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KARN KANTATHAM : INFLUENCE OF NATURAL RUBBER LATEX
ON COMPRESSIVE STRENGTH AND DURABILITY AGAINST
WETTING AND DRYING CYCLES OF CEMENT STABILIZED SOIL.
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COMPRESSIVE STRENGTH/DURABILITY

This research is to study the influence of natural rubber latex on the
compaction, compressive strength and durability of cement stabilized soil. The soil
used in this research was problematic soil which did not meet the standard
requirements for pavement subbase applicationbased on Department of Highways,
Thailand. The binder in this study is cement at 3 percentages by weight of the soil.
The ratio of water to natural rubber latex were mixed from 100:0, 90:10, 85:15, 80:20,
75:25 and 70:30 by weight of water at optimal content. This research conducted the
compaction test, unconfined compressive strength (UCS) test and wetting-drying
cycles durability on the soil-cement stabilization with and without natural rubber
latex.Moreover, -the results obtained from laboratory were compared to the standard
requirements of cement=stabilized soil for pavement ‘subbase application. The results
showed thatthe maximum dry density increased with increasing amount of natural
rubber latex, which caused the improvement of compressive strength. The highest
value of density and compressive strength were found at.the optimum amount of
natural rubber latex. Subsequently, the density and compressive strength decreased
with excessive increase of amount of rubber latex beyond the optimum ratio. The

optimal latex content was found to be 80:20. The microstructural analysis using SEM



indicated that the increased density and compressive strength affected by the
infiltration of rubber latex. The rubber latex formed the latex film within the pores,
causing the development of bonding strength between inter-particles. In addition, the
losses of strength under the condition of wetting-drying cycles reduced with
increasing amount of natural rubber latex and the lowest strength loss was found at
the optimumrubber ratio. It can be indicated that natural rubber latex can effectively

extend thedurability and serviceability of compacted soil-cement for pavement

subbase.
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Soil Type Most Effective Stabilization Method

1. Coarse Granular Mechanical Blending
Soil-Asphalt
Soil-Cement

Lime - Fly Ash

2. Fine Granular Soils Mechanical Blending
Portland Cement Stabilization
Soil-Asphalt Lime-Fly

Ash Chloride 3

3. Clays of Low Plasticity Compaction
Portland Cement Stabilization
Chemical Water proofers

Lime Modification

4. Clays of High Plasticity Lime Stabilization

117: United States Airforce (1966)
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Applicability of Stabilization
Type of soil
Methods

Designation Fine clays| Coarse Fine Coarse Fine Coarse

clays Silts Silts sands sands
Soil particle size (mm) <.0006 .006-.002 |.002-.01 |.01-.06 .06-.4 4-2.0
Soil volume stability Very poor [Fair Fair Good Very good [Very good
Type of stabilization
application
Lime
Cement X X XX XX XX X
Bitumen X
Polymeric-organic XX X X
Mechanical X X X
Thermal X X

X = Range of maximum efficiencyXX = Effective, but quality control may be difficult ETRE

Metcalf (1977)

M 2.3 nuamaden ldmseauiniuidquaazaie

Crushed | Well Graded | Silty/Clayey | Sand Sandy Heavy
Admixture
Rock Gravel Gravel Silty Clay Clay

Cement A A A B B

Blend Cementitious A A A N
Hydrate Lime B B A N B A
Hydrate Lime+Cement N N B N B A
Polymeric B A A B A B
Bitument A A B B B N

Usually very suitable “A”

Usually satisfactory “B”

Usually not suitable “N”

* Depend upon grading (Single size sand require higher additive content) N11: Wilmot (1995)
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Restriction
Type of stabilizing
Soil Class Restriction on LL on percent
Area additive Remark
(a) and PI of soil passing
recommended
No0.200 sieve (a)
1A |SWor SP |(1) Bitumious PI not to exceed 25
(2) Portland
cement
(3) Lime-cement-
fly ash
IB  [SW-SMor |(1) Bitumious PI not to exceed 10
SP-SM or ((2) Portland PI not to exceed 30
SW-SC or [cement PI not to exceed 12
SP-SC (3) Lime PI not to exceed 25
(4) Lime-cement-
fly ash
1C  |SM or SC |(1) Bitumious PI not to exceed 10 [Not to exceed
or SM-SC |(2) Portland (b) 30% by weight
cement PI not to exceed 12
(3) Lime PI not to exceed 25
(4) Lime-cement-
fly ash
2A  |GW or GP|(1) Bitumious

(2) Portland

cement




A13197 2.4 M n ¥ sHaumuAUAUIAAZYIIA (AD)

Restriction
Type of stabilizing
Soil Class Restriction on LL on percent
Area additive Remark
(a) and PI of soil passing
recommended
No0.200 sieve (a)
2B  |GW-GM ((1) Bitumious PI not to exceed 10
or GP-GM|(2) Portland PI not to exceed 30
or GW-  |cement PI not to exceed 12
GC or GP-| (3) Lime PI not to exceed 25
GC (4) Lime-cement-
fly ash
2C  |GM or GC|(1) Bitumious PI not to exceed 10 |Not to exceed
or GM-  |(2) Portland (b) 30% by weight
GC cement
3 CH or CL |(1) Portland LL less than 40 and Organic and strongly
or MH or |cement PI less than 20 acid soils falling
ML or OH|(2) Lime PI not less than 12 within this are not
or OL or susceptible to
ML-CL stabilization by
ordinary means
1
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Modified Proctor Test Zero Air-Void Line

Y dmiax

Standard Proctor Test
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2.5.1.1 dAT@IUANNBZGA (Slenderness Ratio)

When L/d<2, potential

g
/
g
failure zones overlap \ s
~
L<2d
- \

\
I \
When L/d>2, no N
\
\
overlap of failure zones .
" "
\ N
\ \
\ \
<,
N
\

Note:

If L/d>2.5 specimen may

act as column

7191 2.10 6a51dIUANNTZ A (Slenderness ratio) YDINTNATOUMITGIAUMULTUN DU

~ o 9 o A 1 ~ ~ o . Y Y
mumm”lﬂ%amwmamau 2% ABUIN LUAZTUNITYUAI 20% Strain Tﬂﬂ@@ﬂﬂﬂﬁ@‘ﬂiﬁlﬁiﬂ

8nTINMIeUITEINM 0.5 — 2% Y0IANNGIAIeE AT DAY

Y
auaelunal 10
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Brittle Failure Plastic Failure
Failure by splitting or pronounced failure Failure by bulging
planes
Occurs where there are large negative pore(Occurs in triaxial tests with large chamber
pressures in unconfined compression tests.  |pressure, or where there are small negative pore
1. Soils compacted dry of optimum pressures in unconfined compression tests.
water content. 1. Soils compacted wet of optimum water
2. Stiff saturated soils. content.
2. Soft saturated soils.
Strain-at-failure affected by strain-rate Strain-at-failure independent of strain-rate
o)
Fast test
G Slow test
Fast test
Slow test 8
o4

Large strain-rate effect Moderate strain-rate effect

Str Str

en en

gth / at

Strain rate Strain rate

U7 2.1 uaadnsIMImeUNINaAoNANTTNMTIUAYDIAIDEI

v
1 @ 1 . ' < a
1Ana1INIAIan1SNAA0a Direct Shear 114271 ANULVINTIVOIAUDIIUNU AR08 UAT

Mohr—Coulumb

T=c+o tan® (2.6)
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T=¢cC (2.7

[

T Ao MAAIUMULTURDU (Shearing strength) M1 287 JatiadUABAT1S

103 (KN/m’)

= 1 A 1 1 IS A .
C Ao AANUFINUUUTLHINNAAY (Cohesion)
o o us3nanu N (Normal stress) U280 1At A UADNT10UAT (KN/m’)

@ fAeo ywwewsudoaniuniolu (Angle of internal friction)

£ g v o Jq Y .

FuTuanuaunusn141u Unconfined compressive strength 1uM3NAa"9 Unconfined
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Estimated C = 2= = rcm™s, 2.8)
4
1310
A ' A 1 1 < a .
C Ao MANUFOULUUTEUNUNAAY (Cohesion)
04 Ao usananuluuunU (Normal Stress) Hi2on latiiduae

15195 (KN/m°)

Fy(max) 10 Ausanafisinldnnininiaus (Dial gauge) 11iae dlatiadn ()



28

Y v v
v A

A Ao nunmihdannlasuldluszrinemsnaaon ¥uEMTIUNAT (m)

A [ v 7 1 FY =
31N 2.12 uaaInNUFUIUTIEHINANNIAY (Stress) 1AL UTAUNOY (Shear stress) 11
Mohr’s Diagram
o v w = . = J = os:
NMINATDUNIAIDALUNULAYI (Unconfined compressive strength) uqﬂﬂimuazmumu
Y
Tumsnaaeu lngdawl aeil
o A ~ Y [ . 9
1. Wauiaesmsznadon lluaoaluuuuauunssiu Modified Proctor 1% Tua
Y Y
A A A [ (] ] 4
(Mold) Y119 4 117 x 4.6 THAUAIPE19FUNTINTZUBNVIAFUAIGUINGIL 102 U, HAZAIY
Y o w ' 9 1 a
g4 116.43 uu. udniwiedaesnainlua (Mold) laglduinselalasa
09.1’ 0o A [ 1 1 1 a <
2. 9niuthaudeg19een1n Tua (Mold) naalilvielugeliavaziny13lu

Y ' '
#onIUANANUFUVOIUNNAINIUNTZNG 7 Tu
. o ¥ :l

A . o Y o e 4 Y o yg v a v
3. Lllﬂﬂillf’ﬂﬂﬂll 7 UHLLQUUTIITJLL%UT 2 ﬂfjim\ula3u1ﬂ1@1ﬂh1')611(iﬂll@]')ﬂ')flu'lﬂjln’?\‘]

' '
o A ~ a

4. luminaaevazldinsaanaasunsasimandounluuulfen 1 Jadwasaoui



29

gﬂﬁ 2.13 In509NATBY Unconfined Compressive Strength

= d
2.6 ANUNUMHVDIAUTINUA
o a o @ 4
Yadav et al., (2016) lagnuimsdsulseaudiuug laoms 15 daauo1esoousd a1npa
= [ 1 A 4 a A o’qa.: d'gl o a
MsAnpIAInaINUINLeHauAbe19T0euand ) TuAudmudiu Tasununiminue sau
= 4 A vag YA a A 1 Yy 1 ] J 9 ¥ o
Fuuavzinunaauialninganssundangu laaniuuy lindueesooud ludusuiigs
o = Y 3 =) va a1 a A A 1

oauazaunInuluseuden-uie Tuzlinuaudan ludmauduwuan hinausy o

Jd o 4 A A d Y v o 1 a 1 YA
INYUA ﬁﬂlﬂ@]]lﬂi]'lﬂg‘ﬂ‘l/l 2.14a WU UUOWFNIAB YN TDIUAUINUNIDYNAU (R1) e aana iy

