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ABSTRACT

The aim of this study was to investigate the shear and flexural strengths of clay-soil
cement mixed with different portions of sand.“Fhe‘testing was conducted in the laboratory.

The soil sample was soft;Bangkok-clay deposit and the sand was Kanchanaburi sand
deposit. The particle size of sand was-the one passing through sieve No. 4 but retained on sieve No.
10. The cement used was a Portland, Cement Type 1. Firstly, the clay sample was mixed with sand
of 0, 20 and 40% by dry/weight-of clay.-Then the aggregate/of clay and sand was mixed with
cement of 10, 15 and 20% by dry weight: The water content of the aggregate was adjusted to
approximately 5% above-its liquid-limit.

After that, the second aggregate-was put into-2:molds; 1) !a‘cylinder mold with a diameter
of 3.5 cm X 7 cm for the unconfined-compression test.and-the CU, test, and 2) a beam mold with the
size of 7.5X7.5X35 cm'. for- the. third point-—loading fest//After 28 curing days, the prepared
specimens were tested. It ‘was)found-that the thofe”amount of sand, the higher unconfined
compressive strength (q ), angle ofiinternal friction‘and modulus of rupture. Finally, the correlations

of the 3 testing results were presented.

Keywords: flexural strength, shear strength, CU test, modulus of rupture
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(Davidson Hagame [37])
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DNTNAVRITAUHHIINTADMAIDANUASIVDIAUFINUA USTTuUA 12%

(Davidson Hazame [37])
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Portland Cemenf Association [38] A iiunaaiudsdmaSunadmuduenguaieg
AMWTZUD ASSHTO 1ilua1529% 21 naz 2
Ms19h 2.1 Pnadunidhlsalsulsemunssiinning ASSHTO

(5191} 0310910 Portland Cement Association [38])

Estimated cement content

ASSHTO Usual range'in cément Cement content for wet-dry
And thatused in the
SOIL Requirement and freeze-thaw test
Moisture-density test
GROUP (% by vol.) (% by wt.) (% by wt.)
(% by wt.)
A-l-a 5-7 3-5 5 3-5-7
A-l-b 7-9 5-8 6 4-6-8
A-2 7-10 5-9 7 5-7-9
A-3 8-12 7-11 9 7-9-11
A-4 8-12 7-12 10 8-10-12
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3197 2.1 Wunaduudn15)5u159 mumssuunuun ASSHTO

(foayamn Portland Cement Association [38]) (Gl' 9)

Estimated cement content

ASSHTO Usual range in cement Cement content for wet-dry
And that used in the
SOIL Requirement and freeze-thaw test
Moisture-density test
GROUP (% by vol.) (% by wt.) (% by wt.)
(% by wt.)
A-5 8-12 8-13 10 8-10-12
A-6 10-14 9-15 12 10-12-14
A-7 10-14 10-16 13 10-13-15

a = o ) [ 1
M1319N 2.2 ﬂ?mmmmuﬁTﬂﬂﬂizu1m1uﬂ1ﬁwﬁw FIITUITAAN

(Glgljmlum]”lﬂ Portland cementAssociation [38])

Type of miscellaneous material Estimated cement contented and ~ Cement contented for

That used in-moisture — density test Wet-dry and
(% by-vol.) (%’by wt.) Freeze-thaw Test
(% by wt.)

Shell Soil 8 7 5-7-9
Limestone screening 7 5 3-5-7
Red-dog 9 8 6-8-10

Shale or disinte grated Shale 11 10 8-10-12
Callche 8 7 5-7-9

Cinders 8 8 6-8-10

Chert 9 8 6-8-10
Chat 8 7 5-7-9

Marl 11 11 9-11-13

Scoria (Retaining No.4 material) 12 11 9-11-13
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Mm319n 2.2 YSunaswua laedseunmlumswan FIMITUITAAN

(Gﬁjaymm Portland cement Association [38]) (Gl' 9)

Type of miscellaneous material Estimated cement contented and ~ Cement contented for
That used in moisture — density test Wet-dry and
(% by vol.) (% by wt.) Freeze-thaw Test
(% by wt.)
Scoria (Passing No.4 material only) 8 7 5-7-9
Air-Cooled slag 9 7 5-7-9
Water-cooled slag 10 12 10-12-14

Moh, Chin 11ag Ng [39] 516911937 Augnia luiszime lne #ilia1 P Uszunm 1199 19

[ " 1

A o v A IY =2 Y a =2 g Y o
IWWOUTNNINTUNUKLUUATOYDY 4 D97 %Zi’ﬁﬂ'lﬂ?ﬁ\?’ﬂﬂlﬂﬂﬂ'ﬂ 852 ﬂIaﬂTﬁﬂ'lﬁ mgﬂumamwuﬂ

4 4 a
Y94 British Road Research Laboratory uiizauniseilunisnaasslsluuensnuay

o 9 Y3 =K o v 1 YTy @ ~ 3 9 A o
ﬂﬂluuclﬁlﬁ‘lJﬂ\?ﬂ'JTiJﬁTﬂﬂJ‘lJﬂﬂf‘l"lﬁ‘Uﬂ’f)ﬂ'J']ﬂTﬂ']ﬁ@ﬂagell@\iﬂTﬁJﬂ@ﬂaﬂa\‘]!Wﬂﬂlaﬂu@ﬂﬂguﬂaWT

[

o [ <3 o
Timdednanasednariu lase

Bell  [40] W25 R%4% 187 Montmoriflonite—thesiaal§nsernuifuai sz i

Q 9 = = o 9 2R ] [P=
Aqueous Phase aAAd ¥ 1WA Cémentitiols @R TINGAINIzog 1wy uv1 liieane
[l <3 o A =Y 4 4 A 2 a
AoMIUTIA M Ao MamuLE NS a il oINy Free | Lime  19unvuTaglnd

=\

MINUFUUAUINN N TBoAL 15 92311 IHAUSININ Montmoritlonite AN IWATINIT

q

YRYTRN C-AR TN =)

g [°%3
2.6.4 U5 NuFUIUTAON

¥
Felt [20] tag Davidson—uasaus-37] ﬁﬂ‘hﬂﬁ)‘ﬂ‘ﬁwﬁﬂlﬁ)ﬂﬂ’ﬂh%uﬁﬂﬁWﬂﬂﬁ)ﬂ

@

Y Y H 1 =
pazaNuFuAImIinNgade91nn1591 Wet-Dry 110¢ Freeze-Thaw lakaasanunliuim

2 o v w a

X 1T Aaa I ] ' = Jd o v A
mm%u uazmmwumuum)‘vrﬁwaLﬂuammmmmma@mm@ucﬂmu@] A1UIUAUNTY

e

Y H
U a

A2IMIMIVASAR8UT VIUANUFUNAN NUT A NUTFUMINZ AN dIUALHTEINITUADA

v o

a Aa dy ' dy 3 Y == o Y o
@u‘1/111ﬂ‘%nmmmmuqqmwﬂ‘%mmmmmummmmaﬂu@a ﬁ]\i%%‘ﬂﬂ‘ﬁﬂWﬁ\i ﬂ’s:(\it:(@

