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Abstract

Construction of pavements layers on subgrade with good to excellent properties is an essential
objective as it reduces the thickness of these layers and lead to great reduction in construction cost.
However, construction of highways on a poor subgrade soils is unavoidable in several cases due to
limitations of highway route. Therefore, improvement of poor subgrade soils facilitates construction
of economic and tight pavements. Several additives are available for this purpose. However, they
are, mostly, costly and require huge production energy which increases environmental pollution.
Therefore, this study proposes Nano magnesium oxide as a modern alternative. In this study, a soil
from Baghdad city was selected and treated with different doses of the proposed additive to inves-
tigate their effects on the engineering properties of the selected soil. The study involved laboratory
tests to compare between the properties of soil before and after treatment. California Bearing Ratio
(CBR) test was adopted to determine CBR values and swelling ratios in untreated and treated soils to
investigate the changes in soils’ properties and to determine the optimum dose. Afterward, potential
of hydrogen and x-ray tests were performed to investigate the chemical reactions which contribute
in improvement of subgrade soil properties. The results exhibited a significant improvement in soil
properties. CBR value of soil treated with (0.75) % of the proposed additive was more than fifteen
times of that for untreated soil. In addition, swelling ratio of soil treated with (0.75) % of the pro-
posed additive reduced to about (9) % of that determined for untreated soil; (0.75) % was considered
to be the optimum dose. The chemical tests exhibited high increase in alkalinity of the treated soil.
In addition, chemical tests revealed effective reactions produced magnesium silicate hydrate which

formed strong bonds among the soil particles increases its toughness.

Keywords
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“ 17 AL-Bahir Quarterly Refereed Journal for Natural and Engineering science



Vol. 6, No. 10 and 11, P. (17-33)A, 2017

WG Lo Ja3

LoD

M s JB § s S L2 s | el e bl &5 Lo Ol Aol Ll wlid Ll sy
Ol G pin Y ol B o5 Lo 3l oLl OF Y1 el S G S i Ul (905 QUL 5 olalall
B3 oLl (318 sy il G ol o e O U Gl s L i A1 5] s S
G 2 A1 o g5 ) (6 5 gt A5 plititnd Al pall edn = 25 SIS - g3La) 5
22 le o plsialy gk les o3 5 3lutiy pcke e &5 Ol o3 S A, 3 -l il s
oo 50 ) iyl i 5 dibl Lo 3 ool il il (6 U sl S 5l e
ol amm o gl W il (3 OIS . BLALL (el dns 5 13 81 o g5 0 0 )laald i e
ol 3 63 oy 21 T 1 IS 5 il ol ) (3 skl gt U s ol 5 L 54018
RV [PV JOPUEL YT L X WS [JET, V1 PR OO Nk JUUJON S KISPRR U (-1 e
D)l Linsds e Lk o 31105 518 Jod B sl o 01 ol gt 3 U gonls Lo el oy
S5 e (19) ) LV il cnadindl LIS 5 Gl 4 (0.757) BLs1 e ALV 451 G Ly
835 &S o gl iy . A e AT a ks A1 5 i A s L1 i oY1 i A1 il
Skt S 5o 2558 55 Sl 3 gy iy LIS 5 Ll o AR Gl Bl e & 01 2508 3 il
Ll o 3l A A Ol G 58 il ) IS Al il OIS

fm il | S
LAl e el e AT 5 5a I Jad Bd (8 U1 o gpmeiil) S sl A e ¢ bVl 2 Lo 22D

AL-Bahir Quarterly Refereed Journal for Natural and Engineering science 18 -



‘,wgagaﬁaml

Vol. 6, No. 10 and 11, P. (17-33)A, 2017

Ladehl oV il 3 LI L 5) S5 plasenad (33,5
o Al Gl all 3 s 5,581 s 25145 [21,20]
S p sl S5 pliszal 2l sda A5
Lldl plul sl @ dandll L7301 ol i g
Bale Lt o3 Ayl odn (8 il S BLALT e S
L Ll olassy sy (g 55Ul o srmeprl] Ao 5|
B BLAYL L) Gl 5 ol e 2
ol D 5 ety el a3 e oy b 0L IS
delus b phalall a5 3l 3l Ul 555 05 el
UK B, sds s Budad Bl e Ll
2l (o & 5 QBN IS e &y e )l (o)
aslanSdl5 AL 5l Lpaatliast S o35 sl duts 3
O54) LoV & A0 3 e s gz o5 el
ez ole e Lghalot (5 3 e 2 s (A Lee
b da s 3 Lt bes 155 (6 53U o gt AnS ) g
sl Je olae VL bl s jlesl o5 Ly (28) 54
ool B ol g e Jl 3 3L G dasldl
sl oda dad - La g 3le 15 8,5 90l (56305, 5]1)
19,17 ,14 11,10 ,6] el a-Wl e dcslis
D e e o oeb ol 2 (5 6U5 uny [22-25
L G B Ue ol ol 035 Sl 2| S5 5 LY
B AL bl ol Gl e el 3
s JUSARWIERI PR LSO RPEPAINEYR AW Y
bt lall oy Li)saJ Jud 4 e e
5 oo A5 Bl s Bl 41 ol gt G s ke
ElasS OO Sl 2l 5 6ol 8 el Sl
o Tl B3N o g g B gy db 853l amuiS
Ow ol 252 U Lol LV & Al (e 2300