[

o o A A A 1 (4 A A
NN Ulliﬂﬂﬂﬂq\iﬂ’ﬂﬂu‘ﬂlluWﬁﬂJLﬁ‘HﬂNiﬂﬂu@] (S) Lngﬂ‘ﬂ 2.14b WUIUNDWNANIAYYI

[ [

J Y v o 1 A A J o Y o 9 1T a A Sy 1
TOYUAUVINUAIDYIWAUFIIUA (CIR]1) 5]31/111Wﬂ1aQiﬂl!i\?'ﬂﬂu@ﬂﬂ?’]ﬂucﬁlj\lu@]ﬂhlllwaulﬁﬂ

o l

J 1 4 3 1 A wa S
gNIDIUN (C1) Lmﬂ'lﬁﬂﬁmﬂ‘ﬂEJ'NiﬂfJ‘L!WL!ui]%ﬁ'm'liﬂﬂf’)ﬂ!ﬂﬂﬂmﬁﬂﬂﬂﬂ'J'liJLlIu’Jﬁﬂ?jﬂﬁfJu

q Q

FIY 1w U a A s A ] 4 ~ o Y o ' )
]’lﬂﬂﬂ’JWI’JE]EJ'Nﬂu“BLNuﬁVI"lﬂJNﬁMﬁHGNSQEllm ‘t]'lﬂgﬂ‘ﬂ 2. 15ANUTUNUDTTIEHINITUIU
~ Y o g} o A = 1 = a =< 1 3 a o
iE]1JLﬂﬂﬂ-LL‘PNﬂ‘LILl'l‘Vi‘Llﬂﬂgﬂglﬁﬂ%zﬂﬂﬂ@ﬂﬂﬂWﬂﬁﬂiiﬂJﬂ'liﬂﬂ!ﬂ'lzizﬁ’l'lﬂluﬂﬂuﬂﬂlﬁ‘ﬂEJ'N
] [ 1 o A c'c?/l 1 | dy = @ S a A
iﬂﬂu@ﬁ’lﬂﬂLﬂWZﬂHVlNﬂuﬂLuﬂQ‘ﬂTﬂlﬁHﬂ1ﬂ§ﬂﬂu¢luu"lilﬁ1u"liﬂLﬂulu@&ﬂﬂ%ﬂﬂluﬂﬂuﬂi@
[ 1 1 s a YR o Y = g} o o 1 a A oA
!.L‘VIifWIHJ‘D'fN’JNigﬁ’JN!Nﬂﬂuulﬂ%\WIﬂﬁﬂﬁlj:ﬂljﬁﬂuWﬁuﬂﬂlENGI’JE)EH\‘]@]‘L!GBHJHGWIWﬁiJLﬂ‘]al

4 = 3' @ 1w 1 a A I ] 4
YNIDYURA (ClRl)i,j:ﬂlu!ﬁEluﬂfiuﬂiﬂﬂﬂ’Nﬂ’J’é]EJN@H%HJH@I“VI"I,MNﬁMﬁ‘HElNif]EJlm (Cn



Axial Stress (kPa)

(ﬂ) —m— 5
: = —a—Rl
‘“-ﬂl oyl
. /;Jv-‘!'—*' \ —~—R3
v §;\\ 4R
& 4""‘--4’ | \4:\(_
W N
\ N\
\ '<\ X\
| \
\
‘|l \i
\"'. LY
L A
g
Yy
] I‘ -; 'I) 1‘0 12
Ascal Strain (%)

Axial Stress (kM a'rn:)

30

(b) —a—Cl
-/- ® CIR1
sl . —&—CIR2
/’/ —¥—CIR3
*d i \ —4—CIR4
| /
150 f/- \ & \
/ \n/‘ \\
J N
100 PR \
4 \
ol = y
!k e\
s o§ X Y
,’, ¥ ‘.\ \
Vi
3 : 5 3 1
Axial Stram (%)

A v o d v = . [ 9 A 1
E‘IJT] 2.14 ANVAUNUDISHINANUATYA (Strain) NUAINWAU (Stress) ETJ a AT IUNTUUDY

FOOUA (Yadav et al., 2016)

Number of cycles

Weight loss (%)

80+

100 -

(b)
—a—Cl1
—8—CIRI
—4—CIR2
—v—CIR3
—4—CIR4
——C2
—4—CZIRI
—a—CIR2
—8—CIR3
—*—C2R4

a A J A 1 = A 1 a A sa
AUNWTUIARYWIDYUALNYIDYIUAY gﬂ b ADAIUNTNVDIAUBNUANNTNIAY N

~ v o 1o = Y o o A =
zﬂﬂ 2.15 ﬂ’I]aJﬁiJWU‘ﬁ531’?’31\1%11‘!31‘!39Ulﬂﬂﬂ'llﬁ\jﬂuu']WUﬂﬂiIﬂJLaﬂ (Yadav et al., 2016)

011 Yadavand Tiwari (2017) ladn1msdsulysaudmud Taensldiaqueuensi

y & A A 1 Aav
"l,ﬂi]”lﬂiiﬂﬂu’q%ﬁﬁ/iﬂiiu%ﬂlﬂuﬂN‘lﬂuﬂ“ﬂLmﬂ@]N@?)ﬂll'ﬂi]”lﬂ\ﬂu'ﬁ]ﬂsll@\? Yadav et al. (2016)

[ v 1 4 a 4 3
inﬂNE‘]ﬂWiﬁﬂBWﬂQﬂﬁYJW‘U’NLﬁ’OWﬁ'll!ﬁ‘]elEJN%1ﬂT§N11!QG]ﬁTViﬂiﬁJﬁ\1llﬂiuﬂuqﬂllu@uuiﬂﬂ

9 d‘g’ Y] Aa A 4 A wvAag YA a A ] Y 1 []
Tmmumumuﬂﬂmﬂuwmumzmuﬂmaumimwgmﬂﬁwﬂﬂwqullﬂﬂmumulluwaumq



31

l
va A

k4
1nlssugaamns sy ludmsuhassanazanuaamuluseudlon-uds tuazliguauian
a2 1 a A sy 1 @ A A a a J
ludmaugimudn isauayensninIssnugaamnisy dunaaingili 2.16b omndHuua
) [ 1 A dg’ 1 Yo v o = 9 1A A d?
adlwaudvanludasidriuiuiniuezdanaldiidessuus s@eaniedounuuidnmuiu
A a = &4 2’ v Aa A a = JY
S,,C,RF Aollsmnamuuaiosas 3 vauivinau s,,C.RF, Ao USmadiuuasssay 6 vod
g’ v A { 4 a a v A o 1
Wminau nazgUi 2.16c WAL TIIME19910 T5IURATIUATIUAUAUFIWUA WU
YsumesanIsenugaamnssumangaugdana T8 DU 909N 198 ULU DA EN
A 2 A a ~ S Y J v a =~
WU S, CRF, AplTuadiuuaiosas 6 vouihminautazUTuiaeaainlssany
:l v a { ' v o d ' o
gad NI s 2.5 vaurhmiinau 11n31UN 2.17 nuhanuduiusszniesiuauseudlen-uda
v oy o ! 4 v A 4 1
duhminigaude Wondne1991n 15901UgAEMNIT T (S,, .CRF, MnuauSmudvz dawa
7 g} o 1A A 1
Ioasimsgadoriminuinnnaudiuudan binawersnnTssugadimnssy (S,,CRF,)
4 a ' S a o @ 1 @
(099 INNHANTTUMTOANIZ TZHNUNAAUNDE199 I T59ugaaImnssuganz iu luidin
A & ' <3| A o v 3 a A ' 1
ilosnneeanIssnugaamnssutiu iaunsadlwiio@enuidaquniounsnause g
' IS A Y= o Y = 3 @ o ' a a A
sgunudaau ldavei Idmsgadeininuesdr0d NAUFLUANTHA V819910 159911

Y 1
gaamnssugaderiminnnhidedeauduuan lisnauesnin Issaugamunisu

1101

200 g -
(b) —=—3 CRF e e ShusCRFas
Sy-l:_,R':u y \ - Su:CJR‘F;
e0- ——35 CRF, A ¥ ek A5, CRF,,
. / g - S! l'C.\RFE'.:
§ g @ ﬁ > \ 851sCRE,,
< W= / P \f_. o & » 5 _CRT,
b i ! ‘o BN o
g & / ¢ X / .0";/ ”9 \ SpesCeR ;g
'-—; i g % 40 /J /,‘/\i/ 1 \ 5, LCRE,
g r 5 Ta7 \ X
= s A Y N %
1 -~ =9 /
i N § . T |
A0 /ﬂ Sval LA
P ‘s G
0 = \‘\
. oy e
e —— —

Diametrical strain (%) Diametrical strain (%)
A v o d v = . ¥ o v w =< Y 1A .
?JTJ‘V] 2.16 ANUANNUTISHINANUATYA (Strain) NUNIAITULIIANNNODNLUUNIEN (Split
. A 1 a A s 1
tensile stress) ?JTJ a ﬂamuNﬁmmﬂummuw”lmamwmﬂswmqmmmm
A 1 a A sa '
E'IJ b ﬂﬂﬁﬁuwﬁuﬂ]@\iﬂucﬁmu@%l’luNﬁlllei]”lﬂTi\i\ﬂHQ@]ﬁﬁ’iﬂiill (Yadavand

Tiwari, 2017)



70—

6

50+

40+

Weight loss (%)

32

—=—S5,C,RF,
—e—5,, CRE,,

—&— S, CRF,
—¥—S,CRF,

— “‘*—1—% C,RF,,
n

958

——S,CRF,

—+—5 CRF

BiS &

B

30 - - e —p
" o
20 Ty
——
14
o T T T T T T
] 0 60 a0 120 150 180

Curing period (Days)

U 2.17 anwdusiussznanesmausevilen- umﬂuumﬁﬂﬁq@ @8 (Yadav and Tiwari,

2017)

