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cement - stahilization twitwaznaliinaibm il ninnsuas (mixing) uaw

AMTABAIN (construction)
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cement - stabilization ﬁﬂﬂ1iﬂ1§1ﬂaﬂ10ﬂ11€ﬂ1101uﬂﬂiﬂiuﬂlQﬂmﬂﬁu?ﬂﬁ
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—

P1<10

Bituminous stabilization
[ Additional requirement for roadbase:
< 25% pass ' PI<BandP! x (% <75um)<72)

75 um

L Cement stabilization

Pl >10

Perform sieve | . T

analysis test { — Lime stabilization

“ < 10 ' . " Cement stabillzation

Lime stabilization

>25% pass

75um 10<P/=<30 —IL Cement stabilization

Bituminous stabilization

Add sufficient lime to reduce

oo

S—

Perform P/ <10 (subgrade) and
Atterberg | Pl< 6 (roadbase)
limit test

Add sufficient lime to reduce S nab_uhzmon

PI<30 '

© PI>30

Lime stabilization

L

~ ‘o » <
3N 3.2 inamvue lun1TRRLAINANT stabilizer Ty
il soil 1liaR1e 9 1a9 USA Air Force
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WIS LAY fuanae soil . | Uinwdunenly ¢ Tamiwiing
) P gravel 5-10
2. sand 7 - 12
3. silt ' 12 - 15
4. clay 12 - 20

_ - vo v < 4

Portland Cement Association (9) 1ﬂq1uunﬂ11umaeﬂﬁSU7uﬂm§tuum
184 soil nwumqq q Traardasivszin AasHTO WWhiena1e 3.1 @1919n 3.2
uaumwiqu 3.3 ﬁwu7u911umadnﬂ71ﬁU1uﬁmﬂtuuanaqo1mnu11uU5 LNAUVANATY 1

1aﬁau1qu131um17ﬂqn 3.4 U2

NG wlnterkorn (2) 1@d7ﬂnﬂs1ﬂu7u1mﬁtuum11uiu soil

wasine q Tiae

- o £y < 's
WHNELRY TURTaN soil UTu e L uua
% Tamiwnin)

1. Well - graded soil with or 5

without small amounts of silt

or clay

2 Poorly - graded one - size.a 9
minimal amount of silt

3. Sandy soil 7

4. Nonplastic or moderately plastic 10
silty soil

5. Plastic clay soil 13
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AASHTO (PCA, 1959)
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AMLAUREIN q @ TEI

AASHO Usual Range in .Esr(mared Cement |Cement Content for
Soll Cement Content and That Wet “Dry and Freaze
Group Requlirement Used inthe Molsture| - Thaw Tests
of & ‘ ~ Denslity Test
(% by vol). - (%bywt) (% byws) (% bywt.)
g SRS AR 3-5 s 3-5-7
A=l=b| 7-9 5— 8 6 4—-6-8
A-2 7 - 10 5-9 7 5S-7-9
A=3 8-12 7- 1 -9 7-9-1
A-4 | 8-12 - 7-12 10 8- 10-g
A-5 8-12 8 -13 10 8 - 10-12
A-6 10- 14 9~15 12 10 —-12-14
A-7 10— 14 10- 16 13 10 -13-15

For dark gray to gray A-horizon solls, Increase the above cement contents four percentage polnte,
for black A-horlzon solls six points.
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A1TNN 3.2 inadunaniasnislaataaanae sandy soil

(PCA, 1959)
Material
Material Smaller - Cement Content, Percent by .
Retained op than
No. 4 Sieve 0.05 mm. Maximum Deansity, Ibfft®
Percent Percent 105-109 110-114  115-119 120-124 125-129 130 or More
0-19 10 9 8 7 6 ) )
0-14 20-39 9 8 7 7 5 S
40-50 11 10 9 8 6 5
A 0-19 10 9 8 6 5 5
15-29 20-39 9 8 7 6 6 S
40-50 12 10 9 8 7 6
0-19 10 8 7 6 S S
30-45 20-39 11 9 8 7 6 5
40-50 12 11 10 9 8 6

A1979N 3.3 anamLninaamT Taa anama silty soil uax
clayey soil (PCA, 1959)

Material ; .
Between . L
0.05mm., Cement Content, Percent by Wr. X
AASHO and

Group  0.005 mm. v Maximum Density, Ib/f¢3 [ e
Index Percent ' 190-94 95-99 100-104 105-109 110-114 115-119 120 or More

0-19 12 1 10 8 8 7 7

o 20-39 12 1 10 9 8 8 7

o3 40-59 13 12 1 9 9 8 8

60 or more - - - - .- - =

'0-19 13 12 1 9 8 7 7

4 7 20-39 13 7 12 | X 10 9 8 8

40-59 14 13 12 10 10 9 8

60 or.more 15 14 12 11 10 9 9

0-19 - 14 13 11 10 9 8 - 8

8-11 20-39 15 14 11 10 9 9 .9

40-59 16 14 12 1 10 .10 g

60 or more 17 15 13 1 10 10 10

0-19 15 14 13 ’ 12 11 9 9

1215 20-39 16 15 13 - 12 1M 10 10

’ 40-59 17 16 14 12 - 12 11 10
60 or more 18 16 14 13 12 11 1.