32



a 1 o [ Y] 4 1 =Y ¥
Ruenkrairergsa [24,25] l@o311emsrhanuduiusserinalsnannuay

o ' a A o an < ¢ D, a ¢
NUANNUHUIUUYDIAUNUADANTNITNITUDY NIDNLADT (Proctor) 1111‘]1114\1114@]11!“]5!,111!@1414
1 a dy Y ] Y v o yA 4
WUYTUIUANUF UL NIZ TN uaﬂi]1ﬂi]ﬂﬁﬂ’amwumuuqqqmm’s EN‘VHIW"KLN‘L!G]

a

Aaan d A s 9 ° v a A 4 1 1o & ] o 9
malnse lamssunauyssionaie dmsuaudmudanunumiugege luduiluve i ld
a a &) I A Y an
AUTWUATANVUTIUTUAZANUAINULINAZALdUD 11 91NNITNARBINIANUAINUAIT
Freeze-Thaw D3IAUALNOULAZAWMIEIHTUTUUANDI ANUAINUILTAIGIgANDTINTS

v Aa Ay 1 = dy I Y o v A A &1
vasanldsnannuruginfTnaa eIz auandey siimsuasanlsuan 1y
B 1 a ¥ o 1 o v A 4
dnnlSunaanusumuizan 1z liaayaanuanas SIS UAUNTIOHTNFINUA
<3 = ~ A v A da dy o 1 a dy
AN IIzIMINAgAlouadanilsuANNTUAINITIIAA NN A Y
- g Aa = A v A dy o J dy <] 9
3-6 105U FauAUdeIlaUAANYITImA NUFUMNNUTIIBANUTUIHIEaUEaN DY
Y I
v IdANUIAIIgIga
a 9 ' g v a A Jq YA
Lightsey nazAwy MIEIA519914311U19ATINITUADAAU T INUA 1R
' 9 . - SN 1Y Y o Ya = =) <
ANUHUMUULRIGIFA (Maximum Bry =Dénsity, MPD) 1 11 1@ ldaudmuazianuuiaung g
wnigaaue liiie191nn151199800UN T UABA MIANTANEIAUABE1N 4 ila 14l Silty
Loam, Sandy Loam, Silt 112 Silty Clay Loam UA8AR 1635 UASALLUNIATFIY (Standard Proctor
A A dal 5 ] 1 = tg A s 2 Y3
Test) N5uaanuFumn uazgen fSinan Wiz an wonauwaiane it una
@ ' o @ i = N4 a Ay A I Y <
0,2 ,4 1A% 6 $21N9 AoUIMITTAS A WM UsrahadauAunde s siie 14 1aa L5
v Y
HAZANNAINUVDIAU DA FITAU LAV IR U TIAYEIAUIRZ IATTE N INMIHENAIUGA NS
o o v A < =S %’ { A (N A 1 4 1 g a
UAdA 115 UAMTar v al U SUae TN ITHaRa UTEHIUTAAY
o 1 a . ] A 2 o A [
mTdanunuiulsg gavedata10 8 ARTI R AT I azAuAINY
A~ 1 1 ) 1 Aa [~} = A =) %I o o Y
WoNNITHUINNAINOUNSUADA aIufuTRazidea matiidsunailunmisuaonagiiIn
Aaan o a P < o 9 v A A o 2 1Y A '
Ugnse lawmsdunaauysdivm ithwaildguduifaeiaimyiaaiu Tagludedinisnmiag
AINOUNTUADA
1T a A 4
2.6.5 MIUNAUTUUA
. d‘ v U g a
Highway Research Board [42] 1@s18uReIRUMTTAIANUFUVOIAUNY

o a [ . . a

Fuua luauinTaon1snwaimalu 4 53470 Bituminous Seal 4 ¥ia Ao MC-2, RC-1, MC-3

1w a 2 a S o X '
iag Asphalt Emulsion INIAARIUNIN 4 FUA ﬁmmmmmiumsmmﬂym’nu&vuizmn

myvy 7 Juluaunldilueded

33



(2 a

a a Aa 1 o 4
Clare and Pollard [27] a@3UD®NnTwavesguuginlaomasvosAuTmuua

Y

' { A a L2 2 g
7 NQungiiusseINIe 25 DR IaTd 1Az QaUN)NVEINITUMNNVWTIY 60 peAuTAIFoa

Y Q

o v w a A oA v (% 49! J < Jd 1 a oA A 43!
NIADAVBIAUTINUANDIYNITUN 7 IUISFIVY 2-2.5 nJaiwummaqmﬁgumsuumwmu

7 v o A

= ' Y Aq Ya A AA ' Yo A
1 DAL ALY fﬂ5ﬂ'ﬁ]ﬁj1\TV]GLGD'@u"Iﬂllu@IGLHWu1/]W@Tﬂ?ﬁ@ﬂquﬁ]g‘:lWﬂﬂlaQ@ﬂcﬂ@Tﬂ 3 IADULLIN

Q

= 1

Y [

waamsneainganmsneadnluiiuiniiormanunnidesas s0-100

Maner [43] llﬁﬂﬂﬁ’e)ﬂ%ﬁﬁ@@hﬁ‘]ulﬁ}uﬁ Waterproof Paper, Calcium Chloride,

Y
1 a o Y
RC-2 Asphalt, Tar 1a% Asphalt Emulsion’ 1UMSUUNUNNAUTINUANDIIE Bituminous
Y Y Y

Asphalt 149 3 %19 1@z Waterproof paper 1514 lamad wonanidanuinanuaulueima
Aaa A 1 1 Ay a A o
Nonswaessunaedsuannuru luauua

Leadabrand [44] ¥1@Y 2 ¥7H@A® Clayey Sandy Soil uag Silty Soil MWEY
=\ Y 9°) v A Y Y o [ Y Aa wa A o
AU UATOIAL 10 YOIUINITNAUUNIHAININITUAdaluio sl iTan1s teninida
~ 7 ' o = = Vo W A A o 9 v o o w =
N91gMIVVAIUA 2 TUIUDI 5T WUNATABAVBIAUTINUAILAA YA UAIAIOAVIADUNTA

v
0o v w a

1 A dgl a =X 14 o Y o v A = o
NA1INY NIAIDAISINNVUATN DY YD IRU WL UA uazﬂq"lﬂmﬂmmmﬂﬂwmmu@‘luﬁum

1 (2

1inlasansneadauesigane q 453 °luﬂ'5$mﬁﬁw%’ggam?miﬂﬂﬁﬁﬁwmqg’mei 1709207
INNATBUHIMAIOANUI MEIGAVBIAUTIUUA IUF UL ToARDINUMEITAVDIAUTIIUA
Tudosliians

Wang 1182 Huston (4515 1601w nnsangargilumsinazinldmdidaanas
uRIiNANIAT BT IAADA AT iane TR s ousa8n

Shackél 1183, Lee [46] 7 n1aans A mMs Ui usaMIe Ine1¥d10619 Artificial Soil
#4'18910115451 Uniform-Sand| 99048183 Botany 53-New South Walds lszimsoeainsidennan
1 Commercial Air-Floated'China Clay-(Kaolin) 140051831 60:40 Taorhmin uaznaudnmd

lugasifosaz 0, 3 a¥ s ihnasvy 2 andaiz aetylue nianguvgd 20°C naziu

P

' Y
=

luganara@nngurginan 20°€ Tagnasiiio, 1, 3,923, 44 g 81 U MNUUNAAOUNIA

q

o o -0 @ A <@

ATHARTD HIBAINITVEIAD AINIAIEA AINIAIALHAZIANITATLIITAIVDI INT (Pore Size
. . . a A J o ' o i | A Aad .
Distribution) UYDIAUFINUA 1NMINa0WNIAI81 IaalHaToalontaen Mercury Intrusion

