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COMPRESSIVE STRENGTH/STABILIZED FINE GRAIN SOILS

Upper soils in northeast Thailand are wind-blown deposits consisting of silty clay
and silty sand. Shear strength and resistance to deformation of these soils decrease when
wet. This causes fractures in buildings and infrastructures such as gutters and roads, etc.
To prevent such problem structures should be built on cement treated soil.

This thesis studied the unconfined compressive strength of cement stabilized
fine-grained soil by varying 4 factors namely water content, cement content,
compaction energy and curing time. An attempt to explain the strength in terms of the
microstructure of soil was also made. It was found that strength is related to the pore
space and type of particles. The pores can be classified into 4 categories namely : 1) air
pores, size > 10 micron, 2) macro inter-aggregate pores, size 10-0.1 micron, 3) micro
inter-aggregate pores, size 0.1-0.01 micron and 4) intra-aggregate pores, size < 0.01
micron. The strength depends on the volume of macro and micro inter aggregate pores.
The lesser these pores the higher strength. Hydration process decreases the volume of
macro and micro inter-aggregate pores. The stabilized clay exhibits highest strength when
mixed and compacted at optimum water content (OWC). At OWC there is just enough
water for complete hydration and the total pore volume is least. The soil-water/cement
ratio controls the amount of hydration products (Ettringite, Calcium Hydroxide) and silica

and the micro inter-aggregate volume. At OWC the higher the compaction energy the



smaller the volume of total pore and the higher the strength. As the soil-cement aged the
amount of Ettringite decreases while that of calcium hydroxide increases.

The unconfined compressive strength for the wet side of OWC was found to be a
function of the soil-water/cement ratio and curing time. As the soil Soil-cement The

strength for the dry side of OWC was symmetrical to the wet side.
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Davidson (1961) na1 A paamiannasuulaslunmendsnnmasaudimudniuau
Y ]
miteadui lfinan1sanaved Plasticity 11/0901910M5HENAIVDI Calcium jon  1UTENI
a Aaan o A (1 o U . a ~ 09-'1 o Y
melfnse lemsdunse inumnmsdunguues Cation TuAumiied nszuaumsniaoild
mamsulasunasvelszy liihnededianunniulueymadumiion Uszqluihazila

[
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mgmﬂﬂumummumﬂmLamﬂmﬂamﬂmawmmﬂiwmﬂu HASUUIPDUNINA U UYINY

q

14?’ dy o ya ~ A v Y a A .. o A A =<
ﬂluWﬂiWiLlﬂluui]Z“V]ﬂ‘Hﬂumuﬂ’Jllaﬂngﬂﬁ18ﬂuﬁ3ﬂﬂuﬂMﬂ1 Plasticity @11TDUAINITYA

wited1 mayoulszamlunmsuada Cement treated soil URn3en lamsduvosdiulsznoy
=1 4 a dgl ~ 1 [ aan o Y I Aa a = [ 3|
vous AN lunaiuana1eiy Tagwavesllasenilvidaaunamsgamiznuiiu
9 = A A d? dyd' [ = A A 1 a
AU MITAMSNNTUTITBININMIHAIVOUIT AN NMIuATNTg IUTITUAVD
a A A = s 19 Yo
AU NIDNIINZITHINEIVeIBYMATNUANEY TNy
1 @ o W w a =) aaa . I~
Moh (1965) WUIIMIHANAAITAVDIAUFNUAINATINUYNTE Cement hydration 111
[ 4 Jdou o o oy 4 o aaa Y 2’ { ' .
Wan WoeymavesFmUAT U I Fudezinlnseniiiiiienan Cement hydration Ha
"’U?J\Tﬂﬁ Asendanannelfinaas CSH, Calcium aluminates hydrate (CAH) 481 Calcium hydroxide
= va o = =< 9 9 v @
[Ca(OH),] @15 CSH oz CAH zlaaauiiadludaumzba Tagansamssaiatgnuny
S a o a Aa < A a o aaa Y . e
pUMAvBINAA I UNIAAUNTANNIYIIZI Ca(OH), NNAILINRATEAY Soil silica Loy
. . a v = o Y a A Aaaa A A = o
Soil alumina Tudiugio 1/8n i lviRaa1s CSH naz CAH miunmIATMIRaINFuA Tnonss

Aaaa o v oy v A 4 [ dy
‘]JQﬂiEJ"IUI,?IL@TFH?S‘WJNH"Iﬂ‘]J“]ﬂiJlmll,ﬁﬂQﬂQu

2C,S+6H,0 — CSH+3Ca(OH), @.1)
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2C,S+4H,0 — CSH +3Ca(OH), 2.2)
C,A+6H,0 — CAH (2.3)
3Ca(OH),+2si0, - C,S+H,0 — CSH 2.4)
3Ca(OH), + 2A1,0, — C,S+H,0 — CSH 2.5)
naneLe