0-19 17 16 14 13 12- Ak, 10

16-20 20-339 | 18 17 15 14 1BE-2 1 11

40-59 19 18 15 14 14 12 12

60 or more 20 19 16 15 14 13 12
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f139N 3.4 umw%tmmmaqn'rﬁaaxaﬁanaﬂaqa'w 9

(PCA, 1959)
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Estimated Cement
Content and That

Cemeant Contont

Used In for Wet-Dry and
Type of Molsture - Density Freexeo-Thaw
Miscellaneous Test Tests
Material (% by vol) (% by wt) (% by wt)
Shell soHs 8 7 5-7-9
Limestone screenings T 5 3-5-7
Red-dog S 8 8-8-10
Shale or disintegrated shale (3 24 10 8-10-12
Caliche 8 g 5-T-9
Cinders 8 8 8-8-10
Chert 2] 8 8-8-10
Chat 8 7 T 5-7-9
Marl it ) o-1(-1(3
Scorla (containing + No. 4
material) 12 1t 9-11-13
Scorla (Minus No. 4 mate- ' Lk
rial only) 8 7 5-7-9
Alr-cooled slag ) 7 S$-7-9.
Water-cooled slag 10 2 t0-12-(4
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Lee, White uaz Igles 1)) ‘lauuzmu'iu'uummmmmmum o |

v soil wHaA1e q (riduiy & mu

WNHLAT 1iana .soil V3uar L g
% Taemiwiin)
1 Fine crushed rock | 0.5 --1
2 _'Well graded sandy clay gravel 2 -4
3 Well graded sand 2 -4
4 “Poorly graded sand 4 - 6
5 -Sandy clay 4 -6
6 Silty clay 6 -8
7 Heavy clay 8 - 12
8 Organic soil 10 - 15

3.1.2.2 Atterberg limit Highway Research Board (11)

Toudawanisnaday Loess soil u8¢ Southwestern Iowa ‘l’ﬂu‘sm 3.3
ﬁwmu‘lmqma Liquid Limit uas Plastic Index a'\mu llill’ltﬁlﬂl&ﬂﬂﬂaﬁﬂ‘l‘i

mnuma

Flaherty (8) lauuzi1d1 @may Plastic Index nama’am.,m
cement - stabilization R??lﬁu1Uﬂﬂu

PI PY 20 + (50 - % fine content)/4

3.2 nalnmifaniluni9th cement — stabilization

1uﬂﬁiﬂ1 cement, - qtabxllyatlon dﬂuﬁ1nuqqsmﬂ1ﬂndq1ﬂ1~n1unﬁe

L ﬂﬂﬁi]\nfu'd b uumlamuaum umﬂgmmmq 3 mm b ﬂQ'ﬂu\lﬂﬁ\‘mﬂd
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- 4.20
| 410
3 CBR ]
F OF RAW SOIL |
P i | -
t 1 f N ' 0
0 5 b : 15 20

CEMENT REQUIREMENTS-PERCENT BY WT

- . F. J . - o~
7N 3.3 udavAmas plasticity iﬁmwaﬂmwﬂlmﬁamﬂ
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CBR(STD AASHO DENSITY PLUS 4 DAYS SOAKING) (%)
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o e £ 4 's
3.2.1 ﬂﬂ?ﬂizﬂaunﬂqLﬂﬂnﬂﬁﬂmnaqUu%tuumﬂaiauaua Flaherty (8)

v . el b 4 4 & e, Ha
T@asunan ﬂﬂiﬂisﬂaunﬁqLﬂunﬁﬁa@naaguﬂtuuaﬂaimuaua HANUAD

) <t - I'e 4 4 o -
a”l‘)'UT:«’ﬂE]U’ﬂ'l\‘llﬂuﬂﬂﬂlﬁ&ﬁlu!&WUaiﬂuauﬂ % Tmaummn
Ca0o 59 - 66
SlO2 18 - 23
Al,0, 4.5 - 8.0
Fe 0, 2.5 - 4.5

aﬂuimmuaﬁﬂﬂ$U3"ﬂaunﬁqLﬂutnwﬂu ?vaaquﬁﬂﬁﬂiﬂﬁ nHUWJduf

'Tis\l lﬂﬂ?"lﬂﬂg]ﬂ?il"l‘lul AW ‘1"11’nxmﬁs1nuﬂ'nu'm1 hé"ﬂ NUGH]’HGILLRU@ mu

{7UznaunaLg gﬂitau gaﬁéa
Tricalcium silicate 3Cao.SiOz CGS
Dicalcium silicate 2Ca0.81i0 . C 25
Tricalcium aluminate 3Cao.Ale3 C,A
Tetracalcium alumino ferrite 4Ca0.A1 ZOS.Fezos C4AF

» - d' 1: v v o g o“;
3.2.2 Uinismwielmiiam: Flaherty (8) 1@a§Uﬂ81771 (e s
Lnﬂiﬂuﬂunu%;uum e lifiaufn3an cement. hydration Su Iedu 7oL

ﬂgﬂiaﬂndwﬂmu aanlaiihs 3 dae Aa
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JQ e ) - - . -
L PRITE ) Lﬁuﬂaontnaugn1aﬂge navI ey luhwsnaa

3CaO.A1203 + 6H,0 —> SCaO.AleS.GHzO
(CAH)

Hunda lﬁuﬂﬂﬂﬁlﬁﬂﬂﬁﬂgaﬂgﬂ Tuszmineiun 2 feiun 7 wivan

ﬂﬁiwauﬁa

2 CBCaO.SiOZJ + 6H 0 ——> 3CaO.SiOz,3HzQ + 3Ca(OH)2
(CSH)

«' q - - . o - <~
TI9nA W lﬁuﬂoqﬁtﬂauﬁniaﬂgc MEVAN 7 W 1aNnITNFuAa

pA [ZCaO.SiOZJ + 4H_ O 7/ 87 PR 3CaO.ZSiOz.3H20 + Ca(OH)2
(CSH)

Moh (12) laasungqn tﬁatﬁauﬁn?a1 cement. hydration lad91U5=nay
calcium silicate hydrate (CSH), calcium aluminate hydrate (CAH) uay
released hydrated lime [Ca(OH) 1 Fermnssinasaengng Wwm Mnanag
uiNGImaY CSH uae CAH éqtﬁuﬁﬂqﬁaxéanﬁwﬂ

v - a X ' . e - v &
Atkins (13) ladgumninamuang « lﬁanmﬂsuauoaqaqayﬁtum
UaTAUALA Gaiag
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o o X . ~ & 4 ¢
WARaNLNAIYU ﬂ11U1zﬂaunaqu71uyuﬂxuumUaimuaum
Cas C,S C,A C,AF
ay a o < v
- ATINITLNA 1una 1 192 biigl