9
Ao 1 wvAa a a 4 o
mﬂ\ﬂunElefljnsglju%W‘U31m‘iﬁﬂ}nﬂmﬁuwlmdﬁm’m’mﬁimlmﬂu@muﬁWme

aw 1 A 1 o R [ L = awv dy
ElNWTiTﬁiiumﬂﬂﬂmﬂummiwmﬂﬁluﬂ%i}uu ilQnJumqﬂﬁzﬁﬂﬂclumiﬂﬂmqm’mﬂu

2.7

555NV

o a Jd (v
MNAIF NI MrUAlUMseNUUVAHFINUAYS DU Jsnamweeens

a o w a L4 4 o a a 4
Iﬂﬁlé}%‘iﬂ\m'}ﬂ AIUNNUAATIEUUATHATIVTD U L?@QLﬁH@%@ﬂWHUﬂWLﬁH@u“?fluu%

151 ﬂiq 3 ﬂmmwéf 881FITUYIA (Specification of Natural Rubber Modified Soil Cement Base

Course)



33

A Y o vaa A I (v 4 a
137190 2.6 Gll’E']ﬂTH1!ﬂﬂ’L?Llﬁll‘UG]ﬂu"lmJ‘LlﬁﬂiﬂﬂéﬂﬂmﬂWWﬂ’JﬂﬂNﬁ‘iiN%1ﬁ

U

AMANY

IS Y g & a = Jd
sl T dunumeaudmue
U5uilgegann

ABENIFITUYIA

= Y a
nsat Iiluramensies
a A J (v
Auagiunlsulyenanin

AELNITIINTIA

C.B.R.

(N9.-1.109/2517)

Tudleendt 30 %

wsontmua 1A luny)

M VuTIoN
Unconfined compressive
strength
(M9.-1.105/2515,ASTM

D2166)

Tuidoendn 17.5 kse.

(250 psi.)

Tyipenan 17.5 kse.

(250 psi.)

v o

0 = v
NTANTULINANNNO DY

Indirect Tensile Strength

s 1 A d? 1 9 1
nmmmu"luuaam] 3%

A A o a A s
LIUDINYUNVUAUBLUUAN

A A d? 19 '
ummmu"luu@ﬂmw 5%

A~ v a A I
LIUDINYUNUAUBLUUAN

(ITS) Taduenanian Tidnenamsn
1 v A [ =W A dgl "9 1 SO A d? "9 1
A Tugdanua? Hamuan litlesnin 10% Hanuvu lidesnin 10%
. A A v a A A A~ v a A A
Resilient Modulus (RM) IBMIUAVAUFIUAN WRNeU AU UAN
Tuduenani Tuduenam
1 9 =l a' d? [ 1 s Q' 42} "9 1
AMANVAIUNIUMNT Haunvau lidesndn 80% Haunuau lddesndt 80%

Yy A v
LUANITIIUUBDIVINANITINAN

Fatigue Resistance

A v oa A s
LUDINIUNUAUBIUUAN

Tdnenams

A~ v oa a s
LUDINYUNUAUBLUUAN

Tidnenamsn

4
maulszansns
- v 2
FUHNIUUT (Water
Permeability, (ASTM D
2434)

a1 A' dgl "9 U
uml,mﬁuu"lnu@ﬂﬂm 5%
A~ v a A A
LUBNYIUNUAUBLUUAN

Tuduenami

A2 VY '

Nﬂ']lwumunlllu@ﬂﬂj'] 5%
A~ v a A I
IUDINYUNUAUBLUUAN

Tuduenams




VNN 3

ad o a\ a v
IFNIAUUUIIHIVY

3.1 UDVIUAVBINMIANUUNUIDY
mu"?%&ﬁﬁuﬁummmﬁ’uﬁuﬁ:w:iwwqaﬂss3Jmiuﬂﬁﬂmaqﬁucﬁmuﬁﬁwam{wﬁw
sramnlundagsasrduveaiiniierans Taon1snaaouaz 14N 1suadaAnDUgINI
WINIFIU (ASTM  D1557) Lﬁ"ﬂ141ﬂ?umnﬁywmmzﬁuﬁﬁﬂﬁiﬁﬂmmwumﬁuLgﬁﬂqaqw
nnvuimsumuilnani inanzaudinihiersnnsssunalusandnuandiaiu i
ﬁwﬁaaénﬁuﬁwmiﬁaﬁwqawmﬁamﬁaﬂmﬁ’uﬂ1iqﬂgL?Tﬂmmff;ucluﬁwdwmqﬁu
wnszitategni 7 51 s naseuRESannIAET (ASTM D2166) #2805
MInA 1 daamasaoui uazANunUNIUARan1zilon-1e (ASTM D559-03) M3AnE1IT0
y . v
Tunsativz@enfnyunmzansnavesauduuaioUsaninieamninanenganssy
mssumassaunudoinaznganssuanuainu luseuilon-una uammﬁuﬂ’ﬁﬁugmmm

Aa A Jd 1 u’/}
AUFIUUN IMUU



3.2 MESANHUNUIY

= Ay A4 g
ANHYINIUIYNNYIVD

v

nIeuAUAIREaaTaTIAN

!

AntnauauIianIanIEAIN

A4

y

35

2
Anvnaauiianianmen nye AT AnpnauIian1aNen N IAUFIUAIRLIE1

i

Compaction

A

v

Anauaian1aImnIsuUeIAY j

Unconfined comnressive strength SEM

Durabilitv

a s .
Insevisazazina <

v

v Y
51N 3.1 HHUAITUADUA LU NIV

U

MINN 3.1 MINATOVLUALITUIUAIDEN

ANYIBNTNAVDIAUAIDENINIIN TN

1.Liquid Limit, Plastic Limit, Specific Gravity and Sieve
analysis Test

(A1 1 ¥HA xI AIDYI x 4 MTNADDI)

4 70814

o v a 4 a J o o
ﬁﬂ‘]&l']ﬂanl)ﬂﬁﬂ‘ﬂﬂlgﬂ'lﬁﬂﬂ@ﬂﬂu‘;?ﬂ,ll'Ll@Llagﬂu‘?ﬂiluﬁﬂﬁhu’lu’]ﬂmiw1ﬁ']

2.Compaction Test

(AU 1 ¥HA x 6 AIUNAN x1 AIDEI x 1 PITNADDI)

6 90819

AnuinalndnyaemMIsumdsdaunuReauFuuatasAUFNUARaALETE1INT

3.Unconfined compressive strength Test

(AU 1 ¥HA x 6 AIUNAN x3 AIDY1 x 1 NITNADD)

18 #2084

= @ 1 Y 9 = Y a A J a A J
ﬁﬂmﬂahlﬂaﬂymxﬂ:naJ1'1umummqmﬂwmiummﬂfJﬂ-meamumuummmumumwau

o o
WY NNNIIN

4.Durability Test
(A1 1 ¥HA x 6 AIUNAN x12 HI0814 x 1 NTNAADY)

72 479814




36

= a Y \ =
3.3 1As8NAUAIeIauazasIAN
a [y d' 9 a o 9 [ [ = a o d' =
augnsanlglunside lanindaniauassisdun vinaudiwalasnnsia Aanudn
Aa A o 1 a 1 1 4 o
Uszuw 2-3 wasnnaIau mswssuaieder lgaun inauyudmudniinisnadeon
Auautantamoninnala wu
1 o a <3 <3 1 Aa A
1) AU NTUNIZVIAUTAAZIDEA (VUIALANNIT 475 TaduaT) NaaouaI
W31 ASTM D854
a L4 3 a 1
2) minszHvanazvoulaaulagldazinsasou (Sieve analysis) nagou Iagn1s
FOUAZUNTIVDANAWNIATFIUUDI ASTM D 422
a J 2 a 9 a J
3) msunsgiuadiaaulaeld lalasiimes (Hydrometer) NATOUAINNIATFIU
ASTM D 422-62
4) MIHIVATINANA? (Liquid limit, LL) N8 UMAUNINTIIH ASTM D4318
5) MIMmvaTINANaIdan (Plastic limit, PL) NATDUMNNIATIIU ASTM D 4318
[ 3 o A [ 1 o v a a 4 3’ v Aa 4
waniuhausedauiinsuase laa@ulsnaudwuadesas 3 veuihminauive
|~ = v A = Jd’ :’ g; [ 1 1 d' 1 ] 9
fFeuMeunuAuFLUANHANINNE1INIT TUEATIAIUAI9 1THBHIAIADIUHUIMUUUAA
WINgaga (Y, ) Tuudazoasdiuvesdiundy (ASTM  D1557-70)  1HoNns1ua1aw
1 9y a zi’ ~ Y KR o = @ 1 a
WHWHUINIFIgA (Y, ) tazdTmaanuyuiningay (w,) 109N In3sudI0819aY
1 Y Y 1 H
Fruuanoanarninhermnangienageufidwaunuferionguy 7 Juauuasgiu
YDINTUNNNAI (NA.-N 105/2515) HAZNATOUANUNUMUADD YN IFUdmiTon-ure 7

9181i3 28 JU (ASTM D559-03)

3.4 Uusue

Y

YudwuanlFlumsanudseduluduuaesavaudszmni 1 UsunauSuus

U G KU

]
=

a I~ :l v a
AFlumswauaatludosas 3 vouiiinauLi

v

3.5 WHNNNFIINGIA
3’ adq ¥ = av g g/ a Ay Yo
H1819n1515558 a0 1 F lun1sAn 139 uii1e1an1s1555 0 Vlllﬂﬁ‘]_li]"lﬂ
d a [ 3 aw @ 1
f‘quJ‘]Jiﬂ"li“l/lﬂﬁﬂ‘ﬂiﬂi’f)ﬁﬂ?ﬂﬂﬁﬁPJ"IEJ'J%EJLLE]$W@lu1@‘¢]ﬁ1ﬂﬂiii\lEJNﬂﬁEJ"I\‘lLL‘WQﬂigmﬁ]lWEJfl

v Y v
AnaulANIINENNIaEMUANMLAIT199 3.2 YS9 s sIsunan g lunsHaw

a

Aalusasdrulsuaniveds e 19ns 5 TUIAN 100:0, 90:10, 85:15, 80:20, 75:25

1 Y
iag 70:30 ‘ﬁ”IﬂﬁNﬁuﬁﬂ'J13JGdlﬁnlm‘JJWﬁ?Jﬁ'"IW%}Uﬂu“?LiJMﬁiJﬂé}ﬂ



37

H 9
MINN 3.2 AaaANTANIINIEMINEAENIUATYBIEIEIINITITITNFIATouNeunY

o

Y
Jotmuamsldhemnnlugiedgianumsaiuguauninuaznisiuses

[ J
WIATTIUINA NTENTIUNHATUASTNNITU

{ wvAa [ o
519157 AN 1Y NAUNNIHUA | NaNISNAaaY
[ 3’ [ :‘ @ :‘ Y
1 MINTLeal i - nszaedd i | aszaedrlnilda
1aa
A 2 o )
2 s uYDIVINIHUA (Total  3Ip8azlaey <35 32
2
Solid Content, TSC) WINUN (%)
3 US1aHpe195ITNA
(Natural rubber content) A Fovazlag
msnageumslasnimiin | nin (%) > 30 30

V9Ia15 Ingefeaul AN

ANuTou (Thermogravimetric

TGA)
4 ANUKTIA (viscosity) uANosd <50 47
I 1
5 ANutunsa-a1a (pH) >9 13

3.6  MSUAdAAY Compaction 91999910 ASTM D1557
mﬁmaaummuﬁmmuqqﬂ’iwmmgm (Modified compaction test) NNY. (N) 501.2-

254 Fumsmanuduiusss v nutinyeay fusinah a1 lumsuasalummi

suavuia 13dedumaniiin 4.54 nn. (10 Yous) szozlaos quannsznuga 457 uw.

