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ABSTRACT

This thesis a laboratory study was undertaken to improve Songkhla soft clay
(SC) with rice husk ash (RHA) and Para rubber wood ash (RWA). The SC was partially replaced
each ash and combined ashes in proportion varies from 5 to 50wt.% at 5% intervals. Cylindrical
specimens (38x84 mm) were prepared at optimum moisture content and were cured for five
periods at age of 1, 7, 14, 28 and 56 days in a moist room having a constant temperature and
controlled humidity. After curing specimens were tested for physical and mechanical properties
including of Atterberg limits, particle size distribution, specific gravity, standard Proctor
compaction, unconfined compression (UCS), unsoaked California bearing ratio (CBR) and
consolidation tests. Both CBR and consolidation tests were selected the maximum UCS of treated
samples. In addition, X-ray fluorescence (XRF) and X-ray diffraction (XRD), together with a
scanning electron microscope (SEM) were analysed in certain samples.

The study revealed that the values of the maximum dry unit weight and
engineering properties for the RHA+RW A-stabilized specimen increased with RHA and RWA
contents and curing times. From the results obtained 20%RHA and 30%RWA replacement of SC
as an optimum amount. The maximum 28-day UCS was 5.39 ksc and CBR value at 28-day was
about 21%. Consolidation result of SC obtained compression index value and permeability
coefficient value was decreased. On the other hand, void ratio value products due to distributed
capillary in texture of ashes increased.

While reaction products due to pozzolanic and hydration reactions in treated SC
are clearly observed calcium silicate hydrate increasing 8%, 11%, 15%, and 16% on curing of 7

14 28 and 56 days, respectively. They are exhibited denser and void in treated sample based on

(5)



using SEM. Correlations with multiple regressions for geotechnical properties as functions of

index properties have been established.

Key words: Songkhla soft clay, Rice husk ash, Para rubber wood ash, soil improvement,

Pozzolanic reaction
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d
2.5 UszHnue R uBINUA

Highway Research Board’s Committee on Soil-Portland Cement Stabilization
Yg Yo o o @ a g = 4 . 13 )
(1959) 1aldfsnannuueInsHaAUA 8T NUA (Cement-Treated Soil) U un15ine
a L a ! @ r?} v v '
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. . I @ = s A o ' a < I s
Soil Mixture) U Fergraniudmuamel sl enanwuieedauesaumae U uduudn
@ o a < J
15 uieanansziandSulsauiiane1uaroFuua (Cement Modified Granular Soil) 92 1%
A wa P a . o ] A & o
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MINUNNHITBIDINUNNAMTUNIDUUADUNTALAZ DU YT uFuuan lgeghn
3’ v A 4 =) s % a A a 4
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3) mslSudgmseuthiazdumiiond1eFuus (Cement-Modified Silt—Clay
I s A { a a J o [
Soil) Hlums i usmusienugumsnasumlanlSunasvesau yatlszasnveamsi msaSuil s
a =} Y = s I A @ A A a a A dy Aa A
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4) auimmaadn-uduud uaunianumieinanyuauuaneg
Y ] v Y v
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= 2 Y VY 4 J Y 9 S
tanwaaesla damnezlddudrsvesanuiesz v Yauinvesnassdaimagi)
1 <3 ‘;y Y 3‘ @ A a J
erun1i anwenunsa lumssvihwinuazanuaamu Tauiandie audiuua
[ a 9 = = 4 .
5 MsdFuammanAIeMIHaNILAsAAYUTNUA (Cement-Treated Soil
. 3 a o = 4 A Aa 3' A 9 =\ A
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Y v Y Y
509U NgnihinanzHielsulsamsiuihminuesiu15e51950 19 (Railroad Ballast)

v
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1 v A . 9 A v A a d?’ g1
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2.6 nalomsiSuilysnammwvesiudrayfudimua
[ 1 d' 3’ Y = o’d! =\
Lambe et al. (1959) ag Moh (1962) 81931 MM NIV UFHINUAT ]
a1ssznouvianed 4061900 C,S C,S CA uag CAF wzildinalfnser lamsduves

(4 a [ an
YUBIUUA (Cement Hydration) Aaiiluaisiseneunnaifoudama lamsa (CSH), unartoy
azgiun laase (CAH) nazijuun lamsaiined1eonu (Released Hydrate Lime) N£UIUN3
[ 1 1 o a 3 o ana

asnandwah ldinamsudeiivesaslsznounnaoudana laasa (CSH) wazunaidou
a £ g @ A dy A @ ~
azgiua lawsa (CAH) Futluiaqreniszauazuenainiiu lamsaiinedioanuii

a & o 1 o < & J
wavulunszuIumsaenanzi lianudunsauais (pH) voariluInge (Pore Water)

a =

MY Fadanaliaznouuiuany (Colloid Gel) 5 0BIUUAIKAT (Cement Gel) N1l5znov 'l

D

A

awasiszneuunafoudana laasa (CSH) nazunaifonezgiitua lawsa (CAH) a3
v o Y =X [~ A < a 42’ ]
FAAINUUAIBANE T U NLANVIT T ARVUUA WD IGNT LY
a { < o
lumeduntviaiaaziBoaussdanizazlsznoudls 2 n3dl Ae Msoady
szarununiena (Mechanical Interlock) tazmMsIvlszaunumani (Chemical Cementation)
= 9 = :fl a aaa 1 S o Aaa
Tagmnizmsgamzn1aiumslssaumaniiunennlnsessnina)udsuuatiusan
a A A [} a s a =1 oy I @ a aaa o Y a I
tazozglniagauiwoutiady Taeltintudnanvesnanalfnien ilnnadluaslseney
aa a [l I a o
unaFengana lawsa (CSH) nazunaifouezgiiug lansa (CAH) Tagazagson o Wadui
< a a [
IR iliaaunamsdsyanuiu
a $ 3 4 a aaa o 4
Tuwraduniivinaanauienal§aser laassuvesudiuua (Cement
. = [ 3 A [ 9 [ = 1 1 v Aa o o
Hydration) M3gamznuvealaaunuazaa e uluneunIa 1z A UNFUANEA (Cement
[l ] 1 a = a = ~ kY
Paste) 92 l1i lilgalugesszrisoymnavesdu Taoussdallszamazinannussdamiienisan
M39AT U5 @ UNUNNEA (Mechanical Interlock) Y030yMAAUNTLAAITONTAING laiATR
= a 1AAa a ~ 4 4
(CSH) nazuaaiFonozgiiua lamsa (CAH) InzoginioynInau TaeFmudinesd (Cement
A A [} Y A 9y 9 [ 1 <Y % 1 A
Paste) dziszanuaymaauodlnamasdialeny Tussninaudsdnazssiamdaiiiosau
3 o ¥y A 3
U TAT AN 19NUUT S
. 1 ' a v = I a
Herzog and Mitchell (1963) na1711 m3taa lawssuuesijusmudilumsina