-cement, hydration
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Lee, White uar Ingles (10) l@nan241 naam
cement - stabilization ﬂﬂalauﬁW§Q§uu7qaﬁ (tensile strength)
NP R TTORET (compressive strength) @2qumuniy (durability) uazay q

avnudas 1 lua5199 3.5

A ‘d . 1 o e
3.3  BNALTYNMMUANIWAAAAANTAY cement, — stabilized material

' ' i 0 o < < 0 o
Sherwood (4) lana1aq ANAUTENALE ROl A N WRR AR S 918

v v
cement - stabilized material i & wasautielgaen
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soil
Property Granular Soils Fine-Grained Soils . Notes
Density (t/m?) (1.6-2.2) t/m* (.l.4-2.0). t/m? May be higher or lower than

Unconfined compressive
strength (kPa)

Cohesion (kPa)

Friction angle (deg)

Flexural and tensile strength .

Modulus compression (kPa) 7 x 10°-35 x 10°

Modulus-tension and
flexure

Poisson’s ratio
Shrinkage

Permeability

Erosion resistance

Fatigue resistance

Q. = (500 to 1000) C 9 = (300 to 600) C C = cement content
Qs = (qu)e, + K log (i) (QuJa, = UC strength at age of
do ' d, days
K=500C K=70C d==s¢(days)(d>d,)

To a few thousand kN/m?
C =60 + 0.225 (q,)

untreated soil. Delay between
mixing and compaction causes
density and strength reductions.

To a few thousand kN/m?* Depends on C, d

4045 30-40 May decrease at high confining

pressures.

t,. 1 . Need 1-3% cement to

Flexural Strength = (} to 3) compressive strength develop.
CBR = 0.0038 ()< ’ q, in kPa
7 x 107 x 10° Depeads on stress level
£ 1 — 0.74(1 - sin ¢Xa; — o, ; E, = initial tangent modulus
: 2% cos ¢ + 20, sin ¢ E, = tangent modulus

E, = Kp, (ﬂ).

iy n =0307
K = 1000-20,000
Same order of magnitude as in compression. E. # E, (usually)
0.1-0.2 0.15-0.35
A few tenths of one Upto 1% Shrinkage cracks generally
percent inevitable in thin slab
_ construction.
k<1x 10" cm/sec k<ix10¢ k parallel to compaction planes

C = standard + 2% for severe exposure
C = standard for normal exposure

C = standard ~ 2% for mild exposure
Standard = C for usual soil-cement

C = cement content % by wt.

Need extra 2% cement and
Streams containing sand, g

ravel, debris.

<3 = confining pressure
Pa = atmospheric pressure

may be up to 20 times greater
than normal to them.

gravel content of 20% for

Slabs are subject to fatigue
failure if there are a very large
number of flexural stress
applications greater than 50%
of the fiexural strength.
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3.3:1 anﬁuatﬁaq?ﬁnﬂduUisﬂaunﬂqLﬂu Sherwood (4) 1@6ﬁUﬂ81111

>.1Mﬁ1ikﬁﬂﬂ5ﬂ§aﬁ cement, hydration lun14va cpment - stabilization éu
unumauﬁuﬁauuﬁuﬂﬁﬂuiﬁm1maﬂn7wuaaﬁanu1ﬂ n11LUaauJUﬁaﬂmduueﬂﬁaLﬂAnaqﬁde
@281 nﬁﬂuﬁiﬂanntﬂaﬂﬁﬁtﬂaauuUﬁQTu cement - stabilization 1u11@uu Ly
Toun Tﬂwﬁﬂ%unnnx L1111uﬂ1nuaﬂd7uu7~naunuuaaaUQnssﬂnﬁqLﬂu

\luv ‘Id

aAaIUA

« < o < .
HaaalmMIgIMINLAY UTELanaadulIeNaynay soil

(Ragy (inert) Gravel, sand, and silt fraction
M Mt nawaL e (deleterious) |Organic matter, sulphate

ﬁw1ﬁﬁﬁﬁﬂ§q§u (benificial) [Calcium carbonate, clay mineral,

iron and aluminium oxide
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3.3.1.1 #&132un3g Sower (14) laasuia 134
e & . < ¢ < < <
A1 TUNTALNSTUALAL ‘5~m§qzmsnauagﬂu soil tiheannutaniiag nanana L
a < o . < ) <~ ¥ o qu
LNONTTUANAITDY soil - cement Lﬁu1ﬂ1maﬁﬂ ﬁq1uu14ﬂiqaa@lﬁ
4 1 1 o x ' o ! =
Tovan lgasantda (Naow) et 1 ludraudihmmi fauiaz: 3w

cement, - stabilization

Sherwood (4) AA1291 A1TAUNTEn wNUgnIantiu calcium ion
a1 pH s cement - stabilization anas FaaeimaivlimiaSeas
cement - stabilized material asaslu@aa 0\371\1011’70\111111‘51171 .4 @miTueu
i Tagin e uiEn 1 w3 1) IR AnuArAnna T lEn
AT AN B HANAMAGY %xam‘saummzm1'mauwﬁnnma\mazszas 1721
5@#161’;!&1@@13’114211# 3.5 d'su‘luguﬁ' 2.6 udae Wil calciun chloride

toaag Y Asilidae L Rmaas g s

23.3.1.2 &7 sulphate Sower (14) 1ﬁﬂdﬂai1 soil
-~ & EY) B ° e e
U9Tuai DE1T sulphate 9 MM liNa9a9 stabilized material Lif
< U 6 'S N [l <M 4
fausa 13 L uudiar Lan sulphate resistance Tdumasly A luniuse Tam