[

adnual C,S,C,S.C,A,CSH uaz CAH lhilsgasmaniiuaiiufedovosans

U a A d
2.6 AUTNUAVDIAUBINUA
] Aa A 4 a 9 @ v Yy K o
ANURUIHUYIAUFUA UnaudvzTa lumenuuesnuHU L UIE FINMTHY
Y
Tuauwezdesnruguanuiulifuuziinisuada n15nAdoU Moist-density 198 ASTM
Y1 . . A 9y v a A 4 A 2 = 4
D558 14A1 OWC 1ag Maximum dry density tWo1 1 1FUASAAUT LA MINNUTINUTIIUA
o = [ . . a 1 A A I A
a¢ I Taen lihelinansenuny OWC tag Maximum dry density Y84AUNE1IAD FuUATINUAT
a = @ [ o a & ) Y1 d?
T luausziinansznunumsiaEesdivesaudiaziinlin OWC geiunas Maximum dry
. Y 1 [ == A ' o ~ = 1 a =R o Y
density dzifovauavg 1 lsng 1199910ANNEWT UNIZVOITWUANAMZINIVOIAUT I 14
] 4?’ 9 3 dyd? (Y a = oA A 1 Aa A 4 d?
AN ugaIu I8 NelivuegiulSunadmudfngy Woanuru i uvoIAUTNUAFITY
o v o & 2 v . v (a A saq Yt v o Fw
AaI9ANILFIVUAIY Shen LAz Mitchell (1966) WUIUTMaFuuan lsianuduiusivam
nuwdun 1d Tasmmwiznuaulsginn Cohesion less soil
Compressive strength Tumsmnua Density criteria UDI1U Soil-cement dauimgué’a
o 1 . 3 @ 1
92811 UAA1 Unconfined compressive strength (q,) Hundanmsmian g, v ldanmsnaden
[ F4
AAIBAUNUIREIANNIATTIU ASTM DI1633 lagfial g, dzunnionssiuegnuiladerae
1 1 A a a 4 1% I
6719 15U AuaATAveAY Usinadmud msuada iudu Highway research board (1961) ‘1819
1 4 Y
A1 Young’s modulus F40A10g521 119 140 D9 20,000 MN/m’ (20,300 §14 2,900,000 Ib/in’) 41
4 [
YuognuriavesdunazUSuaudiuud §1m5ua1 Plastic  deformation  921AAN 60-70
I 4 . .
1/e31FUAYDY Ultimate failure strength
a d 1w 1
Flexural strength VOIAUFIIUA mﬂmanm"lé’fmﬂﬂ”ﬁmﬁau Fixed-beam (ASTM D1635)

Direct-tension test 101 Split-tension test Taeg/nAud a1 Flexural strength DEATL RIS aﬂixmmagj
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1 1 [ v 4 1
FEHIN /5 04 1/3 109 q, Federal highway administration (1976) lAuaasmanuduius sz
q, 182 Flexural strength 1331711 Flexural strength 923A1gana11/3 fc' 71911 Strength #19) 1Az

Y T
Unconfined compressive strength YUz A1 Flexural strength AN 1/5 fc!
1 = 4 a ] o a Q‘ = 1

PCA (1986) wuIMsnanduuaadllluduszsisandulseansmsduriimsie
= 4 I YR o a ¥ A @ a A g Y I o Y
Fiuudaziudivisaamsnadl  vesauld Wensvadivesaudiuudatiosaaninai 1l
[ a a( = [ 9 9 a 9 J @ a Q( =1 1 =
dudseansmssuriutiosasale  laglnaualn dudszansmszsueulunuasivezian

1 Q' [ d‘ 9 1 T W a Q‘/ =< ]
AN 111IAS #3990 Nussbaum  11ag Colley  (1971) lanunaidulseanimssuniulu
v
HATHIUAUMTUABAVBIAUDN L UAIMINAIUIAININAUNMTUADAYTZUI 2-20 1M
v k4 v 4
MINARILAZTOBUANTINATUIINAITHAAIVDY Soil-cement HUIUBGAUNAWH NS
[} a A A 9 a =~ 4 a dy . 1
WU THAVDIAUN 1Y USIadiuua YSUmnuTU Degree of compaction  LAZAITUN
< A

Marchall (1954) lduaaslimiunalsnamazvinavessesuanuetouuluilsume soamside
£ T a A o 1 a =\ ~ 1 [ Aa A s o a =\
FanuNauFuauaazsiavziigluuumsuaniuanaiull Audnuaninndumiiosn:
a 4 [ 1 3 { 1 1
NATBILANILBINNMTHARINALATEIHUUIAANHITONIS #AI Hair-line crack FzozHIa

1 1 1 a & A o a a 1
sEUINTeeuANIZEgUsTIM 25 W dauAuGuaniininaunswIzinasos uantios ua
YAAMUNANvBITEBIANIZBYsZIM 10-20 W ATMINIZAAMINATOBUANITDININMTHA
@1 Highway research board (1961) tuziivhauminnlérzdesdivinanaziuduazazdesniugu

& da Y a A /9 Y 1
mm%u‘wmwuwmﬂummumlemaamzaznmmmn

o oV W a A J [y
2.7 aUMININENIADAVBIAUBINUAVADA
F5nd 254)  ldaduaumsiunesidewavesaugniwazaunieluauaznoundy
= 4 v A (A dy = 9 v o J ' o w w v w
Fuduasanlsmannudumrinzay &9 lamueanuduius serindidewn (q,) foauls

1 9 1 ] a S 4 ‘;y @ Y [ [ [ A =
AN 9 ulﬂllﬂ 2191V N USaudmua Hminui Lasnasnuuaoa auaadlumsen 2.1 99 2.10

'
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1 d‘ 9 d? [ 1 Yo Aa a d‘ 9 [] o o w a
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dy A A 9 9 A dy
mmwauw”luhﬂammmmwmmzau



13

{ v o J 1 @ 1 a [ s A
M3199 2.1 AUMIANNAURUTIZHIN g, TU0IYNMILY (T) VoIAUGNTIHAUTIUA N1y

Uy 1-28 v, USnadudsosas 3,5 uaz 7 (5399, 2544)

Type of compaction Equation Cement Regression equation, (], Determination
model content, (%) (kPa) coefficient, R’
Y2 Standard proctor Linear 3 q, =0.1830T +10.433 0.8480
E, Linear 5 (, =0.4007T + 11.898 0.9582
Linear 7 q, =0.4082T + 17.749 0.9770
Standard proctor Linear 3 Q, =0.1622T + 14.080 0.862
E, Linear 5 (, =0.3205T +17.722 0.8355
Linear 7 (, =0.3424T +22.151 0.9037
%2 Modify proctor Linear 3 q, =0.3139T +21.202 0.9318
E, Linear 5 Q, =0.4274T +31.278 0.8327
Linear 7 Q, =0.5678T +34.362 0.8935
Modify proctor Linear 3 (, =0.3180T +27.548 0.9472
E, Linear 5 Q, =0.6225T +33.157 0.8957
Linear 7 (, =0.8440T + 36.615 0.8830