(S S p sl dnS 55 koY1 2 1 U S

Leaal) .1

395 G e Al ) el e Ok A

U85 3 s I s 1 LS Laslas sl 5 Ol slias]
[1-3] 2l Jpll G Lo pat wiliadly ol
W sS Goobll ol oal e ol i 2 e aas s
e LS a5, Sl &5 U I i e @ 5ans
Bl Wy oladl s Slaw cilezzy . [4] L Azl
[5-8] wlakll s e as Al Wl dab
(b 510) 2doell 201 g a1 22D 0555 L iale s
SIS 0B . A Ul W ge e BUL o o il as
oy Sl 3 e ST Lize Lol 22D
(Sl Sl S JSChy A U L Lo JS
el dze bl L5 e bl olad elail (ST
ool G Sl Sy ¥ G 58 e G e
Gl Sl 4 oy (N w3515 58 o &) U
Jldzul Sy Ll wlul & 5 Bls 0l s .[9-12]
o Sy Jaadl ol g ol 6 =L & 01 ells
Sl sl oo Gsled o o nd s S
L13] Sl e ey A1 b Ol Laslazal
oo\ et gas A oy b Sy S
Ulad edlndilia 3 [ 15, 14] wbLalL a4 4 5l
claw¥ly 5,5l (Y5 conndl plidal o5
e Badall pladl el oIy [16-19] Jsli

Ll Ol o 6 2 g (0 B B ko s dgor (5 Lo
55 SleS GMb] (3 oy s B o sl Mgy
d 62 i ol 0L ade 5 a U &L ol 5N s
Ll duwddl Jisl G Blally 1S3l i) bels Ullas
sl gLl St on esS G gl Lo
syl ol gl 8w asl Bl 43l sl gl

“ 19 AL-Bahir Quarterly Refereed Journal for Natural and Engineering science



Vol. 6, No. 10 and 11, P. (17-33)A, 2017

WG Lo Ja3

0 .. f. FUREEIMUAY 2
3.39% Ly adlS o G . )
Gl e A L5 e S ped S
3.4% SPENENE il s 5 e o gmll Y Sl Eok
Sl 5 Bl w3 gl e ptill AaS ) Bsle plasealy
: Lﬂ‘f‘y&dﬂ)%ﬂd\&y&)\uﬁadp
61.95% SiO, ol Lo slzs VU (1) sl G e (S5 Gtz

29.83% ALO, Sor BN OV s G 5all 5 A gl (g5 4 AT )
few 31 iy Lo Uiy A-T-6 Ze samll o il O

76% Fe.O
4-76% NEhe Lo 13] Bhnd 25 A s 8y &kl 25,0V
1.13% TiO, sl <y [26] B no 0 5y Jaeld Lol coan iz
Ll pa etienadl £ 301 LS o ol 3 01 ey (1)
0.51% K,0 = AL 13 o) e

G Lt )l oS A 25 (ALO,) L Y15 (SIO,)
Bt MgO 58l ded OF Jpd) (g SIS L [27] el oS 5
:\::..Lou u..aLbr_a\ J.P JJ.,». U..as) 5.2 C;.&l.a :\:;:.?-))J.:&\

0.02% zro,

542 o3 IS [30 .29 28] Lol ¢l 15 &5
0:09% SO, leaslas udls & gLl ¢ ok oS 91 85L0 10 deS
0.07% CaO (2) dsadl g
0.10% ©s)

LY 4 A ol g5:(1) J gt

5.2 o 5 pebl 8 all il 5l ol s

L 51 A2y o) Wb 5 & U s

sl sl 5.3 A=T-6 Ll 5 5l 5,V

.J.i.l:»g;j C**-,’.j’." L5‘l3‘ :\.QJ\::J\ U'DJ"“U‘ d‘ ZwL.p}L’ 0.075 O.ajwl “(”“;‘

ool e ade sl ) o5 cdadieldl Bl ol = :
0 -

A e IS5 oY1 3 o RSy Bcdl | HT S

Q‘Jw\ L} U.‘.’"‘ \‘5‘3 4.:.3\ )L.’l«l\ d\.,al\ r‘.bd.wl.’ Lo 25%, 33;.UJ\ e

2.76 .

oSl o il o)l o5 | Baaldl sl 4US 59055
SN o ) el s (3 Al AV e /o35 1890 edanll UL 23S
%14.6 J b N e