Sherwood (4) agu1a7 calcium sulphate 3¢9y tricalcium
Y @ . . . o
aluminate uarin ikt calcium sulpho - aluminate (ettringite) Fan B
B w2 EY) ﬂu | v d SN g
LNANITUINGITU LAz L magnesium sulphate ugn AU TIENINNAN

LUTIEANITATINAINY calcium silicate war tricalcium aluminate 15§n518

a Q el‘ < g 3 < ' S o
dMILUINTENIAATUAIN sulphate Tt AsRNaRATNSITa

cement. - stabilized material ﬁdﬂuaﬂo1§1uzﬂﬁ 3.7

3.3.1.23 @237 calcium carbonate Sherwood i4) 1217271

U b 4 ' = A
13 calciun carbonate famiumdn pH igamu FeariiuamBrinfaras

k7
cement, - stabilized material QQEQaQﬂuﬁﬁﬁé

1105044 0b-
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Unconfined compressive strength al an age of seven days
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Bottom uncontam -
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_Unconfined compressive strength atan age of: 7 days
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Bottom uncontaminated
layer

e

~—— Transition zone -

Top organic contaminated

Calcium chloride (per cent)

"nﬁ'n 3.6 udawwamay calcium chloride Mmisa

cement. - stabilized clay - sand mixture

tayer
S 1 ! 1
0 1 : 2 3 4
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Calcium sulphate concentration - per cent

€ . .
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.

T 3.7

imens cured for 7days, soaked for 7days x 1t
Strength of specimens cured for 14 days

udawwanay calcium sulphate Nida
cement. — stabilized clay - sand mixture
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3.3.1.4 @17 iron oxide uar aluminium oxide

Sherwood (4) na1271 iron oxide uax aluminium OYide gt 5uaﬁ11ﬁﬁw§qnad
cement - stabilized material 'mmma FMILA08: m'mimnmqqnﬁ;mﬂa
Mway lateritic soil fAudiung mn‘lnumﬂ“hxmn 3.8 T4RnuanL ey
ﬂugm§1u1@1ﬁ iron oxide fu aluminium oxide qu lateritic soil

: qzﬁwuﬁn?mﬁu lime ?{i’uaanmmnuﬁn?aﬂ cement hydration ﬂ:a"mﬁmjﬁn?m
pozzolanic iftad udifaause. Smin ua.,umw'r\a'hrs.,am-sﬂ 'hnmmnm‘n '
'mn'ﬂmna'mm'swmmﬂn’mnuﬂa Tun9iin lateritic soil nwie A A
vaaqlﬁuwuﬂnﬂQWIu soil ﬁuaau 1 nqutwau11uLi?uﬂgniaﬂna1wa pozzolanic
i RTEII Fe,0, waz Al O fiu Ca(OH), danlduge J“lulmim .9 uAAMIL
Tduiiaau q 19y sand AERNTRG degree of hydration ‘lmnwzmww

U cement. paste 1ﬂan11ﬂ

Lea (15} ‘l@uﬂmlmvnrn 'hsmmu Al,0, & wauﬂmnuma
ﬁmmum AANIEARA LD LA L et mn‘lﬂuaﬂﬂ"lvmn 3.10 Feadingliin
ma free lime [Ca(OH) 23 nﬂnnaaﬂmnu_m‘sm cement. hydration ual3zm
ugnianiiy al o, Tudu Lﬂﬂlﬁﬂﬂ']‘iﬂ‘ivﬂﬂu Ca0.A1,0,.10H,0 uaz
Ca0.Al,0_.8H,0 uax luna’na”mh ﬂaumﬁmmwm '-a.,smmuml 3Ca0.41,0_.6H,0
1[o] ﬂ0117ﬂ1 ﬂaumaﬁnﬂﬁau uﬂmauumﬂﬁuﬂ11aﬂtﬁauanﬁe 1#n11nn1ﬁ433411amau

'lu‘sva.,zrrnnw\lu@’m

a a <
2.3.2  ANOWALUANAIMANINAUTENAUNINIENW  Sherwood (4)

ﬂ’l'l'ﬁﬂtj"l"f‘lﬂ’l')’l NANTEY cement - stabilized material asiiaingndadiy

a9ALlTe ﬂaum.,ﬂa'nn\ma‘lﬂuna
- maximum dry density 3015?ﬂﬂﬂ17ﬂﬂ5@
- optimum moisture content ﬁqﬁﬁﬂ maximum compacted density

5 o 0 - o o = 0
- A27UFWN9D luﬂﬂl‘iﬁ'?uﬂ')ﬂuTzM']']\]ﬁl ”IMﬂU?aﬁ"lﬁ'}ﬂﬂq‘J
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Unconfined compressive stren

'gth
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v MN/m? o

Grading:-
Sand (2mm-0-06mm)48°% -
Silt(0-06mm 0-002mm) 23%

~ Clay (<0-002mm)  29%
Moisture content used 13%

Dry density used “1-93Mg/m

1 1 b il

2 4 6 8 10

Cement content (percent)
‘ o 4 . o w
51 3.8  UAANAINRIMUTIENI INANANTEN
- = ¢~
cement, — stabilized lateritic soil T
Fe O, uax Alzo3 u‘xznmmg
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Lateric soil,
28 -
24 -

»
o
)

Hurmon&sworth
brickearth

Leighton Buwzzard
sand

London
cla

I3
LY
£
3
S 156k
- R ey B & Cement paste
o
E
< 12 Soil Clay LL,
,g" content(*/) (/)
s London clay 62 80
s Harmondsworth
£ - brickearth 32 L0
o Gambia laterite 29 _34‘
& Leighton buzzard 0 Non plast
- & sand
On fraction passing B.S. Nv.36 sieve