{ v o & ! o a ~ 4 a o 4
@nﬁNﬁ 2.2 gUNMIANUFUNWUDIIEHIN qu ﬂﬂ%}ﬂﬂagﬂiNWﬂ!%muﬁ (C) ﬂl@ﬂﬂugﬂﬁﬂﬂﬁi\l%mu@l

A A =~ IY ~ a
nsnamuuasovas 3-7 (55%19, 2544)

Type of compaction Equation Age of Regression equation, (], Determination
model curing,(days) (kPa) coefficient, R’
"2 Standard proctor Linear 3 q, =2.2075C +2.6305 09118
E, Linear 7 (, =2.1613C +5.5334 0.9927
Linear 14 (, =2.3353C +6.5351 0.9834
Linear 28 q, =3.5390C +4.7177 0.9961
Standard proctor Linear 3 q, =2.0775C +7.1882 0.9762
E, Linear 7 (, =2.0775C + 7.1882 0.9727
Linear 14 (, =2.8655C +8.6742 0.9986
Linear 28 q, =3.1922C +9.1008 0.9842




A15199 2.2 (90)
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Type of compaction Equation Age of Regression equation, (], Determination
model curing,(days) (kPa) coefficient, R’
% Modify proctor Linear 3 q, =3.2320C +12.4290 0.9575
E, Linear 7 q, =3.7457C + 13.8750 0.8793
Linear 14 (, =4.6052C +14.1110 0.962
Linear 28 g, =4.8780C + 15.7690 0.9701
Modify proctor Linear 3 g, =1.8910C +22.1910 0.9788
E, Linear 7 Q, =2.9248C +22.404 0.955
Linear 14 Q, =4.8058C +19.278 0.9691
Linear 28 q, =5.2835C +20.959 0.9841

{ v o v i (a 4 [
M15199 2.3 ANUFUIUTIZHIN g, 1ag Dry density N/Sinadmuaiosas 3,7,14, uag 283u

a [ S ¢ A A 1 9 3 ~ a
VDIAUYNTINTUFNUALND Y dry A9 ANUUUMUUUN (ton/m) (FIVN, 2544)

Cement content, Equation Age of Regression equation, (], Determination
(%) model curing, (days) (kPa) coefficient, R’
Linear 3 Q, =65.617 74, - 113.28 0.9970
3 Linear 7 g, =74.957 7/dry' 130.05 0.9583
Linear 14 q, =84.013 Vry - 145.73 0.9821
Linear 28 q, =85.191 7/dry - 14575 0.9785
5 Linear 3 g, =100.09 Y4y, - 172.58 0.9765
Linear 7 g, = 100.09 7/dry' 172.58 0.9781
Linear 14 q, = 10223 Yary - 173.80 0.9877
Linear 28 g, =100.42 7/dry - 168.07 0.9470
Linear 3 g, =89.904 74, - 151.85 0.9882
7 Linear 7 g, =99.428 7/dry -168.04 0.9641
Linear 14 q, =116.87 Yary - 200.42 0.9785
Linear 28 q, =126.42 7/dry -215.62 0.9044




{ v o J 1 (% @ v a [
GﬂiNﬁ 2.4 ﬁ'iJﬂ'liﬂ’ﬂiJﬁiJ‘WH‘ﬁiZ’Vi’JNW@\‘Nﬂﬂuﬂﬁ‘lJﬂE]ﬂ (B) uazm q, ﬂlﬂﬂﬂugﬂiﬂwﬁi\l

= s A i Y a = IY = a
U No1gsUy 3-28 T ATuadmmuasosay 3-7 (5314, 2544)

15

Cement Equation Age of Regression equation, (], Determination
content, (%) model curing, (days) (kPa) coefficient , R’
Logarithm 3 q, = 7.3810Ln(E)-55.040 0.9940
3 Logarithm 7 g, =8.5223Ln(E)-63.518 0.9829
Logarithm 14 g, =9.0505Ln(E)-66.517 0.9828
Logarithm 28 g, = 10.145Ln(E)-75.256 0.9765
Logarithm 3 q, = 10.182Ln(E)-77.478 0.9533
5 Logarithm 7 g, = 11.285Ln(E)-83.258 0.9601
Logarithm 14 g, = 12.828Ln(E)-95.563 0.9675
Logarithm 28 0, = 12.939Ln(E)-92.486 0.9617
Logarithm 3 g, =833 14Ln(E)-54.691 0.9426
7 Logarithm 7 g, =10.899Ln(E)-75.472 0.9410
Logarithm 14 g, = 13.635Ln(E)-97.802 0.9865
Logarithm 28 g, = 13.777Ln(E)-95.254 0.9022

{ v o 1 Y [ 1 a @
A5 9N 2.5 AUMIANVFUNUTTZTHININAINU UM UADA (E) uazm (, VBIAUYNIINTY

s S A (a ~ 7Y 9 ] ~ a
FuUA NSuFuUaTosay 3-7 ﬂ?ﬂiﬂﬂﬂ@WﬂﬂWi‘UN (FIV9, 2544)

Cement Equation Regression equation Determination
content, (%) model (kPa) coefficient , R’
3 Logarithm g, =8.7746Ln(E)-65.083 0.8614
5 Logarithm (, = 11.809Ln(E)-87.196 0.7955
7 Logarithm (, = 11.661Ln(E)-80.805 0.7339
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{ v o J 1 v Y a 4 a a
GﬂiNﬁ 2.6 AUMIANVUTUNUDTIEHIN q, ﬂmaﬂazﬂﬁﬂm%mummﬂumwﬂuﬂumﬂau

NaNEUA NMUSIUFLUA (C) Tovas 3-7 (5397, 2544)
Type of compaction Equation Age of Regression equation Determination
model curing, (kPa) coefficient ,R2
(days)

