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o MstAuMIAtiNIAUTURUIN

o ASNAFAUAMUANTANUFIUNOTIAINTTHUSH
- AMTALUAUTELANURIAU (Unified Soil Classification System)
- AMsmanaiagau (Grain Size Analysis)
- nMsnadaudaantaasiuasn (ATTERBERG'S LIMITS)
- anuawIzaadiiagu (Specific Gravity of Soil)

e ANTINAFRALAUFUTAAIRITULIIUDIAU
- AMsNaRauAIAYTULLsILauLLLuUaTy (Direct shear Test)
- buy Conventional Test
- Uy Strength Reduction Index SRI
- Uy Multi Stage Direct Shear Test (KU-MDS Shear Test)
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FREZH ROCK

(after Little 1969)

Typical classification of
weathering profile

Moderately — Completely Rock
(Level 4-5)
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Slightly — Moderately Weathered Rock
(Level 3-4)

Sample 1-4
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Moderately — Completely Rock
(Level 4-5)

Slightly — Moderately Weathered Rock
(Level 3-4)

Sample 1-4

NIHATANL(2546,2548)




ANITNARAUAUIUTANUFIUNIIAINTTULUSW

AT UNUTTLANADIAU
(Unified Soil Classification System)

Taddnuseia 2 61 vinlwaaandne wagd
AU TufILaY
’imﬂanmmusna”nanﬁumamu L"}.iu
G = Gravel (n53a) i
S = Sand (ns5a)

M = Silt (Aunsa)

C = Clay (Autniien)

FNBIAITdaATUDNEINITARLUUIA
1%I2ANULNULNUIAY LAY

W = Well Graded (\finpay)

P = Poorly Grade (tiialiinay),

H = High Liquid Limit (L.L. fiangv)
L = Low Liquid Limit (L.L. 3@161)

O = Organic (Aufiaundaasduuin)




aTvnITILUnlsEtanaasdu Unified Soil Classification System
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aTvnITILUnlsEtanaasdu Unified Soil Classification System
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COARSE-GRAINED SOILS

(more than 50% of material is larger than No. 200 sieve size.)

FINE-GRAINED SOILS

(50% or more of material is smaller than No. 200 sieve size.)

Clean Gravels (Less than 5% fines)

Inorganic silts and very fine sands, rock

Clayey sands, sand-clay mixtures

2 Well-graded gravels, gravel-sand SILTS ML ﬂpur, silty qf clayey fir!e sands or clayey
GRAVELS LAY GW | mixtures, little or no fines AND silts with slight plasticity
-t CLAYS Inorganic clays of low to medium
More than 50% gp | Poorly-graded gravels, gravel-sand Liquid limit CL plasticity, gravelly clays, sandy clays,
of coarse . mixtures, little or no fines q silty cl | I
. N less than ty clays, lean clays
fraction larger Gravels with fines (More than 12% fines) 50% =
than No. 4 p -~ o | Organicsilts and organic silty clays of
SV SiTe GM | Silty gravels, gravel-sand-silt mixtures — | low plasticity
ac Clayey gravels, gravel-sand-clay Inorganic silts, micaceous or
A mixtures SILTS MH | diatomaceous fine sandy or silty soils,
Clean Sands (Less than 5% fines) AND elastic sits
Well-graded sands, gravelly sands, CLAYS / cH | Inorganic clays of high plasticity, fat
little or no fines Liguid limit clays
SANDS q 0% 77 y
2
50% or more sp Poorly graded sands, gravelly sands, - greaﬂter _;_—:
of coarse little or no fines 224 o Dl‘rganic clays of ma;dium to high
; A tici ic silts
fratc;mrlrﬁmﬂler Sands with fines (More than 12% fines) $3 plasticity, organic si
an No. £
sieve size Silty sands, sand-silt mixtures HIGHLY e : ; -
d ORGANIC o PT Peat and other highly organic soils
SOILsS :




AsAUnUsELANUIRU (Unified Soil Classification System)

1. msvauaiiacau (Grain Size Analysis)




AsAUnUsELANUIRU (Unified Soil Classification System)

1. nmswrauafiandu (Grain Size Analysis)

M.X.T. SAND SILT CLAY
Classify Coaree Medium Fine Conrse Medium Fine Coarse

U.5. Standard Sieve Humbe Hydrometer

_i_%_ - ﬂEEki

Y

SHYUEVHL ‘6 NOMONYA
ALISHIAINN LYYSLISVYN
ONIHIANIONT 40 3937700

PERCENT FINER BY WEIGHT

.ohm‘.
B EEE

-
I

ek

L i | [N G
T T ! p— p—— T

3ZIS NIVYO

@ﬂ. 1

DIAMETER [N

R |

[

JAEND NOLLNEIMLSIO




AsAUnUsELANUIRU (Unified Soil Classification System)

2. nsneadaudiauaantnastuasn (ATTERBERG'S LIMITS)

Plastic Limit (PL)
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AsAUnUsELANUIRU (Unified Soil Classification System)