26

el
(*/4)

20
16%

ic

" Combined water in stabilized soil after 7 days hydration

0 4 8 12 16 20 24 28 32 36 40
Moisture content of stabilized soil mixture (per cent)

¢

af 3.9 udas degree of hydration 1By soil miaRng 7

|
4
NanAuBasT LG 10 %

L4
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Uncontined comp}essive str_enéth
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Lbf/in2

(53]

22

150

a
wm

2 e
S
T

10%/ Cement

o MN/m

-

1-2

Analysis of the soit
Ignition loss  27-78%
=8 Si0; 3-86%
Aly0; 47-00%
Fe0; 18-07%
Ti0z 2-38%
04} Mn,0, 0-57%
Na,0 0-05%
K10 0-04%
; . ! ! - 1
0 0 7 1% 21 28
Age (days)

= . v & - . Y .
71M 3.10  udasliinnmansmumae A1,0, Tu soil Teiwada
finavnay cement — stabilized soil NLIAEI 4




44

aaax 18naa lusnsaz doada

3.3.2.1 Dry density Grimer (16) TaRnuaauFidnas
dry density fluniavnay cement - stabilized material mav soil HURAN
Seilsudae 15 lumna1eh 3.6 uaviiiaie1mas unconf ined compressive
strength 11 plot fwA1zas dry density 3w la curve AFse lu
Tﬂn 3.11 (a) ?Qﬂ"wUQWQﬁnaﬂ unconfined compressive strength uaxr dry
density av uﬂﬁuumﬂuﬂu 1u1ﬂutﬂumdaa1qnaa silty clay ua" fine gravel
LATHIWNNIN L AWIZAITAY unconf ined compressive strength @9nan2u plot
Tt lu logarithmic scale 50#15udaa1%1u3uﬁ 3.11 (b nax lBa i
izﬂiﬂﬂ unconfined compressive strength uaz dry density tﬁulﬁumiq

. . . tY] - u
?qﬁquﬂﬁaud@qqna§1uzunaqaun171§QQG

log S log K+ n log D
"8 S = KD
T S = strength
D = density
| K = a constant.
n = a dimensionless constant (slope)
Qﬁﬂﬂﬂin@aaeuu1191 n lugunnTs ﬂzuuanﬂu wolstime conteht SN
uﬂnq131um17ﬁqn 3.7 ua81Un 3.12 @1 n & awemias (L §) AWy

limest.one n m01sture content ﬁq uar n qvuﬂﬂuﬂn (lnﬂﬂu 22) dmIu

as - dug gravel n moisture content a1




L ] A J
o . | ° ; o £
A17I9N 3.6 uﬁax‘lmﬁﬂﬂasnad‘)ﬁa’mznmﬂ%mnmwam
TEMINNNNAN U dry density
Material Silt Well As- Fine Blast: White Blue
ClaY Graded | Porphyry | dug Gravel furnace| Lime- | Lime-
Fraction (%) Y Sand Gravel Slag stone stone
Coarse Gravel (60mm-20mm) 0 0 0 35 6 20 0 28
Medium Gravel (20mm-6mm) 0 0/ "ot © 30 34 34 0 40
Fine Gravel (bmm-2mm) 0 14 25 7 16 28 23 18
Coarse Sand (2mmi-0. 6mm) 0 16 40 . 4 10 10 40 . 6
Medium Sand (0. 6mm=-0.2mm) | 0 40 15 17 25 4 15 3
" |Fine Sand (0. 2mm-0. 006mm) 5 18 10 5 9 4 12 5
Silt (0. 06mm-0, 002mm) © 65) . .
2 ) 12 10 2 0 0 10 0
Clay (<0.002mm) 30) '
Liquid Limit (%) 45)
) : ) e Non-Plastic «=~ccccccecccaccanea R Lt
Plastic Limit (%) 19)

14
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Uncontined.compressive strength
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1500 T 10
~ Cement |Moisture
€ Soil type content | content
c| 2 _ - [(per cent) |(per cent) -
< =
s O Siltyclay 10 167
8
3 e Fine gravel 5 7-4.
1000 |~
5 —
‘ —
500 |~
2 —
o- o | { | | | 1 ; 1
112 128 144 1-60 176 Mg/m 2.08
| BKI 1 1 1 |
70 80 90 100 - 0 b /3 130
Dry density :

guﬁ 3.11 (a) WdANAIWIAINALTISWING unconf ined

- compressive strength fu dry density nav
silty clay uaz fine gravel me'a"i'mnmaﬁas
luan319n 3.6 imeiAnT stabilized

2 4 :
damttng Taa plot. 1 normal scale




Uncontined compressive strength (log scale)
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1 ] | | i - |

128 144 1-60 176  Mg/m3 208
1 N 1 | 11
80 90 100 10 tb./tt3 130

Dry density (log scale)

311?1 3.11 (b) udagAIMBRAMTIEINe unconf ihed

compressive strength nu dry density mas
silty clay uaz fine gravel nlaammneaa:
Tumasam 3.6 1w T stabilized

avﬁtmta‘ Tan plot 1t log scale
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A1719Nn 3.7

udagamae n luduAns S = KD© dmau
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granular material 3 e NENWA 1 u

Cement Content

Moisture Content

Value of n in

T 13

5.4 12

Crushed Gravel 4 7.2 11
8T 10

4.1 16

. 5.3 12
Blast furnace Slag 2 5 7 11
6.4 8

3.3 12

Blue Limestone 2 :g Z
5.5 5

_ 4.3 3 Lo s

White Limestone 2 5.8 7
7.0 5
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Uncontined compressive strength after 7:days
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200

