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Effect of Grain Size Distribution in Sail on the Streagth
Characteristiecs of Lime-Soil Mixtures

& m E-® X B
Cho, Seong Jeong - Kang, Yea Mook

Summary

The characteristics of compaction and unconfined compressive strength were investi-
gated by mixing with lime to all soils adjusted by given percentages of two kinds of
clays to sand to obtain the most effective distribution of grain size and the optimum
lime content for soil stabilization.

In addition, unconfined compre_ssive strength and durability were tested by adding
of sodium metasilicate, sodium sulfate, sodium carbonate, sodium hydroxide and magn-
esium oxide to lime-soil mixture mixed with 8 percent lime to adjusted soil having
the mixing percentage of 60 percent of cohesive black clay ani 40 percent of sand by
weight to get the effect and the optimum additive content of chemicals.

The results obtained were as follows;

1. With the addition of more lime, the optimum moisture content was increased,
and the maximum dry density was decreased, whereas the more the amount of clay
contained, the more was the value of optimum moisture content of lime-soil mixture
and the less was the maximum dry density.

2. In the soil having more fine grain size the umconfined compressive strength was
larger in the earlier stage of curing period, in accordance with the longer period, the
mixing percentages of sand to clay showing the maximum unconfined compressive st-
rength, on the basis of 28-day strength, were 60% :40% (black clay) and 40% : 60%
(brown clay) respectively.

3. The reason why the soil adjusted with black clay was remarkably bigger in the
unconfined compressive strength than ones adjusted with brown clay for all specimen
of lime-soil mixture was the difference in the kind of clay, the amount of chemical
composition, the value of pH. Black clay was mainly composed of halloysite that re—
acted with lime satisfactorily, whereas the main composition of brown clay was kao-
linite that was less effect in the enhance of unconfined compressive strength. Also
the difference of unconfined compressive ;strength was because black clay was larger

*EIERER BRAR
*HEARE BEAE
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in the amount of composition of calcium oxide and magnesium oxide in the value of pH
affecting directly on the unconfined compressive strength of lime-soil mixture than
brown clay.

4. In the lime-soil mixture mixed with 8 percent of lime to soil that mixing percen-
tage of sand to black clay was 60% :40%, on the standard of 7-day strength, the
effect of chemical was arranged in the order of magnesium oxide, sodium carbonate,
sodium sulfate, sodium hydroxide and sodium metasilicate.

5. The optimum amount of chemical being applicable to the maximum unconfined
compressive strength of lime-chemical-soil mixture was 1 percent by weight for air dry
soil in the case of adding sodium carbonate and 0.75 percent on sodium hydroxide, the
unconfined compressive strength was increased continuously with increase of the am-
ount of chemical up to 2 percent of chemical content in the lime-chemical-soil mixture
added sodium metasilicate, sodium sulfate and magnesium oxide.

6. It was considered that the chemical played an accelerant role of early revelation
of strength because the rate of increase of unconfined compressive strength of all of
lime-chemical-soil mixtures was largest on the 7-day cured specimen.

7. The effect of test on freezing and thawing after adding suitable amount of che-
mical on the lime-soil mixture mixed with 8 percent of lime to soil that mixing perce-
ntage of sand to black clay was 60% :40% was arranged in the order of magnesium

oxide, sodium carbonate, sodium sulfate, sodium metasilicate and sodium hydroxide.
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EA Y FEEREYE EBY) 969 28EY &
1% PELE £5% - LEFE BEREST %
0,2,4,6,8,10,12% &) HXE AT AA244,
0F 4 —HBREEERES It =28 BB
R BEENA 3 BRT & RENL: 6049 =
A 40% 9] AL 8%° ARE BEY FREA
4] Sodium metasilicate, Sodium sulfate, Sod-
ium carbonate, Sodium hydroxide, Magnesium
oxide % SM¥RS] HINKIE %L EES 0,0.25,0.
50, 0.75,1.00,1.50,2.00% & Finste 714 @7
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I.