AL-Bahir Quarterly Refereed Journal for Natural and Engineering science 20 -



‘,wgagaﬁaml

Vol. 6, No. 10 and 11, P. (17-33)A, 2017

5 S Jod i s 1.3

Ziolgd Wy Ly sallS Jod Lus jamd ol 2 o5

23 e (D1883) 5115 o yomeild 55 1oV s 3l
AenS 5 oo ddlez Sle oy las (g 215 AL Y1 & A
LA ol i G A S el
(0.25) :5,ldl ol colsy oLl ablall dy
¢/ (1.25) ¢/ (1.00) ¢/ (0.75) ¢/ (0.50) ¢V
Uy o3Il slael o5 B 41 055 oy 7(1.50),
o5 U5 sy ) s A plasal s dnldll 43 ]
L W gl o Blisl) 2082 ulS| 3 Ladss
slgsl day L Jeladl J s Ol Logy (28) 3l oS 55
o o5 oo ell ()3l Ul 23 e o5 cadlall s
5.dombl el 22y 0 a5 2 701 G LY sl
Sl G a6l A3 dm il
i amy 518 ok s Sl o 3 ool
dagd a L)sadlS Jod £ O o Bd o8 2l
e ool SIL &1 Bl s el slg V!
eall Jreedl sl V1l e Lps (e 2.5)
Gl odn s GBIV eid LIS A5 G el
Bl b B2l eLas) G Leasendl sl 543 w;&
U5 Gkl S5 G55 Jales Sl o D e
oda B2l Lldl wlab Slew 1ud 0 o3l 3
Bl L olabll b Claw § B sx Lo dll
ookl ke e | el LYl s Jaa 623
IS S5 el dnntll Bl ¥ 3 Ll b 250
Ll LS asdle T 2 00 ol 81 HLisV 2
Lldl bl st O e [18,19,22,24,31,32]
bk asss amddl bldlolb 3L L) o
wad 5 il ead) el Wiy Bl WS oy
ol s IV e laad) ) 4l

CM‘ LS ol 35U 5L 3._’3\{)5.0.“ uﬂ‘}‘ ((2) J g
(il 35201 ol S ) B gl

LU dll ol
The Central Drug ol 35 211
House (P) Ltd/China
oo ol
e 710 x 100-90 dpdk| o2 Jre
/% 20 iodallisLdl
% [o35 3.6 sl
4w 4,5 2850 SleaiYl d s
2‘:’)# 3600 O a5
94.96% s 5Ll
0 el ‘} 0L
o7 ezl b, oIS 5,0
%9 i3 3 AL Al Ol
0 4 5o 900 3,0 ~
0 G oL At e 51l
%0.1 s
G OLs I ALG e sl
%0.1 A 7
i <l JS 5, h aa
Sl S A
% 94.96 MgO
% 0.58 Cao
% 3.93 SO,
%00.09 sio,
%0.09 ALO,

“ 21 AL-Bahir Quarterly Refereed Journal for Natural and Engineering science




Vol. 6, No. 10 and 11, P. (17-33)A, 2017

LoV U0 el ) BlaVYL . Ll olik) Ll
o2 et O S e g2 — oASlax ol
upfga|cauotﬁv5.dledl\ia‘;ciﬁ9maeﬂ|ah

r U ol adl B Awl,dl e 8 deasedl g &Y

L5528 Jod dd b il 1.4

LA L)5AIE Jod G OF pamedll s il iy

IS oVl LU doedl Sl e Lol GBLALL dnll
Jod i O K2l I e a3 (1) Sl 8 s
Lis bbbl ) sy Slall wle > 53b 3 1l 55 L) 5218
PPV s o3 BU L1 055 e 7 (0.75) e A
(15) o ST 5548 Jod s il b5 le A3l
oo 1€0.75) Bl das LoV & Aol G5 o Lans
LS Lo (28) sl &b J1 2kl (5 5l p gl S
Ly ool 3 e ud oS liny (2) IS8 G e
Slib Hlow 3 1S HadZ Jl 23 Wby Ll bl
S cnaisl i & sl Bl o e ol L 2l
B AL Aokl el £l BLALL Eod) bl 3 B ke
Qe ey dod] Sl de B ded sl sy oY
SN 3 e 1S S5 p gt 4S5l 0 7€0.75)
oo M) dl Ll Flasl i el 255 .(4)5 (3)
I s 55 Gy ALV L AN G dedl ALV 4
GAW p gl dnS 51 0 100.75) G Lzl Sy
or 5 M o) Wbty ey A1 2
Gl Loy b 8 Laluseal 51 ,6Y daaaall Sl
sl a5 s gm O g & A1 ol 55 B e il
Joldl M o & Ul ol O (B30 145 5 25LaS) & 53
G o B DU smerall dnS ol p SlaSl
S Jolidl ks (2 45 [28,33] 45 )1 ALl
A A e S Bl 202V o gl o) 2 05