Y2 Standard proctor Linear 3 g, =2.8375C-4.9718 0.9982

E, Linear 7 (, =3.2605C - 5.4278 0.9998

Linear 14 (, =4.7677C - 9.2067 0.9691

Linear 28 g, =6.1120C - 10.704 0.9878

Standard proctor Linear 3 g, =4.6438C —11.000 0.9647

E, Linear 7 (, =4.6203C -9.1256 0.9864

Linear 14 (, =5.8470C - 11.680 0.9756

Linear 28 g, =6.8753C-11.353 0.9971

Modify proctor Linear 3 g, =6.2825C - 11.403 0.9968

E, Linear 7 (, =8.6813C-17.197 0.9880

Linear 14 (, = 8.8465C —14.573 0.9970

Linear 28 g, =10.197C —17.282 0.9929




{ v o J 1 @ ] a a
G]'Ii'l\‘iﬁ 2.7 AUMIANUTNUNUDTISHIN q, NUDIEYNITUY (T) ﬂlﬂﬂﬂuﬂi18ﬂuﬂu@]$ﬂﬂuﬂﬁﬂ

= Jd |1a ~ dY ] @ a
Fuud USnaFuuaesay 3-7 01gmsny 1 -28 Tu (5394, 2544)
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Type of compaction Equation Age of Regression equation Determination
model curing, (kPa) coefficient ,Rz
(days)
Y2 Standard proctor Linear 3 q, =0.1970T +2.7029 0.9739
E, Linear 5 (, =0.3550T + 8.8127 0.9611
Linear 7 g, =0.7330T + 12.715 0.9925
Standard proctor Linear 3 Q, =0.2230T + 3.6049 0.9870
E, Linear 5 Q, =0.4698T +9.0314 0.9969
Linear 7 g, =0.6077T + 20.590 0.9791
Modify proctor Linear 3 Q, =0.2431T + 7.9839 0.8996
E, Linear 5 (, =0.4612T + 19.844 0.8712
Linear 7 g, =0.7581T + 35.277 0.8254

{ v o d 1 { |a 4 Y
A13191 2.8 MINANNFNIUTIZNIN g, 18 Dry density (74, ) NUTINVFUATO8AL 3-7 TU

a a =~ 4 a
VOIAUNT WU UAUAL NOUNTNTIUUA (%36111@], 2544)

Type of Equation Age of Regression equation Determination
compaction model curing, (kPa) coefficient ,R’
(days)
Linear 7 g, =67.703 74y, - 115.68 0.9583
3 Linear 14 g, =78.001 7/dry -132.15 0.9085
Linear 28 q, =80.833 Yary - 135.14 0.9797
Linear 7 Q, =146.64 74, - 251.52 0.8950
5 Linear 14 g, =188.45 7/dry- 323.69 0.8805
Linear 28 q, = 198.05 Yary - 339.47 0.9073
Linear 7 Q, =254.02 7, - 440.89 0.9782
7 Linear 14 g, =254.64 7/dry -434.27 0.9161
Linear 28 q, =278.19 Yry - 473.64 0.9398
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{ v o J 1 (% @ v a a
GniNﬁ 2.9 ﬁiJﬂ'liﬂ')'lllﬁiJ‘WH‘ﬁiZ’Vi31\1W€‘1§I\11u1uﬂ1iﬂﬂﬂﬂ (B) uazm q, ﬂlﬂﬂﬂuﬂi'lﬂﬂuﬂu

~ s A ' o a ~ sy N
ALNOUNTUBLUUN ‘VIEHQ‘IHJ 3-28 71U ﬂimmmmumaﬂaz 3-7 @Tﬁ‘]ﬂ@], 2544)

Type of Equation Age of Regression equation Determination
compaction model curing, (kPa) coefficient ,Rz
(days)
Logarithm 3 g, =2.6240Ln(E)-18.979 0.9900
3 Logarithm 7 g, =2.6240Ln(E)-18.979 0.9862
Logarithm 14 g, =3.3984Ln(E)-24.928 0.9996
Logarithm 28 0, =2.7521Ln(E)-15.932 0.9922
Logarithm 3 g, =6.2736Ln(E)-45.008 0.9451
5 Logarithm 7 g, =6.2736Ln(E)-45.008 0.9696
Logarithm 14 g, =6.7005Ln(E)-45.384 0.9317
Logarithm 28 g, =6.1813Ln(E)-35.983 0.9999
Logarithm 3 g, =8.3588Ln(E)-58.288 0.9987
7 Logarithm 7 0, = 12.835Ln(E)-95.995 0.9952
Logarithm 14 g, =11.146Ln(E)-74.111 0.9985
Logarithm 28 q, = 10.320Ln(E)-58.633 0.9880

{ v o J ' (% @ a a
A1519% 2.10 FUMTANVTUNUTTEHINNALY d, wazlumsuaon (E) voIauNs1wluau

~ sa (A ~ Y ] ' A A
mﬂauwﬁummuwﬂsmmmmumaﬂaz 3-7 ﬂ?ﬂi@lﬂﬂﬂ?ﬂﬂTi‘UN (‘ﬁiﬂﬂ@], 2544)

Cement content Equation Regression equation Determination
(%) model coefficient, R’
3 Logarithm 0, =2.7628Ln(E)-19.240 0.5667
5 Logarithm 0, =5.9741Ln(E)-39.864 0.6079
7 Logarithm g, =10.665Ln(E)-71.757 0.6501

4 o 1 o W w a < [ a
23590 (2548) I@iimsAinmmsiannidwavesdulareny (gnswaziuagn) Wew
FUUAUAGA NNAINUUASALLUAT IWIATTIU LAZWEWTUUASALLLATIGININNATTIU No1gLUN