(18 17)

an =~ adm v W dy
IFNATOU U 4 5 AN ] NUAIU
a ] 4 Qy a {1 ]
3 0. duupvnaduriiugudnais 102 uu. (4 17) 1azAuNs oURIUAZINGI YUIA
Q" A 4] J '
19.0 Wu. (3/4 W9) @nﬁJ'J%WifJﬂm@ﬁllUquﬂ'ﬂiﬂ@]ij}'\l& (Modified Proctor)
a ] 4 Qy a {1 ]
35 0. Mduupvnaduriiugudnais 152 uu. (6 17) 1azAUNI U IUAZINGI YUIA
Q" ad I
19.0 4u. (3/4 1)) MY A5ueala N 180 (AASHTO T 180)
a ] 4 Qy a {1 ]
7% A. Gl%’LLUUﬂluWﬂL&}uWWUﬁHEIﬂaWQ 102 WY. (4 W) HAZAUNTOUHIUAZLATI YUIA

4 a %) 4 '
4,75 4U. (1UDT 4) 91mﬁwaammnmuqmmmmgm



38

a [ o Qy a {0 [
35 9. Tdwuvmnaduriugudnais 152 uu. (6 17) 1azAuNs oURIUAZINGI YUIA
4 ax =
475 wu. (105 4) MuITULa 1A N 180
g.’l Aas o d' =} d
3.6.1  TuARUIENMIIMMINAaDL 1n5eeNaazginIal
o [ Y] <
1Y (MOLD) %1878 TanzlanyagniInizuonnadg #ifaudiqusadl 2 vuna
' Y ¥
Hlaoniawnsonealage 60 wu. (2 3/8 49) e TR asauadaaulige uazlilsuasa
Y Y =R o Y 1w o =& Y
apems unutazlasndesdanu lded1uiunsiugunuudsiamisnoea 14
Y
HUDVAFUAUAUENANE 102 U, (4 1) §9 116.43+0.127 WL.(4.584+0.005
Y Y
1) Didurugudnaranelunu 101.640.406 Wy, (4.000+0.016 17) Tasdl yuIAAINY
0.000943+0.000008 a1).34. (0.0333+0.0003 a1.4.) naziasnvyuinReInug 60 vy,
3 2
(25 17) ]
HUVVUIALFUATURUINE1Y 152 U, (6 2) @9 116.43+0.127 WY,
Y Y
(4.584£0.005 1) Hiduriugudnanamelunun 152.4 + 0.6604 ¥1.(6.000+0.026 17) Tasd
A71149 0.002124+ 0.000021 a1).1. (0.07500+ 0.00075 av.u.) waziilasnyuia@eINUGI 60
32
. (25 1)
9 o 9 a9 ] 4
A1 (HAMMER) 11018 1a%gn39n3zuoniid ur1uguanai 50.8+0.127 uu.
Y Y Y
(2.000+0.005 17) 1HTATINNIAINAD 2.5359+0.0081 NN. (10.00+0.02 oua) Hilaoniiefu
Y v
Ton 183 457.241.524 uw. (18.00+0.06 12) miloszavaunuade lnsduanasnszny'la
1 a v o Y = ] Y = 9 1 o o9 1
9819032 YaonisAvdesligszuiveimeedatios 4 3 I viaduriugudna lidesnii
32 . » g 32
9.5 W, (Em) Ny 90 03 tazranIndatelaenisaesrnedlszuna 19 . (Zm)
IAT04AUAIDE1900NNUUY (Sample extruder)  1/5zADUAININTS (Jack)
1 [~} [ [ o 1 ] o 1 { o
AuTeauainge Tasananivuuyvaeaud1081909n 100U 19aud198190 uada lunuy
Y A Y A A ] A ~ o 1 a 3 Y
1d109nNUDL 130019 1H1AT0IE0E19DY NEMNTDYALAZAIDE1IAUDNIINULUN |A
¥ v ' Y
IN509%49 (Balance and scale) @111399%9119ITA lABe19tioe 11.5 NN, HAZO U
a P o A gV 9 Y ¥ o ' a YR
azdealdng 5 NN 1 1AT99 tarawIsaFNiniin lAee19es 1,000 N3y 91uazidealdng
- = Lﬁ‘
0.01 NS 0N 1 1ATD4
Y ag Y Ay Y =~
Ao (Oven) aWTaAIUANQUUYNIHAINIA 11045 oeruaaBod (23049
4 o Y] a Lﬂy Y Y
parnvlusu'led) dwmsuouaudulduia
] a . o ¥ < 3 A ~
wanilaau (Strainght edge) MAWWHANYULUY (Hardened steel) NUDUITIL

19 1 Q" =\ ~ 9 & = 9 2
EITJlliJL!’E)EJﬂﬂ 254 Wy, (10 U9) NUBDUNAVHNUATUHUI 9NATUNUILITIY ATINADANITNIIVDN



39

< a =1 d‘ [N 9 Qy 1 Qy 1 d’ 9
mianihedu Taslianwaaianasu lumudesay 0.1(0.01 HaaeANe1 10 19) Tugran s
raugaraulunyy

E4
AZINTITOUAY (Sieve)  VHIAdUAIUgUINaIszIIm 203 BN, (8 117) 4
Q" = A 3 zg‘ J
50.8 . (2103) 2 9119 fie 19.0 ww. ( 19) uaz 4.75 uw. (o5 4)
' A < N $ a Y
INTRINANAY (Mixing tool) 1ilwniesiionldlunmsngnrananliidhiu

'
9 v A o

Y = = Y @ a :l 3 9 = g A
AL ﬂ1ﬂ1ﬁﬂu FOUANAU WA 10589 9289399915 u19511 1 uAU vTeo 19 unTo Na WY

—

1] Y 1
o Y A @ v o A

~ & Y o ' a Y 9 A
UNNMNTUAAYIATDIINT ‘;Nﬁ’iuﬁﬂﬂfj‘ﬂma1N€‘Tll@]?]i’]EJN@]L!GLWLEUWﬂ‘]J'LlW‘ﬂNﬁllLWllaQ"l‘]JGlM

)

o [ a A 9 Y
fedeauiiaziios o 1a
Y
ARUUIIYAU (Container) a0 Tanzdidhilatlosiunususzivessnly
v Y v Y ) [l
AouFAihMIin oz nemsraiminieIaNLFL luay
3.62  MNTANAIBEN

Y o I A Ao A g y2& Yy v
eegauNIIvInaaeulaNusu 1R lvue Tago1ma aua1u1se 1%

a

1 a =3 1 " Aa
mseaualisnldnielddevovauliuienlduadodldgaungdlinu 60 osmuaaiFod (140
4 < a o 1 o < a
perlusulad) udrualdiliaaungaoenainiu Tao i Ividaauuan
dd’ [ ] 9 Id' U 3:3 [ a d'
lunsainvuiavesdledneulvagngalanii 19.0 . (F19) ToueIAui
Y dy 9 9 a A 1 dy Yy 9
AU UALUNTINDOALAMNUAIIAUNT D UFIUAZUNTIHUAIANVUASUAFIVUIA 4.75 VY.
J o g} @ Y [l Y Y o Yo o A . A 9
(1wo3 4) Nuahvinminuldawmunaingniaa1nuInnIMInIsuLNa (Quartering) W30 14
InT0INBLILI9AI8E14 (Sample splitter)
TunsANIZRIMINATOUMNAT A. 150 4. 17 1FA19819NT DU IUAZLATA
o 1 g;’ 1 { * Qy
YUIA 4.75 V. (1093 4) i aaunduuazunseillving
o 1 ] [ 4 o [ a
g sudiegraniinlszuna 6,000 A3y (14 Joud) dmsunsnaasuIs ¥.
Y
1 1% % ] 4 o @ a
Hag 9. ADNMINAFDY 1 ATI uazniniszuna 3,000 N5y (7 Youd) dmsumsnaaey 335 n.
1 3 =) @ ] 9 =~ 9 9 19 1 3 J
HAL A, AONINAAOU 1 ASI MIMSsudIedeunsonlinenaae 1a luesnii 4 asede 1
DY
3.63 mMInaaay
o w ] a d' =) g’ 9}0‘/ LY L] a d' Iya d” dli
Wded AU sunsh Inndedaume ldausy Tasieagnmay
1y Y A & a X dq v ' . .
AuudrvzianurumulTunaaudunlnauuliugega (Optimum  moisture  content)
9 1a d‘ 09/ 9 9) 1 4 t:y d! =1
Josaz 4 ladunmaniimad avlunyuvad@urIuguana 102 . (4 17) $aldasn

1 1 4 % a 1
(Collar) awegisausesndl laolszmminiouada 1drnzmasangs S VDIV



40

Y Y v 9 Y
uuy 1duAoR Tasduenga 457 wu. (18 17) :1uau 25 aseldmiavesaulunuuddn 4 asg
aauNgnUadauuu lutuIANUgINDVTEIQ 10 WN.

