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Research Title: _Unconfined Compressive Strength of Base Layer Improved by Polymer

Researcher: Dr. Salisa Chaiyaput

ABSTRACT

Road construction, many soil improvement techniques are applied to increase the soil strength. The
one technique has wildly adopted, is called “soil cement”. Soil cement is adding cement in soil to improve
the engineering properties. On the other hand, the road construction by using soil cement presents the
crack problem due to cement has the brittle behavior. Polymer, high elastic modulus, is applied to solve
the brittle failure problem. Adding polymer to improve soil properties cannot affect to all type of soil.
Therefore, this paper analyses the effect of Portland cement and liquid polymer on crushed rock (treated
crushed rock), which not concern the soil stabilizer proportion, under soaked and unsoaked conditions
base on the California bearing ratio (C.B.R.) testing by comparing the results with the ordinary crushed
rock (treated crushed rock). Moreover, the unconfined compressive strength (UCS) was tested to
understand the strength development of crushed rock at 3 day, 7 day, and 28 day after the sample
preparation. The results revealed that the C.B.R. of untreated and treated crushed rock under soaked and
unsoaked conditions were positively correlated with dry density. Under the unsoaked condition, the
C.B.R. of untreated crushed rock was almost identical to that of treated crushed rock. Meanwhile, under
the soaked condition, the C.B.R. of treated crushed rock was twice as high as that of untreated crushed
rock. The swelling indices were 0% for untreated and treated samples. Furthermore, the UCS of treated
crushed rock was positively correlated to the curing time. Essentially, the concurrent use of Portland
cement and liquid polymer improved the strength of crushed rock and could effectively mitigate the post-

flood pavement damage.

Keywords : Polymer; CBR; Base; Pavement; Crushed rock , UCS
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(ﬁlﬂ : Peck ,1974)

Cohesive Soil (aumﬁ 87)

ALY SPT-N, Blows/foot Unconfined Shear Strength S = q,/2
Very soft <2 <125 t/m’

Soft 2-4 1.25-2.50 t/m’

Medium  4-8 2.50 —5.00 t/m’

Stiff 8-15 5.00 — 10.00 t/m’

Very Stiff  15-30 10.00 — 20.00 t/m’

Hard > 30 >20.00 t/m’
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ua o 1 14 Aa oA o A
msAnInuauianIUasaLazmMFtens ludeslfiamsduiunms Taenmssausmmanagouain
P ' o A { '
AUITS1INI vouunu nun el minadeuluauiwdniiunsilasenmsneddranianang
9 A 1o = @ o 1 = Y Aa ua Y I
Wuemy 2038 1ule 11y dunenies 3ardaveunny wamsane luresliamsuaaslvmiy
1 [ Y == 4 Y wady @ Yy 19 <3
Nanunuiundaaz o dmunsolszualaninauantianugiu ou'ldun Sesazues ia
a H 4 o w v Aa < [ 1
AUNHIUAZUNTUVDSF 200 LAZUATINAKAI HANITUADAAUITAAZIDEAAI8T0UADA Y aUIUT
dy Y 1 1 9 aa 4 A A g [ <
UFnaanNururzauLaad IR LN NV ILULTILasEi 015 Tua iyl A NN Lo IR Y

@

1AFan T IUIUNSINUBITOUADA ANMNTURUT TEHINANURU U ULRS 1Az T 013 AUT U

(43

a A vy 74 a = = ' ¥ o Y =
L‘VIEJ'J'NETW?J15’[,]“JJ53llTmhlﬂﬂ')ﬂﬁ\‘lﬂGIf‘Lla’E]ﬂﬂ'li“l/lMﬂuﬂﬁﬁu’)ﬂu'lﬂuﬂl!ﬁ\‘lg{lq@ NANITANHINIHUA
o é axy g v d‘d a a
u’lll'l“lf\‘l’J‘ﬁﬂ?ﬁ'ﬂﬂﬂﬂlmgﬂ'J‘]Jﬁ]llﬂ'lTlJﬂE]ﬂﬁluﬁu'liJﬂiJ‘]JiZﬁﬂ‘ﬁﬂWW
Y o = o v A =\ a A [
Juan (2013) I8v1M15/AnB1111 Ladle Furnace Slag Wwaunuaumiied 3 astia ieilsuilga

1]
v A

v Y a aldél 9= A . v A
ﬂmauummammmmmiwmu I@ﬂﬂmﬁuﬂﬁ%qﬂﬁﬂ‘lﬂﬂﬂ Compressive Strength, AY¥UAINY

e

<3| a v a 1 a o a 1w a o a
Lﬂuwmﬁmﬂ Hag NITUINAIDNTY W‘]J'J'l@ul'ﬂﬁfl')‘]/lil 3 “lfu@ﬂW’]“]J”f!Wa'lﬁ@lﬂlm3ﬂ15llﬂ]ﬂ@]')@ﬁi$
1 . A dﬂg d‘ = v A a
aAad A1 Compressive Strength U euMeunuAUIAN
Y =R o [ a =\ 1 A 1Y
Isaac (2013) llﬂﬁf‘lkﬂ“lﬂ EAF Slag UTWAUNUAUINUYI A-7-6 (5) 31NUB TN AN
[ Y
U113N8168 Covenant U521nA Nigeria 101U janun1n1davu Tasfnb1 Unconfined
Compressive Strength, C.B.R., Atterberg’s Limit Tag lawan1sfAny1I WauA1 EAF Slag 8% la
ﬂmﬁuﬂ’ﬁmmﬁugﬂﬁ’qﬁﬁﬁqﬂ Tagl@mA1921WuAT Unconfined Compressive Strength=66.7 kN/m”
1 I
itae C.B.R. unsoked =40% aAf1 Atterberg’s Limit 1u Liquid Limit= 6.3% ,Plastic Limit= 4.0%,
Plastic Index=2.3%
[ 1 4 14 4
Jaritngam et al, (2014) la@nu 1895182109 uF1wudodauaua (Portland Cement) #
Y ' 4 H
3%,5%,7%, 1Az 9% vosau Iaerinniin AUSuaaNusuRANe MU (Optimum Moisture Content)
1 o [ o 4 4 =} 1 [
NWUIN ami1mummﬂ”u%mumﬂeimmuﬂ (Portland Cement) 3% IWEANDADNITIVUITIVUIA 17.5

ksc #MUNIATIIU
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UNN 3

adA o

ABAUUUNITIVY

3.1 MINAADIMIVADAAY (Compaction Test)
3 {0 o o [l T I~ P
Uszmalnedulszmanmaavanndumsanuauuazvudas Tunazduilse Teanie
a Y A a VA I 9 v 1 dya) 1 1 a
MIAUNN MITAIVIY MTUINMST Lazmsaaaadods uau Jateaegmaitaivazyioaaasy

o a 3/ Qy P a [ a a
mMsiaIaNuTyyetlssmaniay Tasmwiznail sz Tesunazimanumisniyau Tanig

Y
a v o o

J o @ : I 1 %
IATHINY AatUMIHAIIAIUMIRoa 1Az ssnauuFailud uniianediuauuiay 3

Q

o A =2

I 2 o o o w o I v o @ v a
Wudsdiay narslasuanudraguazdriisduiusududuquesnsiaul msuasaau
. I a A @ va a Yo a ]
(Compaction) 1 u35Nd18Tun1sd 5l jegmaniidvesdu nazldasuanuionodianin

] 1 A I o 1 4
Tumsneade Taommwizauneadnlaoldauiluiaqou (Fill Material) 19U 91uloU TUDUY
a I Y A I @ va a
paz uauivty Judwtesnimdunisdivildge quaniianienavesau
Y an Y [ 1 9 1 A a 4
A2835N151RLIIINAT0UON LIIAINAID laun usanszunn wio usswvylauriing
A o a o9 YUa a v A X a 7w A
e laoimasenvinulaauildau Janumunsimnuiu Taeligadseaeanan 3 dszms Ao 1.
Y '
F0aAN1TNTAAIUDIFUALTUTLBZ017 (Decrease Future Settlements) 2. 1NANAINITONTNAIU
Y Y 4
fa9UDIAY (Increase Shear Strength) i1 1auT I MInUsINA TdNInAU Ay 3. aanuduii
Y0IAU (Decrease Permeability) N15UAsAAUIZ 1% 1T09tnsvuIalng @1ursontelszian
a a { o o v o < J
M3 lFnuauytiavesaunuaca e souadmiUiae Waazden U 50UAAULINE (Sheepsfoot roller)
o v IS 1 . <]
nagsauad T UTaQUiANeIU 1% U 50UAGPY19 (Pneumatic Tyres Roller), S0UARDINAN 2
< . I A I
dodudziou(Vibratory Roller), SOUAADIMANAIIGEY (Smooth Wheeled Rollers) (Hudu n1saiuguy
v Aa I 2 o W A I 1A ' Y
Aamnyeamsuasaau luauiumiuaediay welunisasteaeunanlulasainsnedin
= ] = = I A Y
varrtuvnuindutieane uazliamaimivuizay 1duldearunoeonuuyll
o 4 =< 9 = ° o [l Aa = I a A 1 =y [ A 9
A9 UIIADINNITUIA208198U FUdudunNIIAuratAasInuNlelu
Tasamsneadwuimagenludesdfiians ierhwanmsnagoun1d ldldineFTouifiou
nunsuasaau luduy
o
3.1.1  gingal
1. HUUBAAY (Compaction Mold) @ 4” x 4.6” W¥euaen (Collar) agurugIu (Base

Plate) @j’muaﬁ’@ (Drop Rammer N30 Compaction Hammer) @ 2” WUN 5.5 1b Szazan

12”
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2. HUUBAAU (Compaction Mold) @ 6” x 5.0” wieuilaen (Collar) azirug W (Base
Plate) %N‘Uﬂﬁlﬂ (Drop Rammer 130 Compaction Hammer) @ 2” 1N 10.0 Ib 5zezAN
18~

3. AZUNTIVNAIBS 4 11BZVUIA % 1

4. Fouens wlsseoullanu

5. Foudnau (Soil Scoop)

6. lussiamaniafu (Straight Edge) Y1410 30 531,

7. DIANANAU (Mixing Pan)

8. vIARAIN (Wash Bottle)

Y J v a
anﬁ 31 Qﬂﬂimﬂ'ﬁﬂﬂﬁﬂﬂﬂ'ﬁﬂﬂ@ﬂﬂu

9. ﬂiz‘U’t’)ﬂ@]Nﬁﬂ (Graduate Cylinder)

10. e 20 Alansy o1u'ldaziBen 0.1 nu
11, 195 pasudI0d19AU (Sample Extruder)

N3 ‘H”IﬂTJ”IﬂJ%‘L! (Water Content)

1. nseilesladiosnedn (Can)

2. ﬁfli}@‘]_l (Drying oven)

o Y = o
3, GI1GIN’EJ11JU1@€1$LE]EI@ 0.01 N3Y
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' k4 f . a g o 1 g
4. 919UNI9AANNTU (Desiccator) Wiourhila uazsuansziloadandis 1dsuans

Y
ﬂigﬂﬂ\‘]ﬁ’mm\iﬂiiﬂﬁﬁﬂﬂﬂ’ﬂuélﬂ)'u (Silica Gel)

