
..., d 
'ill~.:Jl'W'UUU'V1 'd~. 297 ~1,rn~~~bb~~~~'Wl.:Jl'W'V11.:J 

REPORT NO. RD. 297 BUREAU OF ROAD RESEARCH AND DEVELOPMENT 

i1ruVI1 bb~~ bb 'U 'J Vl 1~ bb nb ~1'fl~ bbCPl n \911 :JJ ~1'J bb~~V11(9) CPl'J 
~ q 

~ I 

'U~b'Jru''Vf~V11~'Vf~ 'J~i.'U~'UYi .n1 ~n~1~ 

L(9) ~ 

<V <V ~ I ,QI ~ 

(Pl lj. 'fl ~ ~~ OOJ'U '(;q'J1~'(;q 1~ 
q 

""'" (Pl lj.U11b:JJPl 'J11fi'U~ Il (P)
cu 

t:JPl.(Pl1.'fl iHl~ bezf~i~n1 Pl 

n'il~'V11.:J~~'d.:J n'il~'V1'il'd.:J~~'Wl~~ 

DEPARTMENT OF HIGHWAYS, MINISTRY OF TRANSPORT 

RATCHATHEWI, BANGKOK 10400, THAILAND 

http:U~'UYi.n1




ifru Vl1 bb ~~ bb U ~ 'Vl1 -:J bb n1 C51J 'iil tJ bb (9l nr?l1:J,J tJ1 ~ bb ~ ~'Vl'i r?1 C9l,;)
~ q 

'V I 

tJ~b~ru1VI'Ci'Vl 1-:J VI ~,;}-:J1UYJU Vl fl1 Ft n~1-:J 

br?1tJ 

IV IV 13' I ..... 13' 

(Pl'i .il Fl Fl~ (?lJU ~ ,;}1 -:J ~'i~ 
q 

~ 

(Pl'i. tl1'ib3J flf ~'i'ifiU~ .1l ~ 
<u 

(!Jpf . (Pl'i.il JiU~ bSZf ~ i-:Jn1pf 

<v d 
'al~~l'U'U'lJ'lJ'VI 'dy.j, 297 

~lun1~~ bb~~~(Pb.J'Ul~1'U'VI1~ 

n 'a:!J'VI1~VI~'d~ 

fl 'Hlt)lfllJ 2554 

ISSN 0125-8044 

'if 'W \l1 'lJ ih 11 'lJ U 'lJ 'J fI 'J 13,1f7 fiI "l1 'i1 \)m~~ 'lJ , rit J'lJ n'if3,1 'YIl \} 'VI ~ 'J \} hHJ~.i'J 'lJ eJ noW'lJ U[pim1t \} 1fiI 
~ ~ 

http:i'ifiU~.1l




rhib 


, ~ , 

1JUI '111 ~eJ [JU\I1 f) \I11lJ til 1U[I ~ 'Vl ~~~1'IJ eJ-:J! '11 ri 'Vll-:J'I1 [11 -:J !lJ 1-l1JUI 'I11ll '\'II'U '1 #111 eJ [J I1-lVi1-l II fll fl f) [I l-:J 
u q u 

rllUf)11l[JU j;'j~~\\lJ1-l1-:J11-l 'Vll-:J !#liJ 1fl ~ -:J f1l ~fff)'hJ 1f1l~ U\I1 f) ~1 1!! [I~'Vl ~~I'l1'U~!1UJ ! '11 ri 'Vll-:J '11[1 1-:J 11-l ~1-l~ fllfl 

f)m'll1-l-:J'U'lh~1JlUJTI '\'II.fl'. 2552 ~ltl-:J11-ld'!lJ1-lri11-l'l1,1-:J'lJeJ-:J lf1Nf1l~1,)[J~'lf)ri11 i~[JiJl\1lQ'l.J~~'bY-:Jr1 

rll r1U1!~eJ (1) rlu 1 '\J!t[! ~ !om1m 1lJ~eJ lJ[I'bYfll'\'ll mllJ!~[J'I1l [J'UeJ -:J l'I1 ri'Vl N 11-l ~1-l ~ fllfl f) [!l-:J, (2) !~eJ 
u ~ 

fff)'hJl!m~ lkm l~rf'I1l'bYl!'l1 \Il'UeJ'l f1l ~ !f)~ ~eJ(Jll\ll f)\I11lJ[J11U[I~'Vl~~ 1Il1'UeJ -:J! 'I1ri 'Vm 1m ~ (3) l~eJf11 '111-l ~U1-l1 
q • 

'Vll-:J!!f)! 'Ulm~lleJ-:Jn1-l1Jt'\!'I1 n eJ EJ1!\11 f)\I11lJ [Jl1!m~1~~~1'l1'UeJ-:J! 'I1ri'Vll-:J'Vll-:J '11(\ 1-:J~eJ! 'l.J 

(l) 0 1 ~ I Q.I;f d d' I 9J 9J d jld. 

m lJ'Vll-:J'I1 [jJ-:J'I11-:J! 1]1-l eJ [Jl-:J [J-:J1 1 ~ 1tI-:J 11-l'U 'IJ'IJ1-l'\l~ !1]1-l 'l.J ~ ~ 1[J'b'1-l \I1eJ! '\Jl'l11-l1'Vl mlJ'Vll-:J'I1[jJ-:JNlJ 
~ 

, :JI 'I :JI :JI 

ri11-l!f)tl1oUeJ'l 1'f1t1m'\'lll~1m~1-l llll!f)~mllJ!~tI'I1l [J'UeJ-:J! 11 ri'Vll-:J 11-1'9f)'hJUJ~~-:J f)ri 11 1-l eJ f)'\J 1 f)fl ~ 1tI-:J 11-lflu-:J 

'W l! 'bY1-leJ ~ l-:J 'l.Jf'IJ 'l.J~ -:J~ 1 tlf1l ~ (\ ~!VtI~U[I~~eJ r11111-l~f) l~ f1eJ 'bY~l'l'Vll-:J '11(\ 1-:Jvf)#l1t1 

rJ.. 
d ~ d d' 

(m[J1~~ !~eJ-:J"l'IJfl'~1-:Jfl') 

eJ~'IJ~mlJ'Vll-:J11[jJ-:J 





Uty111Ut'l~HU1'Y1Hutll'UleltJUVlt1Vll~m1Ut'l~'YI1~vl1 

"" III ' 'l Jlci
U'H1N I'tHl'YIH'I1~ 1.:J ! 'W'V'l'W'YImflf)~l.:J 

cv (V .? I dO'" 

'f1':i ,'V fI fI ,\"Wll 'U 1'1") l ·HfHJ 

~J', '!Jl 'HlJrY 1JJ'li'U~f1~ 
'" 

rm,~J','Vn-w~ h~~-:Jf11rY 

zhUfll\lU!!,,~vrWl'U 1-:J 1'U'Yl1-:J 

flJlJ'Yl1-:J'I1m-:J 

Dt)1'111 J' 'V UU~ fl\9lllJ U 11U" ~'Yl ~~i1'IJ'V-:J 1 '11ft 'Yll-:J'I1 m-:J '1 'U~'U ~fJ1f1 fl" 1-:J L{J'U m 1lJ!iYU'I11 U~'Y'ltJ 111 

Li'VufI#-:JtJ'U 'Yll-:J'I1" 1-:J~ ii I '11 ft'Yl1-:JL{J'U N1'Yl1-:J u'Vb1'Yl"~f1 'V'U fl~ ~ fll J'~moll'ci'1 ~Yi 1 fll J' f1~L~'Vfl'Yl1-:J'I1 m -:J~-:J 

Ln~Dt)1'1111'11ft'YlNU~fl~llJU11U"~'Yl~~~11'U~'U~fJ1f1flm-:J ~1'U1'U 5 b1'lU'Yl1-:J Illun 'Yl1-:J'I1"1-:J'I1lJlULmJ 

21 'il,"'Y'l'l.Jl 'Yl1-:J'I1Wl-:J'I1lJ1ULrl'IJ 3196 'il , rl'Y'l'l.J~ , 'Yll-:J '11 m-:J'I1 lJ1 ULrl'IJ 340 'il,{j''Y'lJJru'iJ~, 'Yl1 -:J 'I1m-:J11lJ1Ulrl'IJ 

357 'il,{j''Y'lJ'J'ru'iJ~ Url~'Yll-:J11m-:J11lJ1um'\J 347 'il,'Y'lJ' ~ 'UmrY~eJ~'liu11~Uf1~L~'Vfl'Yll-:J11m-:J11lJlU!rl'\J 357 

1{J'U ~1 U 'Yl'U fl J' ru ~fl1J 11~ 'I ~ fl 1~'V llfl J' 1~r1'111 fl rl i flUrl~b1'1!11l'Jfl11lJliYu111u~Ln~,r'U tJ ~nru 111 ft'Yl1-:J11 rl1-:J 

" , " 
lw-w'U Vi fIlfi flm-:J '11'U~eJ'U fllH'l1l-W'U fllJ' ~fl1J l'l.h ~ fl'VtJll'W f11 J' ~fl1J 1U rl ~ J' 1m1lJ'1l''VlJrl-:J1'U n eJ b1'f1-:J fl 1J 

'" 

TIU 1'D fl' fJl'Y'l f111lJ! iYU111 UtJ ~n ru 111 ft 'Yll-:J fllJ' L'il 1~ TIU 1 'ili'U ~'U fll J''IJ~ 11 'llJ'Yl~ b1''V tJ fll J''Yl~ fl'eJ tJ 

flru fl'lJD~ '\J eJ 'I~ 'Ufl1f1 b1''U llJ!m~1'U 11eJ 'IJJ ~D~ flU fllJ' ~~i-:] Url~~ 1!-W'U fl 1J ~ J' 1 'ill~1l1 U'Q JJ m ru~ J' 1'D-)1'I 

'Y'lq~m J'lJ'Yl1'1'liJ'rul'Ylfl-Wfi 

http:il,"'Y'l'l.Jl




~l'iiJty 

iI 
'l1'\.!1 

rh\.h 

<V , 

U'YIft~[Hl 

tlTJUqJ 

'" 0'U'YI 'YI J U'YItn 

1.1 f1ll:I.HrJ'WlJlllrt::;f1ll'll,hr1ty'Ufl-:Jtltyl1l 

CV ... I if cS 

1.2 l\9lQlJ'J::;"'-:Jf1'Ufl-:Jf11'Jf(fl1Jl 

cS 

1.3 'UflUl'U\91'UV-:Jf11'Jf(fl1Jl 2 


• I '1 o'.d , lJi ,,~
1.4 lJ'J::; !l'J'b''WVlf1Wnl1l~ Im'lJ 2 


. . . 
d ..::::l ~v .c:i..::::l v 


U'YI'YI 2 'YI q'W t)lItl:;;nU1UtJ'YIlf)tJ1 '1Hl -l 3 


2.1 'J fl l'J U\91 fl \9ll'll Ull Urt::; Vl ~1'l1'11 'U fl-:J 111 ri Vll-:J 3 


2.2 ~fl1JUl::;i'W~'Wl'Wtf'W~fllf1flft1-:J 4 


2.3 ~'WVI'l111'l1'11 (Expansive Soils) 4 


2.4 UVl~VlI'11llflf11'J 11JUfl"'~'lJl!11'-:J~V f11'Jf{'lJ (Creep) f1l ~-:J1'lJ II HI.Qtl'W 111'1:;;1"'0 l'J'j'f11V1 

'UV -:J ftll'l~'WIl1i1 Ul 7 


'U'Vl'n 3 f)1'J ttl 'i1U"HltJllflf)fIUJ[J11"tl:;; 'YI1~ v11'Utl-lll1d 'YI 1-31'\.! ~'\.! ~fl1f1f) tl 1-3 II 


<V ~ cS Q.I ..::.i 


3.1 Vll-:Jl1rt1-:Jl1lJll'JlI'1'U 21 (tl.VlWI'Wl'Wf1lJ fl-:J V.'b'U'lJll'llrt 1l.rtVl'l.p) 12 


• I " d3.2 Vll-:Jl1rtl-:Jl1lJltJlrt'U 340 (V.'lJl-llJft1lJl1l.fj'VI'J'JUl'!J'J) 14 


3.3 Vll-:Jl1rt1-:Jl1lJltJll'1'U 347 (tl.'lJl-:J,j::;U'W 1l.VI'J::;'Wmf(1V~'[jUl) 14 


d.d d 

3.4 'Vll-:J111'11-:J111J1tJlrt'U 357 ("'ll'JIM-:JllJV-:Jfj'VI'J'JUl'!J'J) 17 


jI.d d 

3.5 Vll-:J111'11-:Jl1lJlUII'1'U 3196 (fl.'lJl'Wl1lJ 1l.I'1V1'!J'J) 18 


'" cSU'YI'YI 4 f'ltlf)1'Jl'lf)Ell'Y1l-ll1tl1-l'lUJl£JH1'U 357 21 


" ..d ~ deS 

4.1 'Jll'JI'1:;;IVUV1V1'WVl@Ell 21 


4.2 '" fllVlf1l1lJlftUl1lU'UV-:J 111 ri m-:J111'11-:J l1lJltJll'1'U 357 23 


4.3 ~rtfll'J~1'l11 ~lJVlI'l"'V'lJ1J~nUlll1rim-:J111'11-:J111J1ml'1'U 357 24 




v , 

TIl1Uty (V1D) 

~ 

'I1Ul 

4.4 'fflJlJ~~l'Wml:IJtiYVr'l1(J 26 


4.5 HC'l nl 'Jrll'J 1'\lUC'l~'Vl~'fff)UfJru 'ff:IJ-U~'Uf)~l'ff~ 29 


4.6 HC'lnl 'J~~\9l1:IJUC'l~\9l n'\ll~l'l q~ f1'.i 'J:IJ'Uf)~ti''W'Vll~ 32 


1J't1~ 5 {qtl"Hlf)l'JftmnU~:::.uvtl:l'UVUU:::IIU1't11.:Jf)l'HltlI'lJilv.:JnuifqJ11l 35 


5.1 'ffn.1HC'lnl'Jftf1'l:l1 36 

q 

5 .2 U'W1'Vll~nlmfl1'Ui:lf)~n'Wihl!rn 36 


5.3 1.1 1U 1.1 'J 
q 
~:IJl91H 

.. 
l'WttC'l~.ij'f) fll'\1'W~ 37 


Wnl ~ '" 
:l'1'JVHV.:J 40 


fIlf1NU1n n 41 




8£ ~.uL~~U~~tt~Lufur:f\,~~l1UU!t ['S ~tHLlll 

I£ umUm~~aM'!:'1!~f\,11rt:LUM1~;::'!:'rW.l<DI Ll,j~LLU;::.!:,!I,ttM,rt,LUUW n' ltHl;,Llll I==" "=" P ~ 1'1:1 'I j> ro ro F 

UtU 
" 



'~n 'jifill 11J..,<u 

'H'Wl" 
" ~u~ 2.1 fl 1 llJl1 'W 1'U tJ.:J i'W ~'W mil tJ1V tJ'W (fl'j lJ'Vl of'j'j tJ 1fl'j 'Ii 'Hll 2552) 4 


jU~ 2.2 ~'U ldtJ {Vl9itJ J:'l J:i'~ 'j'j U1'U ~'U ~ fllfl flm.:J 6 


~ I..:::;:", ~c:. d'jUn 2.3 I'ntJtJ1.:Jrt'U1TO 'J 'Vl9itJJ:'lJ:'l 7 


~U~ 2.4 m1lJlfl1urt'j'jm{1'~fl (Plastic Strain) {1'~{1'lJU~nru~'U'UtJ.:Jmrt~'UmUl1tr.:J 


0;;'1 w "~I ';;'1
fl1'Jl1JUfl{1'J:'lUlll1.:Jl1J'U'J~tJ~nm 5 1J 8 


~U~ 2.5 1111 U Ul Yi tJu mrt~'UmilUl nv'Ult J:'l~ 11 tr.:J fl1 'J til U fl{1'trUUl1.:J 9 


~l1n 3.1 'Vl1.:J11J:'l1.:J!l~'U~'U ~1'Ud'U 5 {1'lU'Vl1.:Jl'U~'U~mflflm.:J~'j'jmtJUlt\9lfl\9l11J(J1l 


llJ:'l::;'Vl~rt\/ll'UV.:J' l1ri'Vl1.:J 11 


~U~ 3.2 'Vll.:J11J:'l1.:Jl1lJ1Um.'U.21 (v.~1'JJ'U1ilfllJ 'D.J:'l'j'j1.j1) 'J~W:l1.:Jf1lJAO+400 - fllJAO+500 12 


~U~ 3.3 'Vl1.:J11J:'l1.:Jl1lJlUm'U 21 (tJ.iUlJlrt1J:'l 'D.J:'l'j'jlJ1) 'J~W:l1.:Jf1lJ,59+200 - fllJ.59+300 13 


~U~ 3.4 ~rt~'U~ 28 fl'j~'D1uvgl'UU1ldru~'U~~hn'Du'U'Vl1.:Jl1m.:J111J1um'lJ 21 13 


.~u1'" • 1 " '" 
113.5 'Vl1.:Jl1m.:J111J1um'U 340 (v,1J1.:JumlJl ,\Ul'j'j'J'JrulJ 'J) 

'J~W:h.:JfllJ,81 +250 - f1lJ,81 +350 14 


, " ,

~U~ 3.6 ~rt~'U Yi 2 fl'j::; 'D1uvg'1 'U U~nru-w'UYi rl1'Jl'DU'U'Vl1.:J11 J:'ll.:Jl1lJlUlJ:'l'U 340, 15 


~U~ 3.7 'VlNl1m.:Jl1lJlUm'U 347 (v.lJlUldl'U 'D,'j'j'J::;'Umfl'1tJqli(1) 

'J~1111.:JfllJ.31+750 - f1lJ .31 +850 16 


, " ,
~U~ 3.8 ~rt~'U Yi 2 fl'j ~'D1uvgl 'U U~nru -W'U Yirl1nllU'U 'Vll.:Jl1J:'ll.:Jl1lJ1Vt1:'l'lJ 347 16 


~ tl~ 3.9 'Vl1.:Jl1m.:Jl1lJlUlJ:'l'U 357 ({1'lUl~U.:JllltJ.:J 'i),"l'j'j'j'jrulJ1) 


'j~111Nf1lJ,32+600 - fllJ,33+100 17 


~un 3.10 ~rt~'U~ I, 21t1:'l~ 3 fl'j::;'D1uvgl'U'l.J~ldru~'U~rlnl'il'U'U'Vl1.:Jl1m.:Jl1lJlmJ:'l'U 357 18 


. . 
... I.e! i.J >d ,d. 