2 WEHAH BRES L BEREC B P8

HE R Ak

1. ER#H
7. BHE+

# Figd AT RNE NoloWE @Estz

No.goxjof Es Mt Hit #HEH Rl
A BEE =A9 Nosod g @AY Micd 2
B d#ol 4 REY Bt (Black clay)st ik
BT A BB EWRERE(Brown clay) &
8 —E HAEZ BEY FAIAH 2 BE
HZ e Table-13 Zx BARE HEN K R
{remsye Fig.l, 4 Table—Z 9 Table-33% 7},

Table-1. Mixing percentage of sand and clay

Mixing percentage (%) Samples of Mixing percentage (%)
Samples of soil
Clay (Black) l Sand soil Clay (Brown) Sand
100 | 0 A-2 100 0
80 20 B-2 80 20
60 40 c-2 60 40
40 60 D-2 40 €0
20 80 E-2 20 80
0 100
" —r 7 T AT T T
) A I J At
: ‘ i AR - : B2 !
? ¢ - s ‘/ l‘ i f ' r,“; , g Bt H
% 4 At L o f A 3 ; e s i
B e mmaay
t L“ i M—::Nw 0405;.,1?’/5' .r”\:’f‘, " * u“g “ r,‘mx
Gramn sizei=™) Grain size(mm)
(a) Black clay (b) Brown clay
Fig. 1. Grain size distiibution curves
Table-2. Physical properties of soil
Maxi- Qrain size
San;?les Spectilc ::::rle Atterberg limit g;:i,; (Pe(}'l::;(;:g);ls%?ng)
. ravity Z
woil | eontent COLL () [PL ()P () sizetmm) §o 10 | Neo- 407 [No.200
A-1 2.53 5.973 58.0 32.2| 25.8 Q.42 100.0 100.0 73.4
B-1 2.54 4.727 43.0 21.6 21.4 2.00 100.0 77.8 58.6
c-1 2.55 3.493 34.2 20.3 13.9 2.00 100.0 62.7 47.0
D-! 2.56 2. 403 26.0 14.8 9.2 2.00 100.0 41.3 29.8
E- 2.56 1111 21,1 13.5 7.5 2.000 100.0 27.0 19.5
F-1 2.64 0.258 NP NP NP 2.00 100.0 0.0 0.0
A-2 2.58 6.200 47.1 30.4 16.7 0.42 100.0 100.0 90.3
B-2 2. 60 4.920 381l 26,1 12,00 2.000  100.0 77.6 63. 2
c-2 2.61 3.170 337 229 10.8 2.00] 100.0 | 57.4 46. 7
D-2 2.63 2.530 25.0 15.3 9.7 2.00 100.0 42.0 30.Q
E-2 2. 64 1. 650 19.8 12.0 7.8 2.00 100.0 21.9 16.0
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Samples Coeffict- | Clagsification of soill g OPtimum | Main
ent of dry moisture : :
°.f unifor- i density | content mmer:al. Location
soil mity zngli?ass]AASHTo (g/cm?) (%) composition
A-1 64.6 MH A-7-6 J 1.522 25. 60 Halloysite | Yong Kwang
B-1 62.9 CL A-6 | 1.700 24.00
Cc-1 102.9 SC A-6 1.754 19.48
D-1 113.3 SC A-2-6 1. 885 14.75
E-1 80.0 | SC A-2-4 1.894 13.20
F-1 2.0 SP A-1-b — — Quartz 5 Mi Ho River
A-2 10.0 CH A-7-5 1. 445 27.55 Kaolinite | Cheong Ju
B-2 25.5 CL A-6 1.567 24.50
C-2 84.0 sC A-6 1.696 18.50
D-2 26.0 SC A-2-4 1.843 15.40
E-2 23.0 SC A-2-4 1.850 14. 60
Table-3. Chemical composition of soil
Item Ignition
m‘ Si0, (%) ‘ Fe,0, (%) k ALO, (%) | CaO (%) | MgO (%) loss pH
of soil (%)
A-1 72.60 1.78 11.60 2,65 1.25 8.27 6.2
B-1 76.80 1.84 9.52 2.18 1.00 6.86 6.6
c-1 81.00 1.91 7.44 1.7 0.76 5.45 6.7
D-1 85. 20 1.97 5.37 1.24 0. 51 4.04 6.8
E-1 89. 40 2.04 3.29 0.77 0.27 2.63 7.1
F-1 93. 60 2.10 1.21 0.30 0.02 1.22 7.3
A-2 72,60 0.80 12. 60 0.10 0,29 12.10 5.4
B-2 76.80 1.06 10,32 0.14 0.23 9.92 5.5
Cc-2 81.00 1.32 8.04 0.18 0.18 7.75 5.6
D-2 85.20 1.58 5.77 0. 22 0.13 5.57 5.7
E-2 | 89. 40 1.84 3.49 0.26 0.08 3.40 5.8
|9 S R 3o lowa state compaction apparatus® HifE