= aa = a £ g 1 aaan
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' aa a A 1 S a o = . A a
senInFanuazezqiunlegluladunuuaadey looon (Calcium Tons) AANINY U1
1 I a AA o Aa
lansaiineoonin (Released Hydrated Lime) 9zt unszuiumsnasginiildinaunaison
ana = a &£ 9 9 1 2R o Yo o w a
Fana lamsauazunaouezgiug lamsa Fededdszeznareuuni seildddwavesan
= 4 d? oA A d? & Aaaa o 1 Yo o 1 Aaaa
FUUATIVUAWIGURINSUNTNLTY FalFAsendenaniinTaena lgasenlos Tyaw
o a Aaan 1 a 4
Satioh et al. (1985) lafnywazswunmsnalgnsenszrneau Yuduud

wazTagilos Ivaiu asgili 2.5

Ordinary Portland Slag
[t 1 [ Jat
ater Clay Cement ater
| - _____
I 1
Clay | Hydration !
R |
CTTTTT TS 1 l r——=—-=-= "
| Adsorbtion and/or Cation | I Alkaline !
le— Ca(OH),
! Exchange 1 I Activation |
L - _ | Lo l
mT T T T T T TN T
| Pozzolanic | 1 Hydration |
— —; —————————— I— — ol
_______ -——Y - —_——_—Y
;- -: Reaction C: CaO) .: 1 I
" C-S-H | 1 C-S-H 1 C-S-H I
Products S:Si0, = = = = = ! I !
I C-A-H 1 | C-A-H I
1 1 A: ALO, I I
I C-A-S-H 1 ’ . C-A-S-H |
L e e e e - 1 H:H,0 e mm - -

5UM 2.5 Chemical Reaction between Soil and Hardening Agents

U

=

NU1: Saitoh et al. (1985)

aaa a I o J
Moh (1965) laoutl§nservesanudmudiiuaumsniunil asde 11

Cement + H,0O > CSH+ CAH + Ca (OH),
Ca (OH), > Ca +2(OH)
Ca" +2 (OH) + SiO, (soil Silica) =------ > CSH

Ca" +2 (OH) + ALO, (soil Alumina) ---=> CAH
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A
1y CSH

Calcium Silicate Hydrate (tAatFonsang bansa)

CAH Calcium Aluminate Hydrate (L!,ﬂm“‘]:i gy azgﬁmﬂlla 19139)

J
Ca(OH), = Calcium Hydroxide (aafon lanson lae)
[ a 1
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i’ 2 9
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. ) .
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aaa 4 . <3| A ] A a
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= 4 . v Aaa A a a o 9y a 1 Q‘ d?
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o Yo o o a d
wash I dvesTaqiiniu
Aaaa . . I A a o
4) 1gnsendes Teaiu (Pozzolanic Reaction) HUN3EIUNMINAADINNITN
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1 u

[ [ 1 (aaa dysl Y] = o Yo
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v Ed
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2.8 JasaaaveInud U

Mitchell and Jack (1966) ldauainerfunmsnasuuilaslnssadiavesan
@ J Y { [ o
Mordsnmsnauudmuaasluds degii 2.6 wiailu 3 Fuaou Ao
Y o csj dyd 1 Ao 1 Aa Aaaa o = 4
1 meldmsuada Tunoutitlugendslunal e lawssuvea)udumd
4 @ a [ !
(Cement Hydration) Judmudagidn linauiuoyninvesan dagiil 2.6 (n)
9 1 09/' =1 S 1T Aa Aaaa @
2) melanmsuuszezdu eymaveaudmuanda lunalgnse lamsdu oy
A a aaa o = S X a A o 9 = ] 1
Funalgnsen lawnsduve s uBnud F9eznaFmuaKad (Cement Gel) I MNINFUA T

FEUINOYNAVOIAULALY UU1INMEAI00N1 (Released Lime) 15unalgAzendusanmluan

'
A %

NUNAY (Active Soil Silica) Hazozgiu TUAUNTNEGS (Active Soil Alumina) Tuaisazaiy ag
3 Y a o Aaan an a Aaaa a a
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Unsenluduneuilazunsmueymaveau A3l 2.6 (v)
1 4 a 2
3) meldmsuuszezenoymaveuFiuuaszinanszuIuns lansiu
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= g 2= [ Y1 o v o 1 4%’ [ ~
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v 9
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v v 9 v
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(Modulus of Deformation) tiotfisunuauneunisdiulys Aunlsulisnanmudltgnate

a wvAa

I @ % o a vaa ° . . 1 va
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fauRoununlin1e1 (Undrained Shear Strength) dZIWUAUAINOIYNTLNLAZINNTUAIY
a 4 { A 4 va v W 3’
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a Ay Yo [ Pl Y v g’ . .
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] 9 v
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. . . £ a = (G =
Soil Classification) Hay AASHTO #Tuaveafuduuaia laslszanamunuansly
AN 2.2 uaz 2.3
a 1 4
2) YS1NuNasWAANAZUATILBS 4 MNARAMIAALIUBY Norling and Packard
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(1958) NA1231 MIANVBIUTINAUNIATINHAVNTVUIARIUUALUNTUVDT 4 IRNUUIZADS
A a =1 4 d? 9 o 4 [ a A 4
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Typical Range Typical Cement Content Typical Cement Content
Unified Soil of Cement for Moisture Density Test for Durability Tests
Classification Requirement (ASTM D558) (ASTM D559 and D
(% by wt.) (% by wt.) 506) (% by wt.)
GW, GP, GM, SW, SP, SM 3-5 5 3-5-7
GM, GP, SM, SP 5-8 6 4-5-6
GM, GC, SM, SC 5-9 7 5-7-9
SP 7-11 9 7-9-11
CL, ML 7-12 10 8-10-12
ML, MH, CH 8-13 10 8-10-12
CL, CH 9-15 12 10-12-14
MH, CH 10-16 13 11-13-15

117: Anon (1990)

Y a A 9 v A 1 o
M9 2.3 Ysnanjudmuanmnzandmsuauunazlszinniuunauszuy AASHTO

Estimate Cement Content
Cement Content for Wet-Dry
AASHTO Usual Range in Cement
and That Used and
Soil Group Requirement
in the Moisture Freeze—Thaw
Density Test Tests
(% by wt.) (% by wt.) (% by wt.) (% by wt.)
A-1-a 5-17 3-5 5 3-5-7
A-1-b 7-9 5-8 6 4-5-6
A-2 7-10 5-9 7 5-7-9
A-3 8-12 7-11 9 7-9-11
A-4 8-12 7-11 10 8—-10-12
A-5 812 813 10 8§—-10-12
A-6 10-14 9-15 12 10-12-14
A-7 10-14 10-16 13 11-13-15

117: Portland Cement Association (1959)
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NU1: Reinhold (1955)
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Long-dash line isat plus and minus 2
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NU1: Diamond and Kinter (1958)

7 FTALVDIANNALID YA (Degree of Pulverization) VDIAY Ruenkrairergsa (1982)
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Designation Fine clays  Coarse clays Finesilts  Coarse silts Fine sands Coarse sands
Soil Particle size (mm.) <.0006 .0006-.002 .002-0.01 0.01-0.06 0.06-0.4 0.4-2.0
Soil Volume Stability Very poor Fair Fair Good Very good Very good

Type of Stabilisation Application

LIME

i =
BITUMEN
(——
|

POLYMERIC-ORGANIC
MECHANTCAL*

THERMAL

EE Range of maximum efficiency [ Effective, but quality control may be difficult
* 1.e. improvement of soil grading by mixing-in gravels, sands or clays as appropriate

17: Metcalf (1977)
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Well Silty/ Sandy
Crushed * Heavy
Admixture graded Clayey Silty
Rock Sand Clay
Gravel Gravel Clay
Cement A A A B B N
Blend Cementations 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
Bitumen 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)

11 Wilmot (1995)
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M3afi 3.2 fysnualin 1 lumssmuasandinlumsise

qn3 RHA (%) | RWA (%) SC (%) Feydnwal
1 0 0 100 SC
2 5 0 95 RHAS
3 10 0 90 RHAI10
4 15 0 85 RHAI5
5 20 0 80 RHA20
6 25 0 75 RHA25
7 30 0 70 RHA30
8 35 0 65 RHA35
9 40 0 60 RHAA40
10 50 0 50 RHAS50
11 0 5 95 RWAS
12 0 10 90 RWAI0
13 0 15 85 RWALIS
14 0 20 80 RWA20
15 0 25 75 RWA25
16 0 30 70 RWA30
17 0 35 65 RWA35
18 0 40 60 RWA40
19 0 50 50 RWAS50
20 5 5 90 RHASRWAS
21 5 10 85 RHASRWAI0
22 10 5 85 RHAI0RWAS
23 5 15 80 RHASRWA15
24 10 10 80 RHA10RWA10
25 15 5 80 RHA15RWAS
26 5 20 75 RHASRWA20
27 10 15 75 RHAI10RWA15