MNA 3.2 Mold AM5UMINATOUMIUASARL
“ﬁiﬂ : ASTM, 1997
3.1.2 3I5M5NAaed
f). MSIHTINAIDYIIAU

" Y

Y] [] a ~ 9 Y = a @ [] dy a 9}& Y Y
1. GI’JfJElN@u‘VIGl%ﬂ@ﬂf]ﬂﬂ?illﬂx‘]‘l/\lf]@ me@umamwumu”lﬂclwwﬂmmq

Y a oA A A a 1T a g‘; Yy 9 a A [ Y
1uwaaﬂgu¢1mimaaum;mwgﬂmﬂu 140 °F (60 °C) mﬂuuclﬂmau&nmmummzﬂuimmﬂaaﬂ
& a o A ! Yy  a 3 a Y I a = =2 QY Y
W1ﬂLﬂUW’Jﬂﬂugﬂi\iWi’é]ﬂi’mWEﬂEﬂll’é]EJW]“]Jﬂ’é]H@Uﬁ]HHJ@@HLMﬂ mgﬂu@umummiwﬂmme

Y ya = A Y A
Lm’J‘ﬂ‘UﬁlﬁﬂuLmﬂﬁm@ﬂﬂ‘l’ii@i%ﬂi@ﬁu&]
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" o T A . ' a § g o @ '
2. 18A20819AU 1R85 Quartering ﬁ%fluﬂﬂﬁlﬂﬂﬂﬁ@\mﬂﬂﬂulﬁﬂlﬂuﬁ’)tmu UDIAIDYN

a 3 a 4 o 1 a § [ 4 (]
3. NIV AAY 1NDIADNAI0E1AUNITNATOUN Y Mold ALALVUIALLDID1IA 1)
I A [~} 1 o <3
dumsmmnzaumnldauvuadialuaiuasalu Mold 1anq
-n3ai 1% Mold V119 @ 47 x 4.6”
~ o 1 o a A Y = 1 ] 4 Y o 1 a
938uA10819 1AgINAUNUTINOAVITOUFIUAZLATUUDS 4(4.75 UW.) Ma1iaIuau
' Y
Aruil lnaaou
Aq 9
- 3t 1% Mold vu1a @ 67 x 57
=1 % 1 o Aa d' Y = 1 1 Qy a d’d (] ]
193 8uA2981 TagtAUNUEINDALITOURIUAZINTIVUIA ¥ 11 Aunlvwialvgnn
v ) Y a 4o 2 vy s Y o 2 o A
Tna1d @ WNUAAUNFIUAZUNTIVUIA % 17 UATNUVUASUATULDS 4 A2 1Uvdn N
AU
?1‘/ dy Yo a d' 9 Qy 1
Winomig: minageunigeduilag 1 lIdnuaunduuazunssva % 1 (19.00 i) li
=) 901 o \ a‘/
01 30% Tagiiviinmniu
4. 190298 9ANYTZINY 5 kg AMTUNATOUNY Mold UUA O 47 x 4.6” uazilszum 7
kg S1MTUNATBUNY Mold YU1A @ 6” x 57
9 ] v
5. dszanafSunaanusuiminzay (0.M.C.) My ldnanuudiinadu
Y
V). VUABUNTNAADY

Standard Proctor Test (1%} Mold UU19 @ 4 x 4.6”)

H 4 1 1
MNA 3.3 NMIWNAUAUNVUINIUDATIAIUANG

o 9 1 4 Y s J Y o o
L 39V UIAdURIFUINANLALAINFIVDI Mold mﬂnaimammuﬂﬂmu’sm 1

1331959949 Mold

47



] g % Y = = [}
2. Fiminues Mold 1azideada 0.1 n5u
o o -4 g
3.1)52n01 Mold, Collar a2 Base Plate 19182891 182111 1 nawuiuaeunsanuvaas

=
138y

MW 3.4 MIVADAAUAIY Rammer

6 o 1 a A a ) vy 2 9 ya A ' A A
4. hdregeaunes oy 13ued1aies 4 kg nnanin 19T NuUHIINAIANNFY N
{ Y I 4 Y 1 = 4 4
minzaunszua B szana 5-6 Wosidua wisevn luldlszanamdSunaanudsu Amunzauy
I %I S < 4 @ [ a gl.; 1%
Pnldnauinas sz 3-4 wleofidFudvesiiedisau mnmiungmadr ldannuneisiulinn
: a 2440 o 2
g luauilsnannusunmnu awaaaluning 3.3

9
%

9 [
5. Jddeuanauanaulaly Mold fiazyu Taeszanadunezlali lds1au 390 miaiu
Y 9y o a 13 ? vy aqy 9 v g X
118214 Rammer 4119 5.5 Ib uABAAUUAAZTY 9 a2 25 A59 MsenduIdendudualoudusunazsh
Y 1] v Y
Uaonudelacsduodedase uaazasvlumstassdulinaoudwmuisduiullnag Mold Tusgu
v Aa 1 < 1a 1% {
ganeliuasaaumasiuaInuuves Mold aniee (lahu 13 un.) awaaslunini 3.4
@ < a 1 { a 1A
6. 009 collar Y94 Mold 000 1FussiAMANTeAUAIMNFUAUVDL Mold DONLAZYALAL H)
a Yy 9 o Y Y o
aulii suauovou Mold ldalsalarinnuazeiad uuen Mold 189000 Base Plate 0n 111 Mold
vssgau lwaliazideni 0.1 nSu daaaslunini 3.5
7. AUAIDENAUOONIIN Mold AILIATOIAUAUNTONTZUNNLTI AIAY 1IAI0819A 1
9 ]
UsnunaN@08199e19los 100 N5 lUvlsmaanudu Taemsuirldswdnih ldeuldudalu

3 o ] g’z a [ ¥
sou (duilullIdasnudediauine vu nas uazan liwifSuannui)
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o w [] a ~ A Y 9 [ @ 1 a ~ A 9y %’ A A
8. ‘L!Wli]’f)ElNﬂl!“VlL‘ﬁa’EJNW;I“]JGIMi’JuLLﬁ’JWﬂ’iJﬂ‘U@l’JfJEJNﬂH‘V]L‘HﬁfJ UAINTUUUNUDD
Y qY I w Y o 9 ) o a a4
ﬂﬁzmm 2-3% ﬂﬁ]ﬂlﬂﬁﬂﬁlﬂﬂﬂu HAIMNINAgaaUNINUe 3-7 %uﬂﬁzmumuﬂﬂuiu Mold NI

v 9 9 9
anadMInagoudn 1-2 98 Fadwauasslumsnageunualinisnu 5-6 A5

H 9 o <3 a 1 { Aa
ﬂ]Wﬁ 35 mislf’lmii%ﬂLﬂﬁﬂﬂMﬂua’Juﬁquﬂuﬂlau Mold 880

Modified Proctor Test (161’3’} Mold YU19 @ 67 x 57)
MMTUADAAINID M UAYINULLL Standard Proctor Test 1aeld Rammer ¥114 10 Ib

Y Y
3282AN 18 in INMITUADATIUIU 5 FU ] 8 56 A5

3.1.3 MSAIUIUNA

Y =
vinaualen W

1. anunuduitenuesau (Wet density) = Ib/ft, g/em’

511as Mold vV

4
1 Y a . —_— 3 3
2. ANMUHUMUULHIVDIAY (Dry density) , Y, = Ibft, g/cm
Wo  w=1minaudlen (Wet weight) 14 Mold, Ib, g
Vv = 1JS1a5v09 Mold, ft, cm’
& a 22 o
w= ANUFUUDIAU (Water Content), 1o51%UA/100
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, :
3.2 minaaeaunavleiiie uu39 151% (California Bearing Ratio)
Msnaael CBR 14l 2 nuude

1. NAADULUUILHIA (Unsoaked Sample Test) lagriinisnaaeudiedsauiuasa 13ud7

=¢
=2

1 g o % ) a { QU 1 Eol
2. MINAFDVLUVLFUT (Soaked Sample Test) 1HIAITnAa0UAI0E 1AL ANAIINLFIN
F)
1an
1 g Y o [ [ A A [ Y g 1o 1
AMINAADUVUVULFU A0 TUFA10819aUNH UM TUasaud1 T laid1na1 96
] o A 1 A o =< [ dy 9 [ o a Y
T4 (4 T1) HIDNNAUILHYAMTVINAD T TUTENINUITADITANITUINAT (Swell) YDIAUAY
a v Y 2 X 4 !
TaednI1n1suINGIv0Ia LSz NN IuT oz usnuazaatlssadiloszezinalniu 1
@ [ % a3 o . [ a { 1 @
Uz 1 3u muauiazitludeimuanialunmsidonldiaa lumsadeouu aundisiuiudaga
[ o @ 9 o dﬂl
a2 Tz dmsuleaiwuniaouy
o [l a 1 aol 3 A o A A a cg Y ] A
MINAADVAIDENAULVVUNN NiWDTIaBIANINDIIND1NAYU 18 Tuauu 1wy Tunsain
= 9°I 1 Y A 1 a o (] d‘ lgol Y 1 1 d' Y
VI vise luggru Taea1 CBR v99aUAI9819Nu311921108n71A1 CBR NNAXDULILVINY
lumsnaaey CBR 1ur19Niin1snanaael (Penetration Test) LAZADUNLFAI0819AU 11

1

1 v U 1 a 4 o 9ol v g’/ a 1 %
192 launuiimiin (Surcharge Weight) Uumammuﬁ'amﬁamamumuﬂ%uﬂu ﬁﬂﬂﬂﬂ@%uﬂu

ﬁo%

Aqg Y < Ty o0

H 2 1 1 a o Y 1Y '
HIMUNIN Glfﬂﬂﬂﬁu@Qﬂ‘Uﬁ’J’t’)f]']x‘lﬂ‘l!ﬁ%%ﬂﬂﬁ@ﬂﬁ?ﬁﬂ?Wﬂluﬁu'm AU ﬂﬂwuﬂizmmmﬂs

Y A 2

Y EY Y A Y a
wdnaenimiin1i InAReINUaNINDI
3.2.1 gulnsal
MIVADA (Compaction)

a

1. uuudaAuFtiers (CBR Mold) @ 6” x 77 wiouilaen (Collar) g4 2” uHUFIU (Base Plate)

v Aa

Yaondnau (Cutting Collar) 1AZHHUINANTBA (Spacer Disc) @ 5.94” x 2.416” A1UHHA

=

mizglinderdmiuldloangaurusennnuuusaaudiae

2. Gz]jiJUﬂﬁlﬂ (Drop Rammer ) Compaction Hammer) @ 2” ¥11in 5.5 Ib 328zan 12” d113U
MIVADALUUNINTFIU (Standard Proctor Test) HALUYUIA O 27 Wi 10.0 Ib 5282aAN 187
AHMTUMIVASALUVFININIATFIU (Modified Proctor Test)

3. n52UONANN (Graduated Cylinder) U118 250 — 500 cm’

4. 979391 (Wash Bottle)

5. Foudnau (Soil Scoop)

6. lfussvinmaniin@u (Straight Edge)

7. MANTUAY (Mixing Pan)

8. vIARAL1 (Wash Bottle)

9. MV 20 nlansu 91 ldaziden 0.1 nSu
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10. 1A5 D UAIBE19AY (Sample Extruder)

11. n5eAIYNIDI (Filter Papers) mmmﬁuwﬁﬁuﬁﬂmq 6” (150 mm)