X PiEel HHY BERE HAERKEA = yEm
HE 2 {tBFEHL Table-49 2},

Ch S

F gl ERR Winmle] Hike Table-59 2

=,
2. REHZE
7t CHERS

S4B §=x Davidsono] AT Fskel W

Table-4. Physical properties and chemical composition of lime

fEfASIR o0 NAKL 120.25cm?, #Hwo] HiEte
1.0085kg, % T 25.02cmz 31<} 3/F 104 b
Aoz BAANAE EHEDY X9 2A 5,
o6kg.cm/cmisl =& #4, A-1, B-1, C-1,
D-1, E-1 9 A-2, B-2, C-2, D-2, E-2 ¥
B+ BEY 0,4,6,8,10,12% 9 BRE EAS
A9 TG HEeE REEKLYS BARREES

k3R,

. ltem Percenta iti
. ge
. Specific | iner than | Si0, | Fe,0, | ALO, Ca0 | Mgo | lgpifion
Aqdlt-\ gravity  1\5,200 sieve
ive
Lime | 240 [ 95.08% | 071 | 0.13% | 0.04% | 7id4n | oe9x | 20w
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Table-5. Varioas kinds of additives

T——__Kinds Sodium : Sodium ! Sodium ‘ :
Character- metasilicate So%ﬁ;n S?)ul)fate ' carbonate hydroxide | oh);li?igene(sbl/}lg%)
istics . |(Na,Si0,-9H,0) M | (Na,C0,) { (NaOH) :
Appearance Viscous White | White Crystal | White
Solution Powder I Powder Powder l Powder
Source Commercial Commercial I Commercial Commercial { Commercial
L}, EREERS ARkt BBk 2 BAERBESS BT Y

A-1, B-1, C-1,D-1, E-1 2 A-2,B-2, C-2,D-2,
E-2 3kl BRE &F RRLEEY 0, 4, 6,8,
10, 12% EES ARESLTI o9F REdA %
BB HES e Bo) & HEEAYNY H
B 43mm, o] gemme] E o BARBEES
o &S 306 AH thH9Yx ETAA pluged
ksl HME jackz EEFES A FEAHIR 0, 7, 14,28
Hel #HE @—3 #AME 3@4 [Eddd. =
% BRABEE JYebd C-138d B 8% % £S5
g FAKESLA Sodium metasilicate, Sodium
sulfate, Sodium carbonate, Sodium hydroxide,
Magnesium oxide % 5ES HIME S5 &
+&& 0,0.25,0.50,0.75, 1.00,1.50,2.00% & 15
matel fo Aoz HRBE WESFATT. HR
B R4S Afhoz e RER gase car-
‘bonationg PhikEl7] $lshe] uld 2 FEHE RER
A£ENA BB 21£2°C, BE 95% Loz %
o] BEAZT, BREEEARS A& 1,000KNY
“Tinius Olsen HiERBEWE FHs 9T,

Ch WAMRE

GA BABES U C-1REd BKE 8%

A% BRESE 99 SEE AIME BR
+E=%E9 0, 0.25, 0.50, 0,75, 1,00, 1.50, 2.00%
TG THEE EHBEHRBE —23°CY #E
A A&l A 24 BB BE 21+2°C, BE
95% L[fle] REBLEZEAA 24WRIRMAS 1cycle
Z 3o cycles] #®i) 48 BHEE #{Ls H
A,