57

M3 3.2 fudnualn 1 lumssmuasandmlumsise (de)
gns RHA (%) | RWA (%) SC (%) deydnwal
28 15 10 75 RHAI5RWAI0
29 20 5 75 RHA20RWAS
30 5 25 70 RHASRWA25
31 10 20 70 RHAT0RWA20
32 15 15 70 RHAI5SRWAIS
33 20 10 70 RHA20RWAI10
34 25 5 70 RHA25RWAS
35 5 30 65 RHASRWA30
36 15 20 65 RHA15RWA20
37 20 15 65 RHA25RWAI10
38 30 5 65 RHA30RWAS
39 5 35 60 RHASRWA35
40 10 30 60 RHA10RWA30
41 20 20 60 RHA20RWA20
42 30 10 60 RHA30RWAI10
43 35 5 60 RHA35RWAS
44 10 40 50 RHA10RWA40
45 20 30 50 RHA20RWA30
46 25 25 50 RHA25RWA25
47 30 20 50 RHA30RWA20
48 40 10 50 RHA40RWAI10
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3.3 mMInaaeuaNlAved g
331 managevaniAMImanwvsIRuigIasva idwnavtazi Idian

1) MINAdUNIMIe MR (Total Unit Weight) 14103514 ASTM
D 3282

2) manageuvlTuaanuaulunaay (Water Content) MUNINTFIU
ASTM D 2216

3) MInAgaUMNNAMal (Liquid Limit) taza1nnanaiaan (Plastic Limit)
AUUINTFIU ASTM D 4318

4) MINATOUAINMNDNIUNIE (Specific Gravity) MUUIATFIU ASTM D 854

5 MINATILHMINTENYVUIANAAY (Grain Size Distribution) INALIANTT
°nﬂamﬁm31zﬁmiﬂizmaﬁamawmﬂaumﬂﬁ’aaﬁmmmma‘fm%"‘mﬁ@maau Laser Particle
Size Analyzer (COULTER LS 230), Dry Powder Module ITMINATOUS19D9 WI-RES-LSPA-
001 @N1IZMINAADUIANITNTLIBVDIDYNIARIDEIIABVDINAT (151) Run Speed 60 %
Model Gamet.rfd PIDS included a1u1asgiumstfianmsinssiau TasgudinTesile
Ineenans yiImedeaavaiuaIung

6) N1 UUNAULUVIDANTN (Unified Soil Classification System, USCS) 9113

IAITIU ASTM D 2487
332 MSnAgaUaNUAMBTINAVRIA MK HEITIVA

1) mi‘ﬂﬂﬁﬂ‘uﬂﬁ‘Uﬂ’SﬂLLUUNWIi@M (Standard Compaction Test) #14
1153714 ASTM D 698

2) MINATOUNAIOALNUAYY (Unconfined Compression Test, UCT) A1l
1153714 ASTM D 2166

3) mﬁ‘ﬂﬂ?{@‘uﬁ1§QLL‘Uﬂﬂ1uLLUUL!ﬂaWﬂ§Lﬁﬂ (California Bearing Ratio Test,
CBR Test) AMUU1AI31U ASTM D 1883

4) msnAreUNISaRIneI (Consolidation Test) 111 One-Dimension 9113

WIATFIU ASTM D 2435
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3.3.3 Mannzresnlszneumanivesfuiensouasva

1) msneaeurlSNaasdunsd (Organic Matter) AUAASTIU ASTM D 632-84
2) MINATOUAT pH 1AT9910NATOY pH meter (Sensionl) IFNITNATDU
81999 REF-RES-003 Rev.0 &0122MinadoUmMsIianIsnIz1ouIoynInf10819a10ued1ian
Y
o . a ua a Ia
(11) Run speed 60 % Model Garnet.rfd PIDS included @Im1JWliﬁ1uﬂ1§ﬂ§]U¢lﬂ1iﬂlﬂi1$ﬁﬂu
4 4 a 4 a Y] a 4
TagguinToIloIMMANT UNIINGIAVAIVAIUATUNS
a 4 a
3) msnageunilsuianas 15a (Chloride) IMANANINATOU Spectroquant
InT04iloNAADY Spectroquant NOVA 60 35MINAX0LS1989 REF-RES-Wet Lab -001
4) msnadoumisuagama (Sulphate) IMAUANITNATOU Spectroquant
INT091ANAAD Spectroquant NOVA 60 33A15NAd01S1999 REF-RES-Wet Lab-001 Rev.0
a wua a /A o 4 a 4 a [ a 4
MuNATIUMIURUTAMIIRTIZHAY TaoguiingoaloIMeenaas uHIINGIAsaIvaIUATUNS
a d a =~ 9 a dy v 4
5) AnsznusdsenouluaumieraauainIematANIS gD USITIO NS
A A < A a 4 an ~
insealownsgaunsnladwes (PHILIPS X Pert MPD) 33015NAd0 UM NI 188L108A 114013
Ufiaaumslfinses (WI-RES-XRF-001) mummgmmiﬂﬁﬁﬁmﬁmswﬁﬁu Tﬂaqué
113090 IMNAANT UMIINOEeFIVAIUASUNS
=~ P s Ay N ] A A
6) MAUATILHBINUTLNOUNMAUATAIY INAUANITNATOUAAT DINONAT D
< a
mncﬁwéﬂgamsm«mﬁ mﬂﬂimuma{ (X-Ray fluorescence spectrometer, PHILIPS PW2400)
BMINATOUDINY WI-RES-XRF-001 118z WI-RES-XRF-002 awu1asgiumsigians

a Ia 4 4 a 4 a [ a 4
Ansiziau TasgudiniesloIneimnans unINGIAsAVAIUATUNS
d
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voausluau TasgudiniosioInnmans v Inedodsvaiunsuns
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3.3.5 ﬂ1§i’lﬂ‘lel1f’Nﬂﬂﬁ%ﬂf’)ﬂﬂN!ﬂNﬂlﬂﬁ!ﬂH!ﬂﬁﬂ!!ﬁ%!ﬂ1113~l£l1\11/‘|1§1
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A A a3 J J a 4 ad
spectrometer Lﬂiﬂ\‘lllﬂ‘ﬂﬂﬁﬂll&ﬂﬂcﬁtiﬂwgﬂﬂliﬁ!%uﬁ ﬁlﬂﬂi@]imm@i (PHILIPS PW2400) 95013
a a wva a Ia
ﬂﬂﬁ@‘ﬂéjﬁﬂi WI-RES-XRF-001 tiag WI-RES-XRF-002 ﬂWHMW@IiﬂWHﬂWiﬂQ‘UﬁﬂWi'JLﬂiWEﬁ@]u