. v A A A ' 1 o Yo o o o o= A 2 '
Porosimeter W‘u:nm@L‘wmﬁmmc}smummzmqmﬁwﬁ]::mﬂwmammmzmaqmmmu NIV
o a o ' ' £ o A .
Gl,ummmzm“lﬁ’m@mimmummwmiumm‘uw nazdunuvuIa Ing (Pore Size) Uag
d' =\ 1 dy 9 1 1 g 4' 1 dﬂl
‘ﬂ%lﬂ@li(Pore Volume) tUBUDIYNTUUNINVYUAIY FIUMTUULUVFU LUBDIYNITUNUINVUIE

o Y
mldvualnsianag

34



2.6.6 52ozAIUNITHEY
2
Marshall [47] #AHINAVDINTHUIINIAINMIHANTSHINMIHAUFY 1AZNTUA
[ ) Y
ANTINAADMIAIBAVDIAUFHAMNII WUINAISIBAVLAAAULDNIAIMITHANUIUTY ALLEA
Tugin 2.7
Felt  [20] ANBIONTNAVDINITHUINIAIADNIAIOA LATAIINAINY
Y Y
Taonanliuuaiu udanelinounasa ladnuiau 3 ¥iia Ao Aungu A-2 (LL=26, PI=11),
AUNGN A-4 (LL=35, PI=12), AUNGN A-6-7 (LL=47, PI=26) WUNAUNAFHAIZNAIMAI0AaAA
A ] Y éj ] I 3’; = = Y [
WaMUINAIMIHAN TRINUIY MIHUNNTINIHTULLDHgATUATINTII IZUNAITeNDEN I
HUVHgARETIAY
Ingles 1A Metcalf [48] ¥iIARATNATOUAY 2%1A AO Medium clay 1ag Sandy
4 [ @ 4 1 0 @ W Q. { a 4 1
Gravel 119¥1ANNFUNUTIZ1I19M88AAUNA N 1% IUMTNANAUTIUUA WUINAIMTHAN
~ d? < o o o [ -~ ) a [ ]
NUIUIY 1-2 ¥ TNeAa99aanaInIT50 85U 91131 TUMSHENUILAUAI 2 $2 TN

o w w J = (% {
a99Av04 Sandy Gravel 921i0on1 Medium clay fanvoy aaaaslugla 2.8

DATA ON SOILS AND ON CEMENT-FREATED SOIL/MIXTURES

Soil Texture Clay'Contenf Cement Content
(%=<0.02 mm.) (% by.volume)
Sand 2 8
Sandy Loam 8 10
Loam 19 10
Silty Loam 17 1.5
Clay 46 12
SAND

AT>SANDY LOAM

DELAY BETWEEN WETTING AND COMPACTING (HOURS)

| 1
100 200 300 400 500 600 700

MAXIMUM COMPRESSIVE STRENGTH (PSD)
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M319A 2.3 LUINNMSERNTAHAUNLY (Additive) NUTAQuAAz A (Wilmot [55])

Crushed Well Silty- Sand* Sandy Heavy
rock graded gravel clay silty clay
gravel clay

Cement A A A B B N
Blend A A A A A N
Cementations B B A N B A
Hydrate Lime N N B N B A
Hydrate Lime+ B A A B A B
Cement N N B N B A
Polymeric B A A B A B
Bitumen A A B B B N
Usually very suitable A Usually satisfactory B

Usually very suitable N

*Depend Upon|Grading (Single-size sand-require-higher additive content)
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2.9 In598319U0304 (Soil Structure)
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Soil solid

51 2.13 Tasea$ 19111 Honeycombed

9 a Aa = = . .
2.9.2 TA59a519v09AUN LT IUAHTIED (Cohesive Soil)

Y] [

o a da = = . . v a 2 Iy
dmsuAuNNu I e (Cohesive Soil) IATIAT1NUBIAUILAYUBYNUANH UL
v A 3 a R o 9 A
MITABEIVBIOYNAVDALAAUTITA I3 3 H1IAD
. . Q= & Y [ dya da! A
1) LY Dispersion’ 13 3AITEIAIVOI AT 19N UL DAY UINDIDINDYNIA
I a [ @ = o 9. ' IS a < = .
YBULAAUBYHAUNIN TV IRUTITE VRN TAVDAULAALIT UI159A9gA (Vander Wail’s
Forces) N08NIWIIHAD  0UNIAIIIAGOIAIIULNIZIANIZ Meuazuu 1oy 1Az 1190
vnunueanaznow Iagdaseaagling 14-(m)
Y Y 1]
2) uuplNon-Salf Flocculation andizn1sanis gasiany uilazinaiuiliooynia
2 a A alru 3 o a @ T v a a
Yo UNAAUG U INTFAN LI TRLAZeW AT HIAAM I Y UNU s a1 UAIALY 091NN
) Y a =1 é LY U é} d‘ a (% dy L%I 1 dy
2 oyn1a 1 19INan 159 AG AT HBASH LA HasonaanHalz HuINTUe aYNIAIMAIL
< I s 5 I~
Nazanaznoul UL Non-Salt Flocculation 43112, 14-(%)
9
3)  wDY Salt \Flocculation I1A5IA3519ANEMULUIZ AR 100 VLYY Non-Salt
Flocculation HADZHANAIIN LRGN OWATAYBNAIZ T LT KN vzFosmvuunuuazs Fanu

! d' = g 01/ Cﬁ = = % 1
WINNINNISLTYIAULDY Flocculent ‘1/]’3111] L‘Ll’e)ﬂﬂ]']ﬂﬂ‘i$i]iﬂﬂ!;ﬂﬁf]%$ﬂNﬁhlﬂﬁﬂll,‘iﬂl?\laﬂ‘iyﬁ'ﬂﬁ

S a [ 9 dy [ A
’f]“tgﬂ']ﬂ"llﬂx‘]m@ﬂuﬁﬂHﬂ!ggljf]ﬂjﬂiﬂﬁi%?llﬂﬂullﬁﬂﬂﬂﬁgﬂﬂ 2.14 (R)

43



=R

(n) () @)

Ui 2.14 dnvazIaseadiavesdniniiusadnisiien (a) Dispersion (b) Non-Salt Flocculent

SaN

1ag (c) Salt Flocculent

31 . aauladain Lambe [57]

a = ™ & ) ~ 9 ¥ & '
mgmﬂﬂumuﬂmﬁﬂmmuium 1/]31‘1Jﬁ]$111ﬂ5¢1ﬁ51@ﬂ1ﬂ@3$1’7’JN!L‘U“U
. . ' Y 3 =2 A v
Dispersion 1481 Flocculent LmﬂTﬂHﬂ”Iﬂﬂﬂﬂ%ﬂ@uiuu1“ﬂ3m%ﬂuﬂi%ﬁg‘h1ﬂ LLH?IHN"’U@Q
9 a 211 A o P SN J . [ Y a A
Tﬂix‘]ﬁﬁN‘U@Qﬂuu ﬁ]gllaﬂymzﬂlﬂul:locculent VIPILZUPDIIN (Void) NN mﬂlwmaﬂuu