MIIAMIVINAT (Swell Test)

1. @ WUIANIUINAD (Swell Tripod) fifgamasSansuINda

2. 11ATIANTUINAD (Swell Dial Gauge) YU1A 0.5” 81UALIDEA 0.001” HIDUUIA 10 mm
81182180 0.01 mm AR Tripod

3. UHUIAMTUINAD (Swell Plate) (91EINTU WdouvAa3 U mIAs AN uINE g3
YSuseavld

4. Lm'uli!éﬁﬂrﬂ (Surcharge Weight) 1UULHIU (Annular Surcharge Weight) ¥11010 1b 30
UV (Split Surcharge Weight) UU1a 5 1b

5. DUBAI0814 (Soaking Tank)

N1INANANDYI (Penetration)

Q)
K extension coliar
2inches = Siiios
o) £
y
d =
o screwed socket
r fits post
K |
T x 6inchesdia. mould body
(152:4)
@
N
= 4:584 inches 2 lugs
o a high (116-4) gs
-3 posts fixed at corners
S of square baseplate
=
i H spacer
J disc t

7] ‘é———cuning shoe

)
= ¢
MNN 3.6 ¥Agnsal Mold ASTM Type

A (n) ELE International,9th Edition Catalogue, (V) Head Vol.2 ,1988
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ALTERNATE HOLD DOWN PERMITTED,

r

o S A

| A . A ag a J . A o w 1 o
1. 1AT93INAUVVUDHYU (Mechanical) HIDUUUBIANNIBDUNT (Motorized) UNIAINABDYIIAT

6000 1b

v
= (4

] 3 @ . . &I = Y .2 ' 9 ! Y o
2. MNAUNANNANANAY (Penetration Piston) HNUNHHUIAA 3 in” 8130819UDY 4” a104U1N U

Proving Ring

3. mmﬁ’ﬂmiquﬁ’a (Penetration Dial Gauge) Y119 17 21UALIDA 0.001” HIDVYUIA 25 mm

1 = Y =2 Y o . .
DIUALIYA 0.01 mm wmuqﬂﬂimﬂmmmu Penetration Piston

4. Proving Ring M 5U3ALTY ¥11A 2000 b SIMSUANSBY 6000 Ib SHTUAULA

w 2 —
i /A
3‘:_ R 4 W i—_‘;_m & 1anc2 HREAD
LA | B VARIABLE DEPENDING
E ON TEST CONDITIONS
PENETRATION PISTON S'on HANDLE FOR
MAT'L: STEEL , P4 — SPACER DISC
e ow MAT'L: METAL
GLAMP FOR DIAL 13R =t
INDICATCR -\ e U

ale

M .

71018

1o
28 HOLES. 3¢ DIS.
EQUALLY SPACED,

TO GIVE 5 POUNDS

I ol | L0282
15 P64 smoomH, p
15 OPTONAL | 8 z
\[smuu RN ’%P i
iDE is
VR @[(ZQ"\» Ly N
i T
R v b
N o 5 H )
§ o H
N H
N 2
¢
;ﬁ )
H
FTTTIH &
gwd‘“ B o iHe
Ll [ oot
< =Ty

fm 2.416" =]

o
iy
32

[<—] 28" REF - TO GIVE 5 POUNDS

- REF

L.'.

31?" 93 Bh Sl
€

MOLD WITH EXTENSION

COLLAR & SPACER DISC.

MAT'L: STEEL

Aas
3.2.2735MINaaod

SPACER DISC. SURCHARGE WEIGHT SURCHARGE WEIGHT
MAT'L: STEEL MAT'L: STEEL MAT'L: STEEL

< .
M 3.7 gilnsainaden CBR

N Cheng and Jack B. Evett, 2000

f). M5IATINAIDY1IAY

21
A .}
HREN
H s
it
MEDIUM o] 3™hex
e o T
ey oy
8 He
& ,‘
| T
<
4
ol 16NC: 2
-
1]
E P L o P
SE To

42 HOLES
DRILLED

ADJUSTABLE STEM
& PLATE
MAT'L: BRASS

4 1 =) a oA U a 1
1. medregauldutaludestl§iians (Air Dry) udndendaunuauTasnmsldnasauen

a A Y . zgxlz o A 1 1 1 ~ 9 9}::3'
AUNI 1973 Quartering N UUUIAUTDUNIUASILNTIVUIA 347 ﬂlu%ﬂ”ﬁ’uu&ﬂ%uﬂiﬁiﬁ%\ﬂﬂ uae

o Aa {1 1 14 ) {1 %’ Y]
HIAUNAIUAZLATIVUIA Y LLG]?%}N‘]JUG]SLLﬂEQL‘]J’Oi 4 Tugmuimnu lasdivminuineay

2. 111 Optimum Moisture Content AT1UN1TNADNDINITU ABAAUAIYIT Standard Proctor Test

‘H%’e) Modified Proctor Test
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¥). MTUADA (Compaction)
1. Whdedeaunesen 3udseuna 12 ke uadud s UNMIUASAAIE19 2 AI0E199ay
(Y 1T A A ' J I J t&l ..
Y3z 6 ke uazuidIoeeaul sz 100 ¢ H30NANIN WMo sUARNFY (Initial Water
Content)

v 4 f
2. 19501 Mold 13 2 ya wiousatimiin Mold usag e

DD
ce
)
o
eCe .
e
—
Lo
L)
-
Lo
)
—
Lo

U
9 Y
(4

Y o . Y Y A A
3. 15291 Mold 14111 Base Plate 11a2 Spacer Disc 1agld#a1uniizin
1 . A % ] ya a % ] I A AA
URUNTZAIBATOIUN Spacer Disc iiotloenu laldaumeAanunruman e Mold uunuii
= [
FeULATUVULT
Y a oA 4 4 a
4. ¥i1dSuau1nn119 Optimum Moisture Content 2% (IWOIHBNTILIMILAZAANIFUL)
Y o Y ] a 9 = g
HauAgnIAAINUAIg AU TaelFuaanaii
5. 111ATUABAAUAINAT Standard Proctor Test #3® Modifield Proctor Test ~ A1NITN15

NATOUNITUADAAU

compacted filter paper trimmed NG
surface surface // %

\ filter paper
L l [ \

-

=

4-584
inches

spacer 2:416 : i =
disc inches| e N s

r]] | AV LA

Lsolid b'::seplt'nt.-—-——:II perforated baseplate

(a) (b) ()

ld—-——?inches—»l
>

o

MNA 3.8 M3UASAAL T CBR Mold
‘ﬁlﬂ : Head Vo0l.2,1988
(a) ¥imsuasaaulu Mold Taufiil Spacer Disc 50404
(b) D0 Extension Collar penmniuhaau G suaueveu
(c) AU oAU Perforated Base Plate LAz N3 80

9 [ 1 ~ ] v Y Y o 1 A a
(’d?‘l’ii‘ﬂﬁ’)@ﬂN‘ﬂlliJLHquiﬁﬂ’Nﬁ’JuVlLiEJ‘]J'(N’UL! base plate)

- Standard Proctor Test (ASTM D 698) :
9 9
AUUUIA 5.5 1b 5282AN 12 in TINMTUADATINIU 3 FU 82 56 A9
- Modifield Proctor Test (ASTM D 1557) :

9 9
é’mum 10 Ib 5282AN 18 in Y1NITUADAIUIU 5 BU) AL 56 AT

53



v v
[ [ o Y o Y] o <
6. ¥H491NVABAIUATUTIUIUFULALIIUIUATILED DA Collar 900 19 1iUTTHAMAN
1heduldguanouon Mold nieugouuasrividedauliEeu
7. 197 Base Plate L& Spacer Disc 90 Tumsoen Spacer Disc ¥i10 Spacer Disc anlil4ile
Y
ﬁﬂgﬁyumﬁ’ﬂﬂﬁluﬂﬁ' Spacer Disc L132A999AALLVBAAY 1839101111 Mold tiazdedg1sauly
Y 2 4 ' ' o w ] a 1 [
FINHUANDMIAIAUHUILUY uagiiale819audseuia 100 g v3au1AN31 lUnia
/2 o X o o
WoSIFUANNUTUKHAINTUADA
o % (% 1 a =S U 1 d‘ o 1 so}
8. MMsuAsAAI9819AUDN 1 dledraiei liugin (Soak)
o 3 (Y 1 a d' 1 1 ’é o d‘ a (% 1 9 o Y
9. #msualee19aun liuyii 111 Mold NussyAUsauLUITENo NN Base Plate Tag 1%
-d'd 1

Y01 Mold AU NTAUAUDUDUINUY Base Plate 1HdIU Mold N%033190gA MDY gn1nd 3.8

4
o

A). MU (Soaking) titenageuMIUINAILAL T1a0san NI T

1. 03z 1EnT0uAu 11U a9UY Perforated Base 111 Mold fiussyausautiulszneuidh
11 Perforated Base Iaa1¥ivey Mold ﬁ’mﬁﬁﬁummmamwuu Perforated Base @mwﬁ 3.8 1AM
mssariin

2. 1N5EABNTOIBNIHULLAIRIBE 1SRRI INTUIaUAY Perforated Plate aqUY
Amedruiieteaiulildaufauiuiy Plae vdaainugihugda (Perforated Base 1ag Perforated
Plate vzfigngitelfiriud I ludededn)

3. MALINEN (Surcharge Weight) 11 10 b w3 erhminaudeams \asannndaim

luauy) asuuasgeny

4 1 ! g 4 %
MNA 39 ﬂﬁllﬂfﬂjﬂ‘ﬂﬂﬁ@ﬂblu@Nu%ﬁ@ﬂﬂﬁ@‘]Jﬂﬁﬂ’JﬁJ@’J
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4. u% Mold Mason'131ude 3 Tunivuzfwson1d Ng1uveq Perforated Baseplate 19504

Y 9 '
A8AZINTIAIAINFINNNUMTUZ T o0 10101 117509 TaelH1iIMau Surcharge Weight 1szu1a 1

D¢

Y o . & Yy A 2 = o . Y o 9 o
U 13U Dial Gauge ‘?If\?fﬂl!ulﬂazlﬂﬂﬂ 0.001 U9 thfJﬂﬂ‘]J Tripod umm"lﬂawuu Mold WIdDUNU

@ . v o o 9 . 4 v o (3 a @
91218904 Dial Gauge 1HuazFUAAN VAU Swelling Plate 1o 14308751 N1TUINAIVOIAY A

uaaa lunIng 3.9 uag 3.10

+op edge of mould
or extenslon collar

csﬂtcel‘goug ¢ ial gouge stem
isel-edge
::::fl ed9 .. chisel-edge
. -t anvil

CBR moulq

(v)

NN 3.10 M3aaAdLlale Dial Gauge

dial gauge

surcharge rings i
adjustable
stem

\v/ h | v
——— WA
= IS
soaking —» . perforated
tank swell plate
CBR mould
L. body
"+ sample . " °
.
i

ore{; mesh — N AL o '_ perforated
platform ]I [ T - 1 baseplate
by pediesms el snlioee codiies o — -'_j

H ] ] 90} .
NN 3.11 MIA3EUAID8 19U VLFUT (Soaking)