Y] 1 [ a 4 a 1 4 J =) oy
14 18 28 14 wmwniwwmimamm@uwﬁw‘?muﬁuamu”lu NENFUAv AT i wns e
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Y A [ A J P~ 1A @ 1 ] g’ o 9 a = J
lﬂmﬂﬂ\iﬂuiﬂﬂ mam%ﬂan"lmuﬂummmﬂu u,mwu:1ﬂumummqqqqmm@uwﬁmmumz

IS

1A ] = 4 A 1 Y A o a = J v A =2
llﬂﬁ;f\iﬂ’ﬂﬂuhlllﬂ’diJGMMUW Lla$Nﬂ11ﬂﬁLﬂﬂQﬂuuﬂﬂ ﬂimmmmum muam”lugﬂﬁn 2280325

22 T T T T T T T
1 L Lateritic Soil, L,
e Lo (LSLM) 22.5%
S 20 1 H = 22.9%
> rod i PL = NP
< 19 | :
T o E = 296.3 ki/n?
N ! |
0.8OMC——; E__OMC 14 days of curing
1 T T | — T T T T
6000 ' ! —O— 0% cement
= S ‘ —@— 1% cement
& 4000 L : —— 3% cement —
=5 2000 ¢ i H —A— 59 cement
i .gm\ﬁ\' -~ 7% cement |
]
0 l l L l l l l l

0 2 4 6 8 100 12 14 16 18 20

Moisture Content, m (%)

] Y
517 22 anudusiusszrnediunanii - anuruniuns - MdaunuReveaugni

HENFIUA 919UN 14 TU NNAIUUASALDLATINATTIU (35550, 2548)

23 T T T T T " -
Lateritic Soil, L,
22 (SM) =
& LL = 22.5%
E 21 |- - |
> PL = NP
= 20 +
2 E = 1346.6 ki/n?’
B 14 days of curing[']
18 T T T
8000 —O— 0%cement |
— 1% t
S 6000 |- —-@— 1%cement |
X —/\— 3% cement
s 4000 .
o —A— 5% cement
2000 = —{1— 7% cement 7]
0 | | |
0 12 14 16 18

Moisture Content, m (%)

{ v o 1 a oy ] o v w a [
?lﬂ‘ﬁ 2.3 ANNFNNUSIEHINYTa - mmwmuuuuﬁ/ﬂ - mmammmﬁmmmﬂugﬂﬁ

HENFIIUA 919U 14 TU MNENUUASALLLATIGININNATTIV (15550, 2548)
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23 T T T T T T T T T
22 - Crushed Rock, C, | -
— H (GM)
E 2 b 4 Non - plasticity |
2 20 |- - _
= |
N~ !
° B O/(?/C?\O\O E=5025kin’ |7
18 | P 28 days of curing |
17 T T | T T T T T
Pt —O— 0% cement
! 1
6000 - i —@— 1% cement 7]
< j
g 4000 | Er, —/\— 3% cement |
~ 4
S S : —A— 5% cement
2000 ! ! ]
® 1 —{ 7% cement
0 | | L 11 | | | | |
0 2 4 6 8 10 12 14 16 18

Moisture Content, m (%)
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{ v o J J a oy ] Y o W w a
Eﬂﬁ 2.4 ANUTUNUTTZHNTHI - ANUHU U UL — mmammmﬁmmawuﬂqﬂ

4 4 1 [} [} [ %
HANFIUUA NOIGLN 28 TU WANUVASAUULLIATFIU (ITTFD, 2548)

Crushed Rock, C,
(GM)
Non - plasticity

E = 2693.3 ki/n
28 days of curing

24 , ,
23
mg 2
prd 21
4
~ |
o 20 !
19 | :
0.80MC — a1
18 , T
1
:
6000 |
g 4000 /:
< — /
1
o %’:
2000 | !
1
0 | H

T T T T
—O— 0% cement

—@— 1% cement
—/\— 3% cement
—A— 5% cement

—{ T 7% cement
I I I I

10 12

Moisture Content, m (%)

14

{ v o 1 a oy ] o v w a
?lﬂ‘ﬁ 2.5 ANNFUWUTTZHI19YTu - mmwmuuuuﬁ/ﬂ - ﬂ"lﬁ\‘]ﬂﬂllﬂﬂlaﬂ?"llﬂ\iﬁuﬂ@‘ﬂ

HENFIUA NO1gUN 28 T WAIIUUASALLLGININIATTIU (315550, 2548)
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v o a o v w a o
UONNIN 13550 (2548) Elﬂhlﬁ}ﬁﬂHTmeﬂiiﬂJﬂ”Ia\i@ﬂllﬂulaElﬁﬂlﬂdﬁuﬂij‘ﬂﬂﬁil‘%mu@ﬂﬂ
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Cement Moisture
Energy Curing time, w/C Void ratio Strength,g,
content, C content, Dry density R
(kJ/m3) D (days) (%) (Kn/m") (kPa)
(%) w (%)

296.3 0 19 7 - 13.5 0.474 80
296.3 0 22 7 - 13.6 0.464 90
296.3 0 25 7 - 13.8 0.443 110
296.3 0 28 7 - 14.1 0.413 128
296.3 0 31 7 - 13.9 0.433 113
296.3 0 34 7 - 13.4 0.484 78
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Cement Moisture Strength, g,
Energy Curing time, w/C Void ratio
content, content, Dry density R (kPa)
(kJ/m3) D (days) (%) (Kn/m”)
C (%) w (%)