~Ul1 3.11 'Vl1.:J11J:'l1.:Jl1lJlmJ:'l'lJ 3196 (V, U1'Ul1lJ 'D. J:'l'j'jlJ'J) 'j::;'Yld1.:JfllJ ,55+000 - fllJ .55+ 1 00 19 


. 
... 1.<=1 i.J d .d. I 


~u113.12 'Vl1.:J11J:'l1.:Jl1lJlmJ:'l'U 3196 (v .'Uri-Jl1lJ 'D,J:'l'j'jlJ'J) 'j::;1111.:JfllJ .65+450 - f1lJ,65+550 19 


:au~ 3.13 ~rt~'U~ 311J:'l::; 4 m::;1l1uvgl'U~'U~rl1'J11l'U'U'VlNl1J:'l1.:Jl1lJlUtJ:'l'U 3196 20 


http:D.J:'l'j'j1.j1
http:Vll.:J11J:'l1.:Jl1lJ1Um.'U.21


ITl1Ut11lll (vii)) 

'Yi'Wl" 

l1.H14.] llft'fl-:J'J 1Url~ l~ U'fl'lf'fl~h.J ~ 11l'W f)\91l m ~1J1Jtl~ mlJ1!i 114 'IJ tl-:J~'W 

~ d.:t d 

mnUJ'Vll-:J'I1rl1-:J'I1lJlmrl'U 357 (ftlmM-:JIlJtl-:J'(rY'l'J'JUJl,p) 22 

lll~ 4.2 llft'fl-:J t lll9l'fl'Utl-:J lm-:Jft~l-:J~'W'Vll-:J 'Vll-:J'I1r11-:J'I1lJlmrl'IJ 357 

'" '" ."(ftll'Jlr1l'J-:JIlJtl-:J'C('Y'l'J'JtW1P) 23 

l llii 4.3 ft 1ll'Y'lfnlWf!U'I11l'J'Utl-:] I '11 ri 'Vll-:J'I1 rl1-:J'I1lJlm(1'U 357 (ftl m~ U-:JI:Utl-:J 'C('Y'l'J 'J UJ lJ~) 24 

lllli 4.4 I'llll '111-1 -:Jll(1 ~fnllJ~f)'Utl-:J'J~'W 11J ~1J&11'Wllll(1-:JftfnJl~ 1 25 

l llii 4.5 I'll II '111-1 -:J II (1::; fl11lJ~ f)'U tl-:J 'J ~ 1411J ~1J~'U tJ -:J II 'I.J (1-:J ftf)EJ 1~ 2 26 
, I V V I 

.<:::It. d ~ Q.I l..:t:i d ~ cv'alii 4.6 ftlJlJl'l ~ 114 fl11lJI M'I11UI'W tl-:J'illf)'b''W 'Vl'J lmtJ-:J!l~'W'Y'l'W fl tl'W m\9llfl rl tl'W \911 27 
'II 

. . 
..:::::. d ~ .e.. IV ~ Q.Illln 4.7 ftlJ lJ\91]' 114 fl11lJ! ft U'I11 UI14 tl-:J 'ill f)'fl'W tllJfl'W'Vll-:J!fl rl tl'W \911 27 

l ll ii 4.8 ftlJlJ &1 ] 114 fl11lJI f!U'I11mi1tl-:J 'ill f)~'WMrl'W'Vll-:J ci tl'W19l1 28 

.:::::r. d..:t:,j e:. Q.I .c::. ~ Q.Il llli 4.9 ftlJlJ\9l ~1'W fl11lJlftU'I11 UI'W tl-:J 'ill f)'fl'WtllJfl'W'Vll-:J! f)'fl f1l'J U'fl '11 'fl\9l T~-:J 29 

lllli 4.10 ~l KPT 'Utl-:Jlft~m'flrl'W'Vll-:J1J~nuHl'I.J(1-:Jftf)EJ1~ 1 30 

lll~ 4.11 ~l KPT 'lJtJ-:Jlftl'Jm'flrl'W'Vll-:J1J~ntWll'I.Jrl-:JftmJl~ 2 31 

'j 1l~ 4.12 'J'I.J'UUJ::;vilfll'J'Vl'flfttJ1J 33 
'II " 

~ .'jun 4.13 ~lm-:Jl'1mbM~'W'UtJ-:JlliJrl-:Jftf)EJ1Vi 2 33 
'II 

lU~ 4.14 Nrl fll'J \9l'J 1'ill'fl~1f1l 'J Ifl ~tl 14 ihJl'l14 "j'l-:J~Jtl-:Jll iJ rl-:Jftf)EJ l~ 1 34 



1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 




, 
~ 

'lJ 'YI'YI 1 

'lJ'YI1.h 

1.1 fllnJlihuJluJ;1~rnl)Jihr1ty'\lel .:j ifty't'i l 
. " . 

'fI 11lJ!~tI'YIl tlVi'W 'lJ!11'W'~,j ()tI'fI-r'I 'lJ U!;)U U 'YIl'l'YI ('1 1 ,rVi ~, 'YI ri 'YIl'l! ~U ~1 'YIl'l!W ~'W ('1 191''fI ()U fl~ \91 fi tl 

'jtltlU\91fl\911lJtl11 (Longitudinal 'YI~() Edge Crack) 'lJ~nill''YIri'Yll'l'UUl'WhJn'lJUU1!;)U'W 11'1t1tl~riW\llfl 

" " 
'U()'lJ!;)UULl';i::;mill 25 i)-:J 70 !'lfU~I~I\91';i VI-:Ji' .hJfl'W'lJfll'j'YI~1'11'11~1lJ~1t1 

11 wm 'j () tl!1\91 fl\911lJ til 1!W ~ 'YI ';i 1'11'11 'U ()'1 , 'YI ci 'YIl 'I! f11'1111 fl'YI m tI~ll'Yl\91 ~1 tinU U~~lmHlll,j -:J , ~ 2 
u • • 

. " 
flcilJ fi() flcilJmf1l~u1I11~tI'Vi~lm'j!;)m'lJ'fIlJ'~ '~l!f; .uU\91()UU('1::;';iLl U 'lJ'lJ1TIfll';in()1;"~1'l l'Iillm'W'U()-:J

CI Q q 'U q 

l~I'1~H'n()'ff~l'l I~UIPlU rhUflcilJ~~()'11~u1I11~tI~'11'fflm'j!;)m'lJl'IlJ'~ '~un Ll~milll1'jll1';i 'fffll'W. . . 
• ~. v 

.fl 
~ 
iltllfll fl' fll 'j I Ll~ tI'UuLl ('1 '1'U()'1 ';i ::;1'1'lJl.'h.u1'1 'YIl'l 1'1 ill ~lJ JJ~'U ()'1~U ~Uii 

~ 
lU 'j lfl I~u IPl'U. 

" " .11 W'YIl , 'YI ri 'YIl'l U\91 fl\911lJ Vl 1U('1::;'1'1 ';i 1'11'111f11'1 ~u 'lJ U 'YIl '1'Y1 ('1 1'1 'YI m V~lV!U Vi 'U Vi fIll'I fl m'l ()l Vi I'!fU 
u • 

()tlMl 'ff'W';i';iill'lJ~ cil'l'YItl'l ('1'W'lJ~ !~'WIPlU 111flI'11mh'lJ'l('1fllnrlnl1mllJ!~V'YI1V!U 1m'lfll';in()'ff~1-:J'YIl-:J
q q q q 

'YI ('1 1-:J !tr-i'W ~U 'YIlJl tll('1 'U 357 'fflVl ~ tI-:J l:lJtl-:J ~'W 'j ';i Ul lJ~ 'W 'lJ -;111 f11'1 'j tl Vl!\9l fl U('1 ~ '1'1 t; 1'11'11 'lJ ~11 ill , 'YI ci 'YIl-:J 

" 
U() 'ff'W Mll'1 () U fl~ \91 1tl tl'lJ \91 ('1 ()1'11:'il tI'YIl-:J 11'1 VmllJ I trtl'YIl v,~1f1I'1~U fIl tI'YI ~-:J fll j n tl 'ff~l-:J U~11'ff~ 11 n ()U ITII'1 

" 
fll'j H-:J lU ri -:J J'l('1 h1'Y11-:J'YI ('1 1-:J 111 'ffllJl';i mTII'1! cli'-:J lU '~\9IllJtll'YI'W I'1n m 'Yl-:J U'I1Pl tl-:J 'ffWl~f.J-:J 

u 
'lJLl n~mill!U 

~ 

fll';i qf() lJ t'll 'j -:J Vfl ~1t1 111fl'YI ~flfl n U('1::;l'YI \91 J'l('1'fl-:J ~,~ fl ci 11lJl.ul-:J 1Pl'W -ffl'Wfl1 ~ tlU ('1::;~WJ U l-:J l'U 'Yil-:J. . 
. " . 

m lJ'YI1-:J 'YI('1 1-:J ~-:J ,~~ l~lJ 1m -:J fll';iftmnfll ';i U\91 fl ~1 1U ('1 ~ 'YI 'j1'11'11'lJ ~nUl' 'YI ri 'YIl-:J'YI ('1 1'1 1 'UVi'U 'Vi fIll'I fl m-:J. 
r~ ail ll'UU fll'j ftmJ 111 ('1~111'1 ';i l~ t1'YIl'ffll'YI\91.'U tl-:J fll ';i If11'1 'j a tll l\91 fl\911lJ til 1U('1 ~'Y1 'j.1'11'11'U tl-:J , 'YI ri 'YIl-:J U() 'ff'W ('1 191' 

1'1 ()U fl ~ \91 'W f tllJfll'Y1U I'll~uuU 1'Y11-:JLl~JJ~1U fll'jqf()lJ LL'lflJ un' 'U U('1::; iJ tl-:J n'U mllJ I~tlm tI~ 11 ~ lf11'1 ~u 11'1 tI 

" . 
I'ff'U ()! ~'W ~ l-:J Ll-r'lJ Ll t; -:J lJl\91';i ~ 1Ul!('1 ~.utlf11'YI U 1'1 \91 ('1 tll'1l1 U oU'U \91 () U It ('1 ~1TI fll';i illl'U 'U fll';i ntl 'ff~ l-:J! Vi tl ('1 1'1 

1()fll m ~v-:J'U tl-:J fll';i lf1m () tl!1\91fl\911lJ Vl 1 It,,::; 'YI t; 1'119l1'U ()-:J , 'YIri'YI1-:J'YI ('1 1-:J!U 'fflV'YI1-:J ~'U''l ~ a , Ll 

QJ _I c! ~ 
1.2 l~tl1J'i~i;Hfl'\lel .:jfl"HIfl'Yl• 

..:S. 0 0;:$ <jI .<::1 lJj' G} ~ " d 

l.2,1 l'Wtl'ffl'j 1 11 !W::;lf1'lJ 'j 1'lJ ';i 1lJ'U alJ('1 'fffll'W mllJl'fftl'YIl tI'U()-:J l'YI ('1'Y11-:J bU'WU 'YIfIll'I fl m-:J 
'U 

1,2 , 2 !~ tlftmJ 111"::;11m 1~ t1'YIl1:'ill'YI\91 'U ()-:J fll';i lf11'1 ';i () til 1\91 fl\911lJ tl11U ('1::;'1'1 ';i 1'11'11'U tl -:J \1 'YI ci 'YIl-:J. . 
1,2, 3 l~ tlf11'YI U I'1UU 1'Y11-:J Un' 'lJU('1~tJ ()-:J nu 11 W'YIl ';i ()tIll\91 fl\911lJ tl11U('1::;'Y1 ';i 1'11'11'U tl-:J"l 'YI ci'YI1-:J 

u • 



"'i
1.3 'Ua'IJI'U~'Ut).:Jfl1"almn 

fll'iftfl'l:Jl1J~~ll11'W fll'i rll'i l1Jll~~lfhJ~m.H'l~m'Wml:lJl~~'Y!l~'IJ tJ':] i'l1 ri'V1l':] 1'W~'W ~mflf1m':]l~tJ
'" 

Yll f1l 'illfl 'i l~ r1'I11~ll '11 I9l 
, 
'll tJ.:] fll 'i l il~ 'i tltJlll9l f119l1:lJ ~ llll~~ '1'1 'i 

q 
~ Iill'll tJ.:] i'l1 ri 'V1l 'llltJ ~Y1 ~~1'1 tJ'W f1 ~ I9l 'i l:lJ ~ 'l 

ll'W l'Vll':]f1l 'i clitJ :lJll91:lJll fji 'IJ ll~dJ tJ':] n'W flll:lJl ~~'I1l ~1'W tJ'W 11'1 \9l 1 ~ tJl~tJ f11 m 'l fll 'i ~ tJ ~f1 'l 'I'll 'l '11 ~l 'l 

ll~'W ~'W 'I1:lJl m~'U 357 (m m~ tJ'lliJ tJ'lll'W'i 'i ill 'iJ~) l~ 'Wlillll'Vl'W m ill iilmnut\j'Y!l 'i tJtJlll'I f119l1:lJ tJ llll~~'Vl ~ ~ Iill 

" . 
1J~nill i 'I1ri'V1l'l '11m'll'W~'W-vimflf1m'l 

_I 1 J..d I \J] v...,
1.4 U'a~ &1:.t'll'IHlfllVl11'll~ &VI'a'IJ 

1.4.1 "l<fi'm 1'lJ ~'lml'l1l9l'IJ, tJ'l fll 'i ln~ 'i tJ tJUI9lf1\9ll:lJ ~lllW ~m , ~lill'UtJ'l"l '11" 'V1l'l 

1i]9J "'I"'"" _~ ... 9J1i].:'1 	 ... Ii] ,
1.4.2 	b~ '1'1 'i 1'lJtl'l Tii fll'i utJ'l f1'WU~~!lf1 b 'lJlJt\j'Y!l'i tJ~UI9lf1 19l1:lJtJlllW~'Vl ~ ~ I9ll'UtJ'l b '11 ~'Vll'l 

I "" 'I 9J 9 9J "'I..." ~I _I ... I 
1.4.3 'liltJtJ~tJltJfll 'i b'li 'l1'W 11 'W 'W 'UtJ 'lm:lJ 'V1l'l'l1 m'l b'l1 tJll'W 1'W 'IJ'W m...\llJ 'W fll'i lJ 'i ~'11 tJ~ 'l 'lJ 

n 

lJ 'i ~mill, 

'UtJ'l1J'i~l'Vlfl' 

1.4.4 'lhtJri.:] l~~:lJml:lJ 1J~tJ ~ntJll~~lt'V1l'l '11 ~ l'l 
" 
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. 

.:i 

'Uflfl 2 

.. 

.e:l ~v.d.d V 

flq1:J tlutl :::: \I n r:Hl£J fll f) tl l 6ij eJ \I 

2.1 ·H)£JUVlnVlnltJnU(;1~f11~1ll1'\J eI..:.t''HriflH 

dI "'''' d • .1 'li d \I] 'li.1 <I
1!-lr1 f11 'J fi'flfJ 11 'i) tJ'Vl m'Wm (tJ~ tJ'Vl1i Hr1 ~I'l ill~ 2547) u 'J ~ flC)'LJ 'tHJlJ r1 '1'1 ':i 1'LJ ':i 1lJ ! IPl 'i)lfl u ':i ~ 'ff'LJ f11 ':i ill 

q '" 

'U C)~ ~I ~hn'lf1 W~11..1 1f'1'l m 'J lJ ~ l'U 'I'll ~ ~ 'LJ ';h11 W'I11'J C) tJH\9i fl \9i llJ tJ11 Hr1 ~ '1'1 ':i 1Pl\9l'1'LJ~nill '1 'Vi ~ 'Vl1~ If)1Pl1 ~ 'i) 1fl 
~ u u q 

'VirlltJll'D.otJ 1I~'ff1mHHID~tJtJfll~ 2 fl~lJ ~tJ (I) fl~lJ11'D.otJ~'ff1mHlI'lTlJl'llJl~ 1~lIn HWm'LJl'llJf11':i 
q q q q 

n tJ'ff~1~ 'J 1111 'LJ'LJ 115 fln n tJ'ff~1~ II r1~ 1'ff1Pl~ 1 ~1 'U ~ 1'W ntJ 'ff~1~ 'Vll~ I~ 'W 191' 'U (2) fl ~ lJ11 'D.otJ~ III 'ffl m ':i tl 
'" q q 

, " " 
1'l1'LJl'llJ I~ I ~II n 1l~mill 'i) 'J 1'D 'J 'ff fll'Vwli tJ1 f11f'1' fll'J III ~ tJ'WIlll,,~ 'U tJ ~':i ~ ~m'h oU'l~ 'I'll ~ I'l ill {ylJ1J~ 'U tJ~ oJ5'W 

q '" q 

" ~'W~1'W':i1fl 11I'W191''W 'JltJr1~I~tJlPl'UtJ~II~r1~ll'i).otJ tJ~'LJltJl~~~~C)"hJiJ 

1) ~ 1'W m'LJl'llJf11 ':i tltJ{Y f 1 ~ ~ 111\91 ':i ~ 'Vi'Wfl ~~m llJ1:hl'lW'U tJ ~ I 'Vi ~ 'Vll~ tJfl\9l'l tJ ~ 1~ 1'lf'W ~m'LJl'llJ 'U llPl 
q u <tI Q 

I'll llJ IoU' lJ ~ 1 \Pll 'W fll 'J tl tJ TI f 1~ I 'Vi ci 'Vll ~ I 'Vi ci 'Vll ~ lJ 1'l11lJ H'I1 'W 111 ~ 1'W oU' e1fl1 'Vi 'W IPl ri ~ I!-l r11 l1'1 'Vi ci '1'1 H '1'1 ~ 1Pl19l1 

, " , 
IoU tJ~ 'D 1 flU 1 'Vi 'Wm tl 'LJ ':i'J '1'1 fl 1Ir1 ~ V~ ri ~ vW1 l1'1f) IPl fll':i II'l i1 tJ'W 19l1~1'U oU' l~ I~~ 1tJ I~'WI 'Vi \911 l1'1 'Vi ci'Vll ~ 1I\9i flIl r1 ~ 

q q 

'" .?I'Vl':i1Pl \9111u 'WH'W 1 tJ11 
q 

2) 'JllH'LJ'lJ111fl1':inc)'ff'h~ tJ1Y11'J5'W fl1':in1'Vi'W1Pl1'l11lJ'ff~IIr1~1'l11lJ~1IPl0J5'W'UtJ~I'l'W'Vl1~~lll 
'" '" 

" , 
{YtJ IPlI'l ~ tJ ~ n'lJ I'l ill {ylJ lJ~'U C)~ 1{Y IPl tllJ I'l'W 'Vll~ Ilr1 ~0J5'W ~'W ~ 1'W 'J 1fl 'J 1l!! 'lJ'lJfll 'J 'IW1 tJm llJ fl ~1 ~ 'U tJ~ tl 'W 'U Vi 111 

q q ... IV 

?I 'li
!'Vi m ~ {ylJ I u 'W \9i 'W 

3) 1TIIPl~1~llN 1'W ntJTIf1~'Vl1~ mil1~tJ~ 'W tllJfl'W'Vl1~ tJ l'i) iil'l ill {ylJlJ~fl1 'J VIPl 'Vi 1Pl\9l'1 {Y ~ ri ~ I!-l r11 l1'1f)1Pl
'"q q 

"'" 9 '" 
'J tJtJ!!\9ifl'U tJ~ lJ 1r1 1Pl'W ! 'W 1'l'U 'Vll ~ 

'li 'li dI '" .?I 
1Ir11'ff~'Vl tJ'W 'U'W 'lJ'W1!-l1'Vl1~1u 'W!!'W 1m1 

)I , I " • 

U 1 'Vi iTm tl'lJ 'J 'J '1'1 flY; I~4) 11 ~m ill fll ':i 'i) 'J 1 'i) 'J II r1 ~ lJ ~ 'U {Y ~ fll Wll Y; tJ tJ flll 'lJ 'lJ ri ~ I!-l r11 l1'1 'Vi ci 'Vll ~ II \9i fl 
q '" 

1I~~'Vl':i1Pl19l1 
q 

. " , ~ 

5) {yfll'V'lJJlitJ1fllfi' tJlY1I'J5'W 'J51~q~ N'Wll~mill mllJ~'U1'W ~'W'lJ~nillrlllPlfl'W 'Vl1~I~lJ~'W ~'WInlPl f11'J 

, " , 

'lJ 1lJ 1911 ljj tJ'J51~ q~H'W ~1'W 11l1l~mill m1lJ ~'W1 'W ~ 'W ~ IPl ~ ~ ~ 'WI nlPl fll 'J 'Vi \PI 1911 fll 'J III ~ tJ'W!!11 M {Y~'lJ III m 

" " 
tl tJ1l1'lnlPl 'J tJ tJll\9i fl'U tJ~lJ 1~~'W1'W1'l'W 'Vll~ 1..J1 ~~ I 'Vi ~cJ5lJ ~1'U ~~ ri0J5'W ~ 'W I~~ 1tJ 

'" 
" , 

6) ~'W ~ l'U 'J 1fl fl'W 'I'll ~ III 'W ~'WI 'Vi i'l tJ1 ~tJ'W iil'lill {ylJlJ~~1'W n 1 ~~ ~'LJ 11 1'Vi 'Wfll>ll '1'111 l1'fl'W 'Vl1~ In \PI fll 'J 
.. q 

'Vl~1Pl19l1 !1'l~tJ'W1911Im~llJ~I~~ltJ 
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~ "" 
V Q.I C!). 9 ~ .-=t 

2.2 'tlfl1:ltu:::'Il'U~'U !'U'W'U 't1 fllflO'tlH 

'" , 
i m -:J ~~1-:J 1i:i tUl'YlV1iJ ~nurw'W Yi.fllf1 f1 -en-:J "lJ tJ-:J lh::: l'YlfYi 'Yl V lJ ~f1'l;JU!:::l ~'W lltl.;J11 'W:i iJ m::: 'Yl::: 'Y'! -:J 1V 

iJ'W~~l~'W~'WlV!UVltltJ'W mtJiJf1rl:IJ-w'WYi 14 .u-:J'Y'!1~ iJ:i:::mru 14,000 1'll:i1-:Jnirll:IJl'l:i 

'" 
'" 

lJw:mJ ~ f1"lJ tJ -:J~'W '11 'W iJ:i::: m ru 2,000 l:IJl'l:i 
y y 

lV! -U tJ~'W '11 'Wl ~'W 1'l:::f1 tJ'W ~'W 'Yl:i 1V~ ~iJ f1iJ ~'W l'Y'! UV1 llrl::: ~'W 
'" , . . 


