508.86 82.78 15.00
118 495.40 55.48 22.94 147 533.54 94.17 14.90
119 495.78 52.46 23.19 148 504.65 80.71 15.07
120 483.45 49.19 23.35 149 495.23 76.23 15.12
121 484.79 49.92 23.57 150 574.70 112.49 10.12
122 473.22 43.41 23.61 151 565.61 109.60 10.15
123 474.39 40.50 23.80 152 568.57 110.67 10.12
124 574.87 103.88 16.28 153 537.47 98.09 10.35
125 574.89 99.64 17.31 154 540.49 99.01 10.25
126 564.25 99.59 16.71 155 515.03 88.46 10.78
127 566.02 95.64 17.25 156 518.05 89.86 10.78
128 545.65 90.61 17.14 157 496.62 79.62 10.75
129 546.52 86.53 17.53 158 499.69 81.08 10.77
130 534.74 91.04 15.76 159 502.77 82.55 10.79
131 536.26 82.03 17.86 160 482.15 72.68 10.68
132 526.87 77.34 18.28 161 486.87 74.95 10.70
133 515.67 78.10 18.06 162 489.81 76.36 10.71
134 518.69 73.21 18.65 163 483.79 70.79 15.03
135 507.24 73.99 18.14 164 470.23 66.74 10.60
136 510.79 68.85 18.87 165 468.53 65.88 10.59
137 499.65 68.90 18.82 166 465.23 61.70 14.90
138 502.10 64.27 18.94 167 457.30 59.98 10.40
139 490.02 63.59 18.90 168 554.95 95.10 16.92
140 493.92 59.48 19.10 169 553.50 89.79 17.40
141 481.28 58.57 19.04 170 560.07 92.86 17.33
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Points X Y Z Points X Y Z
171 534.06 87.20 17.50 200 550.13 61.07 37.00
172 521.53 81.09 17.80 201 549.87 63.22 36.90
173 526.75 83.76 17.80 202 539.55 57.09 36.95
174 500.99 58.51 22.80 203 526.15 51.69 37.00
175 490.10 52.70 23.20 204 512.57 45.63 37.24
176 502.37 55.74 23.15 205 503.95 41.54 37.32
177 480.94 44.16 23.55 206 491.85 35.66 37.43
178 488.97 48.65 23.35 207 483.51 31.39 37.45
179 492.36 50.55 23.25 208 503.82 44.90 37.25
180 485.13 46.45 23.40 209 516.06 47.28 37.25
181 559.54 85.96 22.05 210 511.13 41.15 41.56
182 560.48 73.42 29.40 211 501.81 36.48 41.76
183 519.30 56.68 29.85 212 493.46 32.14 41.56
184 524.24 58.97 29.80 213 486.51 28.65 41.78
185 509.58 52.31 29.93 214 508.78 43.84 37.30
186 483.19 39.18 30.56 215 499.06 39.17 37.38
187 482.56 40.56 30.56 216 487.68 33.53 37.42
188 477.40 37.87 30.56 217 565.55 60.96 40.87
189 508.87 53.74 29.93 218 559.13 58.83 40.97
190 518.85 58.33 29.65 219 553.39 56.92 40.67
191 479.09 46.73 23.50 220 546.42 54.23 40.85
192 475.21 49.85 19.60 221 540.20 52.17 40.67
193 469.89 46.88 19.60 222 533.53 49.59 40.34
194 539.13 59.16 36.79 223 526.30 46.43 41.23
195 516.94 50.25 37.29 224 519.32 43.34 41.56
196 498.12 41.91 37.29 225 510.91 39.42 41.45
197 489.32 37.35 37.50 226 502.59 35.04 41.65
198 481.23 33.24 37.40 227 495.60 31.61 41.56
199 556.19 63.31 36.90 228 487.63 27.52 41.67




Points X Y Z
229 526.36 46.23 41.23
230 546.20 55.59 40.80
231 535.16 52.00 40.80
232 518.81 45.17 41.00
233 505.69 38.53 41.50
234 495.64 33.22 41.50
235 487.50 28.87 41.60
236 551.06 58.05 40.85
237 565.75 68.48 37.50
238 577.46 110.31 14.20
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NAMINAADUMIINDU IABATI Soil A, Soil B, Soil C, Soil D 118 Soil E 1A

[V 4 '

I o o 4 % Y] v [
Wy psvlanuduiusserNausaRs U uUMIIAaUAUIUBY, AT IANNFURNUTIZHIN
[ 3 [ [ o 1 4 [ Qs}l [ 4 %
UFURNBUAVANVAUAINIA, NTINANVFURUTTLNINIMTIAABUAUIFINUMTIATDUA
Y v
HUUAUBY, AHUIBEINIA, AITLAVANNBNAD, AN1auRB LAY A1GI1T8189 (Cohesion,
.. = 9 @ dy
Internal friction angle) ¥915znavAI83 UM INATDUAIY
< [ [l a 4 a
- MINAFDVUVULIST I FIBENAUANUFUTITUKA
< @ 1 a [} g’
- MINATBULUUTI AIDHNAUYNIN
Y
- MINAFOVLVUF AUANUFUTITNIA

Y
- managouuuF auguiih

129



<] @ 1 a g a
Soil A MINATDULIULILT @3@81\1@1&?]3111@1!‘53511%1@
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MIAADUUNIAT (H.)