WG Lo Ja3

douom 9 )b 8 58| b 2.3

LA Lol sl Ld W3 ) BLSYL
e dr el il Lo 550 b8 58l dad a3 o5 e A LoY]
N a3 e 1 Bkl ey L) 1 2
LoslzeY by LA o 5l dary 45 e Juold
L Sl b ol il ) s
s Lamill s el 2l o5 6 gl p ymmiill A5l
(D 4972) 51 15 o soild 250 Y bl 2o

) 3N 3 g s 3.3

LA BLNT & Al ola) jamdll s sleel o5
Olr by & OLall o 1 Ll g sl
Wy ib I bl sy Glally L300 sl s
Mo el 2l o5 Loy (28) suly Jua¥1 Sl (5 goeald
SVl o soeild 28 oY) s 31 sl L Uiy el
sirs o2 Gl el s Gy L(STP479)
o S p sl S 5l L AN DU S Gy Jels
Ll LAl liaald o gl o515 i 501 I3

i) 202V BUall s L3Lke Lams 4.3
LoV L e s o pamdll sl 2l 3
LA s Gl s b OLAL w d sl 2 AL
Wb 5 &b N Adlall s (6 5V grendl A S 5l o B 5 52
G il G 2 3 b 28) 3l 5 T U (g seel]
s 5 B AN S 5 A ) sl 81 5
55 el 1o el o5 s 1 Al ny SIS 5 0

(E 1508) 51 115 o sl 1 0¥ dnnn 5b1 dios] 5k

k.4

LN LA Lo eyl A o sdl IS g
ool Lo 131 i 5 L) e (1) J 50t Bl

AL-Bahir Quarterly Refereed Journal for Natural and Engineering science 22 -



Vol. 6, No. 10 and 11, P. (17-33)A, 2017

,,mgaguﬂam|

&

[
=

[#e]
o
ey e e T 0

150 1325 1.00 075 050 0325 0.00

S p grmtill A ol 0 2ili o s Bl S 5 20V &y A 5 5318 Jud (1) S

150 125 1.00 075 o050 025

Lho Y1 % A 2ol I o g2 2S5 S gt S 5 pltsialy Eomonl) 31 U 1S ok o § sl 531y 331:(2) Y

- 23 AL-Bahir Quarterly Refereed Journal for Natural and Engineering science



Vol. 6, No. 10 and 11, P. (17-33)A, 2017

WG ko Ja3

4.00

3.50

=%

=
in
=]

-_

l 050
H = B oo
150 1.25 1.00 0.75 0.50 0.25 0.00

S p il S 51 n 2ili2 ol s Frmaml) S5 5 Y1 &y ) 31 LY (i 2(3) S

35

feud
(9]

P
=

=
L

=
]

=y e 2 e Y

1.50 1.25 1.00 0.75 0.50 0.25

& g S (5 S gl S ) plitsitaly Eooel) 31 FLaY) § ol o LisaYI 1 (4) 2
Ao AL Lol G e

AL-Bahir Quarterly Refereed Journal for Natural and Engineering science 24 -




.,wga,?aﬁaml

Vol. 6, No. 10 and 11, P. (17-33)A, 2017

oo Al e Eb AR sy s GUE sl
i ((6) 5 (5) LSal) & el Gy B, I
de S sl AoV A il el Cp ol
Y1 ol e IS 5 Gusdl (alide) (63 sanll ) sl
(26.6) 3515 s ol S5 _jisls o (125 - 2) ol
Jols &g pie Jo o L (13 2) olide Lo 25
ow B,y B [34,35.36] B blasYl 3
(A i o (7)) S5 dgr 10 (6) 5 (5) (Sl
(deY) el o w5 5 (7) JS2I1 3 e Lol Ol 2
Sy gre O o e S 30l elite Je oY)
il 3 s e dag ey (L3 2-) ulde fe 4 dine
b sl A5l BLSI sy Dozl AU & 500

[36] b N ik lall s g 5l

Ao 5 )bl 358l e il 2.4

G g o) 3l dad O Gasdll 1 LS oy
(T1.1) ks a5 1 ah bl sy GLALL o500 4 70
O A AN 1 P WA IR Py
Iy Ao 55l 358l dad (8 ol ey (5.2) wils
129,307 okt & 014 45 3 5Ll e

Logd sV sy o il 3.4
e le e Bl BV s g janed o) 2
LA 55 Slall me B gsall 43015 alo V1 &
o2 L g (28) 5l el ALl iy LA s 5 32
Slally LA Gy Jels &g LISl Lo Gl
(5) I wleall el pesleadl g & I3 (e
LoV & A bl o el Gl 8l 5 (7) 5 (6) 5

ir=7e

ALY G A Lol 4N 3 g yazed éb(S)JM‘

“ 25 AL-Bahir Quarterly Refereed Journal for Natural and Engineering science



Vol. 6, No. 10 and 11, P. (17-33)A, 2017

WG Lo Ja3

Ln
=
(=]
=
Ln
w3
]