I. #R % %

1. ARB& LS CHAMSHE

B ERRA SR8 Mkl ¢4 RAKRES
19 AP HiEe KENS] A8d & R BR
REAERS BN 9 dARBe ¢ BR AKE

g4 Fig.2 9 Fig.3s} e}

Fig.2e ¥t a4HEd 28 FRESES RES
KHoHe) BgRE Y Aoz Black @ Brown
clay BARE =5 HLeHR 4 ERESE 8
mEFE 2 R 244 RESKLE BN
=9 2#8ye 2 Black clay BA#E -t Brown
clay BERE el it RBEKELE 32 e W

3
5
g
2
3

S

Lo contant{%)

(a) Black clay

time cortentyie)

(b) Brown clay
Fig. 2. Relationship between lime content
and optimum moisture content
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(b) Brown clay
Fig. 3. Relationship between lime content
and maximum dry density

274

Fig. 3& Hi+&HR 9& AREARS BAE
$rgEete] BfRE Yehd Ao = Black g Brown
clay &R =¥ Hiighke ®MITE, =
E-1 3 E-2 K% BAstze ARESRC #
WETE BARREE: HodE @Ee Lie

ol z @A RS BR BESke] ®iIngS
5 5T & @E@me e, ol Hoover™,

BV, Wang*o%el EgiRe} A —He= A
2 WL ER BT w2t BAEREE B
PHE HHE HEEHR) 9258 BAEHRE
EEx vepid] A8 3R S99 29 go
FRES ERFEE ol B B 2 £

9 &ol WAHEZ Eo] EL} Y4 & &9
Ble BE BAERBES ROANA 8 29
% E GREAR] BNEFE E-1 R E-2 &
HE BAstze BRERBRET siosded o
© BT 7be BRE #19 2e fEe soq
Tols BREAK] BNTFE BAZMEmAE
BIE AAe #ihE Htd Had HEo) 3
+ AR Eol & $3 REYS] dFoz 47
e, ot PE+ E-1 2 E-2 ®E Ao 7
RESR 454 BR FEELA Hsld Bk
EREES} 288 & #%e dEhz d=d o &
& hAd LB T Aol o] A binders] £l &

4o o) RR3EE 2 FRIAE &9 —Ip3-
BRI A F7 48 Aoz P25 ol
E AR BRY &3 BAHEHA {LBEE &3

ol e3#e] 44 FERESLIA agglomeration s}
flocculation 1R E¥=: Aoz Aztgd,

@ HitEHkel #Emdd o= BESKEA
"/insl v Bl BAERZEE JYddE 94 %
el AT #HIEFEe] BMe) w2} LPFme
kel WAS o] TR LT REEZ 4
AAN7 A EolH = AREAR #BMTFE B
BEREAA BINSe BHE BRE #$19 2o
BeElg dtel 9 MHTY &Ko) BorAs =
oy oo = HitEHRo EMEE RE LMo
HRmBe] AA7 4L B KEstE £HTY
o] Weld MHEmo ke #As] o4&
d Aoz Y=o,

=3 halloysiter} 4ol = Kol F2 Black.
clay EE& ol Helsd kaolinites} EW4rel Brown
clay BG+7t Ko 2 BABREES] 2 8
HEKIEE & BHe kaolinite #i+= g o] %)
o EEHEN F7] AEY Aoz AU,

2. ARREEL BEERERL

Table-1¢] 2& EA&+e) 0, 4, 6,8, 10, 12% 9
ARE BEstd JARBAA el BEIAL
S RAEBRTER HAME HFtd 0, 7, 14, 28
B REMHY <& BEREERRS ¢ &E A
RESES BRBESY WHAE i Figd
4 Fig.59} 7}, Fig.4¢} Fig.5%= Black ¥ Brown:
clayd] £% 24 & BAT RBP4 #HM K
BEES BEE $IN+94EF & Fe =g
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Rr} Brown clay E&L7 ®ES Ze BEhe
Brown clay: B RABES) ATz 4
7Z4dth, = RKESREC] #NMTTE BESL AA
= BHlHe AREAY K% A=k #be
YEel ZEEY HE WEHZ =EolH  #3]
BB 9wt xEEe) A= Aoz 47,