4 4 a 4 a Y a 4
Iﬂﬂﬁuﬂ&ﬂgﬂﬂﬁﬂﬂﬂGWﬁWﬁﬂi UNIINIAYTIVATUATUNT
a d Y Y Y £2
3.3.6 'J!ﬂi13‘i"iiﬂﬁ\‘1ﬁi1ﬂi}aﬂ1ﬂﬂlﬂﬁ!ﬂ1!!ﬂaﬂ!!ﬁ$!ﬂ1113~l£l1\‘11/‘l151

msﬁmgﬂmm%’wnammﬁmﬂumsﬁnyﬂmaa%’wﬁugmmaﬁmﬁﬁm1
UspdgsandeanummnzaumegUiuazravesgilielumsinal §azer matdansnado
anManIIAiBidnaso Ul IEINTIA (JSM-5800LV, JEOL) 33mMInaaausIans wi-
RES-SEM5800-001 a2 WI-RES-SEM-001 9019 NA®Y High Vacuum mode ANNIATTIU

a wa a Ia J 4 a J a @ a J
mylfiamsinsziau TasguiniesloImemdns UM1INGAIAIUAIUATUNS
3.4 MsnageuaNTAMIMeMNIazBInaveIRurigIsouaIvaInsditiaslulse
3.4.1 MINATRVANTANIMENN
1) MINAFAOVMIANUDNIUNIE (Specific Gravity) MUWIATFIU ASTM D 854
2) MINAFOUMNNAKAT (Liquid Limit) ttazmwnanaliadan (Plastic Limit)
MUNIATFIU ASTM D 4318
3.4.2 MINATBUNSVADA
ﬂ”li‘i/]ﬂﬁi’]ﬂﬂ1§ﬂﬂ5ﬂl!ﬂﬂﬂ1@]i§1u (Standard Compaction Test) AINUIATIIU
] 4
ASTM D 698 1011A1 AUHUIMHULRIGIA (Maximum Dry Density) #az1/3uianuiu

Mm@y (Optimum Moisture Content, OMC) 1 1% lumsnssudiedralunndasidiums

way N1 lumsnageumInaao U838 ALAIAY) (Unconfined Compression Test) M3INAXDY
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@ 1 a 4 v
AsIEINLsUNMULUUunaesiie (California Bearing Ratio, CRB) HagNAa2UdANINTY

Y
111 (Consolidation Test)
3.4.3 MINAADUMAWDAUNUALD

MINATDUMAIWDAUNUAYD MIUVINTFIU ASTM D 2166 N3IATINAIDYEN
I o 1 1< % 1 { . o
Tumsnageuilumsmisnding1annmsnuaIegauuunlasuan1n (Disturbed Sample) 111
v Yy Y o =q 9 o
wwauanautaza Iemnawasnuilslumsuadauuuniaggiu (Standard Proctor)
Y 1
AWUIATTIU ASTM D 698 Tumsia3oudaedieez 1diSuaningamunz augega (OMC) 1u
% 1 [~ [ o w (% 1 1
a1ed1lual 17 14 28 tag 56 Tumud1ay lunndasidiumsnan uaaznitinadoy
@ ] i a L4 1 o o w 1 @ ] .. 1
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= d’ a oA . . a =\ dd‘ [ va 9 9
IAT8ANYAINA (Strain at Failure) YoaAUHHeIadavaInsainsulgeauiiadiaamnan uas

9 9
it Ideaman
(Y] 1 a d Ao
3.4.4 MINaadUdATIAIUUTIUIMULUVuAaa ST

@ a 4

MINATRUIAIWIWUNMULDULAANDSIHY (California Bearing Ratio Test,

Y 1 I @ 1
CBR Test) @1U11A511 ASTM D 1883 M3a3g1uA10819 Taamsnadouilunsing suaioe1

A ° ¥ Y Y o =q 9 o
suunldsugnmisaudwnavuazid ldersmns wasnunldlumsuasauuouiasgiu
Y 1
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3.4.5 MSNATOUNITOANINYH

Y
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@ ll a 09; { § 1w ' S
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M 4.7 auifanameniniaziFInaveIause i HeldavaInoutas a1y

21gM3 USana (Tt fasdauny | lugaaves ana3uadi
deydnwal Ity Aty | smiinsawn | @, ucs Anudatgy | 9a3ln €,

Al DAl g/m*[ ] icse. ] E,, ksc.[] %]
0 28.76 1503 0.47 4.83 12.88
7 28.73 1501 0.48 4.72 12.68
SC 14 28.71 1508 0.49 4.99 12.71
28 28.70 1503 0.51 5.14 12.80
56 28.59 1509 0.51 5.16 12.84
0 28.17 1416 0.49 5.53 13.04
7 28.43 1414 0.59 5.52 13.12
RHAS5SC95 14 27.81 1457 0.88 9.84 13.06
28 27.74 1414 0.92 25.49 13.01
56 27.66 1442 1.10 26.11 12.91
0 29.11 1294 0.55 5.25 13.54
7 29.02 1309 0.60 5.81 13.40
RHA10SC90 14 28.91 1335 0.96 11.43 13.30
28 28.84 1330 1.11 26.92 13.15
56 28.75 1350 1.21 30.12 13.02
0 31.14 1245 0.61 5.96 14.62
7 31.06 1283 0.72 6.04 14.21
RHA15SC85 14 30.84 1295 1.05 12.02 14.04
28 30.84 1317 1.22 27.61 14.00
56 30.65 1326 1.30 30.56 13.92
0 32.20 1235 0.67 6.27 14.79
7 32.12 1241 0.75 6.08 14.51
RIA05CS0 14 32.00 1248 1.11 12.48 14.22
28 31.87 1256 1.34 28.43 14.11
56 31.72 1287 1.41 32.89 13.94
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MIN 4.7 duianemenInLaziFInaveIaues U lsaavaIneutas naliuly (e L

21gM3 USana (Tt fasdauny | lugaaves ana3uadi
deydnwal Ity mdu | smiinsawn | @en ucs Anudatgy | 9a3ln €,

Al DAl g/m*[ ] icse. ] E,, ksc.[] %]

0 34.02 1224 0.72 6.60 15.94

7 33.82 1217 0.79 6.70 15.61

RHA25SC75 14 33.60 1227 1.18 13.46 15.24
28 33.45 1231 1.43 29.03 15.11

56 33.32 1234 1.49 33.24 15.08

0 35.55 1219 0.77 7.21 16.11

7 35.34 1221 0.85 6.85 16.04

RHA30SC70 14 35.26 1224 1.23 15.48 15.89
28 35.12 1227 1.61 30.51 15.79

56 35.00 1230 1.70 35.00 15.61

0 36.43 1139 0.89 8.02 16.98

7 36.31 1145 0.99 7.95 16.71

RHA35SC65 14 36.12 1201 1.28 21.34 16.62
28 36.01 1173 1.82 31.21 16.44

56 35.88 1178 1.89 41.02 16.26

0 36.81 1118 1.12 15.44 17.41

7 36.71 1130 1.23 13.71 17.22

RHA40SC60 14 36.62 1138 1.35 30.67 17.09
28 36.52 1144 1.93 35.08 16.83

56 36.41 1142 2.08 44.53 16.74

0 41.56 1086 1.09 10.40 18.21

7 41.38 1096 1.14 12.39 18.01

RIA0SC0 14 41.21 1107 1.47 23.32 17.86
28 41.11 1101 1.87 9.98 17.71

56 41.00 1117 1.92 41.87 17.57
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MIN 4.7 duianemenInLaziFInaveIaues U lsaavaIneutas naliuly (e L