(Edit from Head Vol.2 ,1988)
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9 v
5. 9IUAILINAIDIN Dial Gauge TUAZ 2 AFY IUNNMTVINAIVZHgAKI oA douilag
9 A [ Y 9 = a @ a a3 a 1 1
Hosun ¥solszum 47U (MAINMIANHINGANTTUMTVINABIAWTUNIAY 01992011
VINAININTLEL 1981 1,2, 4,8, 16,32,... WIN NB9n150 11U seuannian Tuiuusn Tuiu
9
a0 lJe1uiuay 2 as9)
[Y] o 1 1 g}/ 9 dy Bo’ 9 Qy 9
6. NA9INATURINUA 81UA1 Dial Gauge ATIGANIY 80 Mold YU1N1UILA121999 13
' P
Yszana 15 wii el lnasenin Mold auviua 1on Surcharge Rings, Tripod, Perforated Plate
v 4
HAZNTLAIENIDIIUUUDON LA lFaimin
7. 1108190 u lvihnmsnanaaey
q). MINANAADY (Penetration)
[ < [ o 1 a
1. MAUHUNAD (Surcharge Weight) 88191108 10 1b adUUAI0819a1 11 Mold
o ) o Va9 oo A & oA A A v oo 2
2. 99719 Mold W3 0uAIBE1NAMTINUIATDINATOUHIY Piston YHIANUNNINAA 3 A5.12

a ] % ya 9 % ] a v v W . @ 1
ﬂigﬂﬁ]ﬂﬁﬂﬂg Tﬂfﬁ]ﬂi’ﬂW'JWH'IGUE]\“I@I'J’OEHQ@HSLH Mold HASTUNENL Piston AINATI

Y
a U d’

. [ v Y o . . . v .
3. 96N Dial Gauge IW®IAN1TYUAUUINY Piston W%E)§1WU?N Proving Ring 191019 Dial
v ¥ e 9 . . . va @
Gauge 1M9uauauel Mold 3ntuSumIasHIIaves Dial Gauge tiag Proving Ring Triilugud

ANINN 3.12

=)

\
% v—%cmsshcad of testing machine

—1load ring

stabilising bar /—CBR plunger

Py P —dial gauge support bracket
guide bearing =

(low-friction sleeve) /pene!rulion dial gauge

___surcharge rings

e

=8

- |} ——49-6 mm diameter

o " .. sample *
CLTL | fe———CcBR mould
£ 3————muchine platen

() (V)

d' ~ d‘ = d‘ o (% 1
MNN 3.12 (0),(V) LAAIN TR TINIATOINDLNONINITNANIDE

dened end of plunger

N ; (n) Edit from Head Vol.2, 1988
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4. BunanagenTasldusanalusas 0.05 iinewnil nFeufue 1M Load HAsaiUNS
guA (Penetration) 0, 0.025, 0.050, 0.075, 0.100, 0.125, 0.150, 0.175, 0.200, 0.225, 0.250, 0.300, 0.350,
0.400 182 0.500 111 Sangn
5. 11 Mold PoRMNIAEEINARBY FUMIBEIAAT IR IIRNl5TINa 100 AFU
& MTVALWIIA Fine Grained Soil W301523104 500 n$1 dM3UALWIAA Coarse Grained Soil tive1i1 1)
waloddudaua
3.2.3 MIAUINND
1. MUIUHUIGUTINAVINTNNS

Test Unit Load (Ib)

Test Unit Stress = psi

3 (in%)
Test Unit Load = R‘'K
e R=A18111Y Dial Gauge Y94 Proving Ring, 39 (0.0001 72 W39 0.002 111)
K = A1n9fiue4 Proving Ring, Ib 4079 130 ke A0TA
2. Plot 9 WlUEAIANYFURUSTENI196 Test Unit Stress AN Penetration 110 N3AI0619AY
11 Unsoaked 118% Soaked Sample ad4uuAT MR8 nSouimsSuudnsm auisms
YSunddnadu
3. 81UAN Test Unit Stress 1105 Penetration 0.1 1421182 0.2 117 aZfuIUM A1 CBR

Test Unit Stress

CBR x 100 (%)

~ Standard Unit Stress
1 Y H Y H Y

’]Jﬂﬁﬂ'l CBR 17‘] 0.1 HINITAIZTUATIUINNIIAT CBR 1 0.2 U1 f?ﬁﬂ'l CBR 11 0.2 472 UMUINHNIAN

[l 9 H v

A1 CBR 1 0.1 17 9z@eariin1snaadouIni (Retest) vinamisnaasnInugaldar CBR #1 0.2 917
[ ~ Qal @ Yq Y1 ~ Y] s
UINNINATCBR 11 0.1 U1 ﬂﬁl,ﬁclslfﬂ'l CBR ﬂﬂW‘iq‘lJ@'J 0.2 U1

4. MUIUAINITVINA (Swell)

1 @ 1 v Y
ATVIUAITSUINUTUN

AUINAD = x 100 (%)

ANUGIAI0EN
HINABINITNIUMTUINTINTL 8219818199 A5 Plot n3AUINTIAeNaIdIe
5. MUIUMIAIANUHUUUAULRS (Dry Density) Alodifudanudu veaudaziot
FUASINUNTNATOUNTUADAAY
6. MmNV 18 (Absorption)

W

a

mFusuld = ; x 100 (%)
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W,(100+w)
= (%)
W

v

%’ g =2 %
WINUNUIBUYU, g

a

W,
WS v Aa Y
w

9
HINUNAULNN, g

YA A
= NMINAUTY, g
W= AN, %
7. MNABINTHIANYFUIUTTL1I19A1AUNUIU LIS (Dry Density) taza1 CBR 19
MNMINATOUAIDH19DN 4 AI0819 (1D Soaked Sample 2 HI08191a2 11UV Un-Soaked
Sample 2 PLERN)! Tﬂ81“ﬂ15Uﬂ5ﬂ1ﬁ1%ﬂ%n1ml§1ﬁ}@8ﬂ’j1 Optimum Moisture Content

. % ] 9 ao' ' . .
uagdnnilailede1FSuaniminnan Optimum Moisture Content

3.3 msnagounsudeuuuylignd1ia (Unconfined Compression Test)
MIAIMAIBALNUAYI (Unconfined Compressive Strength) ¥oaan Iaeg lutinsaduaindng

o 1

N52MADAINIAAIDE1N (Confining Pressure) NINATOUNTLTIN 1ATNTS 15 IA1MLNU (Axial Load)

a a

o 1 % ] ] o o 1 A A I
Iruiuazitavesdlecnalag lilussdudmudiaudedadta  mnaaevsziduuyy
[ %j . a 1 a
MassunsuRouveaduuun 3511811 (Undrained Shear Strength) ¥esAuitieIauLazA
~ 9 ~ I o ] . o Il ~
mignunae Tuamungnsuniuiesngailudled19a3edaIn (Undisturbed) tiazdlngalasy
[ Y
7N (Remolded) FanedI0819 Ismnadevilldnaseumasanuainsalumssuisaion
A ~ A A ' 3 i a as KX oY 1 3 &
VOIRUHTHEINTANUTOULUUY  (Cohesive soil) VoIAUIAEITNY 9 FevirlAee1951A59% 93
NATOU Unconfined compressive test Wiam3nldnagounuaun lulianudeuutiv sy auaznou
. A A ] 1 9 ] 9 ] Qld' a 1
N3 (Sil) W3AUNTIY (Sand) W31z lamsouasdlegelinegod ldiliosnnaurzngaiou
' ' A Ay Y3 o A Y A,
panuneutazmusuReuh lanaunu 1l Alseenaaeua1e3F Direct Shear NU
4
3.3.1 9insal
1. 19399NAAIDY1 (Compression Machine)
2. WUHIUIAUIY (Proving Ring)
) . ' = A 2 oA o @
3. 1n3ntila (Dial Gauge) ©1UAZID8A 0.025 WU, 139 0.001 U2 WIod M asdy g
DIUANNIATIA (Displacement Transducer)
4. yHUNaaanYsnUITeA 19619 2 UHY 1aY Grease H399191% Wax Paper
4 1w 1 a
5. gUnsaluaadlog 1Al
Ao
6. INTOIY

4 g Aa
7. Qﬂﬂiﬂm”lﬂ?]”m%u“llﬂﬂﬂu (Water Content)
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MNA 3.13 1AT09NANATDD Unconfined Compression Test
==
3.3.2 39N INAaol
f). MSIHTINAIDYIAU
A19819A9E NN (Undisturbed Sample)
o w 1 a 1 % 1 Iya A:; = 1 d'
1. ‘Lﬂﬁ'J'f)EJ'Nﬂ1!ﬂ\‘lﬁ'fl']W'N\‘]'GN‘U‘lﬂﬂi\‘ILWI\WYJ?)fJ'NIﬂﬂiﬁﬂuﬂ'ﬂﬁﬂﬂ'ﬂﬂfﬂﬂﬂ'ﬂﬂlu”@ 7N
9 <3 Y g o 1w ] Aa % [l a Y 9 A 1A o
ADNNITLANUDY TN UUNINTITUAIAIDYINAU Tﬂﬂﬁu‘umammuuaﬂmaaﬂmmmmu ‘Vnﬂ']iﬂ']ﬂ
o 1 a Y 3 =
mammuimﬂumaﬂammu
v H Y
2. 1hdreg19aun 1a ldas e (Split Former) NUYUIAMNINUAIDI AU 1NUU it
A Y o Y A v Y @ v A ~ o Y
esdualadalareniassnveounuun 3¢ lavuiadisgeanuuIane L/d < 2.0 uazazii 1

Uarenaa lauuinin

' 9
3. duaraunmae luisenii 100 nsu TawfSuannuau

(a) (b)
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(b) (d)

(e) (f)
d‘ ~ % ) a d‘
MNN 3.14 MIH38uAID819ANONTNATDL
o @ v a )=\ Ay 4 Y gé’ )
(a) WhdedaumtisansanmiiviedonszausooaLa URBIHINITITUNILNE
Y )

(b) deg19aauu Tasauaaalogaud lMaseunaauiinsuaay
(c) fvdaauiiona ldnaydudd
(d) 1M9AIPEWAUV UL UR(Split Former)
(e) dntlaredegraaulildnin
() fvgaunuasEsusosnsouii linaaey

] 4

9 S A w 9 v Ay ' A v ~
4, Gl%!,’mimm@"llummumg{uEJﬂaN AANATUVU DA UAZAN WOUIAURNAY) LAY
9
AN Tﬂﬂ?ﬂﬂﬁgﬂ']ﬂl 2-3 ATIT9UAIDYNN
o w ] a o ¥ @ 3 a 1 ] . v o 1
5. mmammu"lﬂmmumuﬂ mmﬂuﬂuaﬂumﬂ%}uuum (Split Former) 9U9814

uazFandounumedumeiiodoanunsgnsuniu
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A1981911a3an 1N (Remolded Sample)

o W ] a d' Y v A d‘ A J % ] 1 Y dy
1. 119198 19AUA AN INNANATDVLAITINAVAUNMAD 1UNITUAIAIDI1NDUN U

~ ° T Y] ' ' 3 ' Yy 1 A A °
10u v nou udr laaslusuura @y uuuFIAIIN Grease IAnasauiioazan lunsi
dedaueon narlaauasluuuuriweeues i Tnssonea