296.3 5 19 7 3.8 14.7 0.354 276
296.3 5 22 7 44 15.2 0.299 436
296.3 5 25 7 5.0 15.9 0.230 580
296.3 5 28 7 5.6 15.8 0.239 770
296.3 5 31 7 6.2 14.9 0.329 728
296.3 5 34 7 6.8 14.3 0.392 618
296.3 7 19 7 3.8 15.6 0.256 590
296.3 7 22 7 44 16.0 0.217 690
296.3 7 25 7 5.0 16.5 0.167 912
296.3 7 28 7 5.6 16.6 0.158 1081
296.3 7 31 7 6.2 15.5 0.268 1050
296.3 7 34 7 6.8 14.3 0.392 846
296.3 3 19 14 6.33 14.1 0.413 538
296.3 3 22 14 7.33 14.5 0.372 855
296.3 3 25 14 8.33 14.9 0.331 1244
296.3 3 28 14 9.33 15.0 0.320 1501
296.3 3 31 14 10.33 14.6 0.361 1419
296.3 3 34 14 11.33 13.8 0.443 1206
296.3 3 19 28 6.33 14.1 0.413 690
296.3 3 22 28 7.33 14.5 0.372 1090
296.3 3 25 28 8.33 14.9 0.331 1551
296.3 3 28 28 9.33 15.0 0.320 19245
296.3 3 31 28 10.33 14.6 0.361 1819
296.3 3 34 28 11.33 13.8 0.443 1546
296.3 3 19 60 6.33 14.1 0.413 1010
296.3 3 22 60 7.33 14.5 0.372 1439
296.3 3 25 60 8.33 14.9 0.331 1916
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Cement Moisture Strength, g,
Energy Curing time, w/C Void ratio

content, content, Dry density R (kPa)

(kJ/m3) D(days) (%) (Kn/m)
C (%) w (%)

296.3 3 28 60 9.33 15.0 0.320 2541
296.3 3 31 60 10.33 14.6 0.361 2401
296.3 3 34 60 11.33 13.8 0.443 2041
296.3 3 19 90 6.33 14.1 0.413 1503
296.3 3 22 90 7.33 14.5 0.372 1944
296.3 3 25 90 8.33 14.9 0.331 2522
296.3 3 28 90 9.33 15.0 0.320 3079
296.3 3 31 90 10.33 14.6 0.361 2910
296.3 3 34 90 11.33 13.8 0.443 2474
296.3 3 19 180 6.33 14.1 0.413 1841
296.3 3 22 180 7.33 14.5 0.372 2462
296.3 3 25 180 8.33 14.9 0.331 3112
296.3 3 28 180 9.33 15.0 0.320 3464
296.3 3 31 180 10.33 14.6 0.361 3374
296.3 3 34 180 11.33 13.8 0.443 2883
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Dry Pore
Energy | Cement Moisture Curing time, w/C Void | Strength,
density size
(kJ/m3) C(%) content,w(%) D(days) (%) R ratio g, (kPa)
(KN/m’) | (cclg)
592.5 3 12.9 7 43 16.3 0.176 | 0.188 1030
592.5 3 21.5 7 7.2 16.5 0.164 | 0.168 1450
592.5 3 24.0 7 34 16.4 0.180 | 0.178 1250
592.5 3 30.1 7 10.0 16.2 0.189 | 0.199 1120
2693.3 3 10.5 7 3.5 16.6 0.163 | 0.158 1226
2693.3 3 17.5 7 5.8 16.7 0.161 | 0.148 1560
2693.3 3 19.0 7 6.3 16.6 0.170 | 0.158 1350
2693.3 3.5 22.2 7 7.5 16.5 0.162 | 0.168 1290
2693.3 3 24.5 7 8.2 16.5 .0163 | 0.168 1231
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6000 AW=280%C=3% & w=28.0%,C=7%
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Silty clay (CH)
0.7 OWC < w< 1.3 OWC LL =51%, LL = 26%
14 7 days of curing
-o- C = 1%, E = 296.3 kJ/m®
- C = 3%, E = 296.3 kJ/m®
12 - - C = 5%, E = 296.3 ki/m®
-0~ C = 5%, E = 592.5 kJ/m®
B C =5%, E = 1346.6 kJ/m®
-¥ C =5%, E = 2693.3 kJ/m®
- C = 7%, E = 2693.3 kJ/m®

du/dowe)

0.8
06 qu/q(OWC) - e0.00193—0.0329|W—OWC| A -
Ir| = 0.867
0.4 | I | |
0 3 6 9 12 15
lw-OWC|

= o v w vy ~ 4 Y
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q= A/w/C)P

—————— Limit higher compaction Energy

~<— Limit lower compaction energy

Unconfined compressive strength, dy, (kPa)

Soil - water/content ratio,w/C
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Moisture Curing Cement Prediced Lab
Energy owC content, w time, content, strength, g | strength, g,
(kJ/m3) (%) (%) D (days) C (%) w/C (kPa) (kPa)
592.5 11.4 12.5 7 1 12.5 718 830
592.5 11.4 13.5 7 1 13.5 677 780
592.5 11.4 14.5 7 1 14.5 641 650
592.5 114 11.5 7 3 3.8 1785 2570
592.5 114 12.5 7 3 4.2 1674 2350
592.5 114 13.5 7 3 4.5 1578 1820
592.5 114 14.5 7 3 4.8 1494 1520
592.5 114 11.5 7 5 2.3 2649 3410
592.5 114 12.5 7 5 2.5 2481 3130
592.5 114 13.5 7 5 2.7 2339 2570
592.5 11.4 14.5 7 5 2.9 2213 2290
592.5 11.4 11.5 7 7 1.6 3428 3920
592.5 11.4 12.5 7 7 1.8 3215 3550
592.5 11.4 13.5 7 7 1.9 3030 3150
592.5 11.4 14.5 7 7 2.1 2868 2250
2693.3 9 10 7 1 10.0 853 1160
2693.3 9 11 7 1 11.0 793 940
2693.3 9 12 7 1 12.0 742 750
2693.3 9 9 7 3 3.0 2156 3250
2693.3 9 10 7 3 33 1988 2810
2693.3 9 11 7 3 3.7 1848 2180
2693.3 9 12 7 3 4.0 1728 1610
2693.3 9 9 7 5 1.8 3195 3890
2693.3 9 10 7 5 2.0 2946 3560
2693.3 9 11 7 5 22 2738 2940
2693.3 9 12 7 5 24 2561 2200
2693.3 9 9 7 7 1.3 4141 4290
2693.3 9 10 7 7 1.4 3818 3840
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Moisture Curing Cement Prediced Lab