—&— 6.810 ton/sq.m. —®— 12.536 ton/sq.m.,

M3 NToYaHANINATOU

10 ! —®— 18.256 ton/sq.m. —&— 23.980 ton/sq.m.,
08+ --—-—-—-—--—- e e

|
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MIAARUR MUY (3131.)

. v v
armanuduiutszniemanasudadtumMsnaeudLILOY

mmzﬁ'uﬁ%mﬂ Unit weight Degree of ﬁWﬁQgi’cjﬂ
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
6.810 1.805 0.817 10.659
12.536 1.793 0.746 15.067
18.256 1.819 0.717 19.475
23.980 1.772 0.770 20.822
Cohesion = 712
Internal friction angle = 31.38
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Soil A NITNAFTDULLULILT T AIVYINAUYNUT

—&— 6.810 ton/sq.m. —®— 12.536 ton/sq.m.,
12 ‘ —&— 18.256 ton/sq.m. —®— 23,980 ton/sq.m.,

(AW/M3.30.)

A
HIUNOU

N13IAA DUAMUIUDY (3131.)

AsmaNNFUR Tz B o UA UM TIAADUA LU Y

—&— 6.810 ton/sq.m. —®— 12.536 ton/sq.m.,
—@— 18 ton/sq.m. —4&— 23.980 ton/sq.m.|

Y
<

MIAADUUNIAT (H.)

MIAARUR MUY (3131.)

. v v
armanuduiutszniemanasudadtumMsnaeudLILOY

12 T T T T
| | | |
| | | |
o) Lo R I L
_ l R =0.9381, :
Ry [ B
§ | | | |
& l l ‘ l
= | | | |
b e
s 4+ - - -1 ___~_ O ____
g L l l
| | | |
2L O I [
| | | |
| | | |
O | | | |
0 5 10 15 20 25
ANUAUAININ(FW/AT.N.)

o o o ' Ao v o
ﬂ§1wﬂ31ﬂﬁﬂwu‘ﬁ§$W'J"N!!iQlﬂﬂuﬂﬂﬂﬂl'llllﬂu@]ﬁﬂ']ﬂ
M3NToYaHANITNATOU
ANUAUAININ | Unitweight | Degreeof | $189g9gA
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
6.810 1.951 0.986 3.556
12.536 1.887 0.972 4.536
18.256 1.836 0.981 9.067
23.980 1.929 0.988 10.659

Cohesion = 0
Internal friction angle = 24.30
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Soil B M NAADULUULT @3@81\1@“?131%%1!‘5551]%1@]
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M3NToYaHANITNATOU
ANUAUAININ | Unitweight | Degreeof | $189g9gA
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
6.810 1.851 0.822 11.393
12.536 1.836 0.810 15.189
18.256 1.754 0.841 20.822
23.980 1.853 0.772 16.169
Cohesion = 8.02
Internal friction angle = 27.09
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—&— 18.256 ton/sq.m. —®— 23.980 ton/sq.m < o o
0.0 Mg - ——— - onam ona-m ANUAUAININ | Unitweight | Degreeof | $189gagn
g -0.2 | (ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
>
" o4l e T T T 6.810 1.871 0.947 3.434
g -04 :
<& 06 | | 12.536 1.924 1.015 5.760
' | |
~ | |
= e L 18.256 1.837 1.015 10.536
| |
10 | | 23.980 1.884 1.008 11.516
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NFAADUAINHIUDU (NN.)
Internal friction angle = 26.89
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M3NToYaHANITNATOU