100

50

200

100}
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SILTY CLAY WELL- GRADED SAND
~ 10*/s cement 8%/.. cement
E| 4inx 2-in diameter cylinders 6-in cubes
=
=
10 —
5 = b
21 =
. - .
L ot es iope | | R
O 14-7 8 O 7-2 9
@ 17-2 8 ® 8-1 8
05 | A 19-5 7 al a 9-1 8
[l 1 i 1 1 1 |
1-LL 1-60 1-76 176 192 2-08  2-24 Mg/m?
L { | | { { !
D0 100 110 10 120 b /ft3 140
Dry density (log scale]
: PORPHYRY AS-DUG GRAVEL
5 + 2% cement —  &°/ cement
NE 6-in cubes 6-tn cubes
Z
=
2 = -
] - -
et 3 Moisture content : Motsture content
7 (per cent)  |>ope (per cent)  [ope
(o] 3-6 1% O 3-1 22
025 ® &2>9 1 5 ® L2 13
A 6-4 9 A L-8 12
A 7-7 7 |4 ' 5-5 11
1 1 .. { b 1 1 -
176 192 208 2-2 1-76 192 208 224 Mg/m3
{ | 1 { 1 1 1 |-
110 120 130 140 10 (120 b/fe3 wo

‘Dry density (log scale)

gu?n 3.12 uda<d1 n Nle3n slope mad cement — stabilized

material @MW 9
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3.3.2.2 Moisture content. Sherwood (4) 18nana1n

° nral P R o - ‘0’ o «f . -r
Tunqatih cement — stabilization axéiasliU3ueniy liuawaran1Lada
uaznNgLtialAnN3En cement hydration aTuAsuR ATy

cement — stabilized material 3z ni?wuuatﬂanu 2 Uszn1TAa

. . & v
- 7 air - void @4n 1198@ moisture content A3 M dry

density (T uavwmiﬂdvuu1a1ﬁtuumn1ﬁnq RARIAS

i . . 5 o . <
_ F41 moisture content @wuda HwnAnNAsaa moisture adliAn

qum WUn38 cement hydration aaas luGaattuiu

1uﬂgniuﬂ cenent, hydrat.ion nﬁunsm T O N e TR T e R e
0.2 Thanquma47300ﬂ11uLuuaqiﬂaﬂqquﬁuuaqdaamqaaﬁqaqa LuTIEATINAT
17n381 cement hydration Wuaﬂuq1ntﬂnnu1almun uiluneaiein noisture
content ﬁxm'm m"m‘lu dry density mav cement - st.ablllzed material

AARY mqn1muﬂaq1v1u1ﬂn 3.13

- v S . - u 'S . .
Ruenkrairergsa (17) 1@adingin IMA1MAMIMTIZNIN moisture
v
content AU dry density may soil - cement uu 1Lilaa maximun dry

. < ] <l . — a L VN - -
density LugNagnvLag? U moisture content H\Iﬂa‘h’llﬂﬂﬂj_]ﬂia'] cement,

' - g : v a - ' .
hydration @78 WR¥3INHANITIIEN GANLTHUANTHN  laURa LI Ty

. < ) . : . 3 X
soil - cement nAa1 optimum moisture content Zalid1 maximum dry density

v
U U’qnﬂw}l’aﬂﬁm maximum strength @ataua

Flaherty (8) laaginaan anﬁ optimum moisture content nav
soil - cement L3 Thiiasid maximun strength tawaluii tihemunann
WGRNTTUAY i RamdluminT stabilization TREWNTT curing AEUNSE
fnTnaday J9lashia liudad w3y moisture content ?;‘Wld‘l maximum strength
189 sandy soil 3wagiie dry side uaz clayey soil azaéﬁﬁq vet side mav

opt.imum moisture content é’qmﬁud@q1'ﬂ1&zﬂ?1 3.14



Dry density

110

100

Q0

E:
=,
<
200
O percent air-voids
1-84 S percent air-voids
0 per cent air-voids
168
152
1 N
10 15 20 25 30 =35

Moisture content (percent)

guﬁ 3.13 UFAIAIMENIAE TEWINN moisture content WA
dry density mav cement - stabilized soil
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18
3 28day -~~~
g /”—Q \\
a— 10} /’ ~,
Eﬂg //_I_/d \ -\ & 1900
oz / Y £
g2 o a £ :
= § 7-day + immersion S
o6 ©
0 , 14 & 1700 ; -
10 15 20 10 15 20
Molsture content (%) Moisture content (%)

“i'u'?; 3.14 uﬂaq‘lﬁtﬁuﬁfﬁmnm moisture content fﬁuada
dry density uaziasmay soil — cement mixture
IelTznateaating 20 % uar dune clay wdd
montmorillonite clay tudasndm 1 = 1
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P L’ E P VN . gd‘u
lun1s5ia190n moisture content iu Flaherty (8) lananad1 van Ly
o 0 ° SAe o b
lu soil - cement §ﬂ11u11lﬁuman17n1 cement - stabilization @aLuawa 3
o flu = - o , . E V)
117£n15a8 uisnﬁsuinnw1ntnaUgnsaﬁ cement. hydration tsznrsaaundaa i
- v 2 y o KR 41»5 o
workability & uazU1znqiqanﬂaﬁ1a1ﬂﬂ17 compaction 41amy UIN LHUITAAN
0 E vl ¥ . -
RERR Uiﬂﬂﬁﬂﬂﬂdﬂulﬁu@qquasﬂia~uaxa301uua11 organic ﬂzUuag A M3u
. v - ; ] S °
moisture content U ITUINTUNIINNITNAAAN compaction test Fazem Ling

. . : . - @ w
A1 optimum moisture content ﬁﬂﬂﬂaﬂ maximum dry density &

3.3.2.3 n79WaN (mixing) Sherwood (4) l@na291luns

o E - S < J £ . .
1N cement - stabilization 3zinawaaiiats ladavaas fly material asae

cl) o s v - iva
ﬂﬂjlﬂuﬂuazﬂ7811ﬂ1ﬂﬂ1 TunsuasdrTuan granular material e2adiuuaUY

; ° ° 4 o MU . o .
wATEM 0FzaIn (WIIzdmaTan Wan@ndeang Wi 16 uadmitwan cohesive

o L] - g -r o . U i ¥l -ar
paterial w@23=nTem lGannaa L FduInU TIME AL %qﬁaqTﬁwaqqﬂuqq