Energy owcC content, w time, content, strength, g | strength, g,
(kJ/m3) (%) (%) D (days) C (%) w/C (kPa) (kPa)
2693.3 9 11 7 7 1.6 3548 3610
2693.3 9 12 7 7 1.7 3318 3450
592.5 114 11.5 14 1 11.5 1185 1220
592.5 114 12.5 14 1 12.5 1111 1120
592.5 114 13.5 14 1 13.5 1047 1080
592.5 114 14.5 14 1 14.5 991 1020
592.5 114 11.5 14 3 3.8 2760 3100
592.5 114 12.5 14 3 4.2 2588 2820
592.5 114 13.5 14 3 4.5 2439 2350
592.5 11.4 14.5 14 3 4.8 2309 1820
592.5 11.4 11.5 14 5 2.3 4090 4650
592.5 11.4 12.5 14 5 2.5 3836 4480
592.5 11.4 13.5 14 5 2.7 3615 3750
592.5 11.4 14.5 14 5 2.9 3421 2880
592.5 11.4 11.5 14 7 1.6 5299 5050
592.5 11.4 12.5 14 7 1.8 4970 4720
592.5 11.4 13.5 14 7 1.9 4684 4650
592.5 11.4 14.5 14 7 2.1 4433 4550
2693.3 9 9 14 1 9.0 1430 1950
2693.3 9 10 14 1 10.0 1319 1880
2693.3 9 11 14 1 11.0 1226 1780
2693.3 9 12 14 1 12.0 1146 1160
2693.3 9 9 14 3 3.0 3333 4050
2693.3 9 10 14 3 33 3073 3290
2693.3 9 11 14 3 3.7 2856 3740
2693.3 9 12 14 3 4.0 2671 2600
2693.3 9 9 14 5 1.8 4940 5080
2693.3 9 10 14 5 2.0 4555 4920
2693.3 9 11 14 5 2.2 4232 4620
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Moisture Curing Cement Prediced Lab

Energy owC content, w time, content, C strength, g | strength, g,
(kJ/m3) (%) (%) D (days) (%) w/C (kPa) (kPa)
2693.3 9 12 14 5 24 3958 4000
2693.3 9 9 14 7 1.3 6400 7070
2693.3 9 10 14 7 1.4 5901 6460
2693.3 9 11 14 7 1.6 5484 6180
2693.3 9 12 14 7 1.7 5129 5930
592.5 114 11.5 28 1 11.5 1603 1620
592.5 114 12.5 28 1 12.5 1503 1400
592.5 114 13.5 28 1 13.5 1416 1120
592.5 114 14.5 28 1 14.5 1340 1080
592.5 11.4 11.5 28 3 3.8 3734 3850
592.5 11.4 12.5 28 3 42 3502 3800
592.5 11.4 13.5 28 3 4.5 3300.6 3200
592.5 11.4 14.5 28 3 4.8 3123.9 3120
592.5 11.4 11.5 28 5 2.3 5533.9 6500
592.5 11.4 12.5 28 5 2.5 5189.8 6500
592.5 11.4 13.5 28 5 2.7 4891.2 5600
592.5 11.4 14.5 28 5 29 Reference 4430
592.5 11.4 11.5 28 7 1.6 7171 7000
592.5 11.4 12.5 28 7 1.8 6725 6600
592.5 11.4 13.5 28 7 1.9 6338 6220
592.5 11.4 14.5 28 7 2.0 5998 5320
2693.3 9 9 28 1 9.0 1936 2580
2693.3 9 10 28 1 10.0 1785 2100
2693.3 9 11 28 1 11.0 1658 1800
2693.3 9 12 28 1 12.0 1551 1780
2693.3 9 9 28 3 3.0 4510 4730
2693.3 9 10 28 3 3.3 4159 4180
2693.3 9 11 28 3 3.7 3864 3870
2693.3 9 12 28 3 4.0 3614 3600
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Moisture Curing Cement Prediced Lab
Energy owC content, w time, content, strength, g | strength, g,
(kJ/m3) (%) (%) D (days) C (%) w/C (kPa) (kPa)
2693.3 9 9 28 5 1.8 6684 7000
2693.3 9 10 28 5 2.0 6163 7180
2693.3 9 11 28 5 2.2 5727 6880
2693.3 9 12 28 5 2.4 5356 6390
2693.3 9 9 28 7 1.3 8660 9900
2693.3 9 10 28 7 1.4 7985 9100
2693.3 9 11 28 7 1.6 7420 7900
2693.3 9 12 28 7 1.7 6939 6800

~ o o v w = a < ~ ~ 4 v A di’ 9 1
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dy = = [ Y a oA
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Moisture Curing Cement Prediced Lab
Energy owC
content, w time, content, w/c strength, g, | strength, g,
(kJ/m3) (%)
(%) D (days) C (%) (kPa) (kPa)

592.5 114 9 7 1 9.0 666 680

592.5 11.4 10.5 7 1 10.5 728 740

592.5 11.4 9 7 3 3.0 1552 1710

592.5 11.4 9 7 5 1.8 2299 2500

592.5 11.4 10.5 7 5 2.1 2512 2820

592.5 11.4 9 7 7 1.3 2979 3070

592.5 11.4 10.5 7 7 1.5 3255 3560
2693.3 9 7 7 1 7.0 793 1300
2693.3 9 8 7 1 8.0 853 1650
2693.3 9 7 7 3 2.3 1847 1920
2693.3 9 8 7 3 2.7 1988 2100
2693.3 9 7 7 5 1.4 2738 3110
2693.3 9 8 7 5 1.6 2946 3650
2693.3 9 7 7 7 1.0 3548 4320
2693.3 9 8 7 7 1.1 3818 4400
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Moisture Curing Cement Prediced Lab

Energy owC

R content, w time, content, w/c strength, g, | strength, g,
(kJ/m") (%)