mmzﬁ'uﬁ%mﬂ Unit weight Degree of 515\16‘,\1@9\
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
6.810 1.915 0.764 11.638
12.536 1.938 0.755 13.965
18.256 1.876 0.764 -
23.980 1.934 0.748 18.496
Cohesion = 8.94
Internal friction angle = 21.74
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M3NToYaHANITNATOU
ANUAUAININ | Unitweight | Degreeof | $189g9gA
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
6.810 1.962 0.994 3.066
12.536 1.976 0.986 3.924
18.256 1.925 0.994 7.475
23.980 1.968 0.990 9.312
Cohesion = 21.28
Internal friction angle = 0
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M3NToYaHANITNATOU
ANUAUAININ | Unitweight | Degreeof | $189g9gA
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
6.810 1.863 0.803 11.148
12.536 1.891 0.780 14.700
18.256 1.895 0.750 15.924
23.980 1.802 0.728 18.700
Cohesion = 8.69
Internal friction angle = 22.64
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M3NToYaHANITNATOU
ANUAUAININ | Unitweight | Degreeof | $189g9gA
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
6.810 1.864 0.993 4.291
12.536 1.971 0.990 6.005
18.256 2.073 0.967 8.944
23.980 2.029 0.977 13.353
Cohesion = 0.04
Internal friction angle = 27.76
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nsmaudniusse s adeufundudanin
M3NToYaHANITNATOU
mmzﬁ'uﬁ%mﬂ Unit weight Degree of 515\16‘,\1@9\
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
6.810 1.712 0.803 7.107
12.536 1.714 0.825 12.006
18.256 1.756 0.786 15.067
23.980 1.877 0.741 19.230
Cohesion = 2.74
Internal friction angle = 34.57
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mmzﬁ'uﬁ%mﬂ Unit weight Degree of 515\16‘,\1@9\
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.)
6.810 1.897 0.973 3.924
12.536 1.928 0.985 6.862
18.256 1.943 0.976 11.271
23.980 1.965 1.003 13.475
Cohesion = 0
Internal friction angle = 30.02
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ARLRIRIN | Unit weight | Degrecof | Midsgega | Mdwnadig

(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.) | (ton/sq.m.)
6.810 1.804 0.790 11.026 8.332
12.536 1.837 0.769 16.291 12.495
18.256 1.735 0.731 19.230 14.332
23.980 1.710 0.801 22.292 17.761
Cohesion = 7.33 513
Internal friction angle = 32.70 27.76
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ARLRIRIN | Unit weight | Degrecof | Midsgega | Mdwnadig

(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.) | (ton/sq.m.)
6.810 1.859 0.990 5.760 5.026
12.536 1.870 0.979 9.434 6.985
18.256 1.864 0.991 13.104 8.944
23.980 1.857 1.026 15312 12.985
Cohesion = 2.21 1.53
Internal friction angle = 29.46 24.30
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Ed
ANUAUAIDIN | Unitweight | Degrecof | fasgage | masnedng
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.) | (ton/sq.m.)
6.810 1.817 0.761 11.883 9.679
12.536 1.787 0.769 16.659 13.597
18.256 1.766 0.758 17.516 15.067
23.980 1.834 0.833 22.537 18.496
Cohesion = 8.32 6.70
Internal friction angle = 29.83 26.01
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Ed
ANUAUAIDIN | Unitweight | Degrecof | fasgage | masnedng
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.) | (ton/sq.m.)
6.810 1.811 0.793 12.250 8.944
12.536 1.834 0.755 16.536 11.271
18.256 1.854 0.763 18.373 13.475
23.980 1.907 0.818 20.577 16.414
Cohesion = 9.72 5.90
Internal friction angle = 25.11 23.27
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Ed
ANUAUAIDIN | Unitweight | Degrecof | fasgage | masnedng
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.) | (ton/sq.m.)
6.810 1.932 0.984 6.740 6.250
12.536 1.922 0.986 10.536 8.209
18.256 1.943 0.994 14.455 12.985
23.980 1.895 0.990 15.312 13.475
Cohesion = 3.79 3.11
Internal friction angle = 27.38 24.81
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Ed
ANUAUAIDIN | Unitweight | Degrecof | fasgage | masnedng
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.) | (ton/sq.m.)
6.810 1.869 0.772 12.863 10.046
12.536 1.873 0.770 16.536 13.597
18.256 1.813 0.788 17.638 15.434
23.980 1.882 0.748 22.047 17.761
Cohesion = 9.56 7.49
Internal friction angle = 26.60 23.58
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ARLRIRIN | Unit weight | Degrecof | Midsgega | Mdwnadig

(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.) | (ton/sq.m.)
6.810 1.943 0.983 7.475 6.700
12.536 1.947 0.980 9.189 8.577
18.256 1.897 0.977 12.495 11.271
23.980 1.978 1.018 17.149 15.312
Cohesion = 2.88 2.79
Internal friction angle = 29.46 26.50
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Ed
ANUAUAIDIN | Unitweight | Degrecof | fasgage | masnedng
(ton/sq.m.) (ton/cu.m.) saturation (ton/sq.m.) | (ton/sq.m.)
6.810 1.708 0.793 8.087 6.005
12.536 1.776 0.724 14.087 10.536
18.256 1.671 0.795 17.026 13.230
23.980 1.679 0.720 21.312 17.761
Cohesion = 3.66 1.67
Internal friction angle = 36.67 33.56
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ASSESSMENT SLOPE STABILITY
OF BACK SLOPE
: CASE STUDY AT HIGHWAY
NO. 00411001 SEGMENT OF
THONGSONG DISTRICT -
RON PHIBUN DISTRICT