[ =]
Ln
(=5}
]
L
Ln

\reTe

U p gl A ) o BULS DY 1 i d) 2V ) 5 g o 5us152(6) S

irrTe

5 10 15 20 25 30 35 40 45 50 55 B0 65 70
Bl 2 nliba

b Jiad Ll J.;uéyUl r_,,.»..«l‘ denS o @WY\ LA Loedl AndN s g amed éb(7)‘}§-ﬂ|

o2 ol s il 5 (10) 5(9) 5 (B) JIKANILAL I
bl sy sty S sl ALNT 4 AL ol
S5 @ B s il ey JIs e 4D
b I Al ey o5l s 15 & AU L ) o liall
IS Gy Bl I e (D) IS G e S
ol (558 5 85 man (o = 11) 5 (- 11)

A 22N Bl s 3 Ldae yaoed puils 4.4
LoV &A1 e lie o ammdll s ol 21 3
Bor 5 B A 6 2 5 p et LS ) o 5 50l1 & AL
(28) 3l i I el o (5 5 p il 51
a1 bl 5815 3l e Sl o W b
Alall iy IS =l gy J8 & Al oS 5 3 Al

AL-Bahir Quarterly Refereed Journal for Natural and Engineering science 26 -



Vol. 6, No. 10 and 11, P. (17-33)A, 2017

.,wga,?aﬁaml

8305 o 5540 sSudendl5 p 5V (658 5 o lasal Gl
£ st doS 1 Jol Lo S Y 58 A £35S
Com (205 (1) sl 3 adl 5Lalls Ul me (s 501
Ul s ydaas (6 5 S5l 5,3 el S5 Gl
Ol Olda LS 10 055 O Sy Odlelad! ol
055 1 (MggSi,0,(OH),.12H,0) ¢ semniall
G 83 A Skl s p gl AnS g5dn Jol& e
S o 525[33 28] (3) Uslall cvm s 2LLYIE I
Moa & 0 Olemr & 58 Jail 5 (6 58 oL o 55
CAN o (55,50 caandl Jolisy apd Jolidl
eI S DA Dliden S 50 056 gl Akl
ULl 2 p il A 51 o a2l . [34,39]
J sl QUL s Jeladl sa a3k G 2 Jsad) & Ll
Lol g5 im0 ol 00 Al I S M 351

MgO + H, 0 — Mg(OH),

Mg(OH), —»Mg" + 2(OH)" (2)
8MgO + 8Si0+ 16H,0 — Mg, Si, O,
(OH),.12H,0 (3)

055l o5l (658 5 G Rl S5V
AL Dol il & )lis U oyl 2ol dal
pe e oy a5 Sl L o iy 5l LY
A o Bl die Lol B Jaws 1 8 o5 J pua
S5 s s peand (o= 11D 5 (0= 11)
eV 6555 3 el flRe p sy GonnS Y
ShaS Jols Jpma Jo el s 1y 0S5
sl Sags Al DUy p gl dnSSl Oy
AW Ll sl L el 5815 G sl
Sy 055 iy ppill dSsl Jols Y
(D) Gedalall 3 e S5 [37.38] p sl a5 508
Loy M R0 85 s CS AR 0585 55 Loy L (2)5
O G Ao 5 5l 85201 b axdl (g1 4D M1 bW
130,291 & gl a5 de oy Lo 5 50 A5 581 Aad 05
Jsle (3 O Sdls p sl NI e dnd 2151 05130
M GRS 5 ol el (gl anS 5,04
5 U 3 0 Sl s Y1 58 5 ol G
(T Sl el o S V15 p sl (55 5
de DSV S5 el d BLAYL )

ImTe = 000T

ik Y1 s A ) A2 YL L))

“ 27 AL-Bahir Quarterly Refereed Journal for Natural and Engineering science



Vol. 6, No. 10 and 11, P. (17-33)A, 2017

402 3.35

268

0 134

Cal g g SV las g ALY

0.67

270
243
216
189
162
135
108

T = 000T

Bl
54
27

WG ko Ja3

L p gl e ) o BULY TLY) 2y A L) 22V Bl s Bdldan b 1:(9) SN

45 4 3.5

2.5 2 15

g oy g S s, g A8

390
351
312
273
234
195
156
117

\Trve < 000T

78
39

0.5 0

T ) ALl il S ) o koW1 ) ) A3V B ot Bilas pmed 3l:(10) 2

i

ENg HAl M5 EHO

2.65

T

EMz HAl HSi HQ

0.31

‘2

EMg MAI m5 MO

J.:ws_g‘
L o all gzl

o BRI Ao

LY A 0

T I G Ukl ey 5 4 s 3 18 2o A B M1 sl 581 5:(11) YK

AL-Bahir Quarterly Refereed Journal for Natural and Engineering science 28 -



‘,wgagaﬁaml

Vol. 6, No. 10 and 11, P. (17-33)A, 2017

1.G=9) g @8 LA ol et § 553 b A5,
O@N’H%)&L\o.ug.[60]%\4—\3{})\&))}&&
G Al & V1 311 2 5 e 25 50 o
eVl eV O 4kl ads Godas (55 . J&dls
L5 ko1 & Al Bl bl b G5 m ol Jo
p sl LS ) phietanly Aol & Al 85 20 Al
IS G sl e B pml ol sall B o e (s 5