Tunsedut s lu

Hwnmin stabilized material Muddimgdnia linaTueia
(Wanaxay unconfined compressive strength ﬂguuiﬁﬁ1§qngq§u
(aTva 1280 TunTuswy ﬁhﬁ1ﬁuﬂhq131uzﬁﬁ 3.15 quﬂsz§§543aﬁ5ﬁﬁhﬁ15q
(limiting strength) §0ﬁ1ﬂ3ﬂﬁﬁﬂuﬂ1ﬂa§uﬁdiﬁiﬂ agn1ﬂ%tuu§ (cement
grain) 16n751ﬂa1ﬂ1uﬁﬁ5ﬁqﬁdaéﬂ¢u§5 3uﬁaﬂﬁ1tﬁaﬂhqqsnaeﬂﬁsﬂssaqanqa

(maximum degree of dispersion)

s - . c.l v “Q‘ -
Flaherty (8) laasinadn Tasnaluuia fadiimd 1 sz soil wasfiu
¢« a9 Y . 2 Nl e
AE19UR1 W 16 cement - stabilized soil Mlidnasnw (stability)
P e | o B -y o o
uarvawmadme (durability) NIBNMNATUAN (mixing) uﬂisﬂnﬁﬂﬂugqu§0
< o 6)wal fv - o 6 e o A
st lang Wauneisgas luniameei i cement - stabilized soil 1 q

<o o U
ANRIAURAINTT

3.3.2.4 WANLNAIMNATANTITEMINNTINFILAZNITUADA

Sherwood (4) nan12721 ﬁuﬁﬁwﬁuﬁ1aﬂ1u1u_cement - stabilized material

< a a a . o = v w@awo &uv o -
f3ELNALNTEY cement, hydration laafmiduiu @uinEedntunasnnTuada



Unconfined compressive strength after seven days
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tF —o— -0
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1._
0 1 1 1 { i | {

0 2 4 6 8 10 12 u

Mixing time (min)

T 3.15  udaen 1TifRmanlianay unconfined compressive
= d \ <z
strength a mixing time twumu
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v & o a ™ N P-4 < v EY) B -4 o ¥
1ﬂtianqﬂ HANAIMNMMITWAN (mixing) LdFILT8USR8UAN LUiﬂsuazuungmtaﬂnq
& ) Y o v o X lj‘l o
ATEUNNIIULTNAD uazm‘snmaﬂn’ua\i\nu‘hmq'smaﬂngqm auva thiwae Tauay
v v & o d w EY) & ¥ and o X o il e Ve o
Y19ame lauTeant thnan lian FenedasnIamNasuaenan? aenn Biniasaaa
v '
] < “ e . S
AMATT WAL L NFITDINUAATINT L NALUINIEN cement hydration uazdmalsznay
< o v ' c < ] ' EY) (% g G'l
19 L AN THAGDE1 %\mmﬂuwmm‘mauifﬂogq wasAAWNIE 1eg1n Gkl WA
' ° o ¢ X S PR <
wiey lun1917en1s IvaranonnTueia WiaFaaunaliaan 2 §a e st Iu

NNTEEN (mixing)

NA' v [} L ' 'ﬁ'
Tunsainas 188153 w9n retarding agent, #r81uansnaszay 13 e
¢ o o s v a d> o 4 g a BN .
uE9A12an i a133sm Tt nesatdems 1@ neitiiaeanlInoanasd@s retarding
o a f o IV ) < < Y] e o W v
agent MaziANaY A UT=3namaT heautineeaan 198130 binaTudeaiaasatinaan

<~ Qo Y L < g o o v [
\lﬂaﬂ m‘s’w‘luﬂgmm cement hydration Uit ¥@vAUTEZNALMLINAIDTA SR EAEN

TR VI (v < ) 1 ~ -~ d’ v
Aa1ma1T1 lun1TUeae Asluanadnnay dry density G loudasaly

EU% 3.16

3.3.3 Curing Sherwood (4) afu1839 'lun'rsé?ﬂmgmanﬁanaq
v v
cement - stabilized material ui mmmﬂum‘s curing qzﬁaqmnﬂiuam\a

o o S a 'Y ﬁ‘l o v o oA
TEUATEN %ﬁaquqsﬂllﬂﬂl‘n"ﬂmq‘lﬂl 4 4 ANHUECAIENUAD

curing time (age)

curing temperature

shrinkage

soaking

a3z 1anan lwsneaz L deans 1y



1Mo 1-7%®
bl £ o
s ¥
106 1701 Poorly graded sand
104 167} 5
L o "2
‘@
So102 | VEAE
oy
o
100 1-61
Silty clay
1-58 |~
98
1-55 1 1 1 1 1 ! 1
0~ Ue—ia 3 L 5 6 7
Time elapsed since the end of mixing (h)
. P -~ & . - 4" b d
TN 3,16  uAANAITWEHALETININ dry density uazidamanti

lunrTueda anawde mixing uf2 1a9Tdq 2 1ia
Feudiuaaationg 10 %
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3.3.3.1 Curing time (age) Sherwood (4) AA1I77