21gN3 IEFTL Wi Mdewdaunu | Tugdaves ana3uadi
deydnwal U mwdy | simiinsawn | e ues Anudangy | 9aDR €,
Al %! ] kg/m®[ ] icse. ] E,, ksc.[] %]
0 28.71 1467 0.49 5.20 12.57
7 28.63 1470 0.52 4.37 12.21
RWAS5SC95 14 28.51 1465 1.00 18.38 12.11
28 28.41 1464 1.10 21.24 11.92
56 28.33 1471 1.21 21.79 11.86
0 28.43 1359 0.52 5.92 11.99
7 28.33 1376 0.55 4.88 11.80
RWA10SC90 14 28.16 1386 1.14 20.84 11.64
28 28.02 1379 1.20 24.17 11.47
56 27.93 1350 1.29 29.41 11.21
0 28.36 1343 0.68 6.25 10.94
7 28.21 1370 0.89 7.85 10.71
RWA15SC85 14 28.04 1380 1.21 24.21 10.62
28 2791 1371 1.27 27.96 10.55
56 27.62 1349 1.34 36.00 10.43
0 28.20 1330 0.76 14.96 10.44
7 28.02 1366 0.96 11.40 10.20
RWA20SC80 14 27.92 1375 1.69 30.05 10.05
28 27.74 1360 1.72 31.65 9.98
56 27.62 1335 1.80 44.04 9.86
0 27.98 1320 0.84 19.27 9.57
7 27.86 1352 1.16 16.06 9.02
RWAZSSETS 14 27.69 1362 1.75 38.69 8.66
28 27.54 1348 1.82 33.91 8.46
56 27.42 1305 1.91 48.55 7.61




105

MIN 4.7 duianemenInLaziFInaveIaues U lsaavaIneutas naliuly (e L

21gM3 Bina | mhetihmin | fidaSaun Tugdaves Amua3oadi
deydnwal Ity Ay 39U R UCS | anmdangy | 903U €,
Al %! ] kg/m®[ ] cse. ] E,, [Ksc.[ ] %]
0 27.74 1315 0.93 19.39 8.35
7 27.67 1345 1.20 18.12 8.03
RWA30SC70 14 27.51 1338 1.81 40.21 7.83
28 27.29 1333 1.94 62.04 7.77
56 27.15 1297 2.02 65.84 6.86
0 27.52 1310 1.04 23.17 7.21
7 27.41 1338 1.3 28.38 6.76
RWA35SC65 14 27.29 1334 1.88 43.09 6.12
28 27.09 1313 2.02 84.64 6.04
56 26.94 1235 2.11 97.85 5.26
0 27.41 1300 1.14 50.00 5.47
7 27.13 1321 1.32 45.83 4.71
RWA40SC60 14 27.01 1310 1.92 45.14 4.22
28 26.89 1308 2.12 104.40 4.15
56 26.75 1229 2.31 111.23 4.06
0 27.08 1288 1.01 42.03 5.41
7 26.88 1306 1.10 23.40 4.28
RWAS50SC50 14 26.74 1303 1.81 37.12 4.08
28 26.54 1287 1.54 56.25 4.01
56 26.40 1198 1.64 61.65 3.84
0 28.46 1278 0.56 52 12.57
7 28.34 1295 0.79 11.83 12.31
RIASRWAS 14 28.24 1351 1.07 19.93 12.05
28 28.11 1352 1.19 23.34 11.96
56 28.01 1343 1.28 25.71 11.88
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MIN 4.7 duianemenInLaziFInaveIaues U lsaavaIneutas naliuly (e L

213 Bana | wiheimifn | fidesaun Tugdaves ana3uadi
deydnwal U Ay 39 @I UCS | anmdangy | 9a3UR €,
Al %] g/m’[ ] Kse.| ] E,, ksc.[] %]
0 28.66 1330 0.64 9.47 11.84
7 28.51 1328 1.03 22.54 11.61
RHAS5RWAL10 14 28.38 1324 1.54 29.66 11.32
28 28.21 1308 2.16 71.14 11.15
56 28.11 1303 2.28 82.46 11
0 29.11 1300 0.59 7.05 12.21
7 29.04 1295 0.89 18.09 12
RHA10RWA5 14 28.28 1290 1.18 21.08 11.74
28 28.62 1285 1.98 52.24 11.68
56 28.51 1280 2.05 59.77 11.41
0 28.61 1327 0.81 10.48 11.36
7 28.51 1332 1.15 17.52 11.15
RHA5RWALS 14 28.40 1334 1.70 25.76 11.09
28 28.30 1354 1.96 67.12 7.32
56 28.22 1358 2.11 70.67 7.01
0 30.22 1271 0.72 11.00 12.82
7 30.11 1274 0.90 14.00 12.72
RHAI10RWA10 14 30.01 1301 1.61 23.64 12.04
28 29.84 1295 1.72 26.67 11.88
56 29.72 1301 1.82 69.34 10.44
0 31.44 1259 0.52 7.56 13.07
7 31.36 1245 0.88 8.69 13
RIALRWAS 14 31.24 1269 1.14 12.28 12.88
28 31.08 1285 1.39 21.00 12.68
56 30.98 1292 1.46 32.13 12.53
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MIEN 4.7 duianemenInLazIFInaveIaues U lsaavaIneutas a1l ulye (e L

21gM3 Bina | wheimitn | fidesaun Tugdaves amna3uadi
deydnwal Ity Ay 39 @I UCS | anwdavdy | 9a3lR €,
Al %! ] g/m’[ ] ksl | E,, ksl | %! ]
0 28.61 1308 0.91 12.81 11.22
7 28.28 1303 1.23 20.59 11.08
RHAS5RWA20 14 28.10 1298 2.11 23.18 9.14
28 27.89 1293 241 63.66 7.04
56 27.74 1289 2.62 94.05 6.81
0 28.84 1300 0.98 15.24 11.91
7 28.69 1284 1.52 48.86 10.80
RHA10RWAL15 14 28.54 1279 2.42 50.21 7.55
28 28.42 1273 2.95 77.84 6.14
56 28.30 1269 3.10 121.83 5.66
0 29.38 1281 0.83 13.08 12.86
7 29.22 1277 1.04 17.07 12.74
RHA15RWAI10 14 29.06 1263 1.96 46.08 12.61
28 28.91 1257 2.12 54.23 11.32
56 28.80 1251 2.64 81.88 8.87
0 32.03 1244 0.64 10.52 13.42
7 31.92 1268 0.96 14.55 13.30
RHA20RWAS5 14 31.74 1254 1.06 33.62 13
28 31.61 1249 1.88 31.37 12.84
56 31.51 1235 2.22 62.75 10.14
0 28.88 1334 0.88 10.71 11.01
7 28.76 1328 1.66 21.77 9.87
RIASRWAZS 14 28.58 1350 2.38 39.27 8.88
28 28.41 1371 2.54 61.93 7.94
56 28.24 1362 2.65 58.84 6.58
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MIEN 4.7 duianemenInLazIFInaveIaues U lsaavaIneutas a1l ulye (e L

21gM3 Bina | mbemimitn | fidssaun Tugdaves ana3uadi
deydnwal Ity Ay 39 @I UCS | anwbavdy | 9a3lR €,
Al %! ] kg/m®[ ] Kse.| ] E,, ksc.[] %]
0 29.67 1271 1.16 15.09 12.09
7 28.63 1307 1.96 27.22 9.21
RHA10RWA20 14 28.52 1318 2.95 54.44 8.11
28 28.34 1351 3.08 78.22 7.23
56 28.20 1350 3.12 65.72 6.79
0 30.54 1326 1.10 14.29 12.88
7 30.36 1286 2.24 32.94 12.70
RHA15RWAL5 14 30.22 1294 2.45 47.10 12.52
28 30.08 1314 2.84 49.77 10.48
56 29.93 1304 291 60.67 10
0 33.18 1225 1.07 12.02 13.11
7 33.01 1246 1.54 17.78 13
RHA20RWA10 14 32.92 1251 2.21 32.45 12.8
28 32.74 1268 2.51 26.87 12.55
56 32.61 1278 2.55 36.99 10
0 34.03 1206 0.79 6.87 13.98
7 33.86 1230 1.15 10.46 13.73
RHA25RWAS5 14 33.69 1230 1.45 16.15 13.54
28 33.51 1244 1.52 17.13 12.9
56 33.40 1248 1.64 18.81 11.12
0 30.03 1296 0.71 26.41 10.82
7 29.89 1292 1.67 42.63 10.08
RIASRWAID 14 29.74 1282 2.05 75.44 7.26
28 29.51 1262 2.81 64.54 6.78
56 29.40 1255 2.54 97.87 6.55
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MIEN 4.7 duianemenInLazIFInaveIaues U lsaavaIneutas a1l ulye (e L