LolaBYl g9kl .S
denS 5l plaseny Dolas¥l (goudl & me 5 3
Bl ol o5 A ol e 3 g AW p semriall
G BLall T o e 58 5 sl plsenal s skl Gy
Bl &kl sy tddo V1 4 A1 U LY . Jlndl s
05500 1€0.75) (g 5l p greiidl 1S 51 o Uil a4
Go ALl s by gl e (D) BLSI il G141 4, Al
Sl Ol e 40 i Lo co il s I3 e A

ALY 2 1 o ol 6 6 s Jaes l s Bl ] 1(3) ot
S A p srmill A8 gL it (6 F 98, A 2 4 5

o =t G5 Jalno ot Joleo | Jolaa
Ol A B 8 o 9 ..
S et I (N ERTER) bl IR R e
0 0l [ e
90 150 215 3100 - - 0.44 Al 2l
15 15 15 213 100 0.90 0.14 sdeld)l dab
225 225 225 103 30 0.80 0.11 Lyl odldab
250 250 250 35 3.4 - - et O35 ol 22
250 250 250 72 13 5,550 Ll wluNlaab
S (IR PR
250 250 250 172 52 6 ppiill LS50
O o1 2.5 = el Baadl Jolas 4.5= 1o Zead) Lol 6000000 = (555 41 Jadl 26 5V aanad]l LI
) 95%= 3 3 511 & s 045 = LV (5 5Ll

p sl oS 5 plinl a2y ) 3,30 ey 8,1 I
() sk G WS wblar jasls o5 dpnlas ¥l iUl e
Jee 0318 & Al 5 sl B BUSI slsl o3 il AL
LUl g oo (250) (g sl Lol ol L Sl s O
o G ST (g Sl prtill Aol oy O Sy ik
iyl e Al O o5 50U s 311 Jidl e

S5 p gl A 31 o A1 Ll Bl (10) Yl

SV § el Lol Sblud] a3y (3) Jsidd

Ledan¥) dalal) (SO Slond) OF (g I3kl s cpe 5 B0
a0 &l ng‘érb(l()())jrl‘(150);»-‘»‘(215)}“
b spml) o5 Bl 7015 65 0y Bl & 531 620V
L2V [ ka1 Gl o Lty s (U131 o 6 5L
by AU p gl S ) plizaly 26 /8 (27.42) iy
o iy plasenad - 326 /8 (16.19) ey 23S0 5

“ 29 AL-Bahir Quarterly Refereed Journal for Natural and Engineering science



Vol. 6, No. 10 and 11, P. (17-33)A, 2017

WS bl aselei(4) J g

WG Lo Ja3

S s Lo | Bl A | aasiy et | A ME | kel e Ll b
e /9) Cp/8) ol | Cp/9) ool | (o) 2elan) T
0 0 0 0 215 RN
16.19 *3.31 19.5 65 150 85,50 Tl 2, U1
denS 5 Rl | & )
27.42 *%7.08 34.5 115 100 0t -

2(, /$ (3.31)=3¢ /z‘a 0.25x3‘= /‘,.;5 1890 x V.;S/)\b; 0.1x0.07=3, o3l HLs) Lalss
2( /$ (7.08) = 3(, /z(a O.25><3(= /V';‘s 1890 x (,.;S/JVJJ 2x0.0075= p e mll A8 o) BLS| AalSitese

35 /80.1) =5, 2l n
35 /8(2) = 5N p syl 4S5l s

& Lol lulS Loy danall ddall o AU
REPA|

M Eall & 1 ) (5 5 gt S 51 LS
85l dad slo 5 o L s o s Ll (9
(11.1) QI aloYI &30 3 (5.1) i 50l
LS5 o 1 (0.75) plasualy &l L1 (4
(§ S p oAl

5 g2 U1 ISl o (5 51 p ot S 51 J i
DS Sl S e 05 O Sy AN
A5 b Al Ole Op Jasl 55 0550 615 p spmmeal]
Ll e

2155 e G S S p gt A )l
Ll olib clew Ma O oSy Ll alul
ALY s ) o5 JWIL s b gele IS,

ol YI .6

e (amy JS dazad g 2 4l U Ayl e

oo ol e (S35l 4 5 Lo & e o b ol ]

U s g S p il S 5L Lz e IO

oo 3ol L Bwdidl ol il G s L

AU Sl bz NI o 1l 05 pustdl s I3l

R U T T el WAL AR EE W |
e o o8] fe o 5 IS0 L g2 JIS Jod
Gl ey B LA 055 e 7. (0.75) Bl
ool Ll o L i ik e ST )
RN P