ANavnay cement — stabilized material qsLﬁugqghnqussastaa1ﬁﬁ1ﬂﬂ1
curing TeaMUNALAIAINFILLT 2T unconf ined compressive strength
(plot1u arithemetic scale) ﬁhaﬁqnaﬂ specimen (plot Tu logarithmic
scale) aziibiFuaTeludavszariaaauan o9 1 Wia 2 169 A MIUIZEELIAT LU

e y ~ Y] - "
n7197ud mﬂu‘lmuﬂ”ﬁaﬂﬁqlﬂ‘iﬂu,lﬂ?_ﬂm’mﬂﬂ 7 U

Y] v & o~ wu 4 .
Ingles tar Metcalf (18) TQuﬂnoqntuuna1uauuuﬁnaq unconfined

compressive strength nu curing time 131u3ﬂn 3.7

3.3.3.2 Curing temperature Ingles uar Metcalf (18)

T A 4 $ 4 ° ° e o5 . X
na1271 Lﬁaqmngﬁganuqzn11ﬁnwaqnaq cement, - stabilized material QQEu
LU @ lunaniineRRasi i snaTuieaniie liirae cement - stabilized

material @28 LWI1Ea1I3=M MLAANNT cracking 1a

. { ') 4
Clarke uaz Pollard (19) #ar Dumbleton (20) lAusa< MiLIun"T
curing ﬁqmwgﬁéﬁe 9 Zdarziluacaniagna cement — stabilized material
131u3uﬁ 3.18

3.3.3.3 Shrinkage Flsherty (8) lona191 avdusenay
Jdc - '

nuanowa@a shrinkage an

v
- . -
g deawitu liilusswitenaaifaiingan cenent hydration

- - ‘.
ﬂ']WQGI')?!EI\J'JﬁQNNN tuma'ma‘mvﬁaam

. i o ¥
ﬂﬂinaﬁamqnaqTﬂsqﬁ§qeﬂunagnaaalﬂﬂ1ﬂﬁunaa soil - cement

eV - “o . -
Qmﬁuummum‘imuwmnaq s0il - cement ﬁﬂﬂ
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//
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; i X 4 L ¥
311?1 3.17 waninamitiia age of curing LWuTU TAN
cement - stabilized soil 1&81%1]%31%&!.10&& 5%



Uncontined compressive strength

ve)
8

S Lbf/Int

@

700

600

500

400

300

200

100

59

7
-E - -
= Specimen details
3| Ssoit  LL. PL.Moisture Density Sitty clay
6l content 28-d9ys
(°L) (%) (%) (Mg/m')
Hea oc- i
ctay 76 26 25 1-52
Siltyclay 38 19 18 1-72
Uniform t 8 1-60
s sand Non plastic Sitty cily
A 7-days
A
= Uniform sand
28-days
L -
Heavy clay
. 28-days
3F -. '
0%Uniform sand
7-days
Heavy clay
7-days
2}
1 -
0 ! ! i 1 ! 1 1
X 0 10 20 30 40 50 60

Curing temperature (°C)

‘ -~ & .
7N 3.18  udawAIWEHAMTTNIN curing temperature uav

uncon_f ined compressive strength mav soil-
3 tia N stabilized @2aTiE 10 %
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4 Qg v‘d s [ I~ n«‘
Shrinkage % Azinamsan luduninisuaia lia Tagawns ludrem

Fv) 1 o < o
cement - stabilized soil ﬁaﬁquaaag wiaNA AN ST L nuiiag

‘i : -] i - - q‘ <~ ql Vv
t3an lanaen 19019 curing wa2ina shrinkage ﬁaangmﬂa A9 W
v ; . P
amitugy Ao lileg ¥ inpermeable membrane fla@au soil - cement F+'lunsinl
6 o) . ] 3 1 dd‘
Jzina shrinkage ludnwae "autogenous shrinkage” (n7ih uAd WM LIHINTAN

' 5) v 1 < a < SNg Q . 4 £
LTﬁﬂaaﬂlﬁﬂlﬁuﬁuq@Lﬂﬂ1ﬂTﬂﬂaﬂiz Aazd lanTdina cracking o laun

3.3.2.4 Soaking 1Ingles uar Metcalf (18) 1.5&121’@01%?114
97 AMNLTININNT soaking  #28879884 cement - stabilized material uan
i i Aema9 cenent - stabilized material i 9 aaas i (arng
1L ey cement, - stabilized material plilEfinnas soaking Rt

uﬁm0151u3u§ 3.19

Qa a < 4 ) a a 7 z
3.3.4 anmmmaxﬂ"m:b’tmm ‘luquq‘:manﬁuaﬁaﬁgmwﬂum‘sm

2 - vo Y«
cement - stabilized material ®INATOLENWINIU (AANLAA

- ¢aie) EV '
3.3.4.1 Ywdiuuen 1§ Sherwood (4) l8nai14n

Lﬁﬂﬂ?ﬂﬂm%tuuﬁtﬁugu AUANT WN1RIDEN cement, - stabilized material
i ﬁqﬁ1ﬁuamq1%1uguﬁ 3.20 uasqugﬂ% 3.21 wehEaunag snduan L ily
i Win9iiauindan cement hydration 1ﬁaug1& TuneaTeiudimdmnyTun
Foantias huly wan e i xﬁaqqqﬂ%tuuﬁ%ﬂdanﬁasﬁuq%n11un§waﬁnLﬁu

v
filler Tﬂgmﬁa\aﬁ.w (void) na\naqmaﬂ'mmm

3 as -~ ‘ﬂ' o S - ' < v ‘; ' v
AMTULTU AN L AN FANNLALT AN "1 mmmmﬁmﬂmﬂnmmﬂ?

v o v o
uaﬂumnan 3.1

< £4 ' ' Q
3.3.4.2 iszianaavdiaie  Flaherty (8) nan?1 equing

< 't & i e - °
u%aazﬂﬁyuﬁluumﬁasmuaumﬂtuum UTzLAMAN lUN19N7 cement - stabilized

N o < ¢ 4 ¢ N Y
material ﬁﬁwimahm' tuAUagaLaualTeLan high early strength A= Fin
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CEMENT CONTENT (%)
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1 Day unconfined compressive strength
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