21gM3 Bina | mbemimitn | fidssaun Tugdaves ana3uadi
deydnwal Ity Ay 39 @ UCS | anudavigy | 9a30A €,
Al %! ] kg/m®[ ] Kse.| ] E,, ksc.[] %]
0 30.79 1277 0.98 32.81 12.02
7 30.61 1247 2.02 56.44 9.41
RHA15RWA20 14 30.42 1242 2.89 83.87 6.82
28 30.22 1239 3.06 92.61 5.84
56 31.10 1234 3.22 134.44 5.71
0 31.98 1241 0.81 24.04 13.93
7 31.81 1240 1.42 31.34 13.40
RHA20RWAL15 14 31.65 1234 2.14 39.69 12.18
28 31.51 1221 2.76 44.54 10.07
56 31.39 1212 2.84 94.08 9.86
0 33.75 1210 0.62 16.41 14.12
7 33.62 1231 1.06 27.44 14
RHA30RWAS 14 33.55 1227 1.94 30.45 13.8
28 33.52 1200 2.22 35.67 12.44
56 33.42 1193 2.14 61.14 11.89
0 29.48 1321 1.21 25.45 9.39
7 29.32 1332 1.94 29.21 9.21
RHAS5RWA35 14 29.10 1321 2.85 79.88 6.17
28 29.00 1334 2.94 91.23 6.06
56 28.88 1326 2.98 89.17 5.36
0 29.81 1259 1.36 29.38 9.80
7 29.72 1254 2.64 42.71 8.79
RIAIORWASO 14 29.54 1275 3.26 86.24 6.09
28 29.48 1279 341 121.09 5.98
56 29.34 1318 3.49 115.11 5.58
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MIN 4.7 duianemenInLaziFInaveIaues U lsaavaIneutas naliuly (e L

21gM3 Bina | mbemimitn | fidssaun Tugdaves ana3uadi
deydnwal Ity Ay 39 @0, UCS | anwdavigy | 9a3DR €,
| Rgm'] | ke[l | B Meel] | %[
0 32.10 1197 1.24 26.07 13.74
7 32.02 1245 2.46 38.46 11.32
RHA20RWA20 14 31.89 1241 3.14 58.15 9.59
28 31.70 1256 3.23 113.53 9.34
56 31.58 1304 3.34 83.33 5.95
0 35.12 1136 1.06 15.90 14.85
7 35.02 1180 1.52 14.05 14.00
RHA30RWAI10 14 34.84 1202 2.26 29.58 12.64
28 34.64 1211 2.61 86.84 12.03
56 34.51 1257 2.68 35.35 8.79
0 36.24 1122 0.81 7.05 15.22
7 36.11 1149 1.48 13.86 14.90
RHA35RWAS5 14 36.00 1137 2.17 21.58 14.18
28 35.80 1188 2.46 65.46 13.82
56 35.71 1206 2.65 15.74 13.64
0 30.48 1261 1.10 31.26 9.52
7 30.32 1270 2.38 66.48 8.26
RHA10RWA40 14 30.21 1287 3.07 86.51 7.76
28 31.11 1277 4.64 181.75 2.77
56 30.05 1302 3.02 40.16 2.18
0 32.81 1206 1.72 34.95 10.46
o 7 3261 1212 311 100.65 9.01
RIA20RWASO 14 32.47 1256 3.80 178.01 6.22
28 32.37 1245 5.39 249.46 2.27
56 32.20 1277 5.52 267.96 2.04
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MIN 4.7 duianemenInLaziFInaveIaues U lsaavaIneutas naliuly (e L

21gM3 Bina | mbemimitn | fidssaun Tugdaves ana3uadi
deydnwal Ity Ay 39 @0, UCS | anwdavigy | 9a3DR €,

Al %! ] kg/m®[ ] Kse.| ] E,, ksc.[] %]

0 34.59 1164 1.35 24.47 12.54

7 34.33 1177 2.83 38.59 12.00

RHA25RWA25 14 34.28 1206 3.72 71.54 11.06
28 34.04 1221 4.41 131.55 5.05
56 33.91 1239 4.61 136.68 5.01

0 36.34 1141 1.22 12.99 13.68

7 36.12 1141 1.36 14.75 13.08

RHA30RWA20 14 35.94 1169 2.88 43.50 12.00
28 35.81 1188 3.15 65.69 6.38

56 35.70 1192 3.21 77.03 5.18

0 38.88 1101 1.11 11.36 14.88

7 38.74 1124 1.27 13.04 14.00

RHA40RWA10 14 38.50 1117 2.46 32.45 13.21
28 38.38 1129 2.93 25.39 7.97

56 38.26 1161 3.02 40.16 7.18
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Equation )
Regression Equation R
Model
Linear | UCS=0.002PI-2.422Gs.+0.006 y -0.194 @ +0.021T+0.108RHA 0.629

+0.064RWA+2.687

Y v o d 1 @ J a1 a 4 @ 1
ﬂ1§1\1ﬁ 4.16 ANUAUNUTUDIAN E,) NUATNUANN ('Jlﬂﬁ'lgﬂﬂ'lﬂiﬁhﬂﬂ@ﬁi'lﬁ]u []