B sl s e P -l SLAL el 2
BLol e b dad ol caly o b gle IS5
(9) e s (5 W p sl AenS 51 100 7.€0.75)
ALAVIL N 3 o) F LN a0

Jlae A a ool el el de A el Sy 3

AL-Bahir Quarterly Refereed Journal for Natural and Engineering science 30 -



wgagaﬁaml

Vol. 6, No. 10 and 11, P. (17-33)A, 2017

[7] Karpushko, E. N.; Bartolomei, I. L.; Kar-
pushko, M. O. Study of Using the Pos-
sibility of Textile Sand Piles at the Base
of the Automobile Road Folded by Saline
Soils. Procedia Engineering, 150, 2287-
2292, (2016).

[8] Bozbey, I.; Demir, B.; Komut, M.; Sa-
glik, A.; Comez, S.; Mert, A. Importance
of Soil Pulverization Level in Lime Sta-
bilized Soil Performance. Procedia Engi-
neering, 143, 642-649, (2016).

[9] Venmans, A. A. M.; van de Ven, R.; Kol-
len, J. Rapid and Non-intrusive Measure-
ments of Moisture in Road Constructions
Using Passive Microwave Radiometry
and GPR — Full Scale Test. Procedia Engi-
neering, 143, 1244-1251, (2016).

[10] Ozdemir, M. A. Improvement in Bearing
Capacity of a Soft Soil by Addition of Fly
Ash. Procedia Engineering, 143, 498-50,
(2016).

[11] Puppala, A. J. Advances in ground modi-
fication with chemical additives: From
theory to practice. Transportation Geo-
technics, 9, 123-138, (2016).

[12] Heitor, A.; Indraratna, B.; Rujikiatkam-
jorn, C. Small Strain Behaviour of a Com-
pacted Subgrade Soil. Procedia Engineer-
ing , 143, 260-267, (2016).

[13] Gomes Correia, A.; Winter, M. G.; Pup-

pala, A. J. A review of sustainable ap-

proaches in transport infrastructure geo-

technics. Transportation Geotechnics , 7,

salall

[1] Mosa, A. M.; Taha, M. R.; Ismail, A.; Rah-
mat, R. A. O. K. A diagnostic expert sys-
tem to overcome construction problems in
rigid highway pavement. Journal of Civil
Engineering and Management, 19, 846-
861, (2013).

[2] Oluwasola, E. A.; Hainin, M. R.; Aziz, M.
M. A. Evaluation of asphalt mixtures in-
corporating electric arc furnace steel slag
and copper mine tailings for road con-
struction. Transportation Geotechnics, 2,
47-55, (2015).

[3] Mosa, A. M.; Atiq, R.; Raihantaha, M.;
Ismail, A. A knowledge base system to
control construction problems in rigid
highway pavements. Australian Journal of
Basic and Applied Sciences, 5, 1126-113,
(2011).

[4] Ranadive, M. S.; Tapase, A. B. Parameter
sensitive analysis of flexible pavement. In-
ternational Journal of Pavement Research
and Technology, 9, 466-472, (2016).

[5] Kraszewski, C.; Rafalski, L. Laboratory
Examination of Frost-heaving Proper-
ties of Road Unbound Mixtures Based on
Fines Content and Plasticity Index. Proce-
dia Engineering, 143, 836-843, (2016).

[6] Abu-Farsakh, M.; Dhakal, S.; Chen, Q.
Laboratory characterization of cementi-
tiously treated/stabilized very weak sub-
grade soil under cyclic loading. Soils and
Foundations, 55, 504-516, (2015).

“ 31 AL-Bahir Quarterly Refereed Journal for Natural and Engineering science



Vol. 6, No. 10 and 11, P. (17-33)A, 2017

, 96, 1269-1276, (2013).

[21] Salemi, N.; Behfarnia, K. Effect of nano-
particles on durability of fiber-reinforced
concrete pavement. Construction and
Building Materials , 48, 934-941, (2013).

[22] Chen L, Lin D-F. Stabilization treatment
of soft subgrade soil by sewage sludge ash
and cement. Journal of Hazardous Materi-
als. 162:321-7, (2009).

[23] Misra A, Biswas D, Upadhyaya S. Physi-
co-mechanical behavior of self-cement-
ing class C fly ash—clay mixtures. Fuel.
84:1410-22, (2005).

[24] Ismaiel HA, Badry MM. Lime chemi-
cal stabilization of expansive deposits
exposed at El-Kawther Quarter, Sohag
Region, Egypt. Geosciences. 3:89-98,
(2013).

[25] Lin D-F, Lin K-L, Hung M-J, Luo H-L.
Sludge ash/hydrated lime on the geotech-
nical properties of soft soil. Journal of
Hazardous Materials. 145:58-64. (2007).