~ :v t )J 

~'W~'WlV!UVltltJ'Wbh'W'1'Y'!qjlJm1:IJ'Y'!'WliJ:i:::mru 10 ~-:J 18 l:IJl'l:i Clf1l1'W-W'WYi'Yl1.;Jl'ltJ'WlV!-UtJl'i-:Jlll'l 

.u-:J'Y'!1~iJ'V.l:IJ 1i 1il ~'W i iJ 'D'W b!~iJ~nru .u.;J'Y'!1~'W:i :::'Wm \'l'~ tJ~1i Cl1 i ~ VlJm1:IJ'Y'! 'W 1rl ~ rl-:Jl'll:IJ ~ 11'iiJ 1il.;J II ~~ -:J '1 'W 

, '" , 
:iiJYi 1 ~'W~'WIil-:Jf1~ 1llJ'lftJ-:Jl1-:J '1 'W:lJlrl~'W ~ -:J lJf1ru ~:lJ1J~fh~-:J~iJUH l.Q tJ'Wl'll llrl:::~lm:i mn~f1l:i CliJl'il 
~ qJ II Q 

~.;J ~-:Jri.;J vm1'I1'f1l:i ntJ~~1.;J'Vll-:J '1 'W~'W~.flli'lf1-en-:JiJ:i :::~iJiJOJ'Y'!1"lJru:::ntJ~f1-:Jllrl:::.fllV'Y'! ~-:Jf1l:i ntJ~~1-:J tJ1Vl
OJ u 

l'lf'W iJ tl! 'Y'! II~~V:i .fll'W'U tJ -:J rl'W 'Yl1-:J iJ tl! 'Y'! 1 f1l:i 'Yl t ~ I'ilOU tJ.;J rl'W 'Yl1-:J rtl 'W 1'1''W 

11.,i·ym1 

0·1'111'YI [J + 

o 10 20 Kilomet er's 
iI 1 

, '" 
~'LHi 2.1 f1l1:IJ'\1'Wl'UtJ.;J~'W~'WmUVltltJ'W (mlJ'Yl~'WV1m1i:iru 2552) 

'" «l OJ2.3 ~'U[J~'H~~1 (Expansive Soils) 

~ 'W V~ '\1 ~ I'i1 (Expansive Soils) ~ tJ~ 'W ~ l n ~ f1l:i l iJ ~ V'W II iJ rl-:J lol'l 'W iJ~:IJlI'l:i i lol'r:;l-:J lri tJ iJ~ lJl ru 

y, '" ~ 

i'llllJ 9f'W '1 'W ~'UliJ~V'UlliJ rl.;J ~ 'W iJ:i :::l.f1'Yl il iil'1''Wf1ll'W ~ 'D 1f111 'W Shale II rl::: Claystone Cji.;JiJ:i::: f1 tJiJ ~1 Vll~ ~'W 

mUVl Montmorillonite lll'Wril'Wl'Y'!qj lJ"fll Cation Exchange Capacity llrl:::~l Atterberg Limits \(.;J Day 

(1999) ~lll'Wf1~'WiJ:i:::l.f1'Yl Expansive Soils lll'W 5 :i:::liliJ ilol'lln Very Low, Low, Medium, High llrl::: Very 
, 

High i~V.w'D1:iru1'D1f1~1 Expansion Index, %Clay, Plasticity Index Url::: %Swelling 1'll:IJ1'l1':il.;J.yj 2.1 
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, 

V1l'H-3n 2.1 f)TJ~lu'Uf)~'UlI;r~!fl'VI Expansive Soils (Day 1999) 

Medium I Very 

51-90 

>12 

m:IJ'VIWl 'Ul~~'U 'ill!!'Uf)~'U~ WU I, 'UlI'j~I'VIffl'V1 (J~ f)mll'U 9 efml1J\91l:IJ ;r:;:;U1Jtl 'U 
q 
mlJl'filWlJ 

(Soil Taxonomy) !L£l:;:;'!AIlrhI1~~' 'UJ'W!lI'U~'U11tlfVi"1ftl~rl' ~f)f1W:;:;I~'U 

.:;:" ~c:.. c' ;;ll ' , I "" 'U f) ~ ~ 'U 11 f) ';r'VI "1f~ £l n til !v1ontmoriUonite !uUmu'j':;:;f)'trlJlHH1 'lf1~ 

9J a; Xi.la;~Q~ Q 

q~un~ 11 nllWf111:IJ'lf'U L'U~'U\lll ~'U'lf'W'lJ'WIfl~fI1m\llm:;:;!lln l~ eJm~eJ'UltHl 
W e;:" g).c::\ d w ..:A a; t A lfI lI! 
n f)f1W ~ 1N1 'H'U 11 'j' t'J'lJI1J 'U:IJ'U I:IJ f) ~ 'U\91 fln ~:IJ1 ~'U 'If'U 'lJ'U 'il:;:; Iml 'W m £l b11 \911lJ 'j' tl til 1\91 m~ II WI 

'IJ eJ ~ ~'U11 tl f Vi "1f eJ n rl'v f) 11 'j':;:; f)1'j' fl eJ t'T m'!AIjJ iJ11 'j':;:; I'VI ff'U tl-l ~ 'W i-l Lb.J t~' (J'lJ III 'U 'H i,1lJ. 
\ll:;:;~:IJ\ll~~l 

~ 'Un eJ fVi "1ftl n rl':ITf) '\AI'U 1'U If'U~ tllf1 f)m~\91 tl'U 'lJ'U i~ Ut'T~H1'U ';111 ~ 2.2 ~'U11 tl fVi "1feJnrl'~l~1J1'U 
'" 

lI'J;;;I'VIl'l'lVwlliJ-ltltlmll'U 5 
"I 

f1tl 1,2, 3, 411£l~ 28 
(lI de;:. J' 9J d I 

'illf)f)';r:IJV1Wl'U1'V1I'lWl:l'tm'H'U11 'ljl'l 

""1 ~I '" '"1 bl£l:;:; 28:IJ tlf11t'Ttu'UI'l'UtJl'l 
1 

~-lfl11'lj
.c::. 

1'1~'
.~ 

W'VI 2,3 U1
0.1 

,1:;:; 4 
" Q.I 

1'1~'U'Wt1
0 

1f)'Wl'l
~ 

j~I'l'U 

Q,.I '.e:::. ~a,.~ 1 U£l~ 28 1.J11'lf'tl:IJA'U'VI1~ lJlf)f11mfl~'llr:yt11'j \911tl (jl~1'I 'Unf) 'j'VI "1ftJ 1,1 

';I1I~ 2.3 
" 
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1t1~ 2.3 ~1Cl~1-:J~'Wr;m{Yl9itH1~
'U 

2.4 6't1fiVHt'ill fl fll "1 lth1fl tYDlJ 1!'11-3~ f) fl1'lfllJ (Creep) rll iY':J'llJ tt'l -31U e)'U ltt1 ~ ltYtltl'l ill'Vt'U f).;j ~ lV1 ~'Ut'I1i1frJ 

Take (2003) 1n1~ Take and Bolton (2004) 'jIfl.J11 ~'Y1TI'V'n\1l1f1fl1'HiJfJf1{1'~'lJtlt1'-:Jri-:JvH'l~Cl 

1'ff~fJJ m'jl~'\JCl-:Jm~~'WlrrWfJ1Cl~1-:Jmf1 1~fJf1Cll11'ln~m1'lJ11'1~ fJ~'V'n'll'ffii1f1 (Plastic Strain) 'ff~'ff'lJ'lJ ~ntu~'W 
. ~ 

'\JCl-:Jm~~'W Ufl~ln~JClfJlll'lf1 Tension Cracks ~1'W'lJ'W'\JCl-:Jm~~'WI'1-:J~1Hi 2.4 fllJliJfJf1{1'~'lJu11'-:Jilri-:J~,ml11' 
~ . . 

ln~llJ -:J ~'W'Lh~1'W fl'lJ 'I 'W'lh-:J q~ll~ -:J ~ 'W 1l::;ln~f11J'l1 ~~1 '\Jtu~<}1 'lf1-:J q~ N'W ~'W 1l ~ ln~ fl1 J 'lJ 1'lJ ~111fl~11'1 ~ Cl'W 

,~ v, "V . 
~1~1'W sU'1-:J ClClf11l1 f1m~~ 'W Ii1 Cl-:J 111 f111J -:J~'W ih~l'W 'lJ 1f1 lill,hiJ -:J ~'W iJ 1~1'W 'lJ 1 f1<}1 ln~ ~ 'W il llil'W fJ-:J'YW Yi 1l ~ 

'-:11 '111' m~ii1'Wln~fl1J 1lJ~1m1'W<}1 UA fir-'ll '!11'ln~f11J~1J (Creep) llfl~J Cl fJUI'lf1 I~Cl-:J'U1f1m1'lJl1'1~ fJ~{1'~'ff'lJ 

'!'W'lJ1fl~'Wl~IP1-:J~11~ 2.5 
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J lu. - ~ a)
® 

o1. ' , , ,0' e. « ' 
o , 2 3 • 5 • 1 

~tma(ltO'., 

d) 

TaIaI...., tDalr\ "- ('1'1) 

i 
)0 

End at VtIIrat 5 (.I) 

_ 2IfO 
a 10 100 150 400 eo* * X(mnO 

~tJ~ 2.4 mllJlfl~ U'Pl'Wmb1'flfl (Plastic Strain) b1'~ b1'lJ'lJ1nru~'U '\JD,nn'fl~'UfI1U'Y'l~..:J fll') ltJtIflb1'~'lJH1r ..:J!1J'U 

')~u~nm 5 tJ ('Vl'flb1'D'lJ l'flU Centrifuge li1U'lJrvi1m'fl~'U1~..:J 8.4 llJ\il')) (Take and Bolton, 2004) 
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ltl~ 2.5 ImtJ'l.HYitl'lJm~~'Uml'hnnD'ULW~'I1~\lm111JtJfl~~'lJ!!11'\l (Take and Bolton, 2004) 

'U Dfl~ lfln mJJ1Wf111JJ~'U ~I~JJ~'U1 'UJJ 1l:\~'UL~ D\l~ 1flm19fJJ'1H)\lJ1~1'U HJtJbl1'l fl 5\lvll111'fh~\l 

1'lJ!!1\lIQtJ'Ul:\~l:\\l~'U~\lM111~iflq~ (Critical State 'I11tJ Fully Soften) ,~ ~'l~fI11~'Pl\lflci1T~\lr'm111'ln~ 
.o:::::. a;Q .0:::::. 	 ~ CVQCV 1 .0:::::.1 

m11'lJ\9l'1JtJ\lm~~'U!!'lJ'lJ Progressive Failure 'I11tJ Delay 	 Failure 'Ufl11W'I1l:\ltJ'Vl1'U tJ1'VlI'lf'U Bjerrum 

~I 'J} iii 'J} "" "" 0.= "" 

(1967), Mesri and Shahien (2003), Stark et al. (2005) 	 lu'UI'l'U I~D'!i'lJ1tJ~l!'11l'Jm11'lJI'l'1JeJ'lm~~'U 

I I 	 iJ v 

i.h~!fI'Vl StiffCI~y 'I11tJ Overconsolidated Clay 9f\l'lJlf1mn~m11f1TIeJ'U1'l1JJ1neJ'U (Vl'lJ~f11'l!11fl) 'Pl'lU 

1) m 11~JJ~'U ~eJ\lm 'l'Pl'UJ 11 'UJJ1l:\~'U!!l:\~m1'lJ 1lJI'l1'UD\l~'U tr'l Nl:\ 111'~ mU1 tilt 'J \li.h~ tr'VlTINl:\ 

o nJ Q.I .at 
(Effective Stress) 11l:\~ml:\\l1'lJIIHmeJ'Ul:\~l:\\l 

2) !!1'li'U ~'U~1'U.u'1\l~ m~vl1~tJml:\~'U l:\~l:\\l tr 'lNl:\ 111'~ 'U 'lJ1JJi1 ri tJ'U i1 !! l:\~ fh~\l1'lJ!!1 'lIQ eJ'U 

l:\~l:\\l 

3) fl11l:\~l:\'l'1JtJ\l~ 1n1~\l1'lJ!!1 \lIQ tJ'U 1fl~~hm~~'U 'I11eJ1~'I11N4"'U~'U ~ 'U 1 fl ~~ 1 Residual Shear 

Strength 

i\lJ'U~l Drain Fully Softened Shear Strength 'UeJ\l~'U'lJntf)'Vl Stiff Clay ~\l!~'U'Vln1iJI\9lDf 

~hfft1l1 'U m1ilml~rfl~~ tJ1 f) l'Vl'UeJ\ll:\ 1~~'U~\l 'lJlf1mn~ fl n!f1~tJ'U1'11JJ 1n D'U (Vl'lJ~ fI f\l!!1fl) Skempton 

and Hutchinson (1969) 11l:\~ Skempton (1977) i~flcil111flnriD'U1'11'1JtJ\l~'U'l.h~tf)'Vl Overconsolidated 

Clay ~~vl1111'~1 Cohesion (c') l:\~l:\\l U~~l Friction Angle (~') J'U'lJl:\~l:\\l l~eJ\l~1f)D'4f11f1~'UmUtl1ilJ 

In~ fl111f1 ~D'U1'11JJ1fl ~\lvf\l~ 1 c' !!l:\~ ~' i~~ 1fl m1!!Ul:\ Nl:\fl11'Vl~ ~t:J'lJ n1~\l1'lJ!!1 \lIQ D'U!I 'lJ'lJ1~'lJ1tJJ1 

9 




'iJlm~'W1m'UtJ-:j Mohr-Coulomb UlVIl'l1'W Skempton (1969, 1977), Mesri and 

Shanien (2003) Ubl~ et aL (2005) ~-:jll'W::: 11 l'Jlfl1'J1Iml:::t1!'rrut)'J m'W'UtJ,;)m~~'W1'W 'J:::t);;:;tlll~';)1tl 
9 919 '" !
1'\1 !'lIfll Fully Softened Shear 1'Wfil'lr11'W1T:U 

, 
.::::::t ~ Q I ~ '" '" ::ll "" fhn1bI';)~'lJU'l';) () 'W Ii 'lJ 'lJ J ::; 'lJl tlll1'\) ::; hlfl 'YI ml'll'l'W:IJ fll'W bll"i;'fl'l fl '\1'l{Hu'W~'W 

0'1'::1, r:I ~ :X, 0 ill OJ ~ ~ d 

I1tJ J 'YI CJfVCHl 'YI \I 'WfIlflTGl \I 'l'lJ!IJ -:j! 'iW 'WI! 'lJ'lJ J::;'lJl [J'W lUl'iJ'iJ ~bll'lbl \It) ';)'iJ1'l Residual Shear lfi' ~';)~l
q 

fl':hnln';)~'lJm\l!~e),WU'lJ'lJj::;'lJltlJll'W"i;'fml~ Peak Shear Strength 

10 




, 
<:I 

Uflfl 3 

fll'i (;h'i1~'mtlU~fWIUJ£JnH{;l :;::'YI'i~ ~1'1H)~1l1~'YI1~1'U~'U~ill fI O{;lH 
Q 

fll'HYl';jl 'i) 'HH.lUI'l flIl11:IJtlll!! 'tt~'Vl';j~l'il'UtJ-:J 1'I1~'Vll-:J1'W~'W ~ fllflfl'ttl-:J 1~~llU'W flUrl'-:J ~'W 'ill'W 1'W 
q 

5 ~ltl'Vll-:J l~Ufl (1) 'Vll-:J'I1'ttl-:J'I1:1Jltll"'U 21 (tJ.'WI'JJ'WlUfl:IJ ~-:J tJ.'lftJ'lJl~l" '\).'tt~1J1), (2) 'Vll-:J'I1"l-:J 

n I !V d

'I1:lJltlW'U 340 (tJ.'lJH1J"l:lJl ,\)"ff~';j';jru'lJ';j), (3) 'VlH'I1"l-:J'I1:IJltll"'U 347 (tJ.'lJl-:J1l~5'W 'i).
q q 


d d. C:I d 


~'j'~'Wmf!'';jtJQ1itll), (4) 'Vll-:J'I1"l-:J'I1:1Jltll"'U 357 (mtllM-:Jl:IJtJ-:J~~';j';jru1J';j) U"::; (5) 'Vll-:J'I1"l-:J'I1:1Jltll"'U 

3196 (tJ.'Ul'W'I1ri 'i)'''~1J1) ~-:Ju~~-:J1'WJll~ 3.1 ' 

lll~ 3.1 'Vll~ '11" l-:J UN'W ~ 'W 'ill'W 1'W 5 'ffltl'Vll-:J1'W~'W~ fllfl fl'ttl -:J~~ 'lJ'j'tJ tIllll1 flIl11:IJtlllU" ~'Vl1~il'UtJ-:J1'11 ~ 

'Vll-:J 
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v ~ ~ Q.J .c:I 

3.1 't11.:l'tHl1 -3 'tUJ 1£ll~'ll 2 1 (6.VHijflHUiUJ tl.:l f).'liUlJlVll~ liUl .....~":i) 

'Yl1'l'l1~1'l'l1:JJlm~'U 21 tlh..!t1'W U~UeJfl'iJ1flt1'Wmm~ leJn UlJ1ntlHYl:lJtttlfll'!W>1 tJ.m ~m'l'J~tfitJ'j~ 
al allJ':!,d I.Q. arid I (),J

'iJ.~'J~lJ5 N1'W 'iJ.m'llJ5 ~tJ~U~~'Yl'Yll'l'l1~1'lUN'Wfl'W'I1:lJlfH~'U 203 (t1U'Wfl'lH~WJ) 'Yl tJ.'I1~:lJ~fl 'iJ. 
q q q 

t'V'l'b'5\j5ru !~:lJt1'W'Wttr'WrlijtWeJ'l 2 'litJ'l'Yll'l'iJ51'iJ5 1f'iJ~'1T'Wt~'Wt1U'W'UUl~ 2-8 'litJ'l'Yll'l'iJ51'iJ5 ij~h'Yll'lt~'W 
_~ 0' '" , lr]' ~ '1 ~ ~ ~ 0 ., 

UtJ~n~\9lfltJUfl'j\9l 'UUl~ 4 'b'tJ'l'iJ51'iJ'J !'I1~'Yl1'l~1'W !'WflJ1'l 1.50 t:lJ\9l5 ~lU'WtJflflJ1'l 2.50 tlJ\9l5 ~1'l15lJ 

'iJ~~'Vl1fllnh'J1'iJ ~tJ 5~'\1'J1'lfllJAO+400 ~'l fllJ.40+500 tt~~5~'I111'lfllJ.59+200 ~'l fllJ.59+300 ~'l5tJ~ 
q '" 

3.2 U~~ 3.3 \9l1lJrl1~lJ 

'li'tJl.!~'li'fl~'Wu~~'ll ~tl1'W11 lJ1nru~'Vl1fl1'J~1'J1'iJU~ ~tnlJl'11tJ th'l~U ij'li'fl~'W~ 28 fl'j~'iJ1eJtJ~1 'W 

.eo ~,d 0 Q.I d 
lJ5nru'V'lU'Ylm51'iJ fl'lU~~'l1'W5tJ'Yl 3.4 

" 

Jtl~ 3.2 'Yl1'l'l1m'l'l1:JJlm~'U 21 (tJ.iWl'Wl'WfllJ 'iJ.~'V'I1J1) n'l111'lfllJAO+400 - fllJAO+500 
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.1 !II '"3.2 m.:jl'l~1.:jl'lml'J!~'\J 340 (tl .1Jl.:jlJ~llJl 'il.il'Y'f'i'HUlJ'i). . 
'Yll'l'l1 ~1'l 'I1mVt~ 'U 340 t~ lJ~'W ~tW fl'VI1'l'l1 ~1'lWtffl:J Hm V!~ 'U 9 1tli'W ,,!~ ~ 'Yll 'l 'I1m'l 'I1mV!~ 'U 1 

~ '\1.9ItI'Wl'VI ritJ'ff~l'ltrlBlJ'VU1. 2522 JjP:hV\l'lt~'WfltJ'Wfl1~1'ff~l.H'I1~fl 'U'Wl~ 4 'l5tJ'l'[Jjl'\1j 1'l1~'VI1'l 

UtJ'ff~~~fltJ'Wfl1~ ~1'Wl'Wfll1'l 1.50 tlJ~j ~1'W'WtJflf)11'l 2.50 tlJ~j rll'l1f1J~~~1Ihfl1nYlj1'[JtJQ1'W '\1 . 