Equation ,
Regression Equation R
Model
Linear E,=0.086PI-58.216Gs.-0.125 y -7.116 @ +0.846T+3.006RHA 0.724
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”mu anyal Regression Equation R’
SC UCS=1.012 y,+0.006 @ +0.001T+0.292 1.000
RHASSC95 UCS=0.002 y ,-0.276 @ +0.007T+5.370 0.783
RHA10SC90 | UCS=-0.001y ,-2.742 @ -0.003T+82.087 0.850
RHA15SC85 | UCS=-0.002 y,-1.592 @ -0.002T+50.109 0.994
RHA20SC80 | UCS=-4.431 w-0.015T 0.966
RHA25SC75 | UCS=0.008 y,-0.600 @ +0.001T 0.946
RHA30SC70 | UCS=0.006y ,-867 @ -0.004T+24.351 0.886
RHA35SC65 | UCS=0.008 y -3.579 @-0.010T+139.914 0.873
RHA40SC60 | UCS=0.077y -10.994 @ -0.020T+491.968 0.963
RHA50SC50 | UCS=-0.049 y . -1.988 w -0.022T-136.435 0.998
RWASSC95 | UCS=-0.029 y,-1.636 @ +0.004T+90.031 0.895
RWAI10SC90 | UCS=-0.006y ,-3.497 @-0.019T+108.322 0.797
RWAI158C85 | UCS=0.002 ¥, -1.485 @ -0.003T+40.574 0.950
RWA20SC80 | UCS=0.006y,-1.862 w+45.670 0.966
RWA25SC75 | UCS=0.004 y ,-2.532 @ -0.005T+66.674 0.907
RWA30SC70 | UCS=0.006y , -2.540 @ -0.006T+64.041 0.714
RWA35SC65 | UCS=0.004 y -2.500 @ +64.227 0.761
RWA40SC60 | UCS=0.001y, -1.519 @ +0.006T+41.430 0.648
RWAS0SC50 | UCS=-0.071y ,-17.699 @ -0.320T+572.015 0.633
RHASRWAS | UCS=0.003 7 ,-1.265 @ -0.001T+32.709 0.987
RHASRWAI10 | UCS=-0.015y,-3.376 ®-0.011T+116.891 0.991
RHA10RWAS | UCS=-0.011y ,-2.375 @ -0.003T+83.626 0.863
RHASRWAILS | UCS=-0.006y ,-5.019 @ +152.423 0.989
RHA10RWA10 | UCS=+0.021 y ,-2.426 @ -0.012T+47.452 0.998
RHA15RWAS | UCS=-0.009 y ,-3.935 @ -0.011T-135.021 0.968
RHASRWA20 | UCS=-276 y ,+2.710 ®-0.022T+284.079 0.959
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ﬁt’gﬁlﬂﬂﬂi Regression Equation R’
RHA10RWAI1S5 | UCS=0.027y ,-8.45 @ -0.028T+209.528 0.988
RHA15RWA10 | UCS=-0.043 y,+0.039 @ -0.010T+53.971 0.999
RHA20RWAS | UCS=0.001 y, +2.595 @ -0.083T-83.724 1.000
RHAS5RWA?25 | UCS=-0.024 y . -8.962 @ -0.059T+291.388 0.998
RHAT0RWA20 | UCS=0.016 y,-0.555 @ -0.002T-3.262 0.602
RHAI5SRWA1S5 | UCS=-0.008 y,-4.678 @ -0.022T-155.218 0.938
RHA20RWA10 | UCS=-0.065y -12.071 @ -0.036T+481.733 0.910
RHA25RWAS | UCS=0.004 y . -1.564 @ -0.006T+49.622 0.851
RHASRWA30 | UCS=0.040 y -8.521 @ -0.03T+202.216 0.947
RHA15RWA20 | UCS=-0.023 y -3.145 @ -0.017T+127.577 0.937
RHA20RWAI1S5 | UCS=-0.018 y, -4.622 @ -0.022T+171.090 0.996
RHA30RWAS | UCS=-0.034y -13.492 @ -0.062T+497.580 0.935
RHASRWA35 | UCS=-4.989 @ -0.023T-149.484 0.985
RHAT0RWA30 | UCS=-040y ,-8.218 @ +0.008T+297.076 0.879
RHA20RWA20 | UCS=-0.028 7, -6.795 @ -0.080T+186.241 0.793
RHA30RWA10 | UCS=0.008 y ,-3.808 @ -0.029T+125.926 0.990
RHA35RWAS | UCS=-0.013 ,-6.196 @ -0.008T+240.606 0.909
RHA10RWA40 | UCS=-0.114 y  -16.659 @ +0.024T+652.142 0.860
RHA20RWA30 | UCS=0.0.22 7 ,-10.555 @ -0.014T+374.032 0.865
RHA25RWA25 | UCS=0.032y  -4.454 @ -0.041T+117.993 0.966
RHA30RWA20 | UCS=0.037y ,-1.714 @ -0.018T+21.705 0.907
RHA40RWA10 | UCS=0.022 y  -4.106 @ +0.013T+185.134 0.997
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”mu anyal Regression Equation R’
SC E;,=0.018  ,-0.228 @ +0.012T-16.457 0.771
RHASSC95 E;,=-0.230 y -20.635 @ +0.270T+914.843 0.920
RHA10SC90 | E=-0.638 y -157.809 @ +0.094T+5422.691 0.877
RHAI15SC85 | E=-0.053 7 -37.322 @ +0.237T+1230.586 0.617
RHA20SC80 | E,;=-2.215y,+51.625 ® +2.903T+1083.265 0.966
RHA25SC75 | E,;=0.529 y ,+60.379 @ +0.695T-2668.972 0.646
RHA30SC70 | E;=0.216 7, +53.180 @ +0.674T-2127.548 0.886
RHA35SC65 | E;,=0.090 y ,+27.31 @ +0.668T-1081.601 0.873
RHA40SC60 | E,=-5.504 y -487.52 @ -0.575T+24145.130 0.663
RHAS0SC50 | E,=1.226 y ,+172.581 @ +1.162T-8467.935 0.668
RWASSC95 | E,;=1.184y -34.454 0 +0.141T+2731.301 0.893
RWAI10SC90 | E,;=3512.033 ,-0.318 @ -108.117T+3512.033 0.837
RWAI15S8C85 | E;=0.271y,-95.66 @ -0.380T+3083.206 0.865
RWA20SC80 | E;;=0.020y ,-14.747 @ +0.412T +401.480 0.666
RWA25S8C75 | E;;=0.164 y -83.662 @ -0.371T+2576.316 0.907
RWA30SC70 | E;,=-0.195y,-166.800 @ -0.994T+4904.255 0.998
RWA35S8C65 | E;,=-0.485y,-300.107 @ +2.426T -8918.315 0.980
RWA40SC60 | E,=1.922y +321.318 @ +7.355T-11257.031 0.969
RWAS0SCS50 | E;;=4.783 y -1046.986 @ -19.988T+34552.093 0.607
RHASRWAS | E,=0.088  -37.035 @-0.044T+947.089 0.987
RHASRWAI10 | E,=2.162y -33.497 @-0.090T+3845.221 0.984
RHA10RWAS | E,=0.033 7, -61.420 © +0.314T+1752.99 0.755
RHASRWAILS | E,=2.159 y  -18.434 @ -0.222T+2327.961 0.988
RHAI10RWAI10 | E,=+0.450 y ,+114.122 @ +1.882T-230.707 0.998
RHAI5RWAS | E;=0.104 y  +3.395 @ +0.412T+2530.658 0.982
RHASRWA20 | E,=-3.129 y ,+55.005 @ +1.300T+2530.658 0.853
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ﬁt’gﬁlﬂﬂﬂi Regression Equation R’
RHA10RWALS | Ej=-1.247y  +69.565 @ +1.840T-367171 0.916
RHA15RWAI10 | E;=-1.422y +37.766 @ +0.876T+724.828 0.996
RHA20RWAS | E;=-0.137 y  -23.074 @ +0.641T+920.876 0.725
RHASRWA2S5 | E;=0.304 y -114.239 @ -0.604T+2904.748 0.957
RHAT0RWA20 | E,=1.319 y +24.110 @ -0.306T-2377.280 0.774
RHAI5SRWAI1S | E,=-0.150 7 ,-90.610 @ -0.217T+2979.453 0.964
RHA20RWAI10 | E,=-0.879  -138.166 @ -0.190T+5675.055 0.938
RHA25RWAS | E,=-0.072y -31.850 @ -0.103T+1178.627 0.884
RHASRWA30 | E,=3.343 7 -272.346 @ +0.707T+3869.061 0.701
RHA15RWA20 | E,;=-0.541 y  -26.571 @ +1.060T+1540.884 0.926
RHA20RWALS | E,=1.616 y +19.759 @ +2.313T-2614.477 0.976
RHA30RWAS | E,=0.381y,+42.647 @ +1.665T-1884.067 0.999
RHASRWA35 | E;=-0.698 y -194.147 0 -0.736T+6665.053 0.824
RHAT0RWA30 | E,=0.810 y,-309.998 @ -0.015T+10282.129 0.761
RHA20RWA20 | E,=-0.112y  -387.319 @ -2.325T+12591.638 0.869
RHA30RWAI10 | E,=-0.899 y  -374.647 @ -1.826T+14198.86 0.727
RHA35RWAS | E,=0.478 y ,-232.04 @ -2.595T+7871.624 0.611
RHA10RWA40 | E,=-5.210y  -618.280 @ +2.855T+25423.714 0.949
RHA20RWA30 | E,=-2.139 7 -624.474 @ +0.746T+23076.188 0.847
RHA25RWA25 | E,=1.122 y -110.063 @ -0.460T+2507.898 0.862
RHA30RWA20 | E,=0.967 y, +0.804 @ -0.072T-1119.527 1.000
RHA40RWAI10 | E,=-0.179 7 ,-37.371 @ +0.255T+1661.516 0.717
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uf,’g anyal Regression Equation R’
SC &, =-0.003 y +0.082 @ +15.680 0.632
RHASSC95 &, =0.001 y +0.094 @ -0.002T+9.649 0.703
RHA10SC90 | &, =0.003 y ,+1.697 @-0.001T-39.679 0.992
RHA15SC85 &, =0.010,+0.139 @ -0.004T+22.952 0.859
RHA20SC80 | &, =-0.027y +4.138 @ +0.046T 0.944
RHA25SC75 &y =-3.321X10" ¥, +1.908 @ +0.009T 0.995
RHA30S8C70 | &, =0.002y +0.248 @ -0.005T+9.196 0.999
RHA35SC65 &, =0.002y, +1.568 @ +0.002T-43.043 0.904
RHA40SC60 | &, =0.017y +4.272 @ +0.009T-159.120 0.981
RHA50SC50 | &, =-0.015y +1.576 @-0.010T-63.689 0.852
RWAS5SC95 &, =0.044 y +4.306 @ +0.020T-46.805 0.957
RWAIOSC90 | &,=0.001y,+0.761 @-0.006T-11.195 0.999
RWAISSC85 | &, =0.004y +0.177 @ -0.007T+11.663 0.992
RWA20SC80 | &, =-0.003  +0.769 @ -0.003T-7.670 0.943
RWA258C75 | &, =0.013 y-1.600 @-0.054T+71.424 0.977
RWA30SC70 | &, =-0.005y -1.593 @ -0.044T+58.674 0.917
RWA355C65 | &, =0.011y -1.043 @-0.061T+50.484 0.844
RWA40SC60 | &, =0.006  +5.373 @ +0.041T-149.916 0.995
RWAS50SC50 | &, =-0.110y-20.272 @ -0.449T+695.904 0.777
RHASRWAS | &, =0.004y +1.235®-0.001T-17.895 0.970
RHA5SRWAIO0 | ¢, =-0.003 y +1.959 @ -0.003T-39.864 0.968
RHATORWAS | ¢, =-0.052y-0.076 @ +0.004T-53.625 0.947
RHASRWAILS | ¢, =-0.221y -5.640 @ +0.003T+466.433 0.989
RHATORWAIO | &, =-0.023  -3.603 @ -0.062T+151.036 1.000
RHAISRWAS | &, =0.005y  +1.323 @-0.003T-35.271 0.951
RHASRWA20 | &, =1.034y -14.082 @ +0.052T-938.031 0.954