Yy < a 1 9y a Y A 1w Y
aeatasneen lmraniheauihaugeanihaulusunlvssumiussduve
Yy a 9 ] Yya a o 1 Y Y ] ~

vuvewuy saudeulngngacenldiauaudiedieas ldumundivaldmiunends ausoy

Y o o 091 o A o g‘ @ <] Y Oy o a dy 9 1 A o

udnildsaihmmin iemhminvewnumanesn vz laihmminvesausu deso 1m0

a2 = v
azeyADY 5 NN
Y
a 1 @ 1w 1 a <
LAZALDDNIINUUY LAIHIATNLUIAIFIUIAFUINAIIUDILNIAIDE AU 1

% v A

v ' Y
aunnilszana 300 n5u ldaduussgausaihminiui e1uazideai 0.01 N3y

[
=1

o A [ a Y Y a ~
hauluaduussgau ldeuliudangungil 11045 eesuaaiBod (23049
% " o Y o o w1 A= o
@QﬁTV\hLi‘Llllﬁlﬁ) 28191108 12 ¥ 119 1A T Imine Hazoenns 0.01 N3V
a @ 1 ~ a A Y Y v A
UAAUAIDE 19NN BBNINLUDTNHAD 131U LLE]’JﬂQﬂNﬁ'?Jﬂ‘]JﬂuGI,UG]’E]H
Y Y o o qw A A Zy =
usn1anY wsuh lvanusunuvusosas 1092
A 09; qgj ' g} v a a v A ' A A
L‘Wllumﬂﬂiﬂ“’1]1!ﬂ’J"I‘L!"ITiLlﬂﬂ‘L!TI‘UﬂE’JﬂiHLL‘]J‘]JaﬂaQ ma"lmﬂaauuﬂm "o
Y [ v 9 9 [
mﬁ]aﬂﬁwﬁwaumgﬁawmwmsmmﬁmé’a Hminaunuasaluuuunavanas
an o Aa adA ' 2 v ax q Y Y
NITNATDUIDT V. AVUUITNITNATDULBUIAYINUIT N. ualsuuuvuadu
' ¢ 2 o g s
FIUFUINA 152 WU, (6 U2) UADA 3 HU 9 8% 56 AT
ad o A Aadg 1 =S v Aad 190 Y o 1 a d‘ 1
MINATOLIT A. AUUUITMINATOVIFALINVIT N. 1A 1FAIDI19AUNTOU
] 4 (% c?/’ QBJ’
WIUAZUNTIVUIA 4.75 WU, (1UDT 4) UADA 3 FU 0L 25 AT
Aan o a ag ] =S v Aad g 9 9
MINATOUVIT 4. ANHUITMINATOUFAGINVIT A. 1A TV VYU AT
' ¢ 2 o g s
FIUFUINA 152 WU, (6 UI) UADA 3 FU ) AL 56 AT
3.6.4  MIAnIUNaNINAaal

o U tﬂ” a | k4
ﬂ1‘l—li)ﬂ!‘}'ﬂﬂ]ﬂ?]ﬂ‘ﬂﬂiﬂﬂu!ﬂuiﬂﬂﬁz

Wy =Wy

W = ———= X100 3.1
Wz
A tﬂy a I 9 A =} o oy v Aa Y
o W = mm%uiu@mﬂum&azm@Lﬂﬂﬂﬂumwuﬂﬂu@mm\i

Y
) v a

v
1 IS o
W, = umuﬂ‘umﬂwﬁu nueunsy

Y
) %

a 1 <3| @
umuﬂmmﬂuauuﬁ'q nurelunsy

=
I



41

AMUIUMAIANNIHUTY (WET DENSITY)

Lid (3.2)
d' ] Ay a ] I~ I 1 4 a
o Yy = ANUUURUY0IaN vieiluniunegninafmuames
g} v A dy ~ o ] I ]
W = hwiinausunuasa lunuy vilelunsy
a £ [ a Aa dy ~ o ] I
V= d5Swasveswy Famnuisuiasvesdausunuaca luuuuviiedly
4 a
ANUIANIYUALIAT
MUIMHNANANNIHUUNS (Dry density)
. Yw
Yd = PP (3.3)
100

4 ] a 1 [~ [ J a
Lﬁ'ﬂ Yd = mmuuuuﬁjwmﬂu ﬂuamﬂuﬂinmgﬂummmu@Limﬁ

Yw

I

] 4 a 1 < [ J a
mmuuu%ummﬂu wuamﬂuﬂ‘iuﬂagﬂmﬁﬂwumum

tﬂy a I Y A o [ g’ v a Y
ﬂmiJ"'lquIU{v]uLﬂuiafJazLiJ@Lﬂﬂﬂﬂuumuﬂﬂuamlm

g
Il

3.7 N5NABDITIOAUN AL (Unconfined compression test) 91909910 ASTM

D1633

Y
A

Unconfined compressive strength A9 A0 (Compressive load) ¢ ARONUIINUN

Y

£ Vo v a A . . o Yy ¥ AA v 1 ] A
“]NLL‘VN@]’J@EJNﬂugﬂ‘ifliﬁﬂiz‘U@ﬂﬁii’)gﬂ Prismatic i]%i‘]J]l@I MIUNTANATIDARDTIUIGNUN

D.

e

122 A = 4 A a I3 J Yq Y 1 [ ]
QllﬂJﬂQﬂTQ'Qq@] WOANUATYA (Strain) Tunuaaanu 20 wesisua Tvlsaussoanoniie

e

A 4 a sE S & .
un NaNAsea 20 1losiguatiu 1ua1 Unconfined compressive strength

=)

4
msnaaesil 1AUSu1l59910 AASHTO T 208 — 70 ©FU10DIN13HIA1 Unconfined
Compressive Strength ¥99A1 IUHAIN Undisturbed 1182 Remolded 851N15INNILTIOATE 1IN

= . A Y 3 ¥
N1TNAABDN ﬁ]%ﬂ’)ﬂﬂﬂiﬂﬂﬂ’ﬂumﬁﬂﬂ (Strain) mammuiﬂ&mmmu (Stress ) ﬂvlﬂ



42

[
U

ad o A A ¢
371 AUABUITMIMMINATOU !ﬂi@QNGEEGZQﬂﬂim
A < A 9y 1w ll a ' 9 . A
1n309na 1Wuinseeldnaunidiedis Uvateuuy 15y 1% Dead weight 1179

L2 A y A A a A A o <
Hydrauhc L‘]JL!!,Liﬂﬂﬂﬁiﬂ@?ﬁ]i%tﬂiﬂﬂuﬂﬂﬂ%uﬂ’E)Llc] T]Z‘ﬁllﬁﬂﬂﬁﬁﬂu’f)@i%i’J"]J’E)Qlliﬂﬂﬂuaz

[

iMdenaiiieane §115UAUNNAT Unconfined compressive strength 10831 1 nlaniude

a A o 1 Aa A Y 9 d' ~ 1 1 9 = =
AT IVFUANAT (0.1 UINUADATNUAALNANT) ﬁ@ﬂi%’m’iﬂﬂﬂﬂ%ﬁﬁﬁﬂﬂiuﬂ”lhlﬂim’f]ﬂﬂﬂﬂ

0.01 N1anSuUABAITIUFUALAT (0.001  UIAUABAITIINAANAT) HAazEIMTUAUNTAT
Unconfined compressive strength 410031 1 0 1anSuAoa1s1asuamas (0.1 1IAUADA1519
Haaas) 1n504nA9zaod01uaA ldaziBeadd 0.05 1lanTuapAITIUFUALAT (0.005 HIFU
foaTaNaaaT) IagNonsIMINAMING 1 NamasaouIn
- 1R300 UMIp819AY 1FAUUNIA10819AUDONDINNDLIN (Thin wall tube)
. Y v Y = =2 a A A Qy 1
- Dial gauge 1¥7aldazi@8ade 0.01 Fadwuas %30 0.001 17 AWNTAOIUTZHZNI
A AN Yy 1Y oy Vo oA 9
wasun e luesnisosas 20 ¥9IANNEUNIA9I 19N 1FNAaBY
. . Yo ' o 1 Y Y = = A a A
- Vernier caliper T¥5avuaveansdindielaeialdazioat 0.1 Naduns e
Y
0.01 17
- WIWPIRUNAN

A aq ¥ Ay ya ~
- Lm’e)mlﬁmwamuqnqmwgﬂwmﬂ%w 11045 93 ALy e

=

) a 1 9 = = [ Y o (Y% 1 A Aa 9 1
- !ﬂi@ﬁ%ﬁ‘ﬁuﬂ@1u1@amﬂﬂﬂﬂ\1 0.01 N5 l¥d1rsUAI0E19AUNTINIaBINIT 100

(%

[ o a d’d 1 [ 9JYq 9 tﬂ' u'/ a 1 Y = =
AIUTINTY - AUNNNIANINNIT 100 NIV Glﬁi“]flﬂi@\?“ﬁﬁ%uﬂ@WuUlﬂaglﬂflﬂﬂ\‘l 0.1
Ny

2 =} < I A A A Ay Y A A A o 1w 1 A

- IATONUBIUAAAN INTDINDDU Naoeld Ao 1NTE9NDARALATANIAIAIBEINIAT D

1119119819 Remolded tag nseilovouau

[

o dqy ' s A A A Aa
- Jagildlszneumnaas i Yullaranesvie Hydro stone H3o Jaqaunil

auaiand e
372 MamsaNmegg

4
FmswssudlegaiinseuaqumsnnTanaMaesuusdavesauFmua

9
v A

Taglduuuvaensanszuon 35MIH3eNA106191 2 136911

' v E v
aa A o 4 a

N 19uneuilldaredmadouduriigudnais 4.0 17 (101.6 uu.) HazAY

J

Y 9
49 4.584 117 (116.4 u.) 8as1@UANUGIROFURIFUINAINIAY 1.15 FFnsnadol

U

[

o & Y 9 Y A a Ay J 2 1 a 1
%'llﬂuﬁ@\iclclﬂﬂw']zﬂﬂjﬁﬂﬂlll AAUNANUUASHUNIIUUDT 3/4 W vareula 19.0 Wy, 0819

Za

EA
1R A A A

Y 9 A 9 Yam Sy ¥
UYIDYNT 30 HIDUDYN mmaﬂmw%



43

1 4 Qa/

Y Y
3% 2 Tuaouil 1¥drsganaaoudurIAUINa1e 2.8 1 (71.1 UN.) HAZANY

U

] 4

Y 9
a Y] 1 1 [ a o
79°5.6 111 (142.2 W) dandruanugeaoduiiguinartunny 235msnageviisuiludeq