[26] Garber NJ, Hoel LA. Traffic and High-
way Engineering. 4th ed: Cengage Learn-
ing; (2009).

[27] Das BM. Advanced soil mechanics: CRC
Press; (2013).

[28] Zhang T, Cheeseman CR, Vandeperre
LJ. Development of low pH cement sys-
tems forming magnesium silicate hydrate
(M-S-H). Cement and Concrete Research.
41:439-42. (2011).

[29] Malmstrom M, Banwart S. Biotite dis-

WG Lo Ja3

21-28, (2016).
[14] Silvani, C.; Braun, E.; Masuero, G. B.;
Consoli, N. C. Behavior of Soil-Fly Ash—

Lime Blends under Different Curing Tem-

peratures. Procedia Engineering , 143,
220-228, (2016).

[15] Uzer, A. U. Use of Biofuel Co-product
for Pavement Geo-materials Stabilization.
Procedia Engineering , 125, 685-691.

[16] Al-Taie, A.; Disfani, M. M.; Evans, R.;
Arulrajah, A.; Horpibulsuk, S. Swell-
shrink Cycles of Lime Stabilized Expan-
sive Subgrade. Procedia Engineering ,
143, 615-622, (2016).

[17] Amadi, A. A.; Osu, A. S. Effect of cur-
ing time on strength development in black
cotton soil — Quarry fines composite stabi-
lized with cement kiln dust (CKD). Jour-
nal of King Saud University - Engineering
Sciences.

[18] Knopp, J.; Moormann, C. Ettringite
Swelling in the Treatment of Sulfate-Con-
taining Soils Used as Subgrade for Road
Constructions. Procedia Engineering
143, 128-137, (2016).

[19] Hasan, H.; Dang, L.; Khabbaz, H.; Fa-
tahi, B.; Terzaghi, S. Remediation of Ex-
pansive Soils Using Agricultural Waste
Bagasse Ash. Procedia Engineering , 143,
1368-1375, (2016).

[20] Yang, J.; Tighe, S. A Review of Advances
of Nanotechnology in Asphalt Mixtures.

Procedia - Social and Behavioral Sciences

AL-Bahir Quarterly Refereed Journal for Natural and Engineering science




wgagaﬁaml

Vol. 6, No. 10 and 11, P. (17-33)A, 2017

crete Research., 38:803-15, (2008).

[36] Garcia MA, Chimenos JM, Fernandez
Al, Miralles L, Segarra M, Espiell F. Low-
grade MgO used to stabilize heavy met-

als in highly contaminated soils. Chemo-
sphere.56:481-91, (2004).

[37] Mo L, Panesar DK. Effects of acceler-
ated carbonation on the microstructure
of Portland cement pastes containing re-
active MgO. Cement and Concrete Re-
search.;42:769-77, (2012).

[38] Mastronardo E, Bonaccorsi L, Kato Y,
Piperopoulos E, Lanza M, Milone C. Ther-
mochemical performance of carbon nano-
tubes based hybrid materials for MgO/
H20/Mg(OH)2 chemical heat pumps. Ap-
plied Energy.181:232-43, (2016).

[39] Peethamparan, S.; Olek, J.; Diamond, S.
Mechanism of stabilization of Na-mont-
morillonite clay with cement kiln dust.
Cement and Concrete Research, 39, 580-
589, (2009).

solution at 25°C: The pH dependence of
dissolution rate and stoichiometry. Geo-
chimica et Cosmochimica Acta. 61:2779-
99. (1997).

[30] Kjeldsen AM, Flatt RJ, Bergstrom L.
Relating the molecular structure of comb-
type superplasticizers to the compression
rheology of MgO suspensions. Cement
and Concrete Research.36:1231-9. (20006).

[31] Muntohar AS. The swelling of expansive
subgrade at wates-purworejo roadway sta.
8 127. Civil Engineering Dimension. 8:pp.
106-10, (20006).

[32] Tailor RM, Shah NC. Performance Im-
provement of Flexible Pavement on
Swelling Subgrade Using Geotextile.
Journal of Traffic and Logistics Engineer-
ing;2. (2014).

[33] Zhang T, Vandeperre LJ, Cheeseman
CR. Formation of magnesium silicate
hydrate (M-S-H) cement pastes using so-
dium hexametaphosphate. Cement and
Concrete Research. 65:8-14, (2014).

[34] Chaunsali, P.; Peethamparan, S. Evolu-
tion of strength, microstructure and min-
eralogical composition of a CKD-GGBFS
binder. Cement and Concrete Research,
41, 197-208, (2011).

[35] Peethamparan S, Olek J, Lovell J. Influ-
ence of chemical and physical characteris-
tics of cement kiln dusts (CKDs) on their
hydration behavior and potential suitabil-

ity for soil stabilization. Cement and Con-

“ 33 AL-Bahir Quarterly Refereed Journal for Natural and Engineering science