189

Y v o d 1 @ 1 a1 a 4 1 @ 1 1
msnﬁ 4.19 ANUTUNUDTUDIAN &y NUATNUNNNG (UATIZUUSNUNALDAITINIU E%D

ﬁt’gﬁlﬂﬂﬂi Regression Equation R’
RHAIORWALS | &,=-0.111y +28.338 @ -0.098T-660.476 0.936
RHAISRWALO | £,=0.015y -2.379 @-0.105T+102.325 0.987
RHA20RWAS | €,=0.004y +4.259 @-0.095T+144.241 0.898
RHASRWA2S | £,=0.021y +8.736 ®-0.010T-269.431 0.999
RHAIORWA20 | &,=-0.024y +2.067 @ -0.005T-18.693 0.961
RHAI5SRWALS | £,=0.028 y +4.200 @ -0.015T-78.150 0.811
RHA20RWAL0 | &,=-0.061y -12.068 @ -0.120T+448.013 0.982
RHA25RWAS | €,=-0.001y -1.820 @ -0.070T+76.242 0.999
RHASRWA30 | €,=0.073 y +16.741 @ +0.056T-397.596 0.714
RHAISRWA20 | &,=0.037y +11.917 @ -0.64T-402.589 0.966
RHA20RWALS | &,=0.178 y +4.362 @ +0.067T-346.601 0.995
RHA30RWAS | £,=0.039 7 +5.952 @ +0.008T-233.534 0.941
RHASRWA35 | £,=0.071y +10.271 0 +0.027T-387.294 0.940
RHAI0RWA30 | &,=0.001y +17.650 @ +0.073T-515.342 0.999
RHA20RWA20 | &,=-0.047y +4.846  +0.001T-85.835 0.851
RHA30RWAIO | &,=-0.018y -1.146 @-0.084T+75.342 0.959
RHA35RWAS | £,=0.013 y +5.269 @ +0.002T-190.309 1.000
RHATORWAA40 | &,=0.261y +22.871 -0.155T-1016.439 0.866
RHA20RWA30 | &,=0.017y +17.460 @ -0.003T-582.061 0.625
RHA25RWA25 | &,=-0.019 y +8.748 @ -0.030T-266.863 0.766
RHA30RWA20 | &,=0.100 7 -9.460 @-0.177T+471.460 0.707
RHA40RWAIO | &,=0.054y +5.118 @-0.147T+243.763 0.657
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ABS[ RAC! The application research of rice husk ash (RHA), rubber wood ash (R [ |A) and both ash
combinations for Songkhla clay stabilization was performed. The clay specimen was replaced with RHA
and RLJA in proportion of 0, 5, 10, 20, 30, 40 and 50% by dry weight of soil and the mixtures were
stabilized in control ambient for a period of 1, 7, 14, 28 and 5 [Hays. Atterberg limits, standard Proctor
compaction and unconfined compressive strength (UCS), California bearing ratio (CBR), consolidation
tests, X-ray diffraction and scanning electron microscope analysis were carried out on the RHA-R[ A
stabilized clay samples. Generally optimum moisture content and plasticity index of the treated clay
samples decreased and reduced the plasticity index with addition of RHA and RLIA. It was found that
the addition of 20% RHA and 30% R[ A obtained the maximum UCS of 540 kPa. [ lhile the optimal
stabilized clay specimen yielded 28-day CBR value about 21% and 7and 14-day pre-consolidation
pressures up to 15 and 820 kPa.

KEYWORDS: Songkhla clay, Rice husk ash, Rubber wood ash, California bearing ratio,
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Compressibility SC SC RHA20 RHA20
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) Uy 7 | vy 14U
P,(ksc) 0.50 | 230 L5 8.20
C, 0.271 0.490 0.3809 02701
C, 00025 | 0.0958 | 0.0445 | 0.03[[

P_ = Pre-consolidation Pressure; C_ = Compression Index

C, = Recompression Index
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Abstract

Stabilization of Songkhla clay (SC) is studied by
chemically using standalone rice husk ash (RHA),
rubber wood ash (RWA) and combinations were
partially replacement of 0, 5, 10, 20, 30, 40 and
50 wt.% SC at 1, 7, 14, 28 and 56 days curing
periods. Experimental investigation includes the
evaluation of such properties of the natural and
treated SC specimens as Atterberg limits, standard
Proctor compaction, unconfined compressive strength
(UCS), California bearing ratio, consolidation tests
and X-ray diffraction (XRD) and scanning electron
microscope analysis (SEM). Test results reveal
that both RWA and RHA reduce the plasticity of
SC. In term of compactability, addition of RWA
and RHA decreases the maximum dry density and
increases the optimum moisture content. From the
viewpoint of plasticity, compaction and California

bearing ratio characteristics for typical subgrade



materials, addition of 20% RHA and 30% RWA is
recommended as an optimum amount.
Keywords: Songkhla clay, Stabilizer, Rice husk

ash, Rubber wood ash, Subgrade materials
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