Y] g}/ ~ 1 < @ 1 a A =Y zil
2. aalaeNnaaea VB LLVUNT (NUAIDNAUINDHILT U IR NUFY

V). MINATOUNANIDY1IAY

Y
(S 1 a

1. AIIBENAUATINANTIUIATOINANLUHUNAIAANN Grease 1199] 5990¢ DOALLI
H1 (Split Former) 890 HLHUNAEANNT Grease DnUAUITUDUABE9AY USuuilunaveunses
T duiadeg1aned (laununa1a@@Anni Grease INOAANANTENUIN Frictional Restraint 130819
¥ A AX ' 2y ¥
1¥n1saunaeuTNT Wax Paper Usznuuuataununld)
2. 9@ Dial Gauge Tagl¥aredudasuniiugiuveuniosna YSunii1ila Proving Ring
. Y 1w J
1182 Dial Gauge THimAUgUE
v Y
3. 5UNATU 1AINAAIDETAUAI8DATT 0.5 D19 2% YBIAIINFIAI0819ADUIN TAAT
a9 I Yo o A Y A I A Yy A =
szuuilowunes i laoaiiawimuanie lndidos mnfuaTesnadoununryuaeiio 50
W Yo =
vyulid 1doasinanai
o 1 . . o @ 1 < a
4. 1'UNNATINAIN Proving Ring 109 MIYUAD 0.1 — 0.25 wi. (Indreruiuau
v Y
sizarserum i)
5. TausaNAIUAMTINAGLANDY FIAAINDIPATITAVOIMAITULTUNOUVDIAI0E1
a Y v K [ I~ A . @ [l a % 9
au lduiinmaae lauduuunfou (Failure Plane) DUAI081NAUTAIIU AIHYANITNATDL
HIONAADUVIUDIAIANINIATEA E= 20% WHYANTNATOD INTIZHINAUTANUTANGUNING (Very
. . ' o < A Y A a A wa . A a A
Plastic Soils) 92 Ligusadunaiiununnouldiiiosnauliguantiailu Plastic azdonauil
21JaNA1 Strain=20%
o @ ] a {a wa @ A o w I
6. NaguanIanYULAI0INAUNILA LazIayuRTeemaUNTEINULLITIY (MInd]u
MN3219A1UY Brittle Failure)
o w ' é’ o o A 1 9 d' dy [
7. iied 1 IuFaz AL Na I umo U IUTINuANUFUHAIMINAT O
8. MMINATDUITUAGINUNUAI0819A ULV AIT NN (Remoulded) UATINITNOIU
] Y d' da! Y- ] 1 . . % U 1
A Tagld29nuniu 14 Tage a5 InAIN Proving Ring N1A9 MIgUAI 1.0-2.0 WN.  IUAIDEI
a oa 1 Aa o 1 a a oA . . 1 1 9 9 I a A .
A ualagdnAdieg1eaues 1AL Brittle Failure uavzilosaudiuilun1s1ianuy Plastic
2
Failure TunsaitioumguaI9unan Strain=20% 391gan1snadol
9
Wuemg: lumsmiAsInauayNMsguaIueIIog19aue1a 1danlasdaanmuns

Load Transducer it81¢ Displacement Transducer 4N mMseuuunndaves Proving 40¢ Dial Gauge

NIANIYUA?
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3.3.3 MSAUIUND

a 1

=
=
=9}
=~
e
—
=3
O]
o
@]
=3
—
Lo
O]
=
)}
@]
=
=
O]
o
@]
=2

Y o o

L A 2 9 = 2
= NUNUUINANIDYUTUAUURAY), cm

dy =~ Y o 9 (Y 1T A 2
= NUNUUINAATUHUHUIDINIDYINAU, cm

(Z []

A A 9 a 2
= NUNUUINAATIVDINIDYINAY, cm
k4

(3

A A Y o 9 J @ ] a 2
= NUNUUINAATUANUDIAIDYNAY, cm

2. ANMUATIAMNLUINY (Axial Strain)

AH
€ =" x100 %
H
e AH=fgua1veeii0d 9AUMULLILNLIN dial gauge ,mm
H = A7UgIAI0819AUNaUNINAa0Y, mm
€ = ANUATIAAINLUILAY
[ Bldy A Y o @ [ ]
3. USUUANUANTNAAUDIRIBE19TLHINNMTNAT Y

A

A=
1-€

A a -4
V]3] € = ANUATIAATULUUILUNY, Ll]’f)ﬁl"]fuﬂ/loo

4. MUIBUTINAVUAIDE19AY (Axial Stress)

P RK
CO="="—" ,kg/cm2
A A
RK
=" x98.07 JKN/m’
A

o P=u33a=RK, kg 130 lb

R = A191U VU Dial Gauge U9 Proving Ring, Ua

' = . . 1A A 1A
K = MAINUed Proving Ring, b A9UA 1150 kg ADUA
g}/ 1 1 J 3 4 4
5. ﬁmumwﬂmmﬁu (0) Tununuasren e suan A3 oA € Tunuueu Lﬁ@ﬁ”l
1 I 1 [ ] o w .

- AN Ugga (Omax) A 1A 599 mmu'lngﬂi] 1NA (Unconfined Compressive Strength, q,)

J =~ d‘ J 9y a oA
- AMANUATIANAIANAUGITA Qua), €,
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1 1 %’ . ! .
6. AusuRouuy 1511811 (Undrained Shear Strength, S,) W39A1 Cohesion, ¢

1

S.= _g=c
u 2qu

7. 1AW 1IUIAY (Sensitivity)

UIUNBUAIDENAUAITNIN (Undisturbed Clay)

Sensitivity = A o 1 oa
USANDUAIDE AU a TN (Remoulded Clay)

S, (Undisturbed Sample)

S, (Remolded Sample)
a Jd ] ¥ @ ] a 1
8. amiwwWaﬂlmmmﬂumuuuuazﬂ?mmmm%u (Water Content) ‘Uf)\'iﬂ')f)ﬂ']\iﬂll'ﬂﬁwa

9819 157UM S,

A
3.4 Qoulumsnaaey
3.4.1 MINAADINTUADAAU (Compaction Test)

a

- MINAAOUN 1 HuAgn
- MINATOUN 2 AUYNIY
- MINATOUN 3 HUAGN LAz AUGNIY
A a = s a ¢
- MINATOUN 4 HUAGN, FUUA (Portland Cement) 1Az INAINDS

v A J

~ a a a 14
- MINATOUN 5 HUAGN, AUGNTI FWUA (Portland Cement) Az TNAWDS
a I4 A
3.4.2 minaassunanositie 11U 151y (California Bearing Ratio)
- MInaaaui 1 Huagn
A a = 4 a 14
- MINAADUN 2 HUAGN, FIUUA (Portland Cement) LA TWAILDS
3.43 managouusuRounnylugnina (Unconfined Compression Test)
A a = 4 a s A
- MInadoUN 1 HuAgn, FWUA (Portland Cement) az Tnawes (Joulumsnadon 510
Y
WnIu)
d‘ a a Y] = 4 a 14 d'
- MINATOUN 2 HUAQN, AUYNSTI, F1UUA (Portland Cement) Az Inamos (Nouluns
4
nATOU 31AUINNIU)
A a = 14 a s A
- MInAdoUN 3 HuAgn, U (Portland Cement) tag Tnawos (ou lumsnadou an
o1ma luaenl)
A a a [ = 4 a s A
- MsNadouh 4 HuAgn, Augn3, Fuud (Portland Cement) taz Twdwes (Soulunis

nagaoy Gﬂﬂ’éﬂﬂWﬁslu“IﬂEJﬂW)
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UNN 4

Nan15398

4.1 MINAAINIVADAAY (Compaction Test)

4.1.1 Managoun 1 Huagn

(g/cc)

Y

o

Dry Density

ik

)
(%]
0

[ ]
(]
(=}

oy

X4
[R5
o
op

(R
%]
=

[ ]
(]
[R]

[ ]
(]
=
I
[
[

R
"y
&

o
___.--.__._-.__._-__.__.-_.__.-_-__.__-_._|
/

0.0 1.0 20 3.0 4.0 50 6.0 7.0 8.0
Water Content %

9.0

10.0

MR 4.1 Compaction Curve VOIMINAFOUN 1 ﬁuﬂtjﬂ

- Maximum Dry Density = 2.33 g/cc

- Optimum Moisture Content 5.10 %
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4.1.2 MInAaaUN 2 AUgNI

MNA 4.2 Compaction Curve YDININATOUN 2 augﬂ‘%’\i

- Maximum Dry Density = 2.04 g/cc

- Optimum Moisture Content 8.20 %
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4.1.3 MInaaeun 3 HuAgn tag AugN3Y

Dry Density(g/cc)

(B
(78]
(B

iy e ] g o g g g 5, . e e g

]
[¥5]
=

=]
[ ]
(=]

T
=
e}

*)
i
o

——

Vd

=
]
=

—

[E]
(]
-2

——

]
2
=

-

)
=
s
B

[ ]
—_
2

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Water Content %

MWA 4.3 Compaction Curve ¥0ININATOUN 3 HUAGN LAz AUYNTI

- Maximum Dry Density = 2.30 g/cc

- Optimum Moisture Content 4.90 %
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{ a 4 a I'4
4.1.4 MInadouN 4 HuAQN, TUA (Portland Cement) 1A IWAILOT

WAl

-
NN
P

)
(%]
0

h.-‘..

)
(1]
=X

Dry Density(g/cc)
[£%]
ﬁ
"-“h‘

™y

)
(%]
=)

!
L]

Lot

"

7B

[ ]
(]
[R]
-
!

0.0 20 4.0 6.0 8.0 10.0
Water Content %

H { a 4
MWN 4.4 Compaction Curve YOINMINAAOUTN 4 HUAQN, BUUA (Portland Cement)

a 4
uay Inawes

- Maximum Dry Density = 2.32 g/cc

- Optimum Moisture Content 5.20 %
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{ a a % 4 a I'4
4.1.5 MInaaaUN 5 HuAgn, AUQN3I HIUUA (Portland Cement) Az IWALNDT

Dry Density(g/cc)

230

)
(%]
0

el T el el =

)
(1]
=X
\\k

(R
%]
=

o

]

]
[~

24

)
(%]
=)

'h....‘

[ ]
—_
[ ]

i
U [t ) O e O A A S B Y ) B e
bl

0.0 20 4.0 6.0 8.0 10.0 12.0
Water Content %

H { a a [ 4
MNN 4.5 Compaction Curve VDINMINATOUN 5 nuUAYN, AUYNI WUUA (Portland Cement)

a 4
uay Inawes

- Maximum Dry Density = 2.28 g/cc

- Optimum Moisture Content 5.00 %
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, :
4.2 Mminaasaundylesitie 1u39 151% (California Bearing Ratio)

4.2.1 M3nagoun 1 Huagn

M3199 4.1 M3NAGOY C.B.R. ¥03HUAQN (Soaked Condition)

No. of Blows Density C.B.R. SWELL
(g/cc.) (%) (%)
12 2.12 104.46 0.00
25 2.23 152.50 0.00
56 2.35 157.84 0.00
M519% 4.2 MINAael C.B.R. ﬂl@ﬂﬁuﬂ’cjﬂ (Unsoaked Condition)
No. of Blows Density C.B.R. SWELL
(g/cc.) (%) (%)
12 2.03 75.74 -
25 2.15 119.46 -
56 2.29 218.58 -
300.00
=/569.85x -1090.3
§ 200.00 A
8 100.00 /%/ = 227.74x - 369.65 ¢ SOAKED
—
UNSOAKED
0.00

100% Compaction (Modified Proctor)

2.00 2.05 2.10 215 220 225

Dry Density(g/cc

MNA 4.6 WaN1INATOL C.B.R. ﬂl@ﬁﬁuﬂQﬂ

95% Compaction (Modified Proctor) Soaked

95% Compaction (Modified Proctor) Unsoaked

2.332 g/cc.
2.215 g/cc.