'
w =

9 [ Ad a A 4 Qy ] a =K A ﬂ}addy 9
lHamznuiaanilaauniIuAz NI AV 4 17 viaseutla 4.75 w. fﬂ\‘llﬁﬂﬂcl“lfﬂﬁuvlﬂ

q

% 1 3 9 Y 1 9 U= A o ya 9 !
Glummm!,azLmﬂﬂmﬂmﬁmmwammmammmmmumawwﬂwmwuﬂu

q

A

A dq s A Y 9 % Yt Y A A qy o
FeunIndarivihate)uilaianes laglviianumutiesnganield Hydrostone 130709
] v v Y
ouq Nnaauiiandenuldvanuliavewmsiedineutazrainsnaassniiunairlu
a 1w [ 9 o ' 09.:’ 1 A 1 A @ T @ '
AUVDUIIIAI08 Tag oA anaumansod WM UAILNUYDINIAI081
Y
#1981 Remolded 116119819AU  Undisturbed 181 11189l 1hidedsauuvodae

] a Y 9)‘39} ) dy A ya [} v = o 9 Y] 1 Y

uEUWaIaAn119e uad lstinvdvaie 1augn Remold 081911909 Tunsiidedsy Jaealni

v A

a o S { v &
Wosormedn I uludundsoiniundaduaslu Mold Diindhdailugihenaunazlvine
{ a I ] { 4 v Aa < 1
awi 185z 13 us s sudaedraiaenldiie ldoaanlu Mold swdauudqldudslare

Y
Unad108199U5 8 TanNFafInIN A ULAUAINAINEIVDILNIFIDET LAIAUUNIAI0E1
o T W (] o [} ~ 9 9 ya I dy
200210 Mold  1AZFI¥1UIAVDIUNIAIBEI G19819 Remolded 0113 azdos'laauitluiiio
= v oA . . a :’ a Y v W Ao o A ] Y
R8I0 U U Void ratio tazdsuaniiluaulpamesnuaieg1aniinsuao anaNuu UL ULH
qage
373 mMsnaaau
Tag 35N IUYNANNAIEA (Strain)
119UN 9219819 13T INANUHUN AL WA 19D UATOINALLANADUIULHUN AL
SUVUVBUATOINAUAZAUAILUVD U ITI0619 My unThilaued Dial gauge N1¥o1uszoEN1S
Y I dyd' o 1 @ 1 2 [ 3 a I~ = A
YoIN1INA IMIANFNGUI NAUNIFI0819d288n5 S 1AM uAMATea TuINIAT 0.5-2
S I o 1 ~ o 1T @ 1 a ~ 9 o <
WoTIFUAADUIN VALTINANALTLILYUAIVOUNIAI0819NNA 30 1111 Tums15easus1v09
= 1 9 1 qa.: IQI Y = Y 1A
anuaseamlnazdoalszmnanszeznadwaisyldusinasudusinagege szdod lumhu
A A ' 2 o ~ ~ A 4 A
10w uusenaae lalisoss aunsznansinaanadluvasnaunssaiuIy 130
o ~ A S 2 o A & a ] ° "W ' v
NTENIANNAseala 20 Wosimud lsuaniluauld Tasihwumnedrodnaudiaion
dd's) =y T W 1 3 Yyq Y 1 a A g @ 1
UBNINNTANADUATIVUNIAIDE1Y Remolded N 1H 1HaIUVDIAUMT UA N UUD NG
o (] 9 eaj =) 1w 1 ~ < Y Y o 1 =\ 9y [
aeee Idnniudisugdanmunsiedeinaasuaiad fidediisesuaniniayuves
SOUUANTINNBVAVLAUUDU
Tag3BAIUANANMNAY (Stress)
ﬂ'aumimaaﬂﬁ’ﬂizmmﬂ'nmﬂﬂqqqmmmﬁ’mfhnmwiqﬁ’msm"l%’mq

AANUAUNANUAUAIIUDIUATOINAADUIUUAUNANTUVUUALAUVAIUDIUNIAIDE1IED



44
ua: 4 Y Aq ¥ Y Y 1 9 A [ 1 Y
asguivuninilanlde1uszezguaivoandrnds 1FusanaiEunsnuuInIaI06 1IN
1 2 1
1715 — 1710 vousanagegad ladszuna Audanansauniiudreuszezguaivoanna
o 1 Q' 1 [ Qy Y d! =) A qa.z’ o [ dy d'
dedramuusinaae 11 minuussnansnuazne asaniimiounswsniuruiiliiGooq
o Y A o = S 1w J 3 4 1 A
Nz lAusenagege viovunsznnnunioadin iy 20 osidud Tuszniteanismy
Y o 1 Y] 1 [ :/‘ = Y 1 ua./’ A I Y
usana sdungezdesldusnaninnil 15 aswietiosndn 10 a5e e ld ldusinagaga
Yy o A ' Sy &£ A g o A a Jq. a v
wwdessuilavuusinauaazaivlduindunietiosasiui lunmsunlsuaniluduernmla
a qg/’ VoA < Y A 1 a aAd Y T W 1 3 Y qg.;l =
VINAUITILINnaae I ad Mo dIuveIaU T udmMuINIAIeE19n 18 11 nuRsugl
1w ] { < @ ' Y [
anmunisdedinaasuasnda didedneiisesuaniniayuvessoouaniruiieusunny
uou
a A = =~ = a a dyd Y 9
AuoouuInziinnumioa llaudasinagegauin ausiaiivssdesnaaoslagld
@ ] a [ a a g A ] £~ = =
8035 UTIVBINNUIATIAFIFA TUNATIN UG W AuRuTanTouandiedelinnunioa llouds
9 a a dy 9 9 o <3 = Ao [
UsINAGIAL0Y AUFIATIIZADINANDIAIBTATUTIVDIANUIATIATIAIN
Ay A ¢~ A I v y A g
mslszumaiiivzdesdidszaunsaiiiioane inziuszdecldniosnandrudn
v [ Y
(Penctrometer) nAasUudIMvaIR 108190 1y 18 19q ivevarii Taet szuna
374 MsAnNauWanmsnaael
- Annaranunsgalnfe dinsuusanala 9 (© ldlaaldgas
AL

e = (3.4)
Lo

A A g 1w 1 A 1 1 .
o AL A9 5$fJ%EJ‘]Jﬂ’JGUfNLL‘VIWI’J@EJNVILL')'QﬂﬂGlﬂ H Tag®1UA110 Dial Gauge

Lo A8 A210811AUVOUNIAIDE1
- amnamiuinhaamagdimiuisanala 9 (A) Talaaligas

A = = (3.5)

'
=1 Y v a

A = dy 1w 1
o AU 1D NUNTUINALANUDILUVINAIDYN

v v Y
€ A9 ANNASIAMINLUIAINLTINATIY o



45

- AnamanuAudmiuesanalaq (0 lalaaligas

P
O.= Z 3.6)

A &
¥\Q) P Ao u3ine

= Y o =

o & A o
A A9 WUNUTAARAINUTINAUU 9

v o ¢ ' o o <
@ounsuaaennuduiussznin O nay €laels Oatlunnudwas €iluuny

wou MNTMeTIMIAIgIgaves O 1301 O i € =20 %14

3.8 MISNATOUANINNUNMY (Durability) 1A891999910 ASTM D559

= L4 = 3 (% [ dy
ugnssltaziduaoulumanadeu Taoduvil datl

1. thaundesmivznagoulduadalunuuaiuuasgiu Modified Proctor 14 Tua

E4

Y
(Mold) Y119 4 117 x 4.6 TANMEE193UNTINTL VO NVIIAFUAIFUINAII 102 V. HAZAN
g9 116.43 W,
09.:’ o A o 1 { 1 a <
2. antuiAudeg1eieananua (Mold) nalluvelugeldauaziny13lu

Y ' v
H0IRIUANANINFUVDIQUNYUAINIUNTZNT 28 Tu

a

A ] o Y o A o ' 1 o" A Y <
3. lWDATUDIYUY 28 'Julla'Ju']ﬂu@j@fn\‘]!lf]f(luu1ﬂ§1ﬁ%1ﬂ‘lﬂ@ﬂuﬂ@mﬁﬂuuﬁaﬂlﬂu

a1 4 %2134

a =

a o ' o { [~ )
4. AudednazgninIiudislumeungumgi 70 osswademilung 12 911uq

U

Y v 4
5. miwhaudegseenui vt lueinia 3 21 nszurumsiiGeniison
4 v Y 1 2
1 @lon-unan1sas1 o uLIaveIR100 19T UA UTUNT Taon i miind10g19Ngaduga
Y 1
YoauaazsoUounUIMINISNAUYEIRI0E 1N noUMISNAT 0D (TN -URINAINDTI]

thvne Alen-ufase (0, 3 uaz 6 501)

L] 1 a A

a o 091 [ ) {
6. audedngnuyluinsianinlosowilunar 2 s lihgungiinai 25 2 ° C

U

4
L% o

AOUMINATOUNEIDALNUIAYY (Unconfined compressive strength) 110111111135 TAR16300
v 4
uAWAYaEMIaatiivmiin 1IN UINSNATOUA1899ALNUIAYY (Unconfined compressive