% HARRGC] 7, 14, 28B2 AAAR: AKE
A8 BNETE BHEEET ®Binde HEE v
HyEd &9 BES HES M == & 2ERE5
Adch, B, A-—38 il A& Black clay Hd
47} Brown clay Eg 4o 3t |MESF REES
7it}. Black clay ®@&+9 A% A-1, B-1, C-1
% HiLaHEY B FAHdAE ARESEY #
gl AL Hpisld BESE EnEden BlE
HRel I E-1 BB AKERE 6745
BEE o] #{Lsl 9=, Brownclay BEEE ¥
+aERo] Be A-2, B-2 RE 2 HK+E&EE
1% AL E-2 HElE BRESE 6% 7149 L&
dAE BERHSRT 22 KM, C-2, D-2 F 4
TEHE] 40~60% < FRANE P& AKE
FREAA T BERMES] HRY A, AKESR
ol RolALE EES Bihde ERE L9y (L
BRfEC EHEAAS dEo2 43EH, (-8 A
KEAEANA BEYMC A5 BEST #Bm=:=
A& BAHE AFAd et Q87 ke
199l RHEES) KT cementing {EMo] HEAE A

o {day

—w— /days

—a— 28 #
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(a) A-2 Soil

L s
R i R

{ —o—2

S

b Lt
S

Uncont Comig St i,

Lime content{%}
(b) B-2 Seil
o (Ll
e
—n )
e
A Lime content(%) /
o
£
3
O
< T
IS
2
- / / g
1ot // 7
/ /VA/ 5
/ o T
- - ,7#,_40-/ -
e //f,jf_#of ]
U 4 [ 8 12
Lime content{%)

= (c) C-‘Z Soil

o
T

Lime centent{%)

(d) D-2 Soil

— 5 4 —



Fo HENA AREA LY BERE A 8

elr

N :
=] =]
T

Unconf Comp Str {Kg/cnf
(%)
(&3
T

20r

T
0F o
Lo
e
7%—.;/
il N
O 4 3 J 2
Lime tent s}
(e) E-2 Soil
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to lime content by curing period
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o2 e THARAS mEEEdNE BE
sminge] & K@ 14, 28H% FENM 2
< wel EEEmAES M{tddd. = HBEeERE
o] e REAE 7TEYEH MEAAS] EEHH
AT BEREC B @RiB%e 14HE ER
e oA EEEMEC] & K@ #itaske A
o REl) A= oo FHBHo VERT £ BAE
o] Aol whet HiLaEEe] AL kA
mE 2A VEdEd ol & BAEWHAE K
®E BERMATE HAY LRT HEH &
Bel kit BEEEC 472 RE HFL BE
o WA= Blo] 3ot RAEHMe AAFTE N
B ka Bl AAS A Aoz A7dh,
& REgAA C-1 =E C-2 Rish o] Kt
b 60% s, Rt 40%RNE BET HAldA
4 BiEH EEAEHRL dEved e &
KES+E BE #taEEe fom 2 DLk 4
+aERAAE AR LBY KEd LET #t
e fpdht 9Ad &Y Fo BESL kAR
= mEE 234 B8 KA BE HiaHR
DTFAAE BRY {bBERE LER #ES 4F
go] RIS KMl BLAIReI 2} PELY =
Bl TR Mt AReE 44 BEZF FHeot
A7 W Eol}, et BHRY K F LB