(%) D (days) C (%) (kPa) (kPa)
592.5 11.4 9 14 1 9.0 1029 1090
592.5 11.4 10.5 14 1 10.5 1125 1190
592.5 11.4 9 14 3 3.0 2398 2850
592.5 11.4 10.5 14 3 3.5 2621 3060
592.5 11.4 9 14 5 1.8 3554 3500
592.5 114 10.5 14 5 2.1 3884 4000
592.5 11.4 9 14 7 1.3 4605 4000
592.5 11.4 10.5 14 7 1.5 5032 4750
2693.3 9 7 14 1 7.0 1226 1520
2693.3 9 8 14 1 8.0 1319 1780
2693.3 9 7 14 3 2.3 2856 2920
2693.3 9 8 14 3 2.7 3073 3250
2693.3 9 7 14 5 1.4 4232 4280
2693.3 9 8 14 5 1.6 4554 4900
2693.3 9 7 14 7 1.0 5484 5760
2693.3 9 8 14 7 1.1 5902 5550
592.5 11.4 9 28 1 9.0 1393 1500
592.5 11.4 10.5 28 1 10.5 1522 1700
592.5 11.4 9 28 3 3.0 3245 3000
592.5 11.4 10.5 28 3 3.5 3546 3620
592.5 11.4 9 28 5 1.8 4809 4800
592.5 114 10.5 28 5 2.1 Reference 5280
592.5 11.4 9 28 7 1.3 6231 5270
592.5 11.4 10.5 28 7 1.5 6809 6820
2693.3 9 7 28 3 2.3 3864 3850
2693.3 9 8 28 3 2.7 4159 4280
2693.3 9 7 28 5 1.4 5727 5600
2693.3 9 8 28 5 1.6 6163 6150
2693.3 9 7 28 7 1.0 7421 8730
2693.3 9 8 28 7 1.1 7985 8920
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Moisture Curing Cement Strength, ¢, Prediced
Energy OwWC
content, w | time, D content, w/C (kPa) strength, g,
(kJ/m3) (%) A A
(%) (days) C (%) (F35%19) (kPa)
296.3 12.85 12.85 3 3 43 323 306
296.3 12.85 12.85 3 5 2.6 969 452
296.3 12.85 12.85 3 7 1.8 1463 600
296.3 12.85 12.85 7 3 43 400 943
296.3 12.85 12.85 7 5 2.6 1108 1389
296.3 12.85 12.85 7 7 1.8 1750 1843
296.3 12.85 12.85 14 3 43 535 1457
296.3 12.85 12.85 14 5 2.6 1352 2146
296.3 12.85 12.85 14 7 1.8 2254 2849
296.3 12.85 12.85 28 3 43 807 1972




A15199 4.7 (90)

96

Moisture Curing Cement Strength, g, Prediced
Energy OMC
content, w time, content, w/C (kPa) strength, g,
(kJ/m3) (%) A4 A
(%) D (days) C (%) (F3%19) (kPa)
296.3 12.85 12.85 28 5 2.6 1840 3324
296.3 12.85 12.85 28 7 1.8 3260 3855
592.5 12.50 12.50 3 3 42 419 312
592.5 12.50 12.50 3 5 2.5 1024 466
592.5 12.50 12.50 3 7 1.8 2198 600
592.5 12.50 12.50 7 3 42 507 960
592.5 12.50 12.50 7 5 2.5 1208 1431
592.5 12.50 12.50 7 7 1.8 2437 1843
592.5 12.50 12.50 14 3 4.2 660 1483
592.5 12.50 12.50 14 5 2.5 1531 2212
592.5 12.50 12.50 14 7 1.8 2854 2849
592.5 12.50 12.50 28 3 42 966 2007
592.5 12.50 12.50 28 5 2.5 2176 2993
592.5 12.50 12.50 28 7 1.8 3689 Reference
2693.3 11 11 3 3 3.7 855 344
2693.3 11 11 3 5 2.2 2082 514
2693.3 11 11 3 7 1.6 3684 657
2693.3 11 11 7 3 3.7 950 1058
2693.3 11 11 7 5 2.2 2263 1579
2693.3 11 11 7 7 1.6 3981 2018
2693.3 11 11 14 3 3.7 1117 1636
2693.3 11 11 14 5 2.2 2580 2441
2693.3 11 11 14 7 1.6 4501 3119
2693.3 11 11 28 3 3.7 1450 2213
2693.3 11 11 28 5 2.2 3214 4221
2693.3 11 11 28 7 1.6 5543 4220
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QN ANUAY gunql ANUAY GLI B ANUAY
(°C) mm(HG) (°C) mm(HG) (°C) mm(HG)
0 4579 24 0.526 -56 0.01380
2 3.880 -26 0.430 -60 0.00808
-4 3.280 -28 0.351 -64 0.00464
-6 2.765 -30 0.2859 -68 0.00261
-8 2326 -32 0.2318 -70 0.00194
-10 1.950 -34 0.1873 72 0.00143
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Pore Size Range

0.0035 - 500 microns

Surface Area Range

1-100 m’/g

Sample Size

27cmHx2cmD

Pressure Range

Vacuum to 60,000 PSI

Pressurizing Gas

Air or isopropyl alcohol

Pressure Transducer Range 0 - 60,000 PSI
Resolution 1 in 20,000
Accuracy 0.25% of reading

Power Requirements

110/120 VAC, 50/60 Hz (Others available)

Dimensions

72" H x 30" W x 30" D

Weight

400 lbs

Mercury Intrusion Porosimetry

Principle:

Evacuate Fill with Apply
mercury pressure

The relation between the applied pressure
and the smallest filled pores is:

p= 2"7‘?’59 (Washburn)

o = Surface tension {0.48 N/m) p = Pressure
@ = Vifetting angle (1407) r = Pore radius

< o o 4 A
gﬂ‘ﬂ 0.4 UaNNITNINUVDIUATON IATDI MIP
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