Y
WU

oV w = a
2.10 MAISVHTANDUUDIAY
9

MSANEIN S VMIRIHYBIA R BN TIAdou T uduintaznisnado
Tudesdfrianmsaalumsnaasuludosd friansaziisEnisnagotiograloisalenu 1wu

1) MsnadoulsIoani igni1na (Unconfined Compression Test)

2) MINAAOVUTUNBU TAVASN (Dircct Shean Test)

3) MINATOVUIIBATINUNY (Triaxial Test)

9 v
msnageunsaulinanisnadoiuanalesny msnageunsiauuylugniine
A o 1 v Y Y v

uazmanageunsuRonIasase 81 limuisoaautasmsnaaeuiianimlanuusenany

a a KR o 9y A 9 [ @ I a VoA
UBNAUNTUTITUYIA ﬂ\‘ﬁ/nslﬁWa‘ﬂ”lﬂﬂ']ﬂﬂ']i‘ﬂﬂﬁ’é]‘ﬂllllﬁiﬁﬂUﬂ'J']iJL’]Ju%iQWITVIﬂ'Ji

44



@ o 13 { o
MINATOVUTIOATINUAY (Triaxial Test) 1D'lAudumsnaaeuiannsaiians
wpanssuvesaulidlndifosnunganssuvesaulusssumauiniga awnsninnageou
9 = 1 9 4 @ ~ 1 [ 3/ a Ao 0 dy
18 3 nuy FawaazuunInlse Temivaznanmsnuanaanu minageuniauytaiiaiae il
Y
1) MINATDULVY Unconsolidated Undrained Triaxial Compression Test NINAT U

9 ] ] Y v
65]3@EJ'Nﬂ%gﬂﬂﬂﬁ}’wﬂ’ﬂﬂﬂuﬁﬂﬂﬁ’lﬂﬂﬁ mﬂumwuwmmmsluummﬁummzﬁmmﬂuaﬂ

A

50UADINAIN IUNNAIDENAUNIA AN I InNINaToUfe A1 C %50 Su laINITanIAI
o %’ a A
useauinluynanuld

2) MINAADULUY Consolidated Undrained Triaxial Compression Test Tumsnagou

1 A o 9

Y & 4 ) 4 o 4 g
ﬁlzﬁ’mmﬂlﬁ’memm AU ﬁ]TﬂuLl!,W‘lJﬂ’JHJﬂu@ﬂﬁ@ﬂﬁ%ﬂﬂﬁlﬁﬂ@ﬂﬁ’)ﬂTﬂuW UYMUSNA

v
v o 9

o ] o @ < @ 1 { o 1
GI'J’E)EJN%Z@SIJ?N'JQLL:NQHL!W]a@ﬂ!ﬂa1ﬂ1§ﬂﬂﬁﬂﬂllﬁ$@]ﬂ\ﬂ%ﬂ@]i%ﬁ’Jfﬂﬁﬂﬂﬁ’)@ﬂNﬁﬁW ﬂ']ﬁulﬁglj

@ I a

A o A 2 = A '
fl]’]ﬂﬂ”lﬁﬂﬂﬁ@ﬂﬂﬁ’]ﬂﬂ]iﬂﬂ'ﬁﬂﬂﬂl!UU o Hlllﬁﬂﬂ‘ﬂ']u (¢, ¢) LINYRAUNUHYITEHINLUAA

o

=

1 a 14 iq Ya 4 @ %‘ a 1 . a
(C, O) MW UNBT A ﬂclmmﬂzWﬂ31uﬂuuﬂuTWimu iHaga Su %Qﬂi@ﬂﬂqu‘wq@ﬂiiﬂﬂ'ﬁ
g 3 axa o == Ao a S
@@ﬂllﬂﬂﬂ\?ﬁﬂﬂl!aglﬂu?ﬁﬂWmﬂgﬂﬂﬂ’lﬁﬁﬂy’]'ﬁlﬂiul%\iaﬂ

9
3) MINAADULUY Consolidated drained Triaxial Compression Test YUADUNITNATDL

v Qdd’ J

Y 2 A @ 1 Y 1 9}%’ 9 s T W 4
& & u G]'E’)\HJﬂ'llﬂ1ﬂllf!‘LlfJ

=< 9

aaoanal) 1dealdnarlumsnageninnman laannsnagauaz laaimaisuusaf vy

Uszdnswua (C, @) osndesidnaliimsnadennim-as hidew 14 lunmsnadou

| i
J' y Triaxial sample

= Proving Ring ‘

o =
) drainage o E
9 ) ‘ © - * [ Porous
ol I8 e B
< Triaxial:Cell Fite paper
for sids - e ——{ Memb:
=
‘ Sample
. Porous
Loading/Erame stone

Back pres-
sure

Pore water ater ) |
pressure pressure

~ A A o ..
51]7] 2.15 1ATDUDNITNATDULIIDAT LAY (Triaxial Test)

N www. gf.su.ac.yu/%7Ewus/wus07/web4/triaxial.html

45


http://www.gf.su.ac.yu/~wus/wus07/web4/triaxial.html

a = porous stone

b = rubber membrane ¥
||+ Piston

¢ = cell fluid

P
Lateral pressure b | e
=y

7 SoiL i
1 |
“ET]
” Piston
F =
P,

b

A
~ /> SOl
/) No
(| ¢~ drainage
——-ﬁ—- wet

Lateral pressure

" Puore pressure
tranducer)

fl+— pston
E =

]
Lateral pressure ‘f‘: b

SoiL
Drainage
L v
STy |

= § =

" Pore pressure
(transdacer)

@,
e

Unconsolidation GHB/‘_G
:

Agy

"
U, + A2 0=Bay+ A Ao,

Undrained °..[* —
t
Gy TuJ
L UU
d
lM.:
I lclm,:nwna
p,=0
Consolidation ,_ |« _ Undrained -« |,
a, | h
1 !,
LA T:
w, CU
;Au,
a, l“s
. . - a Au, =0
Consolidation “**  Drained
%, — G- )
U‘ 1
TG
Ty Ta CD
Md

511 2.16 MInAgEULIIBATMLAIIUTATG

M www. gf.su.ac.yu/%7Ewus/wus07/web4/triaxial html

= ol ar 2 < . . . gll
Lambe [58] ulig]}@‘ﬁ‘UWEJ’Nﬂ1ﬁ\13ULL§QL$@H‘U®QQULN@§$L%8@] (Fine Grained Soil) YU

sznpudIsaILaIe) 3a1A0

= A : < ' £ oVl v = a o
1) 13381 U8 (Cohesion) 1A I POUNUNYOITIAIT VLT UNDUYDIAUM
' ' v '
usuia 310 sNeyniddoloyMANgnIaRAN AL 359U g0y 1A 13 9il linean
1 3 U e 90’ g’/
LLNﬂ”IEJ‘L!?JﬂGlW]LL@]gﬁuﬂUﬂJHTW’Ui’Ni’JHﬂWﬂ ANBUCMSIRINTY uaz‘ﬂ‘%mmmiam@umﬂuu
= e\ A ! A = A =2 o
2) UIAUTYANIY (Friction) AD A IUTUAAITNLUITUAIANIHNAIVDIDUN AN UINVDUNA