BEY KiEd dAEESE 4 2dF e H
Wi WER G BRIFT REdA BES AF
aA vdeg ez Addg, =23 ARBIAE
ZE REU BREREAERYD 12%94 BRARE
s} de e}, Herrin®e] HIg@RE vl Fo &9
FHAEHEL] AN H FREARC 124 LIeA
RABEES Yebd Aoz 47, @4 Black
clay Bate BAEESE JedE C-1 Ak 4
> RRESR 12% 9 THEEE} 28.4kg/cm?, 281
#wEE7F 61.3kg/cm*el L, Brown clay EW&+ql
C-2 Rple E—8 A &% 13.2kg/cm’,
44.0kg/cm*E YErdje] Brown clay E&trct
Black clay F& Lot H¥3 & BEE vebiled.
a8z C-1, C-2 RE=A EBERTHADEFEE
EA ALY THREEHRE 10kg/cm’E A7)
A8 AREERLE /% 6% R 12%°|x, EEH
Kol 2Ee WE 20kg/cm’E A7 A% GRESR
B C-1 A8 4% 8%0" C-2 BEl: HEH
HaEAde FEATES Aoz Yeyr), Shene
kaolinite @ illite #1- & /% =& d&8 74
Fz BEY 549 AKE BEY 8y BE
RS 3 AR illite $5 4 A+t kaolinite ¥4
Eatich 2ERES BEE VeEigdz 3R,

A REgol 4 Black clay &+ 7t Brown claygg
Grad ®mES BES 24 d¥d AL Black
claye mKote Kol RiFd halloysiter}t Ei%
4yel #i+el F @ Brown clay: kaolinites} FiK
5yol7) W Eel BEREHES Jov, =§ Table
-3¢] el ulel o] Black clay: Ca0O, MgOsj
{LBES ] & Q1A Brown clay Bk £& &
27f%, &L L BAy&el Hon pHE L 0.80] 27
g Fq Aoz Az,

3. Zho#ol k8t ARES L2 BEERE

BRESE 53 Hinwle BEWE BRE &
I BIRe M, BEBRES BE, REPHNE o
¥ ERH weh oz dede e v 249
S} oole] WRIMME MASAY RBRE RWEE
saansh WAk Wi == GRESRY BOSS
Hiyoz s v E9ch, BERESLAA i
7 RISt e RER#ME Kok i sd:
o] Hito] WEd HEEMKe =g FAHAE F
A {LEEES T2 HEE# E HteA
o1t #LMTE Aluminatest Silicate] B
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L2 @A el &4 HKSE Sodium hyd-
roxides} FRmmsl ol By (LBEE 9y So-
dium hydroxideo] fZa}e] -iww s pHAl 8
sk ol ¥ RETIA & A Aluminater}  Sili-
cates] Eifo] KEKo: Hx #E#Mmoez Na-
Aluminatert Na-Silicater} goh, ¥gebol WS
] 9% HKE Na-Aluminater} Na-Silicates} 7
fE&lod cementiticusdt Ca-Aluminatel) Ca-Silicate
7b EHe Helrh, M Hez £RGH g g2,
Soil-+-Na# H-sNa-Aluminate
«Na-Silicate
Na-Aluminate+Ca(OH),—
Ca-Aluminate+2NaOH
Na-Silicate-+Ca(OH), =
Ca-Silicate2NaOH
714 £R%H NaOH oA #ith-fe] #=mEg
HEYen wevr S92 FEE REMeR #
ARG, =g FKESLY Sodium metasi-
licate, Sodium sulfate @ Sodium carbonate% 454
gehnete Na,5i0,.9H,0, Na,S0,, Na,CO, i3 &
Fo Fy—3tA M#slol = A FER(Ca(OH),)
o} K HEshe Nf*OH% Egiste LEEwe] med
A4 22 4 ¥LHFe HE(Aluminate 1} Sili-
cate REDL & BES K@ 4% Rz
o, 282z Sodium hydroxidez 8 ¥ts
Natol o] MM 7T« 44 ®F Hasd 2
oh BEAA BEE o g Catt o] 29 #
FBE 22 QAW Fo] 1HY HES Zagle Nat
of ietel FRRNY(electrostatic) gEAe] v WE
EE RBAHTY EEd EHIA Bdgosg
Ca-Aluminater} Ca-Silicates ¥ =2 cementing
ferE 4 B Aol oldpe Hpe Loz
#Ererd gt g,
N2,8i0,4-Ca(OH),—CaSi0,+2NaOH
Na,80,+4-Ca(OH),—CaS0,+-2NaOH
Na,COy+Ca(OH),—CaC0,4-2NaOH
Aluminate+4-2NaOH —-2Na-Aluminate
Silicate-2NaQOH ——2Na-Silicate
ZNa-Aluminate-4Ca{QH,) —
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