9 Y A A A A a A 1 =
strength) ﬂ’mmﬁmﬁmaamﬂmm’mm 1 HaaaTaauIn



46

da
39  M5@9INA099aNIIAUDIANAIBUNVVABINIIA Scanning electron

microscope (SEM)
= a a 09/ :j a 9 a A 4 9
ﬂ1§ﬁﬂ1&lTE)‘V]TJWaGU'EN1!TL!”IEl”NW15”I"D'i511‘Iﬂ@]9’]@Tﬂ5\1ﬁﬁTQﬂﬂﬂ1ﬂ1Uﬂu‘¥LNu@Iﬂ81‘ﬂ
Ja 3 1 a { a 4
ﬂﬁg’l}f)\‘iﬂﬁ“ﬂﬁiﬁuﬁl!ﬁﬂﬂﬁf]ull“ﬂﬂﬁﬁ]ﬂﬂiWﬂ (SEM) #Wavd3 SEM QﬂWﬂWiﬂH!ﬁﬂ')LﬂiW%‘l’i
[ 1w a J 4 a J a J 1 va
Iﬂﬁﬂﬁ%WﬂﬁluﬁgﬂUﬂﬁﬂWﬂm@\iﬂ'l'iﬂﬂﬂ3%@@!%%5ﬂ%°§£ﬂﬂ@lllﬂ$WﬂﬁlN@iluﬂiﬂcﬁ@ﬂﬂmﬁuﬂﬁ

a v A Ia Qy 3 =& 9 o A o 1 A

NIIAINTTUVDINITUADAFIUUAAY G]fuﬂ’]uﬂluWﬂLﬁﬂ“ﬁﬂvlﬂﬂﬂLa@ﬂﬂ']ﬂ@l']’f]fl’l\?‘ﬂﬂ’ll!ﬂWi

o o Glﬂlda

o w 1 a 1 g {
NATDUNINIAINNUINIVA NUAIIT O uazwﬂu"luTﬁimumaﬂmqmwgmwumﬁ -195

u

aan S

4 o Jd
paITaIFomNongan15971U 03 01v09FNuA nowadouneaz 14n15As219a0UNS
dy v A ¢ A = A a = 4
Aeunvessdend measraaounsdlasuniaslvesesisznovifaudmud waz

4

a o J a 4 o a J ~ = ~ v @ 1 A 1 a
Wa@ﬂmmiwamai L!a$'Lﬂﬂ?if]l,ﬂi1$1’7‘VI']\3!,?13J3JH‘]JﬁfJ‘]J!‘ﬂﬂﬂﬂﬂﬁ?ﬂﬂ']\‘]ﬂllﬂuﬂ'liiwalllﬂﬁ
A 9 = 9 1 A [} a L= 4 a o a 4
LWE)GlWVlﬁ'I‘]JﬂQGIJ’EJLL@]ﬂ@1Q m@ﬁﬁ’]iﬂﬁgﬂﬂﬂﬂﬂﬂfﬁliulﬂﬂﬁﬂ“ﬁ%lhuﬁlla%W@alN@iLNﬂiﬂ“ﬁ

(Yaowarat 2018)

310 FermuaiFlumseenuuunaniudnnsuiuliedieeasssama
Tagd198901n difnandinnziazasadey iSeuauedesmuaiirsaudume
ﬂ'i"uﬂqmmmwﬁaamwﬁwﬁ (Specification of Natural Rubber Modified Soil Cement Base
Course)
1) SasrdunanvesuFiugd 1 waziuu? A 3mau ity WA IV

| Y o v 9 @ = 9 dgl 5 o @ w
Q]u%glﬂuﬁdﬂqﬁu@]iﬂﬂﬂu1\11u l!agﬂqﬂﬁ\j!ﬂaﬂullﬂaqqﬂ VUBDYNUNIINAADININIAITUY

U
E4

@ Y ] a o 3 o
1399 AveILNIRIRgAUNaFNUA Neluieanaasuaznnmsiiiunanaassluauiy
[ a A 4 d' a = &= v A g/ Y
2) - TumsesnuuudrumauduGuAe TN uFuANHaNfDAULazh 1d
1 % ] a o
5’8&@1?11 Unconfined compressive strength mml,mmaammu«?mmﬁ"lﬂymﬂmsmammu
A5MINAA0IN Na.-N 105 "IFN1INAA0IY 1A Unconfined compressive strength ¥99aU " Tag
% T W 1 a 4 [ a 1
oy Taudanedrod NAUGINUANAdoUIZNUASA TUIUUA AT NS NAaDIN Na.-n.108
"33N15MAABI Compaction test LUVFINIWIATFIM " Menaesmatuluganaradnion1d
L A @ Y o Vo o Y A 'Y ' a
anusulasuasnu 7 Sudnihusihiuu 2 $27u azdesiian lidesndn 1724 Alawa
[ A A o FX
fa visemuinrua 3wy
a oy A A 9 =S Y 1 Aa A s A o w [
3)  dsnanihluaunlesmsesenunidios NAUFNUA DM TNATOUHINIAILTI0N
Y ] ¥
AT Inaaed lude 3.8.2 1 19UTuati luAuf Optimum moisture content #4'1A91N13

NABDINITUADAAUAINITNIINAADL Na.-N.108 "ITN13NAADI Compaction test LULFINI



47

a 3’ a a dy Y I 3 o
sy "UsmanhluaulSnailsiueamelumsaruaumsuanuluaumuvazsiing
1 9 dy a A 4
NOATNNUN AU UA
Y v

HNULTiA mﬂ&’mmimﬂimmﬁﬂuﬂu Optimum moisture content ﬁl,!,‘ﬁ)i]iﬂel]ﬂﬂ
1 a A J 9 Y v a A A 1 = 4
AIHANANFILUALAT 1111910113 NARIUASAAUFINUANE AT 1A 1YY UFNUAIN
1 AqQ Yo o w o " Y ' a o A A o Y 9y
drunauilisiaesunseda ludeendi 1724 Alamana nseaunsivua B3 luuuuaiude 2
HAIATUMIAWITNMINARIN Na.-N.108. “3TN15NAA0Y Compaction test  UUVFINT

' I (a 3’ a A . . £ k4 v A

NW@E;’@”I‘L!”?JEJNlliﬂﬂﬂiiﬂmuﬂuﬂu‘ﬂ Optimum moisture content ¥a1dnmsuadaau
~ 4 Y1 A [l 1 a 09/ A A . . £ 9
Fua a2 Iian luanaie ldonndSunani lu@un Optimum moisture content ¥4'1A91N3

UAdAAUMUTO 3 TAsATMINAaeUVRSITUNINTD



VN 4

= a d
WNANIIANHINASNITIUAIISTH

41  UNn

v

UNHUNTUOMIANBINGANTTUNITUADA MIAIDALNUIAGILAZANNNUNIUADDIY

) a A s (o Y J a A ¥ v =
mﬂﬂmmmawumuu@‘nﬂﬁUﬂqmmmwmaumnwnw‘ﬁiiwm LW@ﬁiNﬂ’ﬂﬂJL"Uﬂﬂﬂ\‘i
Y

ansnavosdulsaruauiassauazanunumu (Wsunauanuduiyamuzauveinsua
[ a = 4 = 9 o 1 a A 4 a A d (v
RIQ ﬂiNWﬂ!ﬂ”u“ﬁmuﬁ) LLﬁ$f”fﬂ‘]&lﬂﬂ‘5\1ﬁ'iN%qaJ'lWﬂslli'ﬂ\‘]G\’J’ﬂﬁJNﬂu“ﬁmummgﬂucﬁmug}ﬂiﬂﬂiﬂ

Y
AUNMNAIIIGNNITIHITNIIA

wa A a J 5 a

4.2 ﬂ‘mﬂﬂﬂﬂﬁu§1umﬂﬂﬂu %!Nuﬂ A HIBNNNIINBIFNBINA
Audredranagemuaugnis ifuaindiuariunziaae suneiies Tanda
UATTIFANT TOATIEIU N3IA : N30 Aumilen nuiesaz 67.61 : 27.30 : 5.10 (317 4.1)

ANUDNT WL TAUNINY 2.78 VAT INAMAD VATINANAITANUALA VU TNINNAFANTA

v

mnudesay 21, 7.5 uaz 13.5 awd1an (319 4.2) Coefficient of uniformity (C,) 191111 13.53

1w v g a a {
uagCoefficient of Curvature (C.) 1111 1.63 I uAulsziannsanauaumieInivinag
Y= o a = SAq Y = A
AAZAUA (GW-GC) MUITLUVMILUAAUUDVBANN (USCS) Husmuanlglunisanyl As
= I ¢ = 4 ay ¥ 1
Yududlesanaualsziani 1 naziheamnsnsisuna ldanmseaursdszms Ingan
AUANTANINMONINYDIAUAIEN WUNARFHENmwa@anliauninudesaz13.5 Funu

WAsTIUMIAadenIdgueInsuneralnimua i lumusesas 11 uaadans1en 4.1



3

Percent finer by weight (%)

1

4.2 ANUD NI UL AN AKA VAT INANAAANLAZAFUANNNATANVDIAY

100 LILILILILIL | LILILILLLL I jfrerrri I | LILILILELLEL I
B Sieve analysis .
80 | Gravel =67.61% u
i Sand =27.30% |
Clay =510 %
60 [~
40 - —
20 - —
0 | T B | O O I IR | T I I |
100.00 10.00 1.00 0.10 0.01
Particle diameter (mm)
31 4.1 nsnsgIBIAvRTafy
40 | | | | | I | |
i Basic Properties
= 2r Yeific Gravity=2.78 |
S 3 Liquidlimit  =21% | -
g D Padiclimt =75% |
§ N Plagtic Index :13.5%| ]
25 4
O
B
S 0 .
15 4
] 1
35 40

49



50

13190 4.1 AnEanIsnado U U UITeTo N UAUNIATIIUVOINTUNINHAIY

(Na.-u. 205)

9 Fl
wasgumsaaaendag ludusesiuna . .
WATTIURIMUA [HANTNATOVVBIUINY
YOINTUNNNAI (N840, 205)

Los Angles Abrasion <60 % 42 %
Sieve Analysis Type A,B,C,D Type A
Liquid Limit <35% 21 %
Plasticity Index <11% 13.5%
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Water:Para Latex
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Abstract

This research studied the effect ofnatural rubber latex onthe compressive strength and
durability ofcementstabilized soil. Cement content used in this study was 3% by weight of
soil. Water:rubber ratios were 100:0, 90:10. 85:15. 80:20. 75:25 and 70:30 by weight. The
imfluence of wetting and drying eyele on the durability of cementstabilized soil was
investigated in this study. Test results show that using natural rubber latex properly can
improve compressive strength and durability of cementstabilized soil. The outcome of the
study therefore, identifies and indicates the level of efficiency and importance of using
appropriate quantity of nature rubber latex in the cement stabilized soil, especially in the
areas of wetting and drying durability.

Keyword: Cementstabilize soil; Natural rubber latex; Compressive strength; Durability
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1. Introduction

Soil is a natural material which can be
found in all places. The engineering
properties of soil depend on various factors,
especially  its  original  source and
environment. Nowadays, a good quality soil
for base/subbase applications is scarcely
found due to the increasing of infrastructure
constructions that consume a lot of soil
volume. Therefore, it is necessary to use the
available soil around the construction site.
However. its basic engineering properties
often do not meet the specification for
pavement materials specified by the local
authorities. Hence, the soil improvement
technique is required. Soil improvement
techniques basically used in the present
consist of  compaction.  stabilization,
reinforcement and consolidation.