= A~ o YA 2 ~ 1 g’; =) dyé’ [
U mammmﬂu@ﬂmwmﬂmmﬂmﬂﬂmimaaummaumﬂmmuu UIUFYANTUUVYUNL

[ < a Lo o } o/ A
aﬂ‘ymzmmagmmmmww’fimaﬂymzmm ﬂﬂgﬂ‘ﬂ 2,17

46


http://www.gf.su.ac.yu/~wus/wus07/web4/triaxial.html

Subangular

Q —

Rounded Flaky

Angular

Subrounded

Y [ 1 1 S Aa
leﬁ 2.17 aﬂEm%qﬁjﬂi’lﬁﬁWQﬂm@ﬁ@lélﬂ'lﬂ"ll’ﬂ\‘llllﬂ@u

Y

[

. I [ 3 a = = o Yo w
3) Dilatancy Lﬂuaﬂ’HiLlZ“VINﬂTEJﬂWW‘U@Q@HﬂWﬂﬂJﬂ\iL‘Mﬂﬂu @mﬁ]mwamiwmmﬁu

A g a A Ao ] = Y A (] o Y a
HIURDUFIVU °]J'§3JTﬂ!ﬂlﬂﬂu’Jaﬂu'ﬂ1Jﬂ'JWNWHTLLHHQQMLLU'JIM?JTI‘DgﬂJEJ"IEJ@]'JLﬂuWﬁVI"IGlWLﬂﬂ

@ 1 J 1 IS a I ) [ A
usaaumelureaesennuliaauiluai (Negative Pore Pressure) Aduaadlugiln 2.18

Wl Combined: os measured

Cohesion 3
== = <\ o Dilataney

4 N e —

3 A

1 —
WA A W
~ - =~
- LF riction+ Interference

1 ~
n =
& 2
~

Stress—

- -
" --
Strain — ——

d‘ U o S =
5‘1]7] 2.18 ﬁ?l&ﬂi%ﬂﬂﬂﬂlﬂ\iﬂ1ﬁ\15ﬂl!i\1ﬁlﬂu

M : After Lambe [58]
Bishop taz Henkel [59] ldpBunenguinmsiaauiavesdulunmsnadeunuudiy
.. ad o 9 3 a Yy .
iAU (Triaxial Test) Tunsaimimsnadounuyliiilvasenandu'la (Drained Test) uazlu
A v 9190} ' ' v S A . 9
nsdi N lul¥in lvasena1nge9d 195z IIulAAY (Undrained  Test) latauoaunislunms
A4 o v ¥ A 1 3
wia lufimsszue

ﬁmammmﬁwﬁﬁmmLﬁaummaumﬁmmummau

47



T,=C+ O'ﬁr tan ¢ (2.8)

Tagh T ;= Undrained Shear Strength
C = Cohesion
O_' = Total Normal Stress at Failure
¢ = Angle of Shearing Resistance
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Au =BAG,+A(AG, - AG)) (2.10)
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lagnuiasuseangnaainiinlyueda (OCR>1.0)

Y
o V=N

3 1 @ a QJ % 1 a
M3190 2.4 adulseansanNauhngaitia A,

AV AL A,
Highly Sensitive Clay £0.75 99 +1.50
Normally Consolidated Clay +0.50 D9 +1.00
Compacted sandy Clay +0.25 99 +0.75
Lightly Over consolidated Clay 0.00 99 +0.50
Compacted Clayey Gravel -0.25 99 +0.25
Highly Over consolidated Clay -0.50 D9 0.00

nn Skempton [60]
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MUALVBINUILNTA (Stress Part) 1Turail I8 nmsnageusssad AU
Tofe1)szTAv0eAulR Lambe uaz Whitman [61] lAerueuns3amsldmaduvesnrndu
Uszanina udasaniuzvesnNuAuINszUAIRTA s uRougegalumsnaaeunsisa
ALAY (Triaxial Test) Maduvesvousafudunaasanzmanlaounlasuoaiions
Tuwradunaaslfifuesndeiieslunnqaninvesnisonseiiogluszurmdendy
Famunsauanslditalumenvesn s an (Total stress) AuMSA 2.11 Uz 2.12 1AZAIM

wuilszaAnIna (Effective Stress) @SN 2.13 1ag 2.14

upu Y:  q=(G,-G,)/2 (2.11)
upu X:  p=(G,+G,)/2 (2.12)
Ul Y: q,q=(0,-G)/2 (2.13)
upu X:  p'=(0,+G',)72 (2.14)

TagvziWouoglugllnozini voup Winp? (unuueu) uaz q (NuAQ) 19 Scale
Y] [ [ ] a I
@e1r1ulunINAaeY Triaxial 1AsMINAATDEIULIITOUIATY NUAUVBIANWAUTINILIT] U
[ UATINIYN 45 990 NULNUUBH(P) tasnIeaaeen ALl dnsnadimSuaumiion
A v ~ ' % A o = 3 ' Y
Inaaevodluanind lussureidodunvsenlugtdussnianden p - q annudu
a a . (=] 1 a e a a Y [V
sz ANnTNa (Effective Stress) LA UNAANTDIAUNILAU NCC Iz iy OCC TaFany dauanad
Tugin 2.20 ez 2.21
[ Y o 1 4 T o a ]
INANNTUNHEANAIATIHINIINAULBT (Mohr) BagMAAUVDINUIYTI (Stress
Y4

Path) ALFUVBUANI TN AUD SN 1AIS DHTID OUANNTDHVEHAYMTANUFURUT AU

N 2.15ua% 2.16

‘= sin” (tan Q) (2.15)
¢
a'
C' = é: (2.16)
COS

Tagl @ = AvedgaaauuUnl (q) Useansna

0= YNAABBIVDAT UV UIIANTNTAY 52 ANTHAVDA Stress Path
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T q' dumas (Strength Envelope) — \( .
o
P ~
~

~
// F
~
/ a 1]
A = NAUAUNUIY
~
B -
1159593 (TS)
= z
—4—- A% — nNaNues Z
C a
/ -
Y
E C 0 ANWAUUUIARIN G, P’
H o w A ] J
gﬂﬁ 2.20 ligfjuﬂ']a\j (Strength Envelope) FINNIUAHUUIYLLIN LASITNINNAUND T
TS = Total Siress Path (MIANTIIET 95290
ES = Effective Stress Path (MAUANH U865 35580 THA)
p, P'

31N 2.21 MuAUNUIBIT (Stress Part ] p Hq)Addaulszmn NCC uazdulszinn occ

Stress History ionsnaaogisnvesmuaunnuduilsz@ninanin snmsnadou
USIDAAINLNY (Triaxial Test) 41 Consolidated Undrained Triaxial Test mmﬁuﬁﬁzwdw
iR uAineUaUBIRENTNTZINVDITUROU (Au) 22T UANEATIUVDS Over Consolidation
Ratio, (OCR) U83AY anusuThsana 1z IdmaduvesnnudulszAnsnarumesnain

MUAUYBIANUAUT VNN DIAINY
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3UM 222 naaamatAuveInNUAUYsTANTHAND DA MusTaveIAY
= o I [ Y a Y .
FulFeuneunulagleniaduvesn AN (TSP)  Y¥0IN1SNAABY Isotropically