2.215 g/cc.

230 235 240

C.B.R. 135.21%

CB.R. 172.87%




{ a 4 a I'4
4.2.2 MInadouUn 2 HuAQN, HUUA (Portland Cement) 1Ay IWAILOT

H a 4 a 4
ﬂ]’i]\?ﬁ 4.3 minageal C.B.R. ¥9INUAQN, FUUA (Portland Cement) 48 Tnawes (Soaked

Condition)
No. of Blows Density C.B.R. SWELL
(g/cc.) (%) (%)
12 2.12 292.80 0.00
25 2.23 297.38 0.00
56 2.35 328.64 0.00

M5199 4.4 NMINAaeY C.B.R. ‘UENﬁ‘Llﬂ’c]ﬂ, U (Portland Cement) Lag Tnawes (Unsoaked

Condition)
No. of Blows Density C.B.R. SWELL
(g/ee) (%) (%)

12 2.03 80.83 -
25 2.15 135.47 -
56 2.29 164.45 -
400.00 /l

_300.00 s SSaam

s y=156.17x - 42.

& 200.00 y .96x - 575.63

& e & SOAKED

RN
© 100.00 Samun
UNSOAKED
0.00

200 205 210 215 220 225

Dry Density(g/cc

230 235 240

H a 4 a 4
anﬁ 4.7 danmsnaaed C.B.R. U93UaInuUAQn, FUA (Portland Cement) 4@ Inawes

100% Compaction (Modified Proctor)

95% Compaction (Modified Proctor) Soaked

2.332 g/cc.

2.215 g/cc.

95% Compaction (Modified Proctor) Unsoaked ~ 2.215 g/cc.
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C.B.R. 307.72%
C.B.R. 146.85%




4.3 msnaaeuusuRousuUlaignd1da (Unconfined Compression Test)
{ a 4 a 4
4.3.1 Manaaoun 1 HuAgn, FUUA (Portland Cement) 1A TWAINDI
d’ 301 o
(Soulumsnaaou 71AUINNIU)

F22AINTUN 3 U

- Unconfined Compressive Strength 38.24 ksc
- Unconfined Shear Strength 19.12 ksc
- Elastic Strength at 50% Strength 63,957.60 kPa
- Wet Density 2.380 g/(:m3
- Dry Density 2.289 g/(:m3

528LIAMTUN 7 U

- Unconfined Compressive Strength 50.70 ksc
- Unconfined Shear Strength 25.35 ksc
- Elastic Strength at 50% Strength 105,272.20 kPa
- Wet Density 2.385 g/cm3
- Dry Density 2.275 g/cm3

FTELIANTUN 28 U

- Unconfined Compressive Strength 58.34 ksc
- Unconfined Shear Strength 29.17 ksc
- Elastic Strength at 50% Strength 107,704.40 kPa
- Wet Density 2.357 g/cm3
- Dry Density 2.298 glem’

v ~ A ~ 14
15199 4.5 Unconfined Compression Test YDINTINATDUN 1 HUAQYN, BLIUUA (Portland Cement)

a s A %,’ [
waz Inawes (Ni’)l!"lsllﬂ"liﬂﬂﬁi’)‘ll imummu)

Before Test After Test Unconfined Unconfined Strain at Elastic
Spec. Ages
Water Content | Wet Density | Dry Density | Water Content | Wet Density | Dry Density Compressive Shear Failure | Strength at 50%
No. (%) (g./em®.) (g./em?.) (%) (g./em?.) (g./em?.) (days) | Strength,(ksc) | Strength,(ksc) (%) Strength,(kpa)
1 5.760 2.365 2.236 5.391 2.365 2.244 0 11.33 5.66 8.27 92,432.00
2 5.690 2417 2.287 2.453 2.366 2.309 1 27.13 13.57 12.79 | 78,979.58
3 5.903 2.387 2.254 3.972 2.380 2.289 3 38.24 19.12 11.85 | 63,957.60
4 5.766 2.393 2.262 4.838 2.385 2.275 7 50.70 25.35 10.41 | 104,095.00
5 5.801 2.427 2.294 2.593 2.357 2.298 28 58.34 29.17 11.20 | 107,704.40

71



_ 30
Q
é //
on
g 20
=
197} /
= 15
%)
& /
= 10
)
=
£ 5
=) 4
()
=
= 0
0 5 10 15 20 25 30
Ages (days.)

MW 4.8 HaMInAgoU Unconfined Compression Test VOIMINATOUN 1

{ a a [ J a J
4.3.2 M3nagoui 2 Hungn, AUGNIY, BuUA (Portland Cement) Loy 1WAINOT
d’ 901 U
(Neu"lmmimﬁau 71AUINNIU)

52EIAINTUN 3 U

- Unconfined Compressive Strength 29.84 ksc
- Unconfined Shear Strength 14.92 ksc
- Elastic Strength at 50% Strength 99,613.36 kPa
- Wet Density 2.362 g/cm3
- Dry Density 2.263 g/cm3

528LNAMTUN 7 U

- Unconfined Compressive Strength 34.71 ksc
- Unconfined Shear Strength 17.36 ksc
- Elastic Strength at 50% Strength 160,606.05 kPa
- Wet Density 2.364 g/cm3
- Dry Density 2.250 g/em’

72



FTELIANITUN 28 U

- Unconfined Compressive Strength 50.35 ksc
- Unconfined Shear Strength 25.18 ksc
- Elastic Strength at 50% Strength 88,511.67 kPa
- Wet Density 2.327 g/(:m3
- Dry Density 2.256 g/(:m3

] H A Aa o o
151397 4.6 Unconfined Compression Test Y9IN1INAADUN 2 HUAQN, AUGNTI, HINUA (Portland

a s A ¥ @
Cement) g Tnawes (N@uu]ﬁllﬂ'lﬁ‘ﬂﬂﬁﬂﬂ imummu)

Before Test After Test Unconfined Unconfined Strain at Elastic
Spec. A
pee Water Content | Wet Density | Dry Density | Water Content | Wet Density | Dry Density . Compressive Shear Failure | Strength at 50%
No. (%) (g./cm?.) (g./em®.) (%) (g./em®.) (g./em®.) (days) | Strength,(ksc) | Strength,(ksc) (%) Strength,(kpa)
1 6.071 2.388 2.251 6.062 2.388 2.251 0 7.61 3.81 4.92 93,358.50
2 5.506 2.403 2.278 4.149 2.349 2.255 1 23.78 11.89 12.19 | 71,927.74
3 5.951 2.379 2.246 4.375 2.362 2.263 3 29.84 14.92 8.45 99,613.36
4 5.242 2.345 2.228 5.059 2.364 2.250 7 34.71 17.36 9.23 160,606.05
5 5.706 2.399 2.269 3.161 2.327 2.256 28 50.35 25.18 12.40 | 88,511.67
30
—~
Q9
v
a /
j:i' /
2 /
= 15 yo—
]
)
:
Z 10
%)
b=
= S
=) <
(3]
=
= 0
0 5 10 15 20 25 30

Ages (days.)

MNA 4.9 HANINATOD Unconfined Compression Test YOINMINATOUN 2
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{ a 4 a I'4
433 Manadoun 3 HuAgn, HUUA (Portland Cement) 1A IWALLOT
A
(ou lumsnagev mnemalumeni)

58LIANTUN 3 U

- Unconfined Compressive Strength 39.38 ksc
- Unconfined Shear Strength 19.69 ksc
- Elastic Strength at 50% Strength 114,315.28 kPa
- Wet Density 2.321 g/(:m3
- Dry Density 2.275 g/(:m3

52ELIANTUN 7 U

- Unconfined Compressive Strength 56.10 ksc
- Unconfined Shear Strength 28.05 ksc
- Elastic Strength at 50% Strength 106,909.93 kPa
- Wet Density 2.300 g/cm3
- Dry Density 2.252 g/cm3

FTELIANTUN 28 U

- Unconfined Compressive Strength 60.98 ksc
- Unconfined Shear Strength 30.49 ksc
- Elastic Strength at 50% Strength 84,366.00 kPa
- Wet Density 2.299 g/cm3
- Dry Density 2.274 g/cm3

] H a o
M1519% 4.7 Unconfined Compression Test YDIN1TNATDU 7 31un an, FIUUAN (Portland Cement)

a s A
uaz Tnawes (Qoulumsnaaen anemalumeni)

Before Test After Test Unconfined Unconfined Strain at Elastic
Spec. Ages
Water Content | Wet Density | Dry Density | Water Content | Wet Density | Dry Density Compressive Shear Failure | Strength at 50%
No. (%) (g./em?.) (g./em?.) (%) (g./em?) (g./em?.) (days) | Strength,(ksc) | Strength,(ksc) (%) Strength,(kpa)
1 5.760 2.380 2.250 5.156 2.353 2.237 0 11.41 5.70 8.27 92,432.00
2 5.690 2.372 2.244 2.453 2314 2.259 1 26.63 13.31 12.79 | 78,979.58
3 5.776 2.406 2.275 2.026 2.321 2.275 3 39.38 19.69 11.29 | 114,315.28
4 5.595 2.361 2.235 2.121 2.300 2.252 7 56.10 28.05 10.60 | 106,909.93
5 5.879 2.403 2.270 1.135 2.299 2.274 28 60.98 30.49 11.40 | 84,366.00
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MW 4.10 HANISNATOU Unconfined Compression Test YINSNATOUN 3

{ a a [ 4 a J
4.3.4 MInaaaUN 4 Huagn, AUQN33, BIUUA (Portland Cement), Az INANO3

oulymanaaev arnoimealurieal)

FLHZIAINITLY 3 T
- Unconfined Compressive Strength
- Unconfined Shear Strength
- Elastic Strength at 50% Strength
- Wet Density

- Dry Density

i$ﬂ$lf3ﬁ1ﬂ1iﬂlll 79U
- Unconfined Compressive Strength
- Unconfined Shear Strength
- Elastic Strength at 50% Strength
- Wet Density

- Dry Density

75

33.40
16.70
85,236.15
2.335

2.280

43.63
21.82
95,099.81
2.288

2.230

ksc
ksc
kPa
g/cm3

g/cm3

ksc
ksc
kPa
g/cm3

g/cm3



F2ELIANITUN 28 U

Unconfined Compressive Strength
Unconfined Shear Strength
Elastic Strength at 50% Strength
Wet Density

Dry Density

54.49

27.24

79,994.08

2.281

2.255

ksc
ksc
kPa
g/cm3

g/cm3

] H A Aa o o
#131397 4.8 Unconfined Compression Test Y94N13NAAOUN 3 HUAQN, AUGNTI, HINUA (Portland

a s A
Cement) LY Tnawes (N@uulellﬂ'lﬁﬂﬂﬁﬂﬂ ﬁWﬂf]']ﬂTﬁaluGIﬂfJﬂ"l)