'ff'V'ljjru'ljh~Wil'lfllJ. 81+250 ~'l fllJ.81+350 ~'ljtl~ 3.5 
• • 'U 

'\11fl.u'm.d~'V~~'Wu 'ff~'l1 ,rt'~'W111J~nru~r11fl1jrlljl'\1U~~tn1J\9i1tJV1'l~'W tT'W Jj~~~'W~ 2 flj~'\lltl 

tJQ1'W1J~nru~'W~rllj1'\1 ~'lU'ff~'ll'WJtl~ 3.6 

, 

.1'" . I '11 "" 
JlJ't13.5 'Yll'lH~1'l'l1lJ1Vt~'U 340 (tJ.lJl'llJmm '\l."!'V'ljjrulp) j ~ H11'lfllJ . 81+250 - fllJ.81+350 

.1 ... .,.
3,3 't1Nl'l~1~'Htm.ll~'U 347 (tl .'UHlJ~tl'\.l 1l.'Y'f':: '\.If'l'ift'i tlf,f6m) 

, " , 
'Yll'l'l1~1'l'l1mm~'U 347 1~:IJ'\11mWfl'VI1'lH~1'l'l1mm~'U 346 (UlJlJ1il'W) 1 uif'W,,!~lit'VIfl'1Jl~tl1tJ'l 

d • I "" 1 '" "" ~I "'., oj , 11(' ~I
~'V'l1Jj j~tI~'VI1'llJ'j~lJlru 67 fl t~tlJ~j lJvn'Yll'ltlJ'WfltJ'Wflj~I'ffj:IJm~fl 'U'Wl~ 4 'lHl'l'\1'jl'\lj tH~'VI1'lllJ'W 

"'~ ~ d. ~ '1 g) g) g) 0 Q.J ..:d 0 0 '9 Q 

tW'ffYi~l'lfltJ'Wflj~ ~1'W 'Wfl11'l 1.50 t:IJ~j ~1'W'WtJflfl11'l 2 .50 t:IJm 'ffl'l1'j1J'\1~'VI'Yllfl1j'ffl'j1'\ltJtI !'Wmnru 
• 'U 

'il . 'V'lj~'Wmfl'1tJtl1itll j~'I111'lfl:IJ.31 +750 i1'l fl:IJ.31+850 ~ntl~ 3 .7 
• 'U 

14 
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d ~ .:::i 

3.4 l1 Hl1tl1,nnmUtl'U 357 (tYl£J!tl£l.:.ltJJfl.:.lflTY'f'l'''Hll1J'I) 

'Vl 1\1 'I1111~ '11:lJ1 tltll 'U 357 ('~lm~ tI \lti1 t) 'I {1''Vl ':i'HU 'l.J1) ijl:fm:l ru ~ltJ 'W 1 'I H '111 'W ':i~ tI~ 'I'll \l'l.h ~lJ 1 ru 42 
q q 

n111 tlJlI':i ij~1 'Vll~t tJ 'W fit) 'W flll'1t{1'5lJt'I1 ~ fl 'U'W WI 4 'lit) 'Ill ':i1ll ':i 1'I1ci'Vl1\lttJ 'Wut){1'Yi11 ~fI t) 'W fl111 ~1'WI 'W fl1'l 'I 

1.50 tlJI'I':i ~l'W'Wt)flfl1'l~ 2.50 t'lJI'I':i -ff1'11i''IJ~<f1~'Vl1fl1':i-ff1':i1'ilt)~':i~WJ1~fl'lJ . 32+600 ~\l fllJ,33+l00 rl'IJtI 

. 
'" 'Vl 3.9 

lllfl~tll.dll'lJ'<f1~'Wt1 {1'<f1~ I~n~'Wl1 'lJ5nru~'Vllfl1nh':i1llHll~tnmr1tl~1~~'W J'W ij~<f1~'W ~ 3 m~ lllt1 

''I '" J' d <V 'I tid
t)tll'W'IJ':inru'Vl'W'Vl-ff1':i1ll <f1\lU{1'<f1\ll'W':i 'Vl 3.10 

~ ~ 

... I~ d Cl ~ I 

~u 't1 3.9 'Vll~'I1111~'I1'lJlmll'U 357 ({1'lmlltl~tlJtl~ ll.~'Vl':i':irui.J':i) ':i~'I111~fl'lJ,32+600 - fl'lJ.33+ 100 

17 
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~.o~ , J~o.0 

J'lll13.10 ~~~'Wl'1 1, 2 tnl~ 3 m~'ill{Hl~1'WlJ'H1ru'V'l'WI1'ffl'j1'illJ'W1'11~'\'n'j1\ll1lJltlt~'lJ 357 

, 
!II .ot <=t

3.5 l1HMtl1'1'1UJ1[J!tl'U 3196 (8.1Jl 'W'tUJ 'il.tll'l'lJ':i) 

l'1Nl1~1\ll1lJlfH~'lJ 3196 ihJ'illfHWf11'11\l11~1\ltt~'W~'WmJ1tH~'lJ 1 (~\ll"l1:llJ) 1'll~mr~l'1Nl1~1\l 

l1:JJ1tH~'lJ 3267 U~~l'11\l11~1\l11:JJ1fH~'lJ 347 lj~1l'11~trl'WttV'ffYl~I'1'f1V'Wf1~r1 'lJ'Wl~ 2 'liV\l'il'jl'il'j 111ci 

jJ 9J 9J 0 QJ ~o 0 d I ~, &

l'11\l111'W1'Wtnl~~1'W'WVf1ml\l 2.00 tJJm 'ffll1'jlJ~~1'11'11m'j'ffl'j1'ilJJ 2 'l11\l 'fItl 'j~1111\lf1JJ.55+000 tJ\l f1JJ. 

55+100 U~~'j~1111~f1JJ.65+450 ~\l f1JJ.65+550 ~~'j'll~ 3.11 tt~~ 3.12 r11JJ~h~lJ 
" 

'illf1~VlqJ~~~~'WU'ff~\lhrt11'Wl1lJ5nru~'Yhmnh'j1'ilU~~t~lJi1tltll\l~'Wtr'W lj~~~'W~ 3 U~~ 4 

, J.d 0 _,dcv

m~'illlmv1'W'V'l'WI1'ffl'j1'il ~\ltt'ff~~1'W'jul'1 3 .13 
'" " 
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. ._ f c:I 9.J.o::::i .o::::i I 

'i'lJ'fI 3.11 'VIl'l'lHll'1'11mmll'U 3196 ('U.'lJ1l.1'11)J 'il.mwu'j) 'j~'I1Jl'lfl)J . 55+000 - fl)J.55+100 
~ . 

. . 
~.~ g).c::i .c:i I 

'J1J'YI 3.12 'VIl'l'l1111'1'11mmll'U 3196 ('U .'lJ1l.1'11)J 'il.lll"lin) 'j~'I1Jl'lfl)J.65+450 - fl)J.65+550 
~ . 
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oz: 




IZ 


rtQmf,w~lnt~mf.1.u",~(3 t: ~~11 Z 'I ~rt~~.fr,~~lI·17 ~fbrrt1,~~t!l1~~ t:t: ~~11 'IZ 'L 't: 'z 'I ~11~~.fr, ~11~~ 

11~~.fr, 9 ~",lA,rt~~fl,QW 11~~Qfbl1L!I.~rtWhQfl,fl,;gf,rtL~Ul1m~ Ir>f,LU~Wlmt1f,fl,I1~~.fr,~rwkb 
" 

L~~Lkb11 Q~U,ttUL !1.fl,,f f,LU ~fl,rtt!m~(3~~11 ~Ii~LkbI1Q~t-~fl,~f,LU~fl,rtt!m~(3 L~~11~I1Q 1 
, " 

I1~L~U ~Lf, lA,l1fbt-~~um~I1Qm~m~ ~lbL!1.(3;gmlL 11~~l1~l1hUb11t-~akt!Q~[111~ L!1.!b1mbI1QU~~U~ " I IS 11 

f,LU UL (], ~~1[111 ~11 Q1I1!t 11~ M.L lJt! L!1.!bll rt ~ fl, Lf, [1I1Q 1 Ir> f,L U ~ f, ~1 ~Qn.~lA,1;g f, fb!J lJ ~mf.1.Ul2 f tC 11 I 

t-mmL~~i':lI1U~f,rlL~U;g~;gf,~rtU~j 11fl,~(],rl 617~Z·~·M. rt~Ll1rt t:I lA,I1Wrt1Lfufut!~;mt!~~l1 817~Z·WM. (6 It) I" (6 IJ1 fO ,b" l=:7 po It) F?' ttl "=' 

" " 

~Lt!tn,mf,f,M..t'2 ~Q!Jl~~~l~L lA,~Lkt!Q~f,LUt-f,~ll11,~Q~~fbmQt!~~~~ 001 +Zt'rtU ~~ 009+ I t:·rtU~L~U~f, 
, " , 

rQ (~Q~~f,lm!.fl,~~W~lmQf,fl,M.~mUf,fl,) Z ~Lf.1.U~~~fbl1~~l1 001 Ht'rtu ~~ 009+Zt'rtU~L~U~f, 

rQ (ULrt~f,1111!.fl,~~W~11~(HlbM.~mt1f,fl,) I ~Lf.1.U~~~fbll ~t-~fl,QU~f,rbLf.1.U~f,LUL1A~l1r 

f,~rtml~ ZV mLrt~f,fb 

~L lA, ~~~f, 11t-U 11~t-11 Q 1 ~mf.1. U"'~ (3 ~~Lt! ~t-~ U~LlA, ~Q!Jlt-~111, ~"'~ fl,l4 [1 f, (], Lf, (], f, L U L ufuJ: fb ~~11~~11~L lA, 11!t1 
" ' , 

f,LU L ~t-l ~~QM,1~~t! ~f,fb lj ~t-rt~ ~111fb~L f,t! (f,n, mf, f,M..t'2 ~Qrt1~~ ~mLt!) L~t: fl, ~WL rt U ~t-~U ~LlA,
r'fJ fOp' f (6 F? F i=:" 

(Il 17 l1~lrt~) I1Lrt!b~(],~t!lt-~mLkt!Q~~t-~U~LlA, (~) 

~WI1Q~~~M.t!Qlmrll~LlA,~Uj (17) P' ,tJ.£" I'; I lJl 

~~LI1Q 111,~L U~~mLt-~~~m~1 t-1111(3~~11 ~f, 1111!.rtLW(3I1~~~1~~Lu~~mLw (0 

~Qpm~t-L~t-111mQl~~1t-~~!.lA,~~11t-L~rtL~U~1WQf, (Z) 

~QI1G1L~~~~",~~LlA,~U~~Qfbt-~~!.lA,~~l1t-WrtL~U~lWQf, (n 

WU1Lt!;::~11U~ ~UlU;-t;::Lf, \.<bl~Q~lL f.1.U~ \J}W 11lA, llt-",~I1Ql L~t: fb~mLrtU~t-~U~LlA,UG~l~~~~,f~~,£>~ Lf.1.U~ 
, " " 

f,LU I1,ttL rtt-L ~U~~[1 rtL ~ ~L lA,~ Lt! ~ 11t-11L.\1 ~t-~ U~LlA, ~U~ ~Qfl,~ LU~~1rtLt-\.<b M,L lJt! ~ " rtG kbu L (\,
" , 

f7 UlUl. 
.
"" 



· ~wntJfi1C)fmHl ~-:JilmlHYlJililf11'jv~l1~i'HY':HrltJ1JhmlHl 11lJ~W1W~Wt1J~fJWUD{l-:J ~-:JJw fllnl1~W'l1~ 
q" q 

~ 9Jd Q.I <LI '9J~ Q.I gJ

Wm1 'l1ttlw 11:1~ tllJ'fl W V11-:J tJ1\l fl tJ 'll1 tfl~1filll1 ntJfJU~ mt{l~'Vn ~\9n\911lJm l~ 
q u q 

'Vll-:Jl1{ll-:Jl1mfJt{l'U 357 (1:11fJt~fJ-:JtijtJ-:J~'V'l'j'jru1J1) t~W 1m-:J1:1~1-:Jm~'j~lW';W'Vll-:J.wtfl'fJ ~l'Vll-:J 
.c! c:. d ~ I 9J 1 Q.I 

'fltJwm~t1:1'jlJll1{lfll1Wl 25 tC)fW~tlJ~'j 'UWl~ 4 'l1tJ-:J'i)'jl'i)'j ml-:J'l1tJ-:J{l~ 3,50 tlJl'l'j 'fldllJ'l1W 2% tfll~flm-:J 

dl ~ 9J 'tfJ1 d rI.c! 
ttlw 'j tJ -:J 'j ~ 'lJl fJ W 1 (Depressed Median) fl IN 5.25-17.00 tlJ I'l 'j ! l1 {l 'Vl N ttl wu tJ 1:1~{l I'l 'fl tJW fl'j1'll1 W 1 

10 tC)fW~tlJl'l'j 'l1~'Vll-:J~lWWtJflfliN 2.50 tlJm 'l1~V11-:J~lW1wflil-:J 1.50 tlJl'l'j 'l1~'Vll-:JJ-:J1:1tJ-:J~lWiJ 
, ~ 

'fl';l1lJm~'lfW 21litJ 1 'jDYi 4.2 mY~-:J'jDi~'UtJ-:J1m-:J1:11l-:J'lfW'Vll-:J 
'" '" 

"aD~ 4.1 tt 1:1~ -:J 'j 1fJ{l ~ tB fJ~ 'l1~ ~W~1tlWfll91llJ 'j ~ 'lJ 'lJ tJ Wfl'jlJ 11i1W'U tJ -:J ~W'lJ1n ru 'Vll-:J l1 {l l-:J l11J1 fJt{l 'U 357.. , , 
d ~ .c! 

(mfJt{l fJ-:JtlJtJ-:J ~'V'l 'j 'j ru 1J 'j) 
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CREArJ1 Wl· .• \lll"G COI lwm 

\I..I C CONCREATE III'N I)ER CO l iffi; R 

15 (JI'I OlllSKED JlO CK 

1(}"",. SAND Cl 'SIllON 

J5 Cill. SOIl. AGGHI: GA1'£S"UIl II..\S[ L\fi en 

<t 
2.5 111 3.5m 

~II· + 
1.5 111 

I 
I 

I 
1 ID 

.\.Co lLC. -2.0% 
~uou(.Um SI10UlIl t:Rro·"'"l 

I / ~ 

5 CO" . •\SI'IL\L1C CO"'
 

~ .n~ A-WIl<


;; l5% OR IA"n CaR 2~% M in. 
l'O~I.PA(11m S(rSGRAO£ I~'JI C UR ~ l % Mil.! 

f iJ . , 

J'lH; 4.2 H~rI'l~L1I'1r1'\J'e)'l1flH~¥1'l'Jf'W'Vl1'l 'Vll'l'\1('11'l'\1JJlm('1'\J 357 (~lm~eJ'ltiJ'e)'l~~~ 'HUli~) 

4.2 tJm'Vifl 1 11Jlfj[J'HlfJ'U~H''H~'YIH'H 'tl 1~'HlJ1ma'U 357 

~H'lfll~rl1~1'HW~lh~liJ'W ~m~fl11~H~tJ'\1ltJ'\J'e)'l1 '\1 ~'Vl1'l '\1('1 1'l'\11.J1m('1'\J 357 \91 11.J '\1 «mmUCYl'D1fl 

riiJ'e)\9I ~ 1'D ~'e)1JH('1 ~lh~tiJ'W Ml1~fl111.Jt~tJ'\1l tJ'U'e)'l ~1'Vl1'l'U 'e)'lflll.J'Vl1'l '\1('1 1'l (2550) ~lJJl~f1HJJ 'l n~1J 
OJ 

" m1m'WU~'l'~~'lij
q 

" 
1) 1'\1~'Vl1'l'Vl1r11'11 ~~~1Jm11.J1'Wm'lii~'lij 

~1 = UN'Wfl'e)'Wfl1-rlU('1~I'\1~'Vll'lii~~~mh'ln'U1r1tJm~tJ~~'\1':l1'l 6-12 iJ('1i'lll.J\9I~, L11'Wflm'l = UN'W 