. . .. . S @ = a a a
Consolidated Undrained Triaxial Compression Test 11udai/Fauisugdunumaauilszansna
Ay ¥ 1 @ dy
nldnnmanadovszoanmnlugiunuaie asil
A a J a .
UM 1 (Shape 1) wumnluaudszanloneinoulsamnuine (Heavily Over
{ { I 4 a { @

Consolidated Clay) 7 Strain 1089 ( Au) ztasuliiflvauiiosnnauiivurldunezvenedn
0 (Dilate) ESP 922nna1 lilognisuniiovey TSP

A I a 4 a < 9 .
UUUN 2 (Shape 1) 13y ESP mmﬂuianaiﬂauicnammaﬂuaﬂ(Shghﬂy Over

=

< [ A J o a a 4 a
Consolidated Clay) #49ziaAIanbazvoIAUUesaanou lsaaniazaulonesnoulsanan
o ] AAa ] = 9 4 a Y A %] o Y a 1 o g
saunulusrausnnausuusunou Inseas Wlaauluul Iy e mlmnaausaauii
1 a I .. d’ = . dg! =
aIUNY (Au , Excess Pore Pressure) Wudan (Positive) UBANUATYIA (Strain) VINVUIUDN
JREPN o Y IS a a A 9 IS a o ya
fgﬂmﬂﬂm’ilwmﬁﬂ‘lJE)ﬂﬂNﬁiNLiJﬂﬂu wazinamsasundadaseaiteveudaauiinlvau
= Y A (J [ Y . e N . A [ ¥
Huwr Tutvzveeanaz i Ivawssaunraaunuinuiluay (Negative) LazranounsIauil
arupuanas M Imdumauduilss@nsna (ESP, Effective Stress Path) 1AIASUNINIGYN
1 <
2819329132
~ P a o v d' a .
BUUN 3 (Shape 11D nulaluaunesilaanenlsaan (Normally Consolidated Clay)
A 9 a A 9y = @ @ 3, Ag A A . z%l
199910 TATI835 199N ILUI THNNIE AN D ATHY Au YTLIVULTOY ) LUD Strain WINVY

Z = A 9 2
INI1IZRTUU ESP %Qlﬂﬂﬁlﬂu@ﬂﬂqﬂﬂW\icﬁTﬂﬁUﬂQ TSP 15889
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q ESP Normally consolidated clay

OCR=1

Over consolidated clay , Shape

TSp/
’

v

~l

31N 2.22 LAPIMUANANNANY TEANTHAHDINN (Effective Stress paths) MUFHAYDIAY
FanfFouieuiu Tag l9muaHAMIANTIY (Total Stress paths) YV9IMINATDY
Isotropically Consolidated Undrained Triaxial Compression Test

A3 : Wissa L@ Ladd [62]

o YU v [ aaa d
2.11 MAITUUIINAVDIAV UL U

v
A o

3 1 tﬂ 1 = a a
Tﬂidﬁ%qmuaﬂyngﬂuuwuwu FUDUN dZWNIANMINUDITUINDU G%I'E')\?ll'ﬂWi

1 ] 2 1 &J A Y 1 oAl & .%' 1 dal = A
NATD UV AT UIULLITIAAUBDILHUNY Luaq@1afmuaazgiaﬂﬂmﬂmuiuuwuwuu 4 ﬂ‘i%m‘ﬂ o

[

Y 1 ¢ QU el < a 1 1 ‘d
WINUNUIIND qmwgmmuwuﬁu MSVYIGA AL TUANAIWBIAUAN LA UITUTIAATNY

o w ' 9 Aol I 1 ng = ] [ A g o
ﬂ’ﬂllﬁ?ﬂi.?g@lﬂﬂ?i@fJﬂLL‘UUTﬂi\iﬁiN‘l’lMﬁﬂEﬂwlﬂulmuwu AU UIYLUIIAALUBDIINUIVIUN
o 1T Aa %’ Q. o y 1 j’ 1 g v o {
Uii‘l{!ﬂﬁﬁnlﬁuﬂﬁﬂﬂﬁ 334 ?41’0 umuﬂﬂszmﬁgmmuwumqmﬂmau WminnseiNveuves

v a

] ¥ ] H v A ) ¥ = ] o % ] 4
LLW‘L!‘ﬁ‘LlWNﬁ]”IﬂljiJ WM NNASEMING 330 ﬂﬂiﬁlﬂﬂﬁu’)ﬂllﬁﬁﬂﬂ %QWH’JEJLL?QLﬁ@Q%Tﬂ’qmﬁﬂN

k] U

' g 4 o a 1 U T o 1 a
YOIAUNY 1HD991NM5T5UgUUYHALANA N UIZHI1INA19TY Lagna1sAu neldinans

o v 9 9 1 1 g a 9 [ o Y 1 &‘ 1
YHIIAMALANTHANIAIUVY taza1uaaveanuiu lunan1aas iy i lduduiu Ingee
Ao liinanUeLsIaa

ad A

ax [ [ 1 g o k4 axqg 9 & A
ATNMTNATOUNITIULIIAAUDILHNUNWU Z‘TTNT?‘E\‘VI{I@ 2 795 A9 lﬁisﬁlliﬁﬂﬂﬂuﬂi}ﬂﬂ

= . . adq 9 Y o ! 2 I
YAMINAN (Center-Point Loading) LLﬁS?‘ﬁi%LLiQﬂﬂﬂTu 2 39 Iﬂﬂch’fﬁTLLﬁuﬂﬂl@Qﬂﬂﬂﬂﬁﬂﬁlﬂu

° 1 { 1 I J ' [ . . .
mtmmﬁummuaamﬂu 3 #3114 DU (Third-Point Loading)
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MIANBIAIMEIANNEINTD IUNTTUITIAR (Flexural Strength) ¥n13naaey 1agds
%} Y] o ] I {
Third-Point Loading 1#11m1innseyuun1us19@e (Simple Beam) 1iluga Nszog 1/3 109

anwelszanina omar lugaauand1 (R) vesdledunadow

31 2.23 1AT09NENINAGRUIAINIAIAINA W TFDINATITULIAAA (Flexural Strength)

10875 Third-Point Loading
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P

l /7 Head of Testing Machine
@ < Dial Gauge

<> [ 5

Specimen [75*75%350 mm.

= =

T7 77777787 7T 7777777777

90 (B \OF (e
XY = Vo 3
718> - NN /;

SHEAR DIAGRAM

BENDING DIAGRAM

31N 2.24 waAIMINAARUMEIAAYBI Beam 1A87F Third-Point Loading
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MI00LANYDINTUAIDE190E 1UFIINA1HI 0397 2 A1 R fvam ldan
R = PL/Abd)

9 % [] 1 1 ~ [ 9 ] 1 S 3 14
0139YLUANVDIATIUAIDINDYUDNTINN 2 'Jﬂﬁ%ﬂgllﬂllﬁﬂﬂﬂﬂ’l'] 5 11losiFua veInw

1IN f’i'] R ﬁmm"lﬁ'mﬂ
R = 3Pa/(bd)

o ] ] ] { o 1 I 3 4
f’ﬁiammﬂmmmumemwguaﬂmaﬁ 2 amzﬂz"lﬁ’mmm 5 11le31FUd voInNY

M1 92 113A1 Applied Load i ldundunani R

Lﬁ'ﬂ R = Modulussiof Rupture (kg/cmz)
P = Maximum‘Applied Load (kg)
L = Span Length (cm)
b =  Average-Width-of'Specimeni(cm)
d  =\\‘Average Depth'of Specimen (cm)
a =(()Distance between-lime of fracture and the nearest support, measured

along the center-ling of the bottom surface of the beam. (cm)