Cement stabilization is one of the most
common soil improvement concept, which
reduces the plasticity index (PI) of soil and
result in better soil compressive strength
(Terrel et al., 1979)

Hogentogler (1938) reported that the
improvement of the soil propertics i1s a
process that makes the natural seil more
resistant to the deteriorationand more load
capability. The mixture either in liquid or
powder form is added to the soil and
followed by the compaction method.

Cireo et al., (1962) explained that mixing
Portland cement into the soil would change
the properties and structure of the soil
However. the effect of improvement of soil
properties might not be the same even though
the soil has the same physical properties.
Although the same cement content is use, the
different chemical properties affected the soil
compressive strength may not the same. The
chemical composition in cement had a
significant effect on the compressive strength
of cement stabilized soil.

Mitchell and Jack (1966) described the
structure of the soil stabilized by cement that
the reaction of cement hydration changes the
composition of the soil structure. The
cement gel is infiltrated into the voids

between the soil particle and releasing the
lime. Lime reacts with $i0; and Al;O; that
are present in the soil. The hydration product
from the cement reaction spreads along the
soil skeleton. As a result, the strength of the
so0il cement stabilized increases as increasing
in curing time.

Although the treatment of soil with
cement is a normally option for road
bases/subbases materials, it brittle behavior
under compression. Furthermore, there are
some discussions that using cement in a
pavement base/subbase structure could be
considered as the source of shrinkage
cracking (Bahar et al.. 2004). Therefore. the
ductile behavior and toughness of pavement
materials need to be improved to prevent the
sudden failure due to traffic load.

The natural rubber latex has high
flexibility properties which can mix well
with  water, thus allowing the soil
compaction to be effective. Natural rubber
latex is a lubricant liquid which allows the
soil particles moves easily into the voids and
make the soil denser. Another advantage of
using natural rubber latex with cement is to
increase the toughness behavior (Liu et al.,
2011). Therefore, it is an interesting to apply
the combined binder for improving the soil
properties. However, the limited knowledge
on this technique is still remain a barrier for
using it in road construction.

The objective of this research is to
study  the strength and  durability
improvements of natural rubber latex and
cement to improve the soil strength to meet
the requirement of the Department of
Highways. which unconfined compressive
strength (UUCS) of subbase soil cement-
stabilized under the modified compaction of
1.750 kPa for 7 days curing (DOLL 1989).

2. Martials

Lateritic soil samples were collected
from a borrow pit in Maung district, Nakhon
Ratchasima province, Thailand. Tt was
composed of 3.10% fine-grained particles
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and 94.91% coarse-grained particles in
which 67.61% is gravel and 27.30% is sand.
The specific gravity of soil is 2.78 and the
liquid and plastic limits are 21% and 7.5%,
respectively. According to the Unified Soil
Classification System (USCS), the lateritic
soil was classified as well-graded gravel with
silt and sand (GC-GW).The grain size
distribution curve is shown in Fig. 1 and
basic properties are summarized in Table 1.
According to the local road authority
specifications for subbase (DOH, 1989), this
lateritic soil does not meet the requirement
of the local standards. It is therefore required
to mix with the high quality material to be
considered as a pavement subbase or fill
material.

100 o LA T | ALLLAI T
Sieve malyss
8- Grawal =6761%
Sod =27 30%
Clag =510 %

Percent finer by weight (%)
]
T

iy I A Miiia s Ul )
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Fig.1 Grain size distribution of lateritic soil.

Table 1. Basic properties of lateritic soil.

Type of properties value
Speeitic Gravity 2.78
Liquid limit 21%
Plastic limit 7.5 %
Plasticity Index 135%
Sieve analysis GW-GC
(USCS)

Gravel 67.61 %
Sand 27.30 %
Clay 5.10 %

Cement content (C) of 3% by weight
of seil was used lo stabilize the lateritic
soil/natural rubber latex blends in this study
as this content is commonly applied in field
stabilization in Thailand.

The natural rubber latex was
supported by Rubber Authority of Thailand
(RAOT). Dry rubber content (DRC) of this

rubber was 30%. The water to rubber ratios
of 100:0, 90:10, 85:15, 80:20. 75:25 and
70:30 by weight of water were used in this
study.

The laboratory evaluation program on
lateritic  soil/natural rubber latex blends
included modified Proctor compaction,
unconfined compressive strength (UCS) and
cyclic wetting and drving test were
undertaken in this study.

Modified compaction effort was used
to determine the maximum dry density
(MDD) and optimum moisture content
(OMC) of the lateritic soil/'natural rubber
latex blends. The modified compaction tests
were conducted by following the ASTM
1557. The UCS samples were prepared at the
OMC and MDD. The UCS samples had a
diameter to height ratio of approximately 1.0
which is specified by the specification of
Department of Highways and Department of
Rural Roads, Thailand. The test was carried
out in according with ASTM D 1633
(ASTM. 2000).

The method of ecyclic wetting and
drving test as per ASTM D 559-03 (ASTM,
2003) was carried out on cylindrical samples
with 102 mm in diameter and 116.43 mm in
height. The samples were wrapped in vinyl
bags and stored in a humidity-controlled
room of constanttemperature until 7 days of
curing before wetting and dryving test. The
samples were submerged in detonized water
at room temperature for 4 h. The samples
were then dried in the oven at a temperature
of 70°C for 12 h and air-dried at room
temperature for at least 3 h. This process is
referred to as 1 w-d cycle. The mass
determination of the samples was carried out
by weighing the samples at the end of each
w-d cyele compared with the initial weight of
samples before w-d tests. After attaining the
target w—d eveles (0, 3, and 6 w-d cyeles),
the samples were immersed in deionized
water for 2 h at the constant temperature of
25 + 2°C prior to UCS test. UCS and weight
loss were then measured. The UCS tests were
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then undertaken with a rate of vertical
displacement of 1 mm/min.

3. Results and Discussions

Figure 2 show the modified
compaction test results of the 3% cement
content stabilized soil/matural rubber latex
blends at wvarious water/rubber ratios
compared to the sample without natural
rubber latex. All compaction curves of
cement stabilized soil/matural rubber latex
blends exhibit bell-shaped compaction
pattern, which is a typical shape of
compacted traditional geo-materials. The
MDD of specimen increases as natural rubber
latex replacement content increases until 20%
then subsequently decreases as increasing
natural rubber latex replacement content
beyond 20% while the OMC were similar
despite the variations in the natural rubber
latex contents.The higher MDD could be
attributed to the increase in lubrication effect
from natural rubber latex.
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Fig. 2 Compaction curves of 3% cement
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Fig.3 UCS Stress—strain behavior of 7 day
soil/natural rubber latex blends.

Stress-strain  relationship  obtained
from UC test for all specimens are
summarized in Fig.3. For 7-days curing
period, the mean UCS value obtained was
between 2,315 and 2.722 kPa for the cement
stabilized soil/natural rubber latex blends. The
incremental replacement ratio of natural
rubber latex into soil cement is the cause of
an increase in the strain at failure point for all
samples. In this study. the toughness is
defined as the required energy to deform the
sample to a strain level equivalent to the peak
stress and is calculated from the area under
the stress-strain curve up to the selected
strain  value. Therefore, the combined
addition of cement and natural rubber latex
shows a larger area which demonstrates a
more ductile behavior of the sample when
compared to the sample without natural
rubber latex.

The average UCS for different
mixture content at 7 days of curing compared
with the minimum 7-day required strength
for subbase materials (DOIH. 1989) are
presented in Fig. 4. The specimens were
found to meet the mmimum 7-day UCS of
1,750 kPa specified by DOH, Thailand. The
increase in the natural rubber latex
replacement content until 20% caused the
increasing in UCS. However, the reduction of
UCS was found when increasing natural
rubber latex replacement content beyond
20%. The UCS improvement could be
attributed to the increase in lubrication effect
of soil particles with necessarily forming
strong bonds between the rubber and soil
particles. While the excessive increase in
natural rubber latex (>20%) causes the rubber
retarded the hvdration reaction and therefore
the UCS reduces (Yaowarat et al.. 2018).

Fig. 5 shows the UCS of cement
stabilized soil/natural rubber latex blends at
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various tumber of w-d cycles. The
accumulation of w—d cycles lead to the
reduction of UCS. At particular rubber
replacement content, UCS decreases as
number of w-d cycles increases. However,
the loss in UCS at a particular w-d cvcle was
found to decreases as the rubber replacement
increases. The deterioration in strength as
increasesissimilar  to  previous  research
(Levyet al., 1991). The weight loss of
specimen versus number of w-d cycle are
shown in Fig6. The cement stabilized soil
with 20% rubber replacement ratio has a
minimum weight loss when compared to the
other mixture.
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Fig. 4 UCS results of cement sfabilized
soil/natural rubber latex blends.
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Fig. 5 Relationship between UCS and w-d
cycles of cement stabilized soil/natural
Tubber latex blends.
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Fig. 6 Relationship between weight loss and
cycle mumber of cement stabilized
soil/natural rubber latex blends.

This indicates that the natural rubber latex
entwines the soil particles and fills up some
voids between soil particles which increase
the attachment abilityand ductility to the
specimens(Mirzababaeiet al.,
2017).Therefore, the soil matrix is more
difficult separation during the w-d cycles tast
as seen in Fig. 7 and causes the percentage of
weight loss is lowest than the other mixtures.

=

Fig. 7 Comparison of 0% and 20% rubber
replacement ratio.

4. Conclusion

This research evaluates the effect of
cement stabilized soil with natural rubber
latex on density, UCS and durability against
w-d eycles. The natural rubber latex is a
polymer material, which can be used as a
binder material to improve strength and
durability. The following conclusions can be
drawn from this research study.

1.The increase in maximum dry
density causes the lubrication effect from
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natural rubber latex makes the soil move
easily to the void and therefor, the MDD
increses as an increasing rubber content.

2.The UCS increases due to the
density increased. The rubber in soil matrices
makes the confinement to each soil particles,
the addition of rubber in the specimen make
more attachment ability and hence, more
ductile behavior.

3. The addition of rubber increases
attachment ability causes the soil difficult to
separate from the matrices. With this reason,
the weight loss during w-d cycles test is
reduced and then the UCS for each w-d
cycles slightly increase than sample without
natural rubber.
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