Adun Yagob® Danupon Tonnayopas? and Pipat Thongchim?®
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% Associate Professor, Prince of Songkla University, Faculty of Engineering, Thailand
E-mail:ADUN_YA@HOTMAIL.COM

ABSTRACT

Back slope in highway no. 00411001 segment of Thongsong district — Ron phibun district in Naknon
si thammarat province often occur landslides in rain season many year ago. This paper assessment slope stability
aforementioned area. Soil sample undisturbed tested shear strength both peak strength and residual strength at
natural water content and nearly saturated water content soil sample. Slope stability analysis results slope in
natural water content safe but slope in worst case nearly saturated water content not safety. Slope stability back
analysis results stability of geometric slope before failure less than geometric slope after failure. Analysis slope
stability improvement by gabions before slope failure results slope stability increased be small.

Keywords : Back slope, Slope stability, Slope failure, Land slide
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Peak Strength Residual Strength o e
Soil ITAUBNE
No. b C b C (%Sr)
(Degree) | (Ton/m®) | (Degree) | (Ton/m?)
1 25.11 9.72 23.27 5.90 78.24
2 26.60 9.56 23.58 7.49 76.94
3 36.67 3.66 33.56 1.67 75.80
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Abstract

In the rainy season of each year, it is often a slope failure
along the Highway No. 41, segment of Thung Song District to
Ron Phibun District, Nakhon Si

Thammarat Province.

Therefore, this work aimed to evaluate the stability of the

back slopes on the sections mentioned. Undisturbed soil
samples was collected to be analyzed in the laboratory in
order to determine the shear strength covering both the peak
strength and the residual strength, which was under a natural
water content and soaked conditions. The results of the slope
stability analysis were revealed that there were safety slopes
in the natural water content. On the contrary, there was
unsafety value in soaked condition. The back analysis
indicated the former slopes were more stable than the slopes
which have never failed. Nevertheless, comparison between
the safety factor of slope stability analyzed using the residual
strength and peak strength values, was few different
Keywords: Slope stability, Shear strength, Residual strength,
Peak strength
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Soil Y: Soil Classification
3 LL Pl GS

No. | (t/m’) AASHTO | UsCSs

1 1.851 43.74 12.19 2.78 A-7-5(7) ML

2 1.859 57.94 | 2518 | 2.78 A-7-5(18) MH

3 1.709 4115 | 9.17 2.77 A-5(7) ML

[N ~l
o o
1 |

@]}
o
1

| Soil No.3

(V0]
N
o

U
W
o

Soil No.2

ANV

10 Soil No.1

0 T T T T T T
0 20 40 60 80 100 120
ANNANAIRINUWID UG (1UAT)

Eﬂﬁ 9 Namsa%”wgﬂé’mmﬁuﬂs:nauﬁwﬁayai’uau

® o 1 a
6. N1ILNUAIDLNIIAWLUUAIFAIN
& o . A o A A AA o Y )

mIfuaatsauldlfiaTasdianfiansucasuiuniy
WUA0819RUAI8NTELEaNLY (Thin Wall Tube) N33t KU
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7. MINAFIUNTRONATI (Direct Shear Test)
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FITNTI RV RN TLALAI0E190 % WazaN1EANDE (Worst
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NMINARBUWUL Consolidated drained test WazazWNaIITUIAT
HNRIAIANITDIAH (Residual Strength) MAeNmMIeaani
mammﬂﬁaﬁmﬂ (Large Displacement) WaN1TNANDILRAI
F9m3199 2 uae 3
TR 2 HANNTNATOUAUANUTUTTINTG

Peak Strength Residual Strength

Soil
No. ¢ © 2 (I) © 2
(Degree) | (Ton/m’) | (Degree) | (Ton/m)
1 25.11 9.72 23.27 5.90
2 26.60 9.56 23.58 7.49
3 36.67 3.66 33.56 1.67

M3 3 HAMINARBLAUTUI

Peak Strength Residual Strength

Soil
No. ¢ ¢ 2 ¢ ¢ 2
(Degree) | (Ton/m’) | (Degree) | (Ton/m’)
1 27.38 3.79 24.81 3.1
2 29.46 2.88 26.50 2.79
3 32.17 1.52 28.43 1.13
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AT (At Present) | (Back Analysis)

- Peak Strength,

AuANNTUFTINTR 2.312 2.152

- Residual Strength,

AuANNTUSTINTR 1.832 1.728

- Peak Strength,

fuguti 0.935 0.867

- Residual Strength,

fugath 0.812 0.762
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