QAN MAgITIartagame (63 AnyMnAnTIuveIAs U TInma M Tariiavesau

Wudumiisrseuves Tnsemamaisulinedimgnoduuisuourionzia lasdsuna

I @ 1

YuBuuanoas1dan 200, 300.1a% 400 ANAE TosamrNEuTon nuwswavesaunieliey
' Y
M3ty 28 U Hanuansn lunsuuIeamuyReEszum 213 11 uazlmmaisuusean
(Flexural Strength) 1523184 35 914 45% ¥84A1AITVLTIOA
a Y -4 va a A A 1
T3gns gosaaniun [64] AnEIRUAVTAVOIAUTWUANWAUAITHAUINY WU
Pinadwud lineelianiwagen1 Modulus of Rupture ti11a1inluga 7 funsn ueiiiootgiiy
é@‘ 1 =\ Y 49! ] =y =y S é’

WINYUAT Modulus of Rupture 3zNuud TngavuamoigtvtazUSmadmuuanunyuy au

A
AITNN 2.5
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H 1 a @ 4 a @ J v
ﬂ]’i]\?ﬁ 2.5 1ie¥ANA1 Modulus of Rupture ﬂl@ﬂﬂugﬂﬁx‘lNﬁu@mu%uagﬂu@lﬂﬁﬁNﬁiJ“?ﬂiJllﬂﬂ‘U

AINAUINY (TIgNT [64])

Cement Content (%) Modulus of Rupture (ksc)
3 days 7 days 14 days 28 days
Soil — Cement 5% 5.41 10.5 8.58 11.18
Soil — Cement 10 % 5.43 11.07 11.76 17.01
Soil - Cement 5% + Renolit 7.35 7.61 8.96 8.76
Soil — Cement 10% + Renolit 6.48 8.22 7.98 11.78

Anans mddzadad  [65] Anman13UiudaamnInvesauiioisou Taoly
Uosauauaauudlszian 1 uay Quicklime Tagfidadunaudmudasijuviaeaumiien
250:0:1,150: 100 : 1, 125 : 125 1,40005150 LUA% 0 2250 : 1 fiszeziaa1nstin 7, 14, 28 ,
60,90 112120 74 WU A1 Liquid Limit t1agA1 Plastic Index anaaieIzozA LAY A2
#1 Plastic Limit 11 TWiuidinaiuiiosgznaniuuinay #auan Modulus of Rupture WUHA
iduiieszoznanivnniy uader inafutlesauais BuuaTA NN 150 ke/m? 114
A1 Modulus of Rupture R PR I A A TN YA LA aNE WUTAIA Y
mwudammmﬁa1ﬂﬁﬁwgqﬁuﬁmmqmiﬁuﬁum%mmﬁaadw lunnaoasiaiumey uay
91NHAYBA Consolidation” Test (MAI-aAI M AZe i3 F1rhnin Tuedauua Tuiud
ummzﬂmmﬁuﬁgﬁu%ﬂunﬂdauwﬁu

lwassal Were ot [66] MIMTANEIRIANTINS I0ALAZMAT LT IdAUDITAANIATIY
ﬁyummamJ%“uﬂ;mmmwﬁ’w%muﬁuazmﬂwama%mﬂm nuUS i udmudi
wminzanlumsiulgsdsiisisandS i unis auaiudesas 3.5 Winuasnd

4 ~ " v 9 2 oW @ 9 da! =< 9 A
Lll’é]ilﬂllii@ﬂl‘ﬂiﬂzﬁil IMNUIBYATS ’fﬂll1’im1/\lllﬂ"lﬁ\i’iﬂlli\i’é)ﬂllﬂlﬂﬂ(’llui‘lxﬁﬂﬁlag 18 Ny

=

0o w w [ 9 dy =< 9 A 1 T W 9 da! = v Yo

ﬂTﬁQiﬂll’i\i@ﬂulﬂh1ﬂ"llui‘lﬁif]ﬂﬁ$ 13 LL’ﬁ%LWlJﬂ1ﬂﬁIﬂ\1G]’JulﬂNWﬂ"Uuﬂ\? 176 AUAUUAN LATUNIT
@ i < @ R ' @ % 1 a J ' 2

ﬂi“]J’]J'g'\i’é)EJNmull@?‘]f@ﬁf]ﬂﬁiﬂ\iﬁ’) ‘H%ﬂﬂﬁTJ%ﬂuU‘ViﬁQ’N ﬁﬁIWﬁLMﬂiLﬂiJIiW]f’JEILWlIﬂ’NlI

1 % o 4 g % o
ganguiazANUALAIVRIIT Wollihvinungzh
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2.12 Panamnaluaiuwan
@151 Boation [67] ANBINANTZNUVOINTIBADNUANLANIIAINTTHVOIAUIHTIY?
' an 1 ~ ] a ~ [ Y @ a A
goulagdsHauMa) WuNUTmamsiennauegludumie) sz liansgudlanad tazaui
' @ 1A { < '
HENNTIBYUIANA1IZTAINMSgUAITDENNAUNKANA 1N T1BITAZDon A1AuaINITD Y
vy = 1 a A e ' = A A Y
msgou IMinFurUYeIRUHTUNS BN WHANAIA 0% D 70% dzTAasunilaiiosun
A A 2 ' < A a ~ & [ 2 ' '
pazazlaunuiuedwsan ulolsaveanennduata 70% yull vagludiuvon
anuaso lunmssuhasdiumunsudouvesdurduie s nansonduog Asda
[l ' 3 a A ~ = E ' = o 2
HUNITHINNAAUIZaRa T MIANIRHANNNINTY AyuEsaMIUMe U muINTY
A = 1 A < ~ a = o A 1 '
WedTuIUNIBUINNIT 30% UendnHVIIAveuTANI1IgRRaN TuAMKgITIlHan DA
AuauiANMITUMAeIAURIY
= Y Y= a [ 9°I a = 1 ~
suns W1Feeld (681 laAnyinganssuvowseauihludumiisrooungunndg #
U5u13enmnimalsniie lasinsnaasuiuazossiimsuadananuruiundagaga
H F v
(Max Dry Density) 4agNU3uIsa N3 iniiZai(Optimum Moisture Content) 1A8fAU
= a = A ) & : ] g
IMHEINANITANT 8T 0, 20, 40, 60 BFEFUATANITHUD Fanan1InaaeuWLIINS lFnen)y
A ! o v ao) a
asnauiylumsdSuljsnunmaumilersoungannadinasildus e ludunananag

[ A

o Y o A zg A\l Y 1 S g o %’
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= Y o Y1 A A X 9 9 A a 2y 1
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2.13 MaIUUIIND UUBIAUBINUA
[ o a U v A 4 2
BYINT NOIAN [69] lli’%)‘ﬂﬂﬁﬂxiNﬁuﬂulﬂﬁﬂ')flﬂuﬂg%ﬂwﬂU%LMU@LLa%ﬁWiWﬁNLWN
[ Y = 4 ~ o =t 4 = Y =
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[ = Aaa 1 A o o a = 4 QIdd' A = @
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ATHAWNNDU
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9 v Y
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M IANHUNUINY