MNA 4.11 #aMSNATOL Unconfined Compression Test VOININATOUN 4

76

Before Test After Test Unconfined Unconfined Strain at Elastic
Spec. A
pee Water Content | Wet Density | Dry Density | Water Content | Wet Density | Dry Density £ Compressive Shear Failure | Strength at 50%
No. (%) (g./em®.) (g./em®.) (%) (g./em®.) (g./em®.) (days) | Strength,(ksc) | Strength,(ksc) (%) Strength,(kpa)
1 6.071 2.388 2.251 6.062 2.388 2.251 0 7.61 3.81 4.92 93,358.50
2 5.506 2.403 2.278 4.149 2.349 2.255 1 23.78 11.89 12.19 | 71,927.74
3 5.945 2.409 2.274 2.412 2.335 2.280 3 33.40 16.70 11.45 | 85,236.15
4 4.880 2.358 2.248 2.590 2.288 2.230 7 43.63 21.82 10.41 95,099.81
5 5.971 2.389 2.254 1.133 2.281 2.255 28 54.49 27.24 11.60 | 79,994.08
30
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5.1 agdwams3de

D

2)

3)

v A [ v J 1 1
91NN15NARDINITUABAAY (Compaction Test) AIMUTUWUTTLHIN A1 Maximum Dry
Density 1182 Optimum Moisture Content YBIHUARN AB 2.33 g/ce 11AT 5.10 %, AUYNTIAD

a a o a J
2.04 g/cc 11AT 8.20 %, HUAYN AT AUGNTI AD 2.30 goc 1AZ 4.90 %, AUAGN F1uUA

o = 4

a 4 a a
(Portland Cement) Hag 1WAIN0S A 2.32 glec 1AE 5.20 %, HUAQN AUYNITI FIUUA
a 4 o @
(Portland Cement) ttaz TWAWDS AD 2.28 g/ce 1A 5.00 % ANAIAL
=® = o w o %l ) a 1 [ o Y
MsanyulisumneuMaImssuiminyesiuagn noutaznaINsUiuljeaunInae
= J a 4 a = 2 . .
FUUA (Portland Cement) 1A INaWos Iaonmsnaaosunanesiiie 1134 15 1% (California
Bearing Ratio; C.B.R.) ﬁﬂisl1Wi]aﬂiill"ljﬁlﬂauﬂ1ﬂclﬁﬁﬂullﬂj Soaked 11a% Unsoaked 110
E4 1 [ a Sol ]
WNTUINHANTTUUAZMAINMITUUIHUNVOIAUNOULAZHAINTINAUINIY 1INRANT
NAABINYI HUAGNUAT C.B.R. = 135.21% (Soaked Condition) 118 172.87% (Unsoaked
Condition) 11 95% Compaction (Modified Proctor) 1THumiz# A1 C.B.R. ¥94HUAgANLN1T
[y 4 a J 1
U5u139nunndae Bua (Portland Cement) taz Twames A1 = 307.72% uag 146.85%
1 95% Compaction (Modified Proctor) N1 ﬂﬂlﬁl 139U 19 Soaked 118 ¥ Unsoaked Conditions
o @ 3 1 4 a 4 g 1 o w o Bo’ Y] a
audey udaaldimiud emaan1unseiiimin (Soaked) Massutminvesiungn
] I~} Y v 1 1Y 9 0o o o 3o’ [ a d' 1Y
anageg1uiu ldsa ualunasanudiy massuihminvesiuagnidsulgenaunin
Y A 4 Aa S 1 A Y s Y ~ £
A8HUUA (Portland Cement) 1ag INANOTUAUNNNINV LB FDIUMTAUININNATY
mynaaeuisuRoun 1ign1na (Unconfined Compression Test) NA5zoz17a1M51i 3
[ ] [ a 4 a 14
JU, 73U, 1ag 28 TU YDININATDY HUAYN, F1UUA (Portland Cement) 1Ay IWAINDS
a a Y] = 4 a 14 QJA'
HazMINATOURUAQN, AUYNTY, F1UA (Portland Cement) 1oz Twamos neldmou 1y
Y 1 1 o (%
managey :19 NI uazanomalumen amsnageunsuRounuy lugndina
a o a 14 [
YOININAADY HUAQN, FIUUA (Portland Cement) Ly TWAWDS LA 38.24 ksc (3z8217a)
AITUY 3 T1), 50.70 ksc (52821301015 UN 7 1), uag 58.34 ksc (528£1IAINITUN 28 TU)
) 9 ' 1 w
moelddouly s1e1imniu taglinn 39.38 kse (320211M5UN 3 TU), 56.10 kse (52821707
ASUY 7 T1), 1ag 60.98 ksc (3282138101511 28 1) neldi@euly aneimalumen
a a [ 4 a 4 1
MINATDY HUAQN, AUGNTI, HUUA (Portland Cement) az IWAILDS WA 29.84 ksc

(52821701015 UY 3 W), 34.71 ksc (5282321015 UN 7 W), 1A 50.35 ksc (52821901013

) % 4 g % =Nl ) %
U 28 neldieuly s1auimniu uagziint 33.40 kse (520212010151 3 1), 43.63
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ksc (328217810151N 7 TU), 1ag 54.49 ksc (3282132101301 28 1) neldideu'lv an

p1melugnennu mmsnageunsudeunny ligniing vesmsnadeuiagnield
Lﬂ' =S ] 1 U d' 1 A ] o w =S
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X A4 2
VUATNISYLIAINTTUUNINUUU
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= = 1 A 9 a o dy U A a d’@’ a
ﬁﬂ‘HHIr%EJUL‘V]EJUﬂW C.BR Vlllﬂ*m'ﬂﬂWiTﬂfJu iagn1 C.B.R “I/]Lﬂﬂ‘lluﬁ]iﬂﬂlu\i']u/ﬁU']iJ‘Uﬂ\?
99 9 a a @ = 4 a 14
ﬂ13ﬂ§$fa|ﬂ§]6l‘]5 HUAYN, AUGNIY, BIUUA (Portland Cement) L8 IW@LJJ”EJ?
o = Ay v = A a ' a a o Y = A
mwamﬁﬁﬂmﬂ"lﬂu"lﬂﬁﬂmmumu Tﬂﬂllﬂﬂ“ﬁuﬂﬂl@ﬂﬂugﬂﬁ\ﬂ‘l’i?JﬂTliJﬁ%L@fJﬂlWiJ?J'lﬂ

ds! a A [ d‘ Y a [ d' Y
VYU DIN ﬂugﬂiﬂﬂi&ﬂ“ﬂ ABuag C LW’E’)i‘ViﬂifJUﬂﬁjMﬂimﬂﬂﬂl@ﬂﬂutﬂﬂiﬂﬂi%iuﬂﬁ

U

=

[ g‘/ a Jd aaa a 3
NOE3 NOUUNIHUANVLIATTIUUDINANNNHAN LAz IATIzHUYAT e MINAT UMY
DATITIUNTUAN )
o 4 a J I~ 1 ]
UM IINFUA (Portland Cement) ttaz Inawes i lsdudiuwaulumsnoadaouu
- A - 3
21 UANUARIAAADU (Error) (NAVYYU

s A a
ﬂﬂ]i‘ﬁfﬂiﬁﬂ‘]&l1ﬂ'313JLW3J1$ﬁ3J1/11\‘ILﬁ§Hﬁ1ﬁ'@]§LW3Jm3J

78



UNT 6
aslmanananIdY

U

6.1 HaNANNUIDY
zil [ & Ao dy 9 v A I A ) a
Luammuﬁuwmmmﬂﬂu"lﬂmﬂﬂmaemﬂuuwmm lWﬂquﬁuﬂiuﬂWﬁﬂigGIﬂJ'J“Iﬂfni
FLTAUUIUIFIA 16" Asian Regional Conference on Soil Mechanics and Geotechnical Engineering
(16ARC) FTNIIUN 14-18 A01AN 2019 2. Taipei International Convention Center (TICC) 1lszine
Tansu Tuve “Improvement of Crushed Rock by Polymer and Portland Cement on California
Bearing Ratio (CBR) under Soaked Condition” Taglunany tag Acceptance Letter AONATLLUL

lunanuIn ¥
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under Soaked Condition
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Chalongkrung Rd., Ladkrabang, Bangkok 10520, Thailand.
2 Department of Public Works and Town and Country Planning, 218/1 Rama VI Rd., Payatai, Bangkok 10400, Thailand.

ABSTRACT

The pavement consists of surface course built on the top followed by base, subbase, and subgrade, respectively. The
high stresses occur at the top layer, which is placed by the expensive material with high quality, while cheaper
material with low quality is placed in the lower layer, respectively. Crushed rock is normally applied as the base
material, which is required to support the high stress transmission. The soil improvement techniques have become one
alternative to apply for increasing the soil strength. The one technique has been wildly adopted, is called “soil cement”.
On the other hand, the soil cement road is easily to damage by heavy raining and flooding, due to brittle crack
behavior in Portland cement property. Consequently, polymer has high elastic modulus, is precious to solve the
brittle failure problem. This paper examines the effect of concurrent use of liquid polymer and Portland cement on
crushed rock as reinforced pavement base material. The strength of polymer-treated crushed rock (treated crushed
rock) and ordinary crushed rock (untreated crushed rock) were characterized and compared. In strength analysis, the
California bearing ratios (CBR) of untreated and treated crushed rock were determined under soaked condition to
simulate post-flood pavement damage. As a result, it was found that the CBR value of the treated crushed rock has
higher than the CBR values of the untreated crushed rock (approximately two times).

Keywords: Polymer; CBR; Base; Pavement; Crushed rock

1 INTRODUCTION content between 3%-8% by aggregate weight,

There are many soil improvement techniques to
enhance the engineering properties (e.g. strength,
stiffness, durability and bearing capacity etc.) of natural
aggregates, including fine grained soil and coarse
grained soil (crushed rock). There are two conventional
techniques: mechanical and chemical. The mechanical
technique uses static or dynamic compaction to increase
soil density and bearing capacity. The chemical method
mixes the natural aggregate with traditional (e.g.,
cement, bitumen, fly ash) or nontraditional stabilizing
materials (e.g., resins, ionic, polymer).

Portland cement mixes the natural aggregate (i.e.,
soil cement) was first used in 1935 to improve soil
strength for highway construction (Mitchell et al.,
1959). The strength of soil cement, including
fine-grained soil and coarse-grained soil, was assessed
by California bearing ratio and unconfined compressive
strength (Naeini et al., 2012; Saha and Pal, 2013; and
Esklsar, 2015).

Garber et al. (2011) experimented using a mixture of
crushed rock, cement, and water (i.e., cement treated
base (CTB)) for pavement structure by varying cement

depending on the required strength. According to
Austroads (2010), cement contents of 4-5% by CTB
aggregate weight resulted in a modulus of 500 MPa -
5000 MPa. Thus, lower cement contents are suitable for
coarse grained soil and high cement contents for fine
grained soil. Increase in CTB cement content
contributed to stiff base material and susceptibility to
brittleness

In addition to Portland cement, high-elastic-modulus
polymer was incorporated in soil to mitigate the brittle
crack (Wang et al., 2016). The polymer improved the
flexibility, durability, and water proofing of soil cement
(Mirzababaei et al., 2017; and Menhosh et al., 2018).