3. AnuaIwIzaadiiadu (Specific Gravity of Soil)

faugAtuaan1TNaFaLAURNITA
ANRYIULLIIUAIAUTUNITATUIUNNILA L
A NAUMURIMIALENI TUAITNARAL
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MINATDUAUANUANAITULUTIVOIAY

- MINAFAUARITUUIILRaULUUATY (Direct shear Test)
- wuy Conventional Test
- wuu Strength Reduction Index SRI
- wuy Multi Stage Direct Shear Test (KU-MDS Shear Test)

LA3aINARAL Direct Shear Test




- MINaAFgaUAIRITLLTILaULUUATI (Direct shear Test)

- wuuy Conventional Test KASETSART UNIVERSITY

DEPARTMENT OF CIVIL ENGINEERING,GEQTECHNICAL ENGINEERING LABOLATORY
DIRECT SHEAR TEST (ASTM D 3080)

Y Q 1 =3 =2 Q/ 1
- Iﬁm ') a ﬂ—]a m um m a a j_l 3 ﬂ\j 4 mj a ﬂ‘]o R Shear Suengih & Deformation DHE (7.50 &‘f‘.‘:‘.-.iw Vertial Displacement & Horlzontal Displacorsent
) v o o . | 208 - -
Taatddauauinuadinninnaiiuclacig || N SR S O N
2 / i E-suw :
- ; e ] T
& - % ous
(_l”,r g sien e i
T OONTROLPANEL | MM"“’* R
(WERTICAL DISPLACEMENT) o.002
CHRECT SHEAR SAMPLE 0006
DAL GALGE (HORIZONTAL 16
{-munm P o 1 3 3 5 I N 0 ! ; 3 i 5
(HORIFONTAL LOAD) Horzental Dafermaation (ram.) Horzontal Disprossmant ()

Benorks:
1) Certification applies to test samples only.
2) Information under "For”, "Project”, are supplied by elient, These are not certified.
3)This certificate is invalid without appropriate signature and scal.

Max. Shear Strength and Nonnal Stress DH8 (7.50-8.00 m.)

/R e T T r T 1 T 71T 1
i i i | i | '
40 - e e e e e e — il gl £
DIRECT ] ! ! l | |
SHEAR BOX “E i i i i i
APPARATUS e e e T
P i

Mz . Shear Stress
5
1

Test NO. Nomal Stress Max Shear Stress
t/m 2 tm?2 @ N | T T T T T T T T T T T T
1 14 81 8.38
2 24 68 15.72
3 3949 2282
4 99.23 29.18 5
& =25 Degree ¢ =163 tin 2 MR S 18]




- MINAFgAUAIRITLLIILaULUUATY (Direct shear Test)
- wuy Strength Reduction Index ; SRI

- °l°zj"6°\"3a£hoﬁu1nmavan 2 AIat e
ﬁmummmaoﬂmﬁnnmﬁné’\’)ama
G\jjjﬂj']l]ﬁﬂﬁ L‘]/]"]ﬁ/‘]:,[ ) | Shear Stress and Displacement,mm.
NAFRaLAIALIIAUTNRNIZANUAUAN
85542 AVTamNdUTURUINUAULLYINNS
AU AN

L3autnaunITan I 29ANAITUULTY | -

Horizontal Displacement,mm.

WHaulu 2 &n1nzanuiu tiadIuIamn
A1 Strength Reduction Index ; SRI

Shear Stress (initial) — Shear Stress (Soaked)

%SRI = S x100
Shear Stress (initial)




ANsNeaau KU-MDS laanisilasudas

Direct Shear Test

i Stage Direct Shear Test (KU-MDS Shear Test)
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Multi Stage Direct Shear Test (KU-MDS Shear Test)

Representative Sample

(Undisturbed Sample) Shear Stress & Effective Normal Stress

& Sr=60%
u Sr=80%
A Sr=100%

Increase or Decrease

Degree of Saturation

Degree of Saturation

Shear Stress,ksc

T T T T

0.20 0.40 0.60 0.80

Effective Normal Stress,ksc

Target

Degree of Saturation

Sample Setup

In Direct Shear Box

g

Consolidation
Stage

)K..r“*‘

[sTace wo

TylkFal
U, (kPo)
U, (kPa}

8

8

1,2,3 Normal Stres

DEVIATOR STRESS (kPa)

RN

SRR R

VR

Saaae
X

Shearing
Stage

Shear stress, ksc.

X
R
TR
AR

I

8
’S 3 Normal Stre STRAIN

1]
2
Shear stress, ksc.




T

(G - l’la)
(Ha - Hw)
Cr

(I)r

tang,

Shear stress, T

Extended Mohr-Coulomb
failure envelope

0 Net normal stress, (0 - u,)
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D. G. Fredlund,Harianto Rahardjo (1978)
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Roumheiminnaviukarseauauduiimgiiidsundadly asieauduiug
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sUsuuANNduuSlusEuy 3 Wnuvasilendu
f =y, +ak)+ bly)
I T =y -a(SN+b(0) Tnew

SHEAR STRESS
[mm]
&

0.00 T =  Mas3unsa@eu (Shear Strength)
:iﬁ y, = fasfivesaunsanuduiudvsausazyaauiinianainiu
4% a = At InLdIT S S s § duLsudounarsRuALBLEEeth
j{?{?ﬂ-h%_% Sr = sydummBuFaeth (Degree of Saturation)
%\ d - = ANNTUVDIANUFUNUTTENINIAFITULS L RDULATUTINATIUTB IR
Sroun Egp 08> T e o] = WSINATUYBIAY (Normal Stress)
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KU-MDS Shear Tes

U
pper bound Average ; Upper bound Average

1=
3

Shear Stress,ksc
N
B

Shear Stress, ksc

Lower bound ) : Lower bound Lower bound

Shear Stress, ksc
Shear Stress, ksc

50
70 60
on e
0,
80 o sawre'
e
pedr®

Upper bound

Average ’ Upper bound Upper bound
er boun

Shear Stress, ksC
o N 9
g a3

i
&
Shear Stress, ks

Lower bound

Shear Stress, ksc

Lower bound

Shear Stress, ksc

L2
P
333888
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70
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pegree Of saturaton: b 80 n % :
b 1. % ion, :
Degree of Saturation b . 80 7
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LUUINADIANAUNUSYRINFIS ULSLRauNUas UL UadlupumIuay

aun1snAnassuLsaRauNUasuluniy

AnufulugULuy 3 unu

Group

T = y0 - a (Sr)+b (O)

co ~N o O B~ W N

= 0.189-0.104 (Sr)+0.372 (O)
= 0.642 - 0.634 (Sr)+0.387 (O)
= 0.774 - 0.762 (Sr)+0.457 (O)
= 0.743 - 0.690 (Sr)+0.507 (O)
= 0.794 - 0.769 (Sr)+0.461 (O)
= 1.393 - 1.392 (Sr)+0.426 (O)
= 0.341-0.318 (Sr)+0.596 (O)

A A4 A a a a a q
|

= 0.247 - 0.189 (Sr)+0.534 (O)

ANAI5ULIUR0U (Shear Strength)

ApaivesaunsAuduiusyesuiazya Ui
NN
AUTUYBIANUFUN U TENININASULTUDDULAY
syfumuBuFafeth

syfumLBNSAFeth (Degree of Saturation)
AT UTDIAMUFUNUTTEWININAS VLS IR ULAY
LIINANUYDIAY

LSINAVIUYDIAY (Normal Stress)



ANNEUNUSVYRIAT Cohesion MUagulUn1LAIINI ANN1IANUFUNUSVDIAT Cohesion
AasulUmMUAMNTUTIRL Y

N153LAS1LVLEDETATINUBIAAAU

IMNAINUFUNUSVDIA1Cohesiond] Strength Equation
L‘U?HIEJULLUENVL‘UGHQJWNN%U Group y = m(Vol. water content)+c
1 C = -2.62(Vol. water content)+1.89
_ M(0) + Ciriiia n tan ¢' 2 C = -18.54(Vol. water content)+7.74
h SIHBCOSB(Y”‘) tanf3 3 C = -14.22(Vol. water content)+6.42
| 4 C = -15.40(Vol. water content)+7.43
Tpem
¢ = effective cohesion of soil (t/m>) 5 C = -19.73(Vol. water content)+7.94
¢' = effective internal friction angle (degree)
v =wet unit weight (t/m’) 6 C = -35.24(Vol. water content)+13.93
B = slope degree (degree)
I;l f slope of l'inear equation (constant value) 3 C =-4.99 (\/Ol water content)+ 247
= volumetric water content

= cohesion at initial value

o

initial



LUURIBDILEDNYTNINVRIa10AL (Slope Stability Model)

AUUNVRIAUNRULARIINNTEYLFLLAD TN ANHIUENNTLAARUD R UL UAT A LA €l

¥
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MWWAN1TAIAUAEN 9.911Ua1 2.9A5AA0

A ANNANIaINITNTANe U uAIL
NNURITEUNLNTALAYNIN LFNTIIN1T
WURLLLAARYUE (Infinite Slope)

Infinlte lape 1ila
LT> 10

Main scarp

Topographic level before the i
landslide occurence W

Slip surface (estimated)




1 o

ANLAMEILAEN AILNBNDININH

Andndunis AMdANIAULT
'
SLOPE & CRITICAL THICKNESS, a.auua TP_1, FS=1.0 F S _ m(@) + Cinitial + tan (I)
10 i i .= —
g 9 I e hsinBcosP(y,)  tanf
- 8 —a— Infinite
7 Jill
a7
S 6
::'__; i i N ¢ = effective cohesion of soil (t/m*)
2 3 NN ¢' = effective internal friction angle (degree)
g 2 ] y. = wet unit weight (t/m?)
x ; A~ JARINIRIA B = slope degree (degree)
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 b =soil depth of slope (m)
SLOPE, Degree m = slope of linear equation (constant value)
6 = volumetric water content
c = cohesion at initial value

initial



AUNISUILEUD...

ANDIU 7277

VDYBUAN...ATU