fl eJ'W f11- \PlH('1~ I '\1 ~ 'Vl1'lii~ ~ ~1J1'l1'l n'W 1rI m Q ~ CI ~~ '\111'l 12-25 iJ ('1 i'lll.J \91 ~, 'IJ'l = HN'Wfl'e) 'W f11- IIHl('1 ~1'\1~ 'Vll 'l ii 

~~~1il'll'ln'W 1r1tJm~tJJJlflfl11 25 iJ('1i'lll.J\Pl~ 
" 

2) 1'\1~'Vl1'llWflI'11 ~~~1Jm11.J1WlHii~'lij 

~1 = U~'Wfl'e)'Wfl1-\9IU('1~I'\1~'Vll'ltWflI'11'e)'e)f1'D1fln'Wlliln'U 3 iJ('1i'lll.J\9I~, L11'Uflm'l = H~'W'fl'e)'Wfl1-\9I 

U('1~I'\1~'Vl1'lUtJflI'11'e)'e)f1'D1fln'W~~'\111'l 3 ~'l 9 iJ('1~tl.J\9I~, 'IJ'l = llN'Wfl'e)'Wfl1-\91U('1~I'\1~'Vl1'llWflI'11'e)'e)f1'D1fl 

n'WJJlflfl11 9 iJ('1i'lll.J\91~ 

v-m fJl~L1 ~~&W~m~m1W~tJ'\11tJ'U'e)'l1'\1~'Vll'lU('1~~~~1Jmlm'WU~ 'lU ~rI'lln'U ~L1~ 4.3 
q OJ 
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t'v ~rEM.6r;-~Qm~ f.l!lrt1 O~'O mLrt~f.rrLr;-\W~ 

M.~~f1~r;-L l!l~LlM.G(,!Jl~~QGmLlA,!J-UL f1l-ll!l~UM.G('!M.~l1r;-L~U~W~rlG f.r;-L~ U~f.pG I ~~f1~f1LM.~f. 

u.r;-~ r;-rtll z: M.LM.L~~f1~f1LM.~WM. I \1LR.U~r;-~rllr;-Gfl.f1GJJ~lA,rtl1u~i\.f.LUm1 
~ . 

(~hmf.f.M.,rnGlJlr;-rl~1rlLJJ) lS£ n,~1rlLrtUr;-L~Ur;-LlA,!J-UL r;-Gfl.rlL UrlJi;1rtLWM.Ll.JQ £'P !![It . . 
i:'~HlmtrtLtlMI.~:;:t 

H~umfbi:'tlmtrtLtlM1.~:;:t 

LL!\i:'tlmtrtLtlM1.~:;:t ~ ~ 

"'1'f'1'\ 

..~" ....v~~I1 
,...._ __ "' (!:!.Ja 

p1'f'/'lllUill 1. " ~1iJ!!.l~w 
........ '-'·:1 '
 _t 1U'ttt,...,...... 01 

f"+14-......1.t 
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,. 
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t1 I (l I " 
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J) 

VH'l'illf1m'J~~"HJlJ'Yl~HYtl1J'Utl.:JHUMfhnn~ 2 'Y'lm~'Ul'IJ.w~rWtJ.:JH'Yi.:Jl~(r.l 1~tJl.:J.w1J1in'U~f1~.:J 
" " ~ 

0.35 llJm Hrl~ii~fl'iiu'J~lJ1UJ. 0.54 llJl'l'J (UrlltJ l.:J.w1Y~ir'U{l'~'l'U'Utl1Jril.:J'Utl.:Ji''U'Yl'JltJ'Jtl.:JW~'U'Y'l'U. 
, " 

fltl'U f1~ I'l) ~.:JU ~~.:J 'l 'U 'J Ull 4.5 'U tlf1 'ill f1UtJ.:J -ff.:J ml'll~ 'U m'J 'Yl'J ~~l'U tl.:J rlWI 1'Y1 ri rl'U 'Yll.:J 'ill m ~'U l1J ~h'IJ 'U'" . 
~ '~d ~ 

'Utl.:J'1)'U'Yl 'J ltJ'Jtl.:JllN'U'Y'l'U fltl'U m l'l~ltJ 

JU~ 4.5 I'1llmU.:JHrl~mllJ~f1'Utl.:J'J~'Ul'IJ.w~'Utl.:JllU".:Jfrmn~ 2 

... et 
4.4 ~'JJ'JJVl!lUfI'll'JJUnJ'HUJ 

ci ~ ~~ d ') 

'ill f1 N" m 'J lf11J 'J l1J 'J llJ 'UtllJ" l1J tl.:J 1'l'U ll" ~ N" f1l 'J I'l 'J 1 'il {'j'tl'IJ ~ fll'V'l fllllJ l{'j' tJ'I1l tJ'U tl.:J bfl 'J.:J m 'J "1 
'" 


" " 
~llJl'J tl~.:J{'j'lJlJ~~l'U flllW ~tJ'YIl tJ 1~f1.:JU 

.d.::' '~.d..dt Q,.I

4.4.1 fl'H,U'lIU 'YI11£l1MIlf-.JU'WUfltlumgjlfllltlUVl1 

~lJlJ~'Ul'U';'U '\'l'JltJ'Jtl.:JW~'Uv1''Ufltl'U f1~1'l (Sand Cushion) lfl~tl'U~1 tll'ilii ~lml'lln~ 'illf1J1N'U~ 
~ . 

1'Y'1 "95lJV4l'U 'Jtl tJlii tl'J ~ 'Y'I'Jl.:JUN'Ufl tl'U f1~1'l ~tJ1H'U 1 1tJ ('j'lJ \l 'J ill".:J ~';'U'Yl 'J 1tJ'J tl.:J HN'U tf'U fl tl'U f15 I'l 'I1'U 1 0.10 

llJm ~.:Jtl~M''Y'Iri'\'ll.:JHtl{'j'-W"l91'fltl'Uf1~I'lH"~lIN'Ufltl'U f15 \Pl~.:J'JU~ 4.6 J1N'U~ 1'Y'1 "';lJM 'l 'U';'U 'Yl'JltJtl~l.:J 
'" '" 

Iii tll~ tl.:J tll 'il 'I'll 'l ri'';'U '\'l 'J 1 tJl n ~m 'J lfl~ tl'U ~lH~T~.:J N" '1 ri''J tl tJlii tl 'J ~ 'Y'Ill.:J 1'Y'1 ri 'Yll.:J IItl ~-w" I91'fl tl'U f15 I'l n'IJ 

I d 11) 9J 
HN'Ufltl'Uf1'jI'l'UtIltJ l~ 
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HlA,~!{~n,Gfl,fbLl!l~!:tl U~1~LItfl,~~!;i...n,~&-t&-l't~~ ~!:tm,ttl..~ItG~[,IlnUl..ltm~ l..~ItG~[,IgLU~!:tl~~l1 &-~~~ 
• ('Ii ('Ii I " 

ItG~1&-!'lm£&-~L.\J l..~ItG~&-LlA,It~fbljlt~~1,L,\A &-LlA,It",[,Ifbljlt~ItEo¥&-~ L'17 ~f1r&-~ (3u!ppoS ABD) L~!{U~f1 . • ('Ii I 


It~ItEo ItL~ &-L lA, 1t~~L~&-~ fb~~!{~ ~It~L !1UL!1 ~~1l!l!{lL,g~!1 LG t~ItG~[,11 &-LlA, 1t",l$fblj It~ItLK~fbfb,g 
('Ii I ('Ii I 


l..~ItG~l$ll!ltUItQI$It~It~mQWL!,lA,It~UL!1&-Gr;WL!{f1~mLWItL~~fbfb,g 9"" ~Ilt 
I ('Ii ('Ii I I 




4.4.3 mW~'U1~HU't1l,uh)'Uvl1 

.oQ <:::. 9 91 Q.I 'a.I e1 <:::. ~ d.Q d ~.cd ~ d
~lJlJ I'l~ 1'1H1'W ~ I'l fl'W 'Yll.:JeHl'Wl'l Jtll 'illJ ~1l'Yl1iJ If)fl 'il 1f)'W'W 'Yllfl lJ'UtJ.:J 1m .:Jf11'J "1111 'W 'W'W mJ ~ f)'U 1 J 9f.:J 

I~'W ~'W1l1UtI J~ n fl J llJ fJfl lJ~lJ\J 'J ill~ tJf11J 1f)'fJ1'l 'J II~tJ 1'il n \'JUl ~lJU~'Yll.:J1rnm 'J lJ lJJIl1 m~ ~lJ lritJn 

~ ~ ~ J 
'l-h;J'W 1'I1('lCJlmn~mfl fl'W 'Yl H i.h~ f)tJ1Jf1m.0mUl 'thY) JlJ'll.:J'li'l.:J'Yll.:J , 'J ~~1J'I.ll1~~'W ~ .:J'IJ'W 1I('l~V'YlTI'W('l 

OJ ~ 91 0 9 9J,.. r;: ~ 9 <:::. J ~ 9 9J OJ ct 0 Q.I d Q.IQ.I 

'UtJ.:JIIJ.:Jfl'W'W1fl1'W('l'lJ 'Yl1 ~'I11J'JmUlflJ1lJ'lf'W ~'Wfl'W~.:J'U'W 1I('l~fl'W ~l'lfl'W'Yl1.:JlJm('l.:J'J'lJll'J.:JmtJ'W"fl('l.:J I'I.:J 
'" 

IWfl.:J1'W'JiJ~ 4.8 mJ1'lJ1l'UtJ.:J~'W1~fl'W'Yl1.:J ~.:Jf'lJJ1'11Uf)'UtJ.:Jfl'W'YlH~'Wf:llJ~.:JiJJ~:IJlUl 2.5 IlJl'l'Jt!'W tll'il 
'" '" 

1f1I'1J.:J1'lJ1l'U'W 1fl1 mu~bi'.:JH"~tJmJ lf1mtJtllll'lmm1lJ~.:JllN'WfltJ'Wf)~1'lv q 

.c::I.c.. Q.,I .c::!I. .t!t Q.I 

4.4.4 mWVI'Utlllfl'U't1H!fWIf)l'HJVI'HVI(1l1U'l 

~lJlJ ~~ 1'W ~ 'Wfl lJ fl'W 'Yl1.:J I f11'1f) 1'JV1'1 'I1fll'1J~.:Jtll 'ilij ~11l11'J lf11'1 'il 1f)~ 'Wfl lJfl'W 'Yl1.:Jl~ 'W ~'WVfl '11 fll'1 J 

.9 '" '" '" '" '1 31 .d ,% 9 '" • '''' • , (Expansive Soils) 9f.:JlJ'Wt]l'lm'JlJmJ'lJJlJI'lJII('l~'I1fl\9lJ ~flllJtJm:lJlUlm1lJ'lf'W ~'Wfl'WI1J"tI'WIl1J('l.:J 'il1f) 

'li'tJ~"mJ II JJ.:J'lfU I'I~'W1fl tim lJ'YfW]'W 1~~'W ~'W~ 'lJ~ nill~.:J f)~ 1JI~'W ~'W ntJ fYl9ftJ('lti ~ .:Jij'W t]~m JlJ m 'J VI'I 

'111'11'1J ~.:J ~.:J ijml:1Jl~ 'W 1iJl 1'l'~~'W fllJ fl'W 'Yll.:J I~'W ~'W 'lfU fl~.:J f)~ 1 J lW~ntJ 1~1f1fl m llJl~tI'I11 tll'1tJ I'll ri 'Yll.:J 

~.:JIl~fl.:J1'W JiJ~ 4.9 
'" 

b 6 
I ~ 

A 

Jtl~ 4.8 ~lJl.J ~i1'W m1:1Jl~tJ'I11tJl~ tJ.:J 'il 1f)~'W 1~fl'W 'Yll.:J VtJ'W 1'1J 
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J ~ A I I;.,· •. ·.• -.. ..' .." 1 q j I .~ .,. -.. • . . :< :~~~Rcinrlll:- c.aru:,u'····· 8 JIl It .. · . ···· · ··· ~~LI ..•.• 

d 1 J .. .. - .... H~....·i:·:·;!'l· .~ 
"&~"'L'> _.r.. ~ '. F" ~:, . ~.. I.' , .. ,;0., -

JtJ~ 4.9 \1'lJ ~ ~~ 1'U m llJ1~hJ'I1l m~e:W\llfl~'U ()lJA't.J 'V11,an 'fl fl1 'j U'fl 'I1'fl il~~ 

o """ OJ

4.5 Il-H'I fll"HYl n~U~ :;: 'tlVl l'HI'Ufi tlUT'lI'Ufi 'U tH ') ~VI 

.. 
4.5.1 1~VlA\.j 't1l,:umt.j(\.j~\.jl~'lI• 

" .. 
vH'l fl1 'j 1'ill:;: rll'j 1 'ill!(1t'V1'fl \1'eJlJ%'U ~'U'lJ~ 1lru' '11~ 'V11 ~'U eJ~!! 'JJ (1 ~~m:ll Vi 1 (lJ~ 1lru Vi~ lJ'j eJV!!1'l fl 

'j:;:rlm'Um~mfl) 'j:;:WJ1~fllJ.32+600 ~~ fllJ.33+100 ~TW1'U 2 'I1(1lJ ~lJl1~'U()lJrl'U'V11~11J'U'5'U~'U1'11UVl. , 
d Q t 3 ~r= ~ 9 ~ Q,I c:i <Q aod'I 

U'U~ (CL-CH) lJmmllJU'U'U'jllJ 1.85 tim, mmrufll1lJ'lf'U ~'U'f1'U 23-27%, 'fl'lf'UW[11Mlfl'll'l'l 25-31% 

U(1:;:~l N-SPT 10 blows/ft 1I'i'i'U~'U()lJrl'U'V11~11J'U~'U!~lJ 'JJ'j~fleJlJl'i'leJi'U Stiff Clay (CH) 'I1'U12.50 

" " 1lJl'l'j, ~'U Very Stiff Clay (CL-CH) 'I1'Ul 3.00 DJm, ~'U Medium Dense Silty Sand (SM) 'I1'U12.50 1lJm, 

" " ~'U Dense Silty Sand (SP-SM) 'I1'Ul 2.50 1lJ\?l'j U'[1t%'U Hard Clay (CL-CH) 'I1'Ulmflfl11 5 .00 1lJ\?l'j 

IVlllJiilrllJ ~1'j:;:rl1Jljl1~~'Um~eJ'lil~~~mn'JJ'j~lJlru 3.40 llJ\?l'j (MSL) 

" .. 
rl(1 fl1 'j 1 'ill~ rll n'ilU(1~'V1 'fl\1'eJlJ~'U~'U lJ~ nru1'11 ~'V1 N'U eJ~ UtJ(1~~mnVi 2 (lJ~nru Vi~lJ 'j eJVUlVlfl 

'j ~rllJ 1'Ul!HtJeJ eJ) 'j~ 'I11NfllJ .31 +600 ~~ fllJ .32+ 100 ~ l'U l'U 2 '11 ~ lJ ~lJ 11 ~ 'U () lJrl'U 'V11~11J 'U i'U~ 'Ul'I1 UVl 

d .d " 3 .. r= ~ '1 Q d <Q.Q,.J' ,Q.I 

l!'U~ (CL) lJfllfl 11lJU'U'U 'jllJ 2.14 tim, lJ'jmrumllJ'lf'U 'U'fl'U 15·23%, 'fl'lf'U'\'~m\1'l'lfl'll'lVl 16-23% l!'[1~m 

N-SPT 34 bJows/ft ll'i'i'U~'UtllJrl'U'V11~!1J'U~'U!~lJ 'JJ'j~fleJlJl'i'lVi'U Stiff Clay (CH) 'I1'Ul 3.00 !lJlVl'j, i'U 

" " Very Stiff Clay (CH) 'I1'Ul 2.50 llJ\?l'j, ~'U Medium Dense Silty Sand (SM, SP-SM) 'I1'Ul 5.0 !lJlVl'j, ~'U 

" " Very Stiff Clay (CH) 'I1'Ul 1.00 llJlVl'j, ~'U Hard Clay (CL) 'I1'Ul 3 .50 llJlVl'j l!(1:;:~'U Very Dense Silty Sand 

(SM) 'I1'Ulmflfll1 4.00 llJl'l'j IVlllJrl'lrllJ ~1'j~rllJJ1'l1'i'~'Um~v'lil~~~mJ1tJ'j~lJlru 2.70 llJl'l'j (MSL) 
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~H'lfl1~'Vl~Hl'tl'1Jnl~-!l~\m~~~{'itl'Ul'U~ (Field Vane Shear, SU CFY) ~fIl1lJ~f) 2-3 !lJl9l~'illm:::;~'1J 

'YI~-!lr1'U'V11-!l'Ym11 ~lnl~~i''1Jm~!{'itl'U'lJtl~~'UfllJr1'U'Vll~'Utl-!ltltJMftmn~ 1 ij~l 3.5 Um
2 !W:::;~lnl~~~'1J 

!!~'H{'itl'U'lJtl-!l~'UfllJr1'U'V11-!l'Utl~11tJ(1~ftmJ1~ 2 ij~l 6.5 Um
2 19l1lJrll~'1J 

f-l(1fl1~fl1~'VlIPl{Ytl'1J Kunzelstab (KPT) 'Utl~1b1'\PImlPlr1'U'V11-!l'1J1nU!tltJ(1-!lftmd1~ 1 ~W:::; 2 !!b1'1Pl~1'U• 
... Id 0 Q.I I d 1 IJ/ It] <V CI.I d .J &

~lJ'V1 4.10 11(1:::; 4.11 \9l1lJmlPl'1J fI1 KPT lJt!'U1 t'UlJ'U'Ul'U ttJf)'1JmlPlf)'U'VlN11(1:::;!'YW'lJ'Ul9lllJfIlllJ(1f)'illf) 

~:::;~'1J~h~'U llPltlmllJ'tYlJ';'Un~:::;'YI11-!l~1 KPT nm:::;~'1JmllJ!!~~U~~'lJtl~~'UmtJtl1b1'~tJln'Ul9ll~l~~ 4.1. 

Distance, m 

0 0.5 1.5 2 2.5 3 3.5 4 4.5 5 5.5 
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-2.5
E 
-5 
Co 
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-4.5 
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-5.5 


'atJ~ 4.10 ~1 KPT 'UeNlb1'lPlmlPlr1'U'V11-!l'1J1nU!utJMftmJ1~ 1 

~ . 

'illmtJ~ 4.10 um: 4.11 !!b1'1Pl~111!~'U11 ~l KPT 'Utl~lb1'lPlmlPlr1'U'Vll~'Utl~utJ(1~ftmJ1~ 1 Utltlf)11
<u • 

• V I" 
~l KPT 'Utl~lb1'~mlPlr1'U'V1l~'lJtl~11tJMftmnYi 2'Utlmnf)tJ!ltJ(1~ftmn~ 1 v~iji'U~'U Very Soft 'YI'Ulf)11 

!!tJ(1~ftmn~ 2 !'If'Un'U 
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-7 

ltJ~ 4.11 ~1 KPT "lJeJ,:J1''ff~m'f!rl'U'Vm1J1nwmJ{1,:Jf1nfdl~ 2 

,d, Q.I Q; ~ I I Q.I Q.I d ClI d 

\ll l'nn14.1 fI11lJ'fflJ'W'U'li1"::::'I111 ,:Jfl l KPT nU1"::::'f!UfI11lJH"lJ,:JH1,:J"lJeJ,:J'f!'I-H'I1'Utll (EGAT, 1980) 

". 

KPT Consistency 

(b1ows/20 cm) 

0-3 
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> 55 

Very Soft 

Soft 

Medium Stiff 

Stiff 

Very Stiff 

Hard 
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4.5.2 1tJVI Im.:JtJ'H3'li'UflH 
Q 

~ Q.I 9) ~ l!]~lt~ .:::) ~ I 
v-H'lf1l 1 'Vl 1P11:H)lJ 'fItlH1'1J lJ\91 'U El'J TfflPl1m '111'1 l'J'b"U 'Yll'J llPlUf) 'If'U YfU 'Vll'Jl'! 'U 'fI rlf), 'If'U'Vl 1 1 01 El'JUv-1'U 
qq. 

~ t::1 ~ ~ ~~ Q.I II (LJ tIl ~ 
'W'U'fIEl'Uf)';i\91, 'If'U1El'J'W'U'Vll'J UrI::;'lf'UIPI'Utl1J'fI'U'Vll'J 'WlJl1 'fIl CBR 'UEl'J111'~'lf'U'Vll'Jm'J'1 v-11'Utf1ruCVl 

1Jl\91 1 ~ l'U 'U El'J f)';i 1J 'Vll'Jl'!rI 1'1 t1f)d''U mvn::; 111'~~'U'i1 'U m~f) lJ1 nru t m;'Vll'J~ 'JlJ ~ 1 CBR ~lf) 11!f)ru cy] 

'jJ 0 I I 9.1 Q.I t I I 9J I I 9J 
'U tlf1l l'! 'U IPI 'fIl'fl111J U'U 'U Ul'! '1 'U tl '1 lMJ 'If'U 'Vll'J \911'1'1 'iJ'J ml1 tl Orl::; 95 'U tl'J'fIl'fll11JU'U '\.JIll'! '1 'iJ 'J~IPI N rlf1l 1 

'Vl1Pl11'tllJ'fI111JU'\J 'U 1 'U 11''Ul1JlJ1 nru t l'!ci'Vll'J'U ru::; I'll!'W 'U f1l:i 'UIPIl'! rl1J 'Vl 1P111'tllJ (Test Pit) 'WlJ 11!11 El!!~'U 1'1f1l:i 
q q 

lJIPIVIPIlJ~ll m)'!l'io'J 1 00% U~ElVl'J t :in\Pll1J!l1tl!!«B'UI'1'f1l:ilJIPIVlPll11'IPI'Utl'Jul1rl'Jftmll~ 1 ~1f)11U l1b'l'Jftmll 

. q 

c\ 

'Vl2 

NrI f1l:i m 11l11'EllJ:i::;~lJf1l:i VIPIl'! IPII'l1'Utl'J~'U 'W lJ11111'1PI~ 'U tl1JA'U 'Vll'J'U El'JU11b'l 'Jftmn ~ 1 lJ 1 tlf1l 11'. 
VIPIl'!1PI1'l1tlVl'\.J1f)rucy]11''J~'J11''J1J1f) !~El'J1l1f)~'UlJill1Jlru~'UIl'!-Wtl1 « 2 11 m) !'vllnlJ 40%, ~wh-w'Wm11'~f)

cv cv <u t'" 
,., . I , 

95~l'vhnlJ 30% UrI~~l Swelling Pressure I'VllnlJ 88 kPa 'UrudHMJ~'Utl1JA'U'Vll'J'Utl'JlIl1rl'JftmJl'Yi 2lJ 

. . " 
1 Elf1l11'OIPll'! 1PI1'l1tl vl '\.JIf) ru cy]111'U f1m'J~'J11' '1 I'W tl'J1l1f)~'U lJ ill 1Jl ru ~ 'U Il'! -w 01!vllnlJ 30%, ~'If-w'Wm 11'~ f)95~

~ ~ 

!VllnlJ 21 % Ub'l::;fll Swelling Pressure I'vhnlJ 50 kPa 

4.6 Nilfll':iPlVlVlllJ!!il::;\l'\'n~l~'WqPlm':ilJ'lltl.:JH'UflN 

:iltlf1l1!'fI1El'JriEl\Pl:i11l11P1'Vll'Jll:itU!'Vl'flU'fI1'U11''Ul1J 111::;f1EllJ~10 (1) Electrical Piezometer ~1'U1'U 

6 'l11P1, (2) Tensiometer ~l'Ul'U 8 'l11P1, (3) Observation Well ~l'Ul'U 2 'lJ'1PI, (4) Vertical Inclinometer ~1'U1'U 

2 'lf1Pl, (5) Surface Settlement Point ~l'Ul'U 84 1l1P1 
q • 

v " 0 1v""4.6.1 U'HVI'U'Ul IllVl'U 

f1l:im11l11P1!!:i'J~'UJlllli'~'Ut~~1!U'Uf1l:i'Vlf) 1 !~tl'U !~'U'ill'U1'UJ'Ji'U 4 'fIf'J ,rlJ1l1f1f1l:i~IPI~'J
q 

jI d 'jJ OJ Q.I ~9J~ ~.c::: Q.I d 
Url1!11'11l 'Utl1Jb'lf1l1\Pl'J11l11P1!!:i'JIPI'U'Ull\PlIPl'U'Utl'J!!1111'JMf1'l:Jl'Vl 1 1111::; 2 !!11'IPI'JlPlnl1'Vl 4,12 !!11::; 4.13 

~ ~ 

m1Jrll~lJ fllm 'J~'UJlllli'~'U1'U A'U'Vll'J!l1~t1'Uul111'J\Pllm::; o::;nmm 11l1'1PI 
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Porewater pressure, kPa 
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'aUn 4.12 ~lllJ'lI'i\J1111~~'U'UtJ,m,j(j'lfhnJ1Vll
'" 

Porewater pressure, kPa 
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Pavem ent & Base materials 
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8 ~'. ~ Foundation (Stiff Clay)~ 
...s 0 ". ~ 
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'" . . . • . . .. 2011 0152 

:-;"'"'' "- "­§ r --0-- 26/ 11 /52 
'\. "­~ I --1:;._. 25112152 
~ ~'" -6 

'aU~ 4.13 ~lllHI'i''UJ11~~'U'UtJ'lll,jfl'l~m:l1~ 2 
'" "li:. 
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. 

"" QJ QJ4.6.2 0l"!lfltt6'UVl1'1l6..:1fl'Um-l 

PHl m 'jI,l':i 'HI 1'~ fll'HfI~D'W I'i1'lJ~ nUl1t1 ci'Yll\l 'I"t'lJ ':l1f1ltl 'l 'W n: tI~ nm 4 t${ D'W fl'W 'Vll\l 'U D\l tt tl (l \l 

~ .d.d di Q.I 9J 9J .0 ~ ~ d Q.I Q ~ 'l t Q.I Q.I 

nfllJl'Vl 1 lJm'Jtfl(lD'W19l1~1'W'Ul\ltl'J~lJ1Ul 8 lJ(l(ltlJl9l'J 9f\lm'Jtfl(lD'Wmtfl~'U'Wm'l"tl~ 'W'l5W1TI'~f1W'Vll\l. 

" I ," " I 

'J5W ~'W ~l 'W 'J 1fll1119l 'J 1 'il'l"t 'lJ m 'J tfI ~V'WV)11'i\lHTI'~\l 'l 'Wltl Yi 4.14 .yr\lU IIIm 1'il'l"t 1J m 'J tfl ~V 'W 1'i1'U D\l fl'W'Vll\l 

'U{)\lHtl(l\l~mn~ 2 

Net Lateral Displacement: A-axis (mm) 

-20 -15 -10 -5 o 5 10 15 20 
2 

o 

-2 

-4 

:§ 
.§
'<;; 
> 
OJ 

m 
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-8 

-10 
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-

-

~ 

-;:::'~
_;::"!-'7

~:::~lJr:h\)'W'W 

VERTICAL 

INCLINOMETER NO. 01 

1m ~m7[)'W'W l~[J~ djo~ 

- 21 Sep09 

0- - 200cl09 

....,. - - 26 Nov 09 

--\7'--- 2 5 Dec09 

U] --9:­~ ~ A- A + 

'" B+ 

_I.e! Q.I I ~ Q.I 9J 9J ... 1 ~ .d 
"!u'YI 4.14 vHlm 'Jm 1'il1~fIl m'J tfl(lD'W 19l1~1'W 'Ul\l 'U D\lHlJ (l \lfYfl1:l1'Vl 1 
'" 

QJ QJ

4.6.3 0l"!'YI1~Vl 1'1l6 ..'1 fl'Um-l 

, Q.I Q.I <V ~..do QJ I QJ I j) I I I QJ 

f11 'J ~ ~1J t1 lJ ~ 1~ fll 'J 'Vl 'J ~ 19l1tlJ Vt'Vl tl1J fl1Jfll 'J ~ ~ 1J H1J 1J fl {) TI''J l\l 'I"t 1J 11 f111 lJU I9l flI9l1\l'U {) \l f11 'J ~ ~ 1J. . 
9i 0 ~I 9i 0 0 OJ , 1IJ" I~OJ OJ 

W tl tllJlfl 'illllJ'W \9l tl\l'Yllfll 'JTI'l'J 1'il'J ~~1J t1lJWJ~m'J'Yl'J~m\9ltl tlJ an ~ tI::; till. . 
34 




, 
<:I 

'U'tl'tl 5 

~l'nJN tl fll 'ii1 flll 1Utl~ tijtl ~ ITlttlHlt~HIt1'tlH f1l'J Hm1\111 tl ~OltUru l'i1 
q u 

5.1 tl'nJf.Hl fll1;Tmn• 
Q/ IIJ' 'l .% d d d d",

'HHHlI'l f11'11lJ(J1 1Ufl~'Vl ~~ I'l 1'U tI'l b'I1 fl'Vl1'l '11 fl 1'1 'U 'VfW 'Vlf11fl f1 fl N L11 'U UUlm '1'1 'Yl1l1l'U '1'11 '1'11 fl 1'1 'VllJ 
q u 

I'll ci 'I'll '1 LlJ 'U~h'Vl1'lUtI ~Vffll9l'fl tI 'U f111'l 1~ u~ ~lb'11 I'l 
q 
Ln~ 'ill f1 '11 muu'il1lU 1 ~Ufl (l) fl 

q 
ill ~lJ 1111 Ufl ~i'U~ 'U'~ 

fl'U'Vl NL lJ'U ~'U ~ tI'U, (2) 1~~ () lJfl'U '1'11'1 ~fJill ~lJ'lr~V~ '11 ~1'1T~J '1, (3) ~ D U 1I11fl'U 'Vl1'l1~ ~tI~fl ~tI'l flll 
v , 

fJill ~lJlIll'UtI'l'lf'U ~'Ui 1'U ~1f1, (4) ~DUlIlInf1l~ ntl~r1'l'U U1Vfl'U 'Vl1'lYi l~ l~lJlm i l'U, (5) f1l~ri'1'11'U ~ 

LL'U 1f1l~~~lIluJ1l~mlJl~~lJ, (6) 'll'Um1lfJlJf1l~ntl~rl'l~'ll~1'I ~~'11 Uf1~ 'lfl11mhflt)J'U tI'll '11 ci'Vll'l, (7) 

~ ~ .d.cd ~ d1 

m lJ 1\lJ f1 U 'il 'j 1 'il ~ Ufl ~ m lJ 1 ill 'U I'll 'U m ()1I 'j 'j '1'1 
q 

f1 '1'1 L'YllJ 'U 'U f1Jlf1l ~ tI tI f1U 11 11, (8) f1 U L D fl U'U U D fl '1 m lJlill 

.% "" Q/.,j ~ 'l' ~d31
mllJ'll''U 'l 'U ~ 'U ()lJ fl 'U 'Vll '1 L'U tI'l 'illf1mlJlill'Ul~'U 'U 'll'1'l tl ~ ~'UUfl~tl ~ LLbl '1 L1I'U1'1 'U 

'illf1 N fl f1l'j ~ 111 'j 1lJ'Ii'tI lJflf1l 'j qftllJ'l.Jl ~ '1 'Vl1'lLLfl ~ f1l~ rlu 1'il fIlfl ~'U llJ rYffmJ 11~'V11f1l~fl~ L~ tI f1'Vl1'l 
'U q 'U 

.Jo ..::::. lil' , Q,I'l ~ d Q.J~0

'I1m'l9f'lLf1~UUlm !'I1fl'Vll'lUI'lf1\9l1lJEJl1Hfl::;'Vl'j~m 'U'Yl'U'Vlfllflf1m'l 'ill'U1'U 5 ~lU'Vll'l ~'l'U (1) '1'1 1'1 '11 fl 1'1 u q 

Q../ ..:::.. -=9 Q.I..::i ~ I jJ

'I1lJlUbfl'U 21 (tI .'YlI'JJ'U1'UfllJ ()'l tI.'ll'U'Ul~lfl 'il.fl'Yl'lJ~), (2) 'VlN'IHl1'l'l1lJlULfl'U 340 (tI.'UlhJflllJl 'il. 

~'Yl~~ill'lJ1), (3) 'Vll'l'l1fl1'l'l1lJlULfl'U 347 (tI.lIND~~'U 'il.'Yl~~'Umff1t1~1iUl) , (4) 'Vll'l'l1m'l'l1lJlULfl'U 357 
, , 

do ~ d 'j).:=.1 C!. ,<do 

(~lULflU'lLlJtI'l~'Yl~~ill'lJ'j) UM (5) 'Vll'l'l1fl1'l'l1lJlULfl'U 3196 (tI .'Ul'U'I1lJ 'il.fl'Yl'lp) ~fIl'Ylm1lJL~Vmtl 

111 nill I'll ci 'I'll '1 '11 fl 1'1 J'l 5 ~lV'Vl N ~~f1'fJ ill n lJ'U ~ tI UHI'lf1 1'l1lJ U11 'U 'U 1'U 1 D 1'l1lJ LL 'U 1 () 'U 'U (Longitudinal 

'11~ tI Edge Cracking) ~~~lIm1lJ1'ULL~ 'lDl'U f1m'l~'l~~~lI'\J' '1 Ufl~tJ1 'il~f11~'Vl1~1'11~ 1lJ~1U 

f1 Ufff1'fJ 16l~fl~ t~ tlf1 '1'1 N '11 fl1'l 'I1lJl ULfl'U 35 7 (~1 m~ tI'ldJ tI '1 ~'Yl 'j ~ ill 'lJ1) tlJ 'U ~1tt'Vl 'U mrufff1'fJ 1 

"" "" .d "" d' IIJ '" d "" J "" IIJ' 9 .% dt 'll''lfl f1t'Yl tl1tm 1~'I1'111 f1 fl If1Ufl ~ ~lm I'lfl11lJL~U'I11 U'Vltf1~'U'U 11 ~ t 1 ill I'll (l'Vll'l'l1fl 1'1 ! 'U'Yl 'U 'Vlf11flf1 fll'l 
q 

J'U1'l tI 'U f11~ ~ It'U 'U f1l~fff1'fJ 1D~ ~ f1 tllI~1U f1l~fff1'fJ lUfl ~~ 111 'j 1lJ 'li'tI lqj fl '11 'U ntI ~¥1'1 f1l ~ rll~ 1 'il ~ fIl'Ylfl 1 llJ 

" t~VmV1I1 nill I'll ci'Vl1'l f1l ~ t'ill~ "h ~1'il'lf'U ~ 'U f1l ~'U~'I1fllJ'Vl~ ~tllI f1l ~ 'Vl~ ~tI 11 flill ~lJ 1I11'U tI'l ~ 'U fIlfl ~'U llJ q q q 

Ufl~1'U '11tI'lDB lli1f11~ f11~ ~~i'lu (l ~~lt~ 'U f1l~1'I ~1 'ill~~1tJ~Df1 'jillI'l ~1'iJ 1~'Yl tl~f1 ~ ~ lJ 'Vl1'l'fi~ rut'Vlfl ~ fl 

N(l f1l~tmUlItYitJlInW:l1'lHD (l'lfff1'fJl~ 1 (111 n ill ~'Ylll~tltJu\91m~~lI ~'Utt ~ 'llJlf1) tI un:W:ll'l f1lJ. 
q 'U 

dl ... 1 dl d Q d Q,I 'j) I I 

32+600 ()'l f1lJ .33+100 bt(l~Uu(l'lfff1'fJl'Vl 2 (lI~nill'Vl'Ylll~tlULt\9lm~~lI~'UttH'UtltJ) tltJ~~'I111'lf1lJ.31+600 
q '" 

~'l f1lJ .32+ 100 1I'U '1'11'1'11 fl 1'l'l1lJlULfl 'U 357 'Yl1l111~~ () lJfl'U '1'11'1 blJ'U ~'UmUtJ1iJ ~l~'ll'U 'Yl fll~~f1clf~ ~ '1 
q '" 

~llJ U () tn~ f1l ~v~ '11 ~ 1'11 l~tri tlD1lJlill mllJ~'U1'U~ 'UtD~ tJ'Uu D fl '1 ci'l N fl1 'I1Lfl ~ ~ tI tJU\91 f111'U ~h fll ~~'U 
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" , " 
't.llN't.HHlJTH11'VI'il~]Jvhw 'il':} I JJl~ dJtl~l'W t)~N'WU'il~f)~l!~':}b1'rl'lJfh..l'V!mVfl-r,:} m~~h.J~':}ln~ml]Jlfl~ V~ 

b1'~ b1']J nlrl',:} -rDU'J ':}l~ tl'W'U tl,:}~'W 'il~M l~'W b1'll'V!\'J'Utl.:Jm'J lfl~tl'W1l11Um~ lnm tlVUl'lfl 

N'ilm'j'~l'Jl'ilfllflb1''W1mt,:} 5 b1'lV'Vll.:J JJ'J~flV1JVmflnftmJ1l~':}~fI'V11':}'VI'il1':}'VImVW'U 357 (b1'lV 

d ~ -d ~I CLJ lJ) I :ff .d 
W V,:} l]J V':} bJ''Yn 'J ru 1J 'J) b1'1 JJ I ~ 11 b1'1l'V! \'J 'U tl':} 'J tl V~ll'l fll'll mill U'il ~ 'V11~ I'll 'U tl.:J !'VI 'il 'V11':}'VI 'ill,:} 1'W 'W 'W 'V1 fllfl 

fI'tll':}'t.hil~ln~'illf1 2 1J'il~Vrllflty ~tl 

" 1. f.J ru b1']J D~ 'U V,:} l'b1''fJ ~ 'W t1]Jfl'W'V11':} 1~'W ~ 'W l'V! oW V1JJ'J ~ lfi'V1 CL-CH iJ ~ l~'l5oW 'W mb1'~ fI<1f~ \J,:} 
.0 .d CLlVJjI.di .%.9.o.d ov I 9~d

b1'lm'JtllfI~m'J V~'VI~1'll !~I]Jtlllimru ml]J'lf'W ! 'W~'W1JJ'il v'WuJJ'il':} ~'W ~':}flml'WDmfl !'W'W'W 'V1fllflfl'tll':} 

lrl tl'l.J 1 m 1offl ~ 'W l'b1'~ t1]J rl'W 'Vll':} u lYl ~~ 1'W fIl Hl 'J l'il b1'tlDm D fl]J fl ru fll 'W II ~111 iJ fl ru b1':lJ 11'~ I~ 'W I JJl'll:lJ 
q q q q 

ml'l'J~ 1'W oU'tlfll'V1 'W ~ l!~ I~V':} 'illf1 N~ 'Utl':}m ~D 1'W m 'J llJ VfI b1'rl'w 1 ~':}1'l1:lJ t) ~ fIl~ ~'W t1:lJ fl'W 'V11':}~':} In~fIl 'J ~~ 

. 'VI ~1l11b1'rl'1Jfl'W yJ 11~In~ ml:lJlfl~ tJ~ b1'~ b1':lJ nlrl',:}-rDu'J ':}I~ tl'W'U tl':} ~'W 'il~~':} 'il'Wln~ fIl 'J 1fl~ tl'W 1l11U'il~ Inm tl tJ 

fltl b1'':i 1':} 'J 1]J tI ':}fll'J I'l 'J 1 'il b1'tlD fllD fl:lJ fl ru fi 1'W 'U tW ~ fltl b1''J 1':} m~ fl 'W 'V11':} 1'W tl,:} 'illm 1 VfIl 'J 'il ~ ltl V~ l! 'il~ 'U tl 

1lI'lfl'l'W~b1'~ 
q 

" 2. 'IJ'W I'l tl 'W fIl'J mDfl:lJ m 
q 

'J n tl b1'~1':}':} 1'W m~ fl'W 'V11':} llll'l 'J~ 'VI 'I!fI f),:} m 1:lJ rllflru 
u 

'UV,:} 1'V1fl Ufl n fIl'J 

'31 & I 31 CLJ.di d 'jJ 

q q 

o • jJ lfJ 'lfJjJ lfJjJ<v 
fIl'VI'W~m'jfltlb1'':i1,:}'V11':}!:lJ !m~1J !l'l5~1'il'W 

5.2 H'Ul'Y11~ f)l 'j uflt'llllMfl'Uilf!:l't11 

U'Wl'Vll':}fIl'Junl'UlJv':}n'W1Jty'VI1'JVtlUl'lflI'l1:lJV11 (Longitudinal 'VI~V Edge Crack) IW~'V1g~1l11 

" D~nru lml'Vll':} ihltJ'il~l~tJ~~,:}~tll JJoW 

qjloo ~t1'i I j/ Q.I & d 3.1&0 Q,I

1. !'VI ~ 11 'W 'W fIl'J 'U~ 'JV !'VI 'il'V11':} tltlfl 'il'W'W'W 'J~~D ml:lJ~ fl'Utl':}flll]J mv'VI lt1 l!'ill'il':} 'Vllfll'JD~tl~ 
q 

1'VI~'Vll,:}~'Wm 1'V1111~m~tlfl1i'1'b1''fJ~iJfhrl',:}-rDuHl~ V'W ~~ 1'J5'W ~'W mlt1~,:}iJ~11J:lJl~tJ~'Vll'WfllV1 'W\j,:} 

2. 1'W mill ~11rJ'iJ\9i'tl':}1 i'~'Wl~]J~,:}m vfIlmn~fIl'J V~'VI~1l11 m'J Ul~'W I JJJJ-rDJJ Hflrufll'Wnv'W 
q q 

I~VI~:lJfhrl',:}-rWI'J ':}l~ tl'W'Utl':}~'W1'W'J~tJ~tJl1 1~tlnm'Junt 'Ub1''JJJlfl'Wm'Jl.:J~ 5.1 
q 

3. ~llU 'W fll'J I'l 'J l'il b1'tlDU'il~ '1lV]J 1'b1''fJ tll'J tl V~V'J ~'VI 1 N I 'VI ~ 'V11':}U tl b1'VT'ill'1'fl tl'W fI~1'l nWl~'W~'W 
d ~ I , I ~ d d j/ Q.I VJ I 'jJ ~ VJ & , Q.I Q.I 'jJ I 

fl V'W m \9l 'J l]J'V1.:)'JVV\9l tl'J ~'VI 11,:}UN'W 'W'W flV'W m I'l l'V'WllV':}fI'W !]J 1 'VI'W 1 ! 'VI'il9l']J'il,:}\jlb1''fJ t1]Jfl 'W'V11.:J~ 1'W 'tll,:} 

4. 'VI lfll'l 'J l'il 'WD 'J VtJll\9l flfll'J~D ~11 U'W m 'J '1lV:lJ 119l':lJY1'W.yj I~V lJv.:Jn'W fIl 'J 111'~ 'U v .:J~'W fl'W '\f11.:J 

l~tl.:J'illflm'J 1'VI~~]J'UV,:}Jl 

5. fll'J~IIU'W fIl'J\9l'Jl'ilb1'tlDflrufll'WfIl 'JD~Y1D~'W'Uru~ntlb1'~l.:J 1~mll.'Wl~ D~ nrum~rl'W 'Vll':} 1~ tJ 
q 

~ & 'jJ .di ~. . 
f)1'J'I1tJ.:jml~rlf1~J(J!flnN~tl DynalTI1C Cone PenetratlOn 
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6.1rle:l~'illfll'i''U l~1Jl~'lfi1~tnlJl~tl~~J11'U~'U 1tJ1 ~1 'Ummrumfl '1111 1111n~m~flltJJl11Pl'~ ~ ~ 'U 
~ 	 ~ 

If'' 	 "" " ~'1 \J'tyL~tlmllJ"lf'U m fl 'U tJfl'illflth~ l1'Jl'l H'U \PIfl'l1~ tJfll :i'j'<fl'l1l191'W 1l! 'Ill 'fflm'j'tl1 'I'H1Ciiml '1~i'U ~ 'Umh 'I 

c:l Q 9 Q "' , <!/ Q old 0 I If IIj ~ ~I 
:i1<flL:i 11'l1lJU'U 1:ilflLL1:1 ~ :itJm!l'lm~m1'l <fl'U •'U 'IJ:i nru<fl '1fli:ll1 'iJ'ILfl<flfll:i Lu mlW!u 1:1 '1fl1llJ"lf'U .<flmfl Lu'U 

" 
L'l1\P11 ~nT~l'1 ~'lJm '1!~ tJ'U'UtJ'I ~'U 1:1<fl 1:1 'I 'iJ'U mi'l 'W 'ffm1~ Fully Soften 1~ ~'1 U'U 1TIm 'J1:1<flN1:1m ~'Vl'IJ~'1 fl~l 1 

q 	 ~ 

m 'iJ '1'1'11 ~1 <fl tlfll:i r1<fl! ~ tJ fl"lfiJ <fl -vr'U TI1l!~ 'iJ ~ 'Ill m D1:1 fl ~mJ11TI U1:1 ~L 'Vlfl iJ fl fll 'JD 1:1 fl :i ~ tI~ til '11 'U fll:i D 1:1 fl 
q 'U 	 <u QJ 

~ , d iJ 
:i ~tI~ni:llfll n<fl 'W ltJ til 'I L'l1lJl~ 'fflJ L1J'U \PI 'U 

5.3 tJ~'IJ'l-'1,:jlJWI'.i51nm~~.uijfht'!'t.I VI 

m:i <fl1! iJ 'U fll 'JD ~'lJD1 '1:i 1 tlfll:i 1:1 ~!a tI<flU 1:1 ~"IitJfll 'Yi 'W <fl fll:i r1 tJ 'ff~1'1 'Vl1 'I 'Yi 1:1 1'1 (Specifications for 

, " 
Highway Construction) L~lJYi 1 ~'1~tJ 1Di'J 

-	 D~'lJD1'1.utJ 2.3.1 '11'U~'UtllJr1'U'Vl1'1 l<flm~lJ.utJnl'Yi'U<flr:)ru'fflJ'IJ~'UtJ'Il'fflPJ 'll1'iJrll Liquid 

£:it VJ'Q~ " " dlfJI'::::'i/ 	 Q,lQ

Limit .lJLfl'U:itJ(.I1:1~ 40 U1:1~ lJfll Plasticity Index .lJ!fl'U:itJtl1:1~ 20 'Vl'l'W:iltl1:1~W(.l<flfll:i 

01"'01 "" ~o ,~ lI]~ lI]~
u'J'lJu:i'l'Jltlfll'J1:1~WtJ<flU1:1~'UtJfll'Yi'U<flfll'JfltJ'ff'Jl'l'Vll'l'Yi1:11'l .<flU'ff<fl'l .1 .'UmflN'W1fl fl 

q 

~"' Q <I "" ~ 9 ~1<fl (.IU 'ff<fl '1<fl 1tl\91 l~lJ~ 'Yi 'U 1U1:1~'U \Pl L'ff'U .\91 

!~lJfll:i\9l'J1'iJ'fftJ'lJ1''fflPJtl1:itJtI~tJ (JOINT SEALING INSPECTION) 1'Ut11.utJ 4.9.5 'Yi~tJ 

'il\Pl'l'11:i 1 tlfll:i I'l 'J 1 'iJ 'fftJ'IJ l''ff\Pl 
q 

(.11 'J tJ (.I~ tJrl1'Yi ~'IJ'l1'U tl 'U 'W DtJ! \91 U1:1 'W IPlClH:lJ 'W 191'fl tJ 'W fl1 \91 rl1 'Yi ~'IJ 

ifl'lfl:ifl1'IJr:)lJ tJ1-Y1 Checklist Series: Joint Sealing Portland Cement Concrete Pavements 

(Federal Highway Administration, USA) 
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~1 [A,M, 1. lLfl,M,~~mm~fb.L;H'.IL'lJ:.UbL.kUtl [A,mWM,~I~JbUll.fb~~J:. t1iLlp .., ,ltlFP Pf'lrlt> 

M, 1. M, ~~ l fbfb £fb J:.LU M, 1. fb.LJ. ~Lfb U 1~(1(1 LQ M,~~m~1. (;J ~LlL fl, M,~q1~~~gJ:.LU ­
" 

M,~ll.lfbll'lfb~(;JL(1~WU~lWQJ:.(;!M,~~~WM,}IUrl M,LU'~[A,g.~J:.fb
. . 


(;! [1 L~(1 Uit M, ~~rl L(1 ~ J:. U~ M, 11 l L fl, M, i1 L!1Xt 1. rl Q~ fb l)t11 fb ~ U ~L(11 J:. L U ~~ 
" 

M,~~1.Lrt~mm~l~L!1fbY.LJ.,tlfbpJ:.LU~Q~I~l-~J:.~it~J:.~Q~~~ fb~ UQQ 
" " . 

~5f,U~lLfl,M,i1UL (1 ~Qt}lLrtf!, llQlJl~~ ~~L~f1Jilmiio.LQ lLfl,M,~f1~L ~~fbfb£fb~M,~ ­
." I . I 

~g~fbJ:.LU 

~1l.11 l0.LJ.lfb.LJ.tvJJ:.LU ~rlQl~ll.Ull0.LJ.l~fbJ:.LU~LlU~J:.M,LU'm~fbtmuHLUrt~Q~ ­ It) ~ (6~ ft) L P (6 

fbJJtvJ!:L U L [A,G. fblQ M,U Lfb [A, 
o If" F 

J:.~fb1~M,Jbl ~v-o£ ~rQ~~L~~(1UitfbJJtvJJ:.LUM,1. U~fbLW ­

fb~ L,~WM,~1rt.LJ.~LfbUl~M,l~LJ:.~gLUQ~mQ.LJ.~[A,J:.LU(;!~Q~~(1 

~~~Lrl~gfbL),A.~M,~~1fbfb£fblHLfbLJJ %01-(; lLfl,M,i\ fb~l~rl~L ­
. . 

~~~LrtrlLfb~J:.~M,~L~U~~~lLfl,M,i\fbYLrl ~gfbL),A.~(1 ~[11vt~~ Lrt f1Lfb ~J:.\;1>M,~ ­
If) I ($ • 

lLfl,M,i1J1,Y~~~Lrl~gfbL),A. ~u~lql\i ~1l.11 sno~lBolBJ UlM,L~M,~­

M,~~Qfl,LLfl,M,l1.5f,l J:.LU~Q~fbLWfbM,l~(1 rlM,1rtl fbQl1rlP-r ~ll.11 fbJblLrl ­ '0' (W(619 (6 ? 'P ~ I.:' roJ"'O' 

lLfl,M,i\~Qfl, (O!UBIOZZOd) U!}Lll.JbLJbQM, Lrl~gfb~~1 

J:.LU~ll.(1LQ U~Ul~11UL(1J1,QU~J:.fbJ:.LJJ~1l.11 L,~L~~tvtm~ ~~[A,M,gJ:.L.LJ. 

,J.... . 
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'" ,mn rn 5.1 (\91~) 

""'" 1li f11 'J 
Q.I 0 <V Y Q 

[1 fl'l:JW~{1'lfltyH[1 ~"W'V'j 'ill 'JW 1 

d 0' 

"lHl1'W\91 

Cement Treatment 

• I d 0'. I 0' 0' .,. '" "" d iii 319 
-u'W"lHl1'W~u~'J\91U[1'W~ 4-6% (1'll1ntl[1~f1l'JtI~'Y!~m'U~~~w'Y!wn t~ t'W 

'" 

~fl'l:J ru~ t~tl1 n'lJ D'W'U 1 1 tt~fll 'J 1offCl5tl1'W t,'il ~[1~ fll 'J 'Y!~i1'U ~~~'W 1'f1'~ fl11 
'" 

""d 9.d 31 dI '" q I '31 9 31 , 
- 1lif11'Jt-I{1'11 t'W'VI,\)~f1mtlfl[1~fl'lJ ~'W'Ul1 H\91'il~\91~~ t'b''J~tI~nm':i~'Y!11~f11'J 

Q.I d 3J I 

t-I{1'lJUbI~ f11 ':i 'lJ ~~~'VI'W ~tJf111 

d ~ d' tI Q ~ ~ 3..1 I .d! 3) Q.I .<:::::. 

- ~'W "lHlJ 'W \9111 ~'J\91 H[1 'W ~ tlH lJ D 'J ~ (1''VIli fll'V'j ~~ tJfl11 ~ 'W 'Ul1 tl1 ~h11 'J 'lJ D ~ ~~ 'W 

".c:i dd Q.I d Q .<:::lId 

m 'W tJ1'V111~'b''W'V'j m{1'\91 flCJl'\91 ~~ 

d cI tI rI d Q.<::::io d I ~ 9 3) Q.I Q d 
- 11'W CJl'!lJ 'W \P1D ~ 'J \91U[1'W ~ tll '\)lJ11 'J ~ {1''VIli fll 'V'j ~ f111D 'W 'Ul1 llJ ~ t 'b'11 'J 'lJ 11 ':i ~~ 'W 'VI 

'" '" q 

hi'l'llD Bm til n'lJ~'W 'Ul1 

.::::.d.Q.I 3.J.c:I. rI d.OQ.l.d~ , 

- ~'W 'VID 'J 'lJD ~ ~ ~ 1t1CJl'tlJ'W1'1 m '\)lJ f11 bI ~ t'V'jl1'U 'W ~~ f111 

"" .d. I '" • I '1 9 3id 0' "" 31 iii 31' d 
~ 'U 'VI U 'J 'lJ U 'J ~ t ~ tJ ! 'b'CJl' tlJ 'W 1'1 ~ 1 \H fl ~ 'J ~ tJ H1'1 fl 'J 11 ! ~ ~ 1 tI HbI ~ f11 'J lJ f1l 'J 

q 

\9l'J 1 'il {1'~'lJn~'U1~ 
31 

ttll [1 tltl 

Fly Ash 

"" .1""= "" ~I - t'V'jl1U!]f1'JtIl Pozzolanic 'Utl~~'W'VI'J1t1Uu~ 

- Dr'lJ 1h ~ 'U 'W 1~f1b1~'U ~~ tl'Yfllfl~'U 

"" do' 
{1'l'J~'W'VI'JtI 

Organic 

Compounds 

- in f11'J m D 'J 6'Y!~tl ~ ~[1~1'W~ 'W ~l'iJ hiiJD 'J~~'VITI fIl'V'j lJlm~ tl~ 'il1fl51'1 'J1f1l'J 

I I':::::' d. .c:i I ~ 
H'V'j 'J{1'~W'Y! 'WtJ1lJfI1l'11 

'" 
.1 "" do'.d 9 3iQ.,1Ii.1 li]' ~ 0.1""= iii 31 d 

- {1'1'Ju'J~fl~'lJtl'U'VI':itJ'VI !'b''VI1 tu 'il~ !lJbI~mtJ'W1 {1'11J1'JtI'VI1U!]f1'JtIl t~'J1~t'J1 

H[1~ lJJf1'W riMI1'V'jt~lJ
'" 

- f11'J 1~(1'1 'J~'U 'VI16m'illJJiJD 'J~ ~'VI TI fll'V'j lJ 1fllD fl11 f11'J 1~D 'U 'U11 tt~ 'J 1f11 tl1 '\)
'" 

, 
{1'~f111
'" 

'~,,:. 
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mlJ'VI f'W Vlm 'Il'Jru. (2552). 'Il 'Jrul'V1Vllh ~1'VIfll 'VI v. m~'VI 'J 1 'l'VI f'W til m 'Il'J'J lJ'll'l ~ll~~#'lln~tlellJ. 
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QJ 9J '3J d ~ ~.e:" QJ 0 Q.I.c:::t. .I.e:. QJ QJ 
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2.3 ~l'\.!(J).Jfl'\.!m~ (EMBANKMENT) 

2.3.1 ~l'\.!~'\.!(J).J fl'\.!'t1H (EARTH EMBANKMENT) 

~:lJ1tJ~\l fll~tlt)'t1'¥l\lmJf1\J'Yl1\l 1l~~fll'ji~m~rl'U'VlNl~JJl~'Wtl'lJ'lJ~'U U\J 1~ (Benching) lvltltlJJ 

'UtJltJrl'U'Vll\l 'j1JJlf\lfll~f)~'lJIl~'m'.lJJ1jtl~ l\l "l ~hiIIPi'n1Jl~'U\ll'U ~ ltlfll~~'U l~tlfll~~~m~'U~1td'{Y~ 
.d 'I d c! ~ ~ 0 d 11) ~<V oj ~ ?I '1 d0 <V 

tl'U b~'VlJJ flt)Ull'l"ltl f)\9l tl\l\9l1JJ'Utlfll~ 'U~ UIf)1l~~\l'Vl b~ 'j'lJfl 11lJ!~'U 'litl'lJU~ l:lJ1tlJJllJ'U fl'U 'Vll\l b~tlfll ~m~ tJ 
q OJ 

U~\lU~~'lJ~Y)'lJ1r1'llPi'u'U1 ~~~'lJ 1l~~~1.J~1\l\9l1JJ~ml'~\l1n'UU'lJ'lJ 
OJ 

2.3.1.1 1lYVl• 
~ ~ QI ~ 9 ~ ~I QI d", I 9) .0 QI ~ 1 d tfJ 9)QI d 
~'W ~~tl'J{Y~tl'W b~ \9ltl\lllJ'W1{Y~'VllJ~lfl''illf)~'Wl~'W U~~l'li'l"l'li ulf)U~~\l'Vl b~~'lJf111JJm'W'litl'lJ 

q q 

'illf)'W ltJ'lil\lH'fll'lJflJJ\ll'WU~1 ~1'W ~~'lJ\Pl'Jn'Wt~'W ntl'W~1 tlfj\9ltfll~n'WlJ'U'W l~ 1\9lf)11 50 iJ~~tJJ\9l ~ 'il~~tl\l 
OJ q 

o <V 11)" I'" 0 'I ~ ~ ~ 'I ~d '" ~<V 

fll'il~tltlf) blJ~'jtl'Vll b~1l\9lmm::;I'-l{YlJ!'Ul~ltJf)'U mJJ~mJUJ~{Y:lJ1t{YJJtl 

1'U f)~ ill~ lJJ 1 ~~ ~ 'lJ flU! {yJJ 1T~ l-1't ~'U tl eJ 1\l~'U l{Y~ ~1'If'l'll i'U ~'U tl JJrl'U 'I'll \l 'il ~ ~tl\l lJf1tlJ {yJJ1T~
q q q q 

" ~\l~tll1.JlJ 

(1) lJl'h CBR tritl'Vl\9l~tl\l~lJJ 'Vl~,-'Vl, 109 "nf)n'Vl~~tl\l~ll'h CBR" lJJ,rtltlf)11~fll~'U~ In'U 

d I 9) 9) I 9J dltj 9.J 
1l'lJ'lJ 'Vlfl 11 JJ tt 'U 'W!l ~ \l 'U tl\l fll'j 'lJ~tl 

QI 

~ ~ tl tJ~::; 95 'U tl\l flllJJU 'U 'U U~ \l ~ \l ".1~ '1'1 b~ 'il 1 f) fll~ '1'1 ~~ tl\l\9l1JJ '1'1 'fl. -'1'1, 

""'" I107 "'J1ifll~'Vl~'fltl\l Compaction Test 1l'lJ'lJ:lJ1m~l'U" 

(2) lJ~lfll~'UEJltli1 tritl'Vl~'fltl\l\9llJJ 'Vl'fl.-'Vl. 109 "nf)n'Vl~~tl\l~l~l CBR" lJJtfl'Urtltl'fl::; 4 Vi 
'Y QI fj) ,y.dllJ 9) 

flll JJU'U 'U Il~ \l'U tl \l fll ~ 'lJ ~ tl~ ~ tl tJ'fl::; 95 'U tl\l f1 'J1JJ tt 'U 'Utt~ \l {Y \l {Y~'Vl b~ 'il 1 f) fll ~'Vl ~ 'fl tl \l \9l1 JJ '1'1 'fl. -'1'1. 107 
OJ q 

-==! 2 
"l1ifl1~'Vl~~tl\l Compaction Test U'lJ'lJ:lJ1\9l~;Il'U" 

1 ~ -=>.cj fill 
6AnI'lHJW VIm fm.-'YJ. 107 "J1Jn1'irlVli:tfJ-3 Compaction Test UUWJ1P11gm" 6uU P11U rli:t. - fl. 108 

-=>.cj , 

"J1Jn1 1rlVli:tfJ-3 Compaction Test uuuf!~nJUJ1V1 'iglU" 
o 

.c1 ""IV ... 1 .<!:1 v 0 , j/

(n:J.J1 : UUJ rl1.Jn1 'iU'iUu 1.Jum 19m 11fJf)1 'H't::6 fJf)VlUiJ::<UfJn l'H UVlnUfJ tHf'INfl'IUrlN'Hi:t J-3, 

£hUfl~.umm::nI'JlUHmrlH f)'W rl H'Hi:tJ-3) 

2 ~ - ~ Ufl l'lJfJW mu rln. - fl. 107 "J1in11 rlVli:tfJ .:t Compaction Test U'lJUU1fI'iglU" W U mu mJ.-'YJ. 108 
-=>.cj , 

"J1Jn1'irlVli:tfJ-3 Compaction Test UUUU.:Jfl JUJ7V1'iglU " 

(~Ul: UU JrlNf)1 1 V 1 UVl-3U 1V11gm 'iWf)11n::t~tJ", ui:t:: .(ff) ri l'HUVI.Jl Unfnf1Hfl1UrI H'Hi:t J-3, 

6huf}~.ufmn~rrI'JlUNmrlN f}'iU't1N'Hi:tJ-3) 
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, ,
t:::l I 4!j Q.c:I .c:I ~.q , 

(3) 'JJfl l Liquid Limit !'JJeJ'tlVUHI-:JVll'JJ1'fifll 'jt1 VUHI-:J'YI 'YItl.-'tl. 102 "1'fifll'l'YI~tleJ-:Jmfll Liquid 

Q \t' Q '11
Limit eLL) 'U~-:J~U" l)./mU 'a~tlil~ 40 

, , 
t::i , ~~.af,.a!, Qq , 

ill. 'JJfll Plasticity Index !'JJeJ'tl~ilel'lVll'JJ1:lH1n'tlV!ilel'l'tl 'tlil.-'tl. 103 "11Jf1l'a'tlV!ilel'l'l1Hll 

Q \J)'.c::. V
Plastic Limit (pL) U'il~ Plasticity Index (PI) 'lIeJ.:IWU" l}JlflU'aeJtlil~ 20 

lumw~',j tl1'JJ 1 'a tl '111 r tlV!•~U tl'JJtlU 'tl1-31UilM ~U~ il fl•Wtl'JJ1Y~ fl 'all g1 U Vl1 'JJ;JeI th 'I1Uv!;J1'1~U 

,~ N1tJ.g\3tlUI1 'atl'vrtlV!~il6rJ'u,"eJ-3~m.l1mtJ1·U'lh'lflW.fln~!tJurtlv!~u~Utl'JJilU'tl N~ilflWtl'JJU~ 
qJ Q qJ Q Q Q Q 

='1 11_1 QJ II dl IIJ II ~ IIQJ II II QJ 1~ ¥.IiI II I II 
!uU u Vll'JJ 'I11'UeJ 2.5.1 tl'l2.S.2 IV! ! V!tlN'a'l.Hll'l'll~VleI'I'lIeJ'a'UelU tlJ1 V1 '11 I'll IV!'llltlUltl 'll 1'lNfl1'Ufl'JJ'I1U 

<U QUO 'U q 

3 
nel u 

~ q,.I ~ ~ 
2.3.1.2 ti'I'aeJ 'I~ mUil~lmeJ'I'JJ t) 

I d. ~Q.I 'V !1J d .di Q.I dt or!:! 1 d o?1 'V 9 ~9 
fHJ'I,H'nH1'Uvf:i'IJ1)H1)~\9ltJ~!\9l'HJWf1'H)~1)tl'Hn'l~!'i'I'JtJ~lJt)\9lH '1 'Vl1)l!lJ'U'i)~I'H)~ ~'b' ~'Utl1'J 

'" 
o .::::. ~ Q.I I 'V "I ~ 'V 'V .d v ~ ~ 9J c:l 19 d
~11'UlH1U'Vll~~lUTMH1~~tll'JtltJ'bY'J1~ rJ l'I1~'JtJlJ'Vl'l1U1~lU 'Vl~U\9ltJ~ltJU H'IJ'IJ 'lJU1~ H~~tW ~U'bYm~'Vl. " 
99Jlf]9J I d",,1 ~ ~ d I 9J d 
~ 'b' !~ tJtJ l-:JlllJ'J ~ 'bY'Vl ti m~\9l1lJ'VlU1tJ'b'1~ N'i'Id'IJ'i'llJ-:J 1UmU 'bYlJ'i'Id'J'" . 

QQ , Cj.I 

2.3.1.3 11J tll 'atl eltl'a N 

Q , ' IIJI 

2.3.1.3.1 f1l 'alVi 'arJ 'JJ fIl 'a tlelU fIl 'atl6 tT'a 1'1 

(1) tll'Jl\9l~tJlJl'bY~• 

~U 1) 1tlU'I1ri-:J~ N1U tl l'J'Vl ~'bYtJ'lJfl•illfl1~111 ~1~Uft1 U~~l\9l~ tJll~ 1)::; '111 lJ 11 'lf~ 1U iu~u tllJflU'Vl1-:J 

'111 tlllJ 1~ '111 m ~~ 'lJU ~Ul~lJ '111 tJl'lU'Vl 1'1 l~ll~ 1~1\9l~ tJlJ 1-1'1~ tJ\9l H 111tl V~ (Stockpile) 11!~U tl V-:J '1 1U 

illmill ~~V 'bYllfll'J 'lJ1 nill ~1\9l~ tJlJ l1fl V~ l'bY~ 1)~l9i'v~ l~f'IJ'i'ld1lJll1 U'b'V'IJ 1) 1flU1tJ'lh~ Nfll'IJfllJ~ 1U 1~ tJ. " . 
1J 'J 1f1'1) 1tl~~ IlJ ~~ 1J 'J~ 'bY -:Jfi'~ 1-:J'l 

" ,.c:! .oS do I 9J 
(2) tll'Jl\9l'JtJlJ~U'VltlV'bY'j1~ 

1 ~ c:::. Q.I 9JQ.I 9J 3J .<:::1 3J q 9J I dt ..dt..:SI Q.I 

tlVUl'J lJ~ 1U~U tllJflU 'Vl1~ ~'J'IJ 1) 1~1)~\9l V~l\9l'J tJlJ~'j VlJ ~ U ~ 1U \9l1~'l l'b'U 1m V~ 1)fl'j U~~lm V~lJV 

o dt d d Q.I I 9J ~.J' 9J "1 9JQ.I d1U tll'J 'Vl N1U U~::; 1m V-:J '11 mtJfll'IJfllJ tll'J 1) 'J 11)'j 'VlltltJltl'IJtll 'J tl V'bY'j 1-:J 'Vl~ U 1) ~\9l V~ !~'j 'lJfll1lJ mu 'b'V'IJ• 

, ~ ~ 


1)ltlU1tJ'b'l~ Nfll'IJ'i'lll~lUll~ 1" . 

, 
J .e1 .. IV .. I e:f iJ 0 , j.I 

run: uu 'J rl N m 1U1'UUl'nJ1~ 19 1U 11£10 11iJ~Wl'JP/UiJ~'l/eJ m 'I1UP/-J 1UfHHr1N011,frl N'I1iJ'J-J, 

iJ1'uo~<omm~rrmUNmrlN 011,frlN'I1iJ'J-J 
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rr-r1J~l ~'il~l'i'tl ~tfl~VH"~n" 1JUI'l~'l1 mJDtl~lJtJe)I~1.1 'l1~ tl~TW ~lnl'l'il1 nnl'H) l~lhum;'UI'l\91tl H~l
CU q <u q 

1J1'l '1'11J hrm..h.JH"~~ V1J ~ tJeJ ntl'W~ 'il~ b~ 1.1~1'W ~'W l11.1fl'W 'Ym 

~'WI~1.1 'l1~ m'l 11'lfl 'W 'I'll ~'U tl~ 11'W 'WI~ 1.1 ~ ~ tl V~1fll1 'j ~ ~1Jfl'W 'Y11~ ~ 'il~ 'Y11 fll'j ntlbl'~1~1mJ't!tl vfll1 
" 

11.119l'.i \9111.1U1J 1J 'l1 ~~ 'il1fl n1~1'l ~~ 1~~~lJ'.i::;bY ~r11'l1~ '1 tltlfl'l11.1I'lU~1 'l1~ tl'l1~~'il1 fl 1m) 'j 11'l~h'Vll~I~1.1H~1 

'il~l'i'tl~'Y11fll'j1JI'l'l'11Ji'W 150 lJt'I ~11.1l9l'.ibYl'l~lV 11'l 'il1f)'j~~1J~W~1.1 'l1~ tlNll1'W W~1.1mhn~1'fi'm11.1H11 'W 
q 

" 1V1II'j/ 19) 19J dl!1j1
U'l1~'Utl~fll'j1JI'l'l'l1J !1.1'W tlVfll1'jtlVt'I~ 95 'Utl~m11.1H'W'WH'l1~~~b.J'I'l'l'l !1'l'il1flfll'j'l'll'lt'ltl~ \9111.1 'I'lt'l.-'I'l. 107 

""" 4"l1ifll'j'l'll'lt'ltl~ Compaction Test U1J1JlJ1l9l'.i~l'W" 

jI QIIJ jlo If) ~ d ~ d 11] 9J ~ JI .C\ Q.I !.<::lQ IV 

1111.1 !I'l fll'l1 'W1'l n !'WH1J1J1tJ'W tlV1~tl'W 'I'l1~ II'l 1.1 '1'1 V~ !1.11.1 Nl111 l'.iUt'I ~ \91 tl ~ fll 'j 'il::; 111.1 I'l 'W 'I'l1~1 'l1 bY ~ 'U'W 
" 

Dfll~ln'W 300 lJt'I~I1.119l'.i 'il~l'i'tl~l11m1I'lN1'l'l1~1~1.1l~U'tlVfll1 150 lJt'I~I1.1\91'ju~11JI'l'l'1m11.1l'l.J'W~tllJfl1J 
j1 ~ " " ' 

i'W I 'l1 ~'U tl ~'J5'W ~ 'W 111.1 fl'W 'I'l1~ U'W I'll11.1'l1 'W 1'U tl ~i'W~ 111m 1m 11Jfl1J 1bYI'l1'l1~ 'il::; I'i'tl ~ 1~ In'W I'll 11.1 'l1 'W llll'l 
q 

" ,Q.ldo l1JjI jI 

t'I~'lf'W'I'lfl1'l1'W1'l n \9111.1'Utl 2.3.1.3.3 

I'W f)'j ill ~'il::; n tl bY~1~ fl'W 'I'l1~ \9111.1 ml'll~~ 1'U 1'l1~ tl'il::; 'Y11 fl1 'j ntl bY~1~ 'IHJ1 Vfl'W 'I'll ~ I 'l1 ~1J 'W fl'W 'I'l1~ I~ 1.1 

" .., 

1 ~v1l'lml'll~~1 'U 1'l1~ tlml'lfl'W'Vll~I~1.1 I~ 'WU1J1J~'W U'W II'l 'il1fl'l.JmtJt~~t'I 11'l 'il'W ~~'Utl1J 1 'l1 ~'Vll~ I ~tfl~ VHN 

1bY~ bYJ1 1bY 1.1 tll 'W U'W 1'j 11J lJm11.1 fl 1'1~'W tl ~I I'l~ tl~ lJ tl1Jl'l'\'l1J~m 1J1::; bY 1.1 t'I ~ 1 'l.J'Y11~ 1'W 1'fi' 11'l vn 1'l1 'W 1'l111 ~ 
o ~ I 3J d ~ 3).d ,t jI 

1'l11'W 'W fll'j fltl bY'j1~ltJ'W 'If'W '1 11'lv 1 'l11.11'll 11.1'l1'W 1U\91t'1::; 'If'W \9111.1 'Utl 2.3.1.3.3 

fll'j 1\911 V1.1 fll 'j ntl 'W fll 'j bY~1~ rl1~~m ~'W ~1'W 'l1 ~ ~ 'U tl~ ~ 1'W ~ 'W 111.1 fl'W 'I'l1~ 11'l V 'il::; 1~ 11'l ~ 1V~N 1'W 

I~ 

, j.J 

2.3.1.3.2 fll'mfHf~H 

. " v I 

f11V'l1~~'il1 fl~ 1'fi'~lrW'W fll'j\9111.1oUtl 2.3 .1.3.1 H~1 1 ~ 'j11'l'l11i'W ~W~1.1 'l1~ tlfl'W 'I'l1~1~1.1~ 1'fi'1\911 EJlJ 

\r] 3J 3J 31..:::1 ~ ~ ~. jI di Q.I .d 11] ~ dlll 9J d II) 9J 3JQ d 

ntlmlm1Jvfl'lf'WbYmlbY1.1tl1I'lv'I'l1\9lt'ltll'l hlmtl~'ilf)'j'l'lmlJ1~bY1.1'U'WI'l'W !'l.J'l.J1J'W'lf'W'I'l !I'lII9l'.iV1.1 n um\91 
" 

I 'j/ I " I 

tiN tn~V 1bl'l'll'lt'lml'l~1 NbY1.1'l111I'lv~'l.J'j::;mtu111~lJ'l.J~lJ1tu'l11~ Optimum Moisture Content ± 3% 
q q 

'l1~~'il1mfl~vul'i~ ~'W 'il'W 1'fi'~u~11~'Y11fll'j1JI'l'l'1ml'W Vi'fi' 1tJtl'l~tl-!llJtl1J1'l 'I'l1J ~mm::; bY1.11J1'l '1'11J ~1N1'l1U'1 

tl V1-!l bl'J11 bYlJ tl 'il'W l'fi'm1lJ!111 'W\91t'1tll'lm llJ 'l1'W1\911lJoUtln1'l1'W I'l 

4 ~ un 1'l/f) 1f) 1'11 3,1 n;;J.-rI. 107 
",,0<1 .. 

"'Jlm1'Jnrl ;;J B ~ Compaction Test UUUU1(1) 1311U" 
!'I

IUU I'I1U n;;J.-rl. 108 

.C\~ "' 

"'Jlm1'JnPl;;Jf)~ Compaction Test Uuuu~n71um1f1U" 

~ 

(mn : UWmN
_IV 

f)l'iu'iU
... 1 
ul~um'iflU 

.c:I 
'j1fJn1'HI:;:If)fJrlU ;;J:;:

'JI 
'lJf

0 

111 U~m
, 

N lUnf)'
v 

"jJ1Nn 'jUnH 'H ;;J'J~, 

unrn?.umut:;:.,vro/UNlUflN n1um·mtJ'J.J) 
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QL~L.\AUlj ~LUQ~H-LlA. 11,~rtl) 11,~ 11,~ t-G I}G~l~1 L,tt UI1",lA. ~I! rtl f.~lrt ~ul 11,{bl fl1 ~,.P 11,lb 11, t, t-L lA. 11,lbL.\A~t, ~11 
, " " 

~rtU~LrtUl~l1rtUm~(3~~ul~t, f.u~11,tJ~b11, b1tL~f. I1Lf.11 f.LU Xl t, ~1!1f.LUt-G~L~ fl ~~,.P11,lb 11,t, t-LlA.11,lbt-LkUG~ I I It (f; 

f.LU L.\Aft1 t-Et-L~ 11,f~ ~Ulf. U11, 1, l ~mLr GU Et ~11, ULY Gkb 1tL~ M,LU'm~~~l1l1tUl t-L kUG~f.L UU LI1 t-~ 11, 

f.Q,U.Q,~Il1!:.LU~I.'!1tlRU~t-tlf:U.LU tTITZ 

t-G~ulj M,LU'm ~(:f ~~ul~~11,11 fk UJm 1fll1,ffl f.LU 11,D-1L~ t-G~~11t-L~ 11,f~ ~11, ULY GkI'rtLW t-G~Ulj 

ft~ M,L lJm~~t,11,GWL~I1M,UL 11, l~m~L<!1U~L<!rtUi':lf.LU t-~UM,LU'm~I1GUl1lf.W~(I, 1tLt-rt~I1W~t-L{b~L11, 

f.wrtm~rt O~I LWULrt~~11,J!,L11,Ut-LlA.11,L<!rtl) 11,~t-LWGUf.LUm~f.Lmf.L(I, M,(I,LG1tLt-rt~l1t, L<! 1::7 ~ I ~ "" t7 (!) I It) t;:;:. 

~ n 

~t-L{b~ L11, ~11,ULYGkbrtLW~~ft1t-L~ 11,l~~~l1 11, l111,q:!t-LlA. 11,,,,L<!rtl) 11,~t-Gfk11,rllrtLWI1~l~~lLumJ:b(:ft-LkUG~ 

f.LUHlU;g f.Lll1M,UL 11, M,LU'm~I1GU (l,U WGM,l f. Wrtl OO~-OOl mLrt;gf. fllL~t-G ~ ~lA.t-~ fl mLf.UGut-G W I I Ir' (5 I t1i 

;g~l11tLt-~gflf.LU~p~Ull rtU;gLrtUl~G~t-G~L<!l;g~l1f.Ul1t-G~L<!1f.LU~Lf.t-~UmG~~t-",lA. ~1~ f.Wrtl~~r: OOl 
• I I It (( 

11,~lft~ ~11 f. Wrtl ~~r: O~I L~U11,~mlb~~~llL11,U rtLW(:fXl t, t-LlA. 11,~rtlj 11,~ 11,lb t-LkUG~(I,lG t-L~ 11,f~ 
" " 

11,~1 ft~ ~~11,lb 11,kt ~11t-11 11, L11, 11, rtLW (:fXl t, Q~1 L, 11,lb 11,~1 t-LkU G~Xl bt-L lA. 11,,,,L<!rtl) 11,~ 11,lb H kU G~f. LU 
" " " 

ft1 fh 11, t, ~L11, fk 11",lA. ~11 G~t-G~L<! 1~rt L W~~t, mll tl1G ~U 1tL M,;gu GL<!G ~UG!At-Lkb ~~rG~t-LlA.11,,,,L<! t-Gfk 11,l~ 

q~11,l1rG11, r llft~ rtl~U 

~~U~~UlG~UGfbrt~U(:fft111I11m1J1t-~Ull~1~rtLW~",Wfl~~~11 ~L11,11. ~L~rtLlL<! 11",~;gf. l11,l1~111,(1,11,~ 

~ ~Ul11, t, l ~lWLlA.~.L:! 11,fl,11 f.um(l, t-L f.U GU ~1 Grtl;g~l1 11,GUt-l~ Ut-LlA. rtWUL(I, I1GJ!, 11,11, lrtLl L<!11f. ~1 t-GW~(I, ~1 F (fi r6 (5 ~ P . (fi I (!) L\ If' I P Ib(fi lJl (fi b 

rtl~n~~Il~l1{;-@fl.Lnurtll~~%t1. rl ~l L, nlbn~ll~%t1. t}l~11lrtll~lJ~~~{;-~{;-l~~@~1llJn !:}ll~1llJ (I It (( , 

mailto:rtl~n~~Il~l1{;-@fl.L
http:l~m~L<!1U~L<!rtUi':lf.LU
http:f.Q,U.Q,~Il1!:.LU~I.'!1tlRU~t-tlf:U.LU


9v 

: UtU) 
'" 

rt~1rt~n-L!A,rt~l0L~l0~tLUG ~Urt~1r:-L !A,rt~r:-~IW ~Ult LUG~U Gl!\l0fb L[br:-LlJ rtLr:-LlA~11 ~rtG~fb~~WL (1 rtLr:­

Grt1l01:.-f)l01 tl!\L rtt rl rt rllm Lrtt rll01:.-U 1 rt rtr:-L!A, rt [.; rtlJ rtl0~Gn.rtL~mLrtt rlL U ml:.-rtL [.;t LU ~~l1l0l:.-tLU !t' It) ~v Ip ~ .. I'Tl (f) 6 ~ (t) '='" t;.I .. 0 IT) 

L~LU~G~l0!A,tLU~" £:09 '!A,-'~!A, rtLl!\fbGJJ l0!A, tLUrt~IL~~t rll'tl0fbtLU~Gf1.rtf\11rtLWfbGJJl0!A,tLU 

"rtL~tl!\LrtfbfblllS;:)l uoq:lBdwo:) 9 ' 

rt~~LrGq~ r:-G~l0!A, tLUULI1~k~l0.ttr:-.l1r:-~lmf\I1rtLwr:-Gf1. ~6 ~~f)G~L~UL~fbk~~11 t l!\rtl ~rt!Gl~klLfbU(JG~ 

rt£U vV' I L~Uf)G,ttfbk l0G~l!\GrtmL~JJ~~lmf\I1rtLI:.-[.;~k~l,fbl'tl0fbtLULlAr:-G~~(1 ~L!A,rt~rtlJrt~rtL~ 

nlA.~l1tLlJt-Qn.I1J\,iiftlttmQn~lU.LlJ Z'J7'ITZ
'" . 

~ I rt~lfbk~kfbfblm 1Jk ~l0JJl1~fb~ ~ tL ~ULG. f1 k ~L~Ul!\11fb~~ tL~(; ;;:~11 .!:.l!\ rt1~ ~~ 0 I rt~lfbk~k ~L~UWll 

rtL I:.-[.;rt~L!A, ~ L~Uf) rtkll:.-m1fbU U L t1~ l!\~ ~lmLrtf1.1:.-m1rtL l!\~!A, t l!\ rt1 00'£ I:.-Lf) ~t l!\ l0!A, t tfbf) I:.-WfbGJJ I1U W 
~ ,D ro ~ ~ f1) (6 

rt~r:-l'tfbG!{'W~fb£~rt~I~G~r:-L~fb£~ U.!:.L Urt1, f) L~~tL~ ,. " ,. 

http:rll'tl0fbtLU~Gf1.rt




~ OJ IJ] ~ ~ d ~ ~ Qd III 'j)7 'l 'j)~ d ~ d 'j) 9QI Q.I QI 

ll1J1J'tIl-.!1Jl-.! i~l'VH)'tIeJleJfll-.!'Vll-:Jll'fl~111'Wl-.!'Vl'l1l-.1l\9l~~1eJ11iflru i'U1 ll'fl~ 'lf11ilQ'fleJ'Wl-.!'Vl'l1'Wl\9l~ h'Wfll'j
'" 

flll-.!1 ru '111 tJ'1 :IJ 1 \9l 'J 'tI eJ -:J -:J 1 'W ~ l-.! tl :IJ rll-.! 'Vll-:J 1~ tl '1 'Ii' 'j ~ eJ ~ 'Vll Hll :IJ II 'W 1 f1' 'W erfl 'fll-:J 'Vll-:J 1~ eJ i 11 tJ 1'11'1 'Ii' 
'" 

Jf.d ~ '" '" '?I 'I C>. I ?I "" :JI '" 'I'W'W 'Vl 'I1'W 1\9l \91lJ m ~\911J 25 l:IJ \9l 'j ll\9l '111 fllu 'W -:J 1 'W h'W.!J:IJ u 'j ~l'Vl f1'l u'W.!J l 'til '11 'j eJl'l eJ -:J fll 'j f111:IJ 'fl ~leJ V~ i'W fll 'j 

o ~ ?I ~ ~ .Q ,g) 

fIl'W1ru:lJlfl'tll-.!'J~tl~'Vll-:JeJl'il'fl~'fl-:Jlu'W 12.50 l:IJ\9l'j 'I1'jeJ 5.00 l:IJ\9l'J \9l1:IJ~'fleJ'Wl-.!'il'tleJ-:J'WleJ 'lfNNfl11JfI:IJ-:J1'W 
q <u q 

i.I V " I, 

'I'1-:JU 'l '11''11mn:lJl\9l 'j ~1'W Vi QfHl 'Vl 'W Vi'fi'1 eJ'Vi eJfl 'fl:IJ 'Vi ell '11 ~ eJ:IJ II 'fl ~ ~h~l1il 