G %
3.1 MSAIBIIQ
o ] A Aq Y = av o a =\ 1 a
aednaunldlunmsnuitailuaumiiorsey usna lumanian waeean we
o o < @ i a
VU TINTANFUNHUHIUAT NUAIDENIBBYNTUNIY (Disturbed sample) 143501517 anii
a Y @ { < @ ' a )
Aundn Bazaunaudn 4-5 was aeaaddugli 3.1 udunudredsauussylunisuzia
1 A ¥ a 1 I @ ] ] %’ o
A15199 3.1 naasnuantaiosduvesauiniien daunseiludiegransiewiiinnsune

1 [ [ =~ as 1 14 Y 4
MUSNT WHIANTYIUYI Iﬂﬂjﬁiﬂuw']uglzllﬂi\uﬂﬂi 4 ANAZUNTUVDT 10

~ s o 1A =t
ETJTI 3.1 INUAIDYNAUNULILVVYNIVNIU



M3199 3.1 AUANITANIINENNVDIAUIK )

AANTAVDIAUNIINIBNIN

Natural Water Content (%) 56.73
Specific Gravity, Gs 2.69
Liquid Limit, LL (%) 40.00
Plastic Limit, PL (%) 25.48
Plastic Index, PI (%) 14.52

G U U

A,

3.2 MAIAFYNAIDYIUNDNINITINAaOV

%‘, 0o Aa ~ [} d‘ ?,’ [y Y a =1

VUUTNINAWM T IVINAUNUNIIEN0, 20 1AL 40% 1ABUIHITAUTIVDIAUIKLE)

Y 1 a ¢ 1 1 o w 1
Wi luaurau 19U uaaNusuNIRnaIA1YAs 1A A A (Liquid limit) Y9I 3UNa Y
4 [ [ g’; o J 4 4 %’ [}
U52319! 5 % NDIIADNITHAY DINUUTINITHAUFIUUANTAN 10, 15 1A 20% 1A81INID
) . ) @ ! ¥ A 2 i Vo Y o A % Ay ¥
URIVOIAIUHTY AI890AI 18 UM AR (wleratio) 110 1:1 BANNF U UMNAAN 19
Y o A ~ A o= V.Y A ~ 3 Y Y o
NN UaIUMFLYR I e unseneE ou 1A aaunS eanauasunIavuaan 10U
~ = a = o ) [ A KR 3’/ dy 31/ o (Y] 1
A15199 3.2 naaanalSauFmuUAlaENTOE 1MV SAANEIIUATIY 91N UUEIAI0814
a A s Y v A 9 1 1 G 2 L] [ A = 9
Audmuannaunuaudald lunivassexaaesds 2 uu-auaalugili 3.2 a9ldun
1 o 4 1
3.2.1 HUUNTIDISTEN ﬂjmmﬁumquﬂﬂmq 3.5 om G4 cm NONATOUNIAWTINA
\ y

UNUIRAGY MNNIATTIUASTM D/ 2166-00 Az ao DS 0ad WUl ugusaai- sz uiei
(CU test) 193914 ASTM D 4767795

322 HUUAUTUIA TS XTEX35 cm. AT UNaa ol iIa1n1a35 U 9aa1873 Third

point loading test ATWUTIATIIY ASTM D, 1635
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Faunauluaumie)
Usunse Winanh Ysunadud
N9 (% vouiminay % vouihminan % vouihminay
Miea) MR I+NTY) MTeIRI+NIY)
10
1 0 45.00 15
20
10
2 20 35:20 15
20
10
3 40 31.35 15
20

31 3.2 msdahdiedianisnadel
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Abstract

The aim of this study is to investigate the shear strength and the flexural strength of cement-and-sand mixed
clay on the effect of amount of mixed sand by conducting the laboratory testing. The soil sample is Bangkok clay and the
sand used is Kanchanaburi sand. The particle size of sand used is the sand passing through sieve No. 4 but retained on sieve
No. 10. The cement used is a portland cement type 1. Firstly, the clay sample was mixed by sand of 0, 20 and 40% by dry
weight of clay respectively. Then the aggregate as clay-sand mixer was mixed with cement of 10, 15 and 20% by dry weight.
The water content of aggregate was adjusted to higher than the liquid limit of aggregate about 5%. Then the aggregate was
mixed by cement and put it into 2 kinds of mould as 1) the cylinder mould with a diameter of 3.5 cm and a high of 7.cm for
the unconfined compression test and the CU test and 2) the beam mould with the size of 7.5x7.5x35 cm’ for the third
point loading test. After 28 curing days, the prepared specimens were tested. As results, it was found that the higher amount
of sand, the higher unconfined compressive strength (q,), angle of internal friction and modulus of rupture. Finally, the
relationships among the results of 3 types of testing were demonstrated.
Keywords: flexural strength, shear strength, CU test, modulus of rupture
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EFFECT OF SAND MIXTURE ON SHEAR STRENGTH AND

FLEXURAL STRENGTH OF SOIL CEMENT MIXED SAND
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T wiinuisvesiumien drunanildasgnuaniuTiuudi
10, 15 uay 20% Tnstuiinuisuesdrunay Uinuanuiy
vasdunangnuIulidagendtAdadndnvaivesdiunas
Uszanas 5%  anduhdunauiinandandudanvssgl
Tuad 2 wile 1éud 1) luadnsanszuen Aflvuin
WusAudna1g 3.5 cm wargs 7 am dmsunisnadeunseng
WNULALILAENIINAFDULSISAAINUNY Wz 2) luadguaiy
YUIA 7.5%7.5x35 cm’ dvdunisvadeumanidsulsedn
Tng3Bnanuassgaainnisuusmuesniduaudiuming du
wirnyhnauy 28 Tuiaduvhmsnaaeu Tikadel nsa
Usunamsgludumilewiliausinawniuies Aeemau
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1o
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euuuugudnda-liszueth, lugdanisunnin

Abstract

The aim of this study is to investigate the shear
strength and the flexural strength of cement-and-sand
mixed clay on the effect of amount of mixed sand by
conducting the laboratory testing. The soil sample is
Bangkok clay and the sand used is Kanchanaburi sand.
The particle size of sand used is the sand passing
through sieve No. 4 but retained on sieve No. 10. The
cement used is a portland cement type 1. Firstly, the
clay sample was mixed by sand of 0, 20 and 40% by dry
weight of clay respectively. Then the aggregate as clay-
sand mixer was mixed with cement of 10, 15 and 20%
by dry weight. The water content of aggregate was
adjusted to higher than the liquid limit of aggregate
about 5%. Then the aggregate was mixed by cement and
put it into 2 kinds of mould as 1) the cylinder mould
with a diameter of 3.5 cm and a high of 7 cm for the
unconfined compression test and the CU test and 2) the
bearmn mould with the size of 7.5x7.5x35 cm’ for the
third point loading test. After 28 curing days, the
prepared specimens were tested. As results, it was found
that the higher amount of sand, the higher unconfined
compressive strength (q,), angle of internal friction and
modulus of rupture. Finally, the relationships among the

results of 3 types of testing were demonstrated.

Keywords: flexural strength, shear strength, CU test,
modulus of rupture
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2.1 munseuian
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