Therefore, the objective of this paper is to examine
the concurrent use of liquid polymer and Portland
cement to strengthen crushed rock as reinforced
pavement base material. In the study, the strength of
polymer-treated crushed rock (treated crushed rock) and
ordinary crushed rock (untreated crushed rock) were
characterized and compared. In the analysis, the
California bearing ratios of untreated and treated
crushed rock were determined under soaked conditions
to simulate the post-flood pavement damage.


https://www.sciencedirect.com/science/article/pii/S2095756415302932#bb0025
https://www.sciencedirect.com/science/article/pii/S2095756415302932#bb9000
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2 POLYMER

The experimental liquid polymer was vinyl
copolymer emulsion (Soiltac, Soilworks LLC) of milky
white color, pH 4.5-6.0, and a specific gravity of
1.05-1.10 (Table 1). The polymer was first diluted (10.5
cc/390 g tap water) and mixed with Portland cement
(Type 1, TPI) and crushed rock for the treated crushed
rock. The ratio of diluted polymer to Portland cement
was 5 g:100 g, and that of cement to crushed rock was
3.5g:100 g.

Table 1. Properties of polymer.

Property Characteristics/Value
Physical State Liquid polymer

Colour Milky White color
Component Vinyl Copolymer Emulsion
pH 4.5-6.0

specific gravity 1.05 to 1.10.

3 CRUSHED ROCK PROPERTIES

The basic properties of untreated crushed rock were
classified by laboratory testing, including Atterberg’s
limit test and sieve analysis test. The laboratory testing
base on the standard of American Society for Testing
and Material (ASTM), which is similar to the standard
of American Association of State Highway and
Transportation Officials (AASHTO).

3.1 Atterberg’s limit test
The liquid limit, plastic limit, and plasticity index of
untreated crushed rock were characterized using

Atterberg’s limits test in accordance with ASTM D4318.

The relationship between the liquid limit (LL), plastic
limit (PL), and plasticity index (PI) can be expressed as

PI=LL-PL (1)

In this research, the initial moisture content was
17.46%. The moisture content was further increased
and varied between 17.85%, 18.14%, 18.73%, and
19.23%, with the corresponding number of blows of 32,
26, 18, and 13 blows. The LL of untreated crushed rock
corresponding to 25 blows was 18.22%.

In PL analysis, the experiments were carried out in
triplicate. The average PL of untreated crushed rock
was 13.72%. The PI of untreated crushed rock was
4.50%, where PI=LL - PL.

3.2 Sieve analysis test

Sieve analysis was carried out to determine the
distribution of particle sizes of untreated crushed rock
in accordance with ASTM D-421.

Figure 1 illustrates the grain size distribution of
untreated crushed rock as a function of the percentage
of passing by weight and the size of particle by
diameter. Specifically, the untreated crushed rock
passing sieve no. 27, 17, 3/8”, #4, #10, #40, and #200

Fig. 1. Grain size distribution curve of ordinary crushed rock.

were 100%, 98.65%, 84.40%, 69.19%, 43.77%, 17.75%,
and 4.99%, respectively. In the figure, the 10% (D1o),
30% (D30), and 60% (Deo) passing by weight were 0.18
mm, 1.00 mm, and 3.50 mm. The coefficient of
uniformity (C,) and coefficient of gradation (C.) are a
function of D1, D30, and Do as:

Cu = De0/Di1o )2(
Ce = (D30)*/(D10xDs0) )3(

where C> 4 and C¢ = 1-3 denote well-graded gravel,
Cy> 6 and C. = 1-3 well-graded sand, and C, = 1
poor-graded sand. In this research, C, and C. of
untreated crushed rock were 19.44 and 1.59.

According to the unified soil classification system
(USCS), the particles of untreated crushed rock passing
sieve #200 and #4 were 4.99% (<50%) and 69.19%
(>50%), respectively, indicating that the untreated
crushed rock was sand. Given Cy = 19.44 and C, = 1.59,
the experimental untreated crushed rock was of
well-graded sand (Cy> 6 and C. = 1-3).

According to the American Association of State
Highway and Transportation Officials (AASHTO), the
maximum percent passing sieve #10, #40, and #200 are
50%, 30%, and 15%. In this research, the percent
passing sieve #10, #40, and #200 of the untreated
crushed rock were 43.77%, 17.75%, and 4.99%, which
is classified as A-1-a. The untreated crushed rock is
thus of high quality as pavement base material.

4 EXPERIMENTAL PROCEDURES

4.1 Testing conditions

To understand the effect of concurrent use of liquid
polymer and Portland cement on crushed rock as
reinforced pavement base material, the specimens were
prepared and tested by comparing 2 different cases as
follows:1) ordinary crushed rock, called untreated
crushed rock, and 2) ordinary crushed rock mixed with
Portland cement (3.5% of crushed rock by weight) and
polymer (5% of Poland cement by weight), called
treated crushed rock. This proportion is used on the
standard specification of department of rural roads.
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4.2 Compaction test

The modified proctor compaction (ASTM D1557) is
a function of the dry density and water content of a
material. The maximum dry density (Y4, max) and
optimal water content (OWC) of untreated and treated
crushed rock were determined. The OWC was used for
analysis of California bearing ratio (CBR).

In the preparation of untreated and treated crushed
rock samples, tap water of arbitrary amounts (i.e., five
variations each for untreated and treated crushed rock)
was added to the crushed rock. The water contents of
untreated crushed rock were 1.01%, 2.48%, 4.90%,
7.01%, and 8.89%, and the corresponding dry densities
were 2.17 t/m3, 2.20 t/m3, 2.33 t/m?, 2.26 t/m?, and 2.20
t/m°. Meanwhile, those of treated crushed rock were
1.19%, 2.77%, 4.90%, 7.55%, and 10.20%, and the dry
densities were 2.17 t/m3, 2.21 t/m?, 2.32 t/m>, 2.27 t/m?
and, 2.16 t/m>, respectively.

Figures 2-3 respectively illustrate the compaction
curves of untreated and treated crushed rock as a
function of water content and dry density, whose peak
represents the maximum dry density at the optimal
water content. Specifically, Y4, max of untreated and
treated crushed rock were 2.33 t/m®* (OWC = 5.10%)
and 2.32 t/m? (OWC = 5.20%)).

Fig. 2. Compaction result of untreated crushed rock.

Fig. 3. Compaction result of treated crushed rock.
2
4.3 California bearing ratio test
California bearing ratio (CBR) describes the
strength of a material in relation to the bearing capacity

of well-graded crushed rock whose CBR is 100% at the
maximum dry density. The bearing capacity of a
material is governed by water content, dry density, and
material type. In this research, the CBR of untreated
and treated crushed rock is subject to ASTM D1883.

In CBR analysis, the untreated and treated crushed
rock passing sieve#4 were mixed with tap water (5.10%
and 5.20% OWC, respectively). The rocks were
prepared with three molds (compacted 10, 25, and 56
blows in each layer) each for untreated and treated
crushed rock.

In penetration testing, the penetration carried out at
a rate of 1.27 mm/min. The load measurements
corresponding to the following deformation were taken:
0.64 mm, 1.27 mm, 1.91 mm, 2.54 mm, 3.18 mm, 3.81
mm, 4.45 mm, 5.08 mm, 7.62 mm, 10.16 mm, and
12.70 mm.

The swelling behavior of untreated and treated
crushed  rock were  characterized  under soaked
condition to simulate flooding whereby the crushed
rock samples (in the mold) loaded with 10-pound
surcharge weight were submerged for 96 h prior to
penetration test. The submersion enabled free access of
water throughout the crushed rock samples. The
swelling after 96h-submersion was calculated by:

Sample extension during soaking( in.)

100 @)
4.584(in.) g

%swell =

The load and deformation at 0.2-inch penetration
depth under unsoaked and soaked conditions were
converted into CBR of untreated and treated crushed
rock. The resulting CBR were then compared against
that of standard crushed rock at 0.2-inch penetration
depth (i.e., 1500 psi). The CBR can thus be expressed
as

Test unit load

X
Standard unit load

CBR (%) = 100 ®

5 RESULTS

Figure 4 compares the CBR of untreated crushed
rock under soaked and unsoaked conditions. Under the
unsoaked condition, the CBR at Y4 max of 2.03 t/m? (10
blows), 2.15 t/m? (25 blows), and 2.29 t/m?® (56 blows)
were 75.74%, 119.46%, and 218.58%, respectively.
Under the soaked condition, the CBR at ygmax of 2.12
t/m3 (10 blows), 2.23 t/m3 (25 blows), and 2.35 t/m? (56
blows) were 104.46%, 152.50% and 157.84%.

In Figure 4, the unsoaked CBR of untreated and
treated crushed rock were positively correlated to
compaction blows, suggesting that compaction blows
had minimal effect on the CBR.

In practice, the achievable maximum dry density,
given any OWC, is 95%. Thus, yd4max of untreated
crushed rock was 2.215 t/m? (i.e., 95% of Yamax of 56
modified compaction blows). The CBR of unsoaked
and soaked wuntreated crushed rock, given Yqmax of
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2.215 t/m3, were 172.87% and 135.21%, respectively.
Specifically, the CBR of untreated crushed rock
decreased once submerged in water for an extended
time period (96 h). This explains the post-flood damage
to untreated pavement.

Figure 5 compares the CBR of untreated and treated
crushed rock under soaked condition (96 h). The soaked
CBR of untreated crushed rock of 10, 25, and 56
compaction blows were 104.46%, 152.50%, and
157.84; and 292.80%, 297.38% and 328.64% for the
corresponding treated crushed rock. The soaked CBR
of treated crushed rock was approximately twice as
high as that of untreated crushed rock.

Table 2 tabulates the CBR of untreated and treated
crushed rock under soaked condition, given 10, 25, and
56 blows. The swelling index of untreated and treated
crushed rock under soaked condition, and the swelling
indices were 0% for untreated and treated samples. This
indicated that liquid polymer and Poland cement had no
impact on the crushed rock when submerged under
water.

Fig. 4. CBR of untreated crushed rock.

Fig. 5. Comparison the CBR under soaked condition.

Table 2. CBR of untreated and treated crushed rock under soaked
condition.

Density C.B.R. (%)

(gec) Untreated ~ Swell Treated Swell
g/ee. crushed rock (%) crushed rock (%)
2.12 104.46 0.00 292.80 0.00
2.23 152.50 0.00 297.38 0.00
2.35 157.84 0.00 328.64 0.00

6 CONCLUSIONS

The effect of liquid polymer and Portland cement to
strengthen crushed rock as reinforced pavement base
material. The strength of polymer-treated crushed rock
(treated crushed rock) was assessed in relation to
ordinary crushed rock (untreated crushed rock) based
on the California bearing ratio (CBR) under soaked
condition to simulate the post-flood pavement damage.
The findings are as follows:

1. The CBR of untreated and treated crushed rock
were positively correlated with dry density.

2. The CBR of untreated crushed rock decreased
when submerged under water.

3. Under the soaked condition, the CBR of treated
crushed rock was twice as high as that of untreated
crushed rock.

Hence, the liquid polymer and Portland cement can
apply to improve the strength of crushed rock and
mitigate the post-flood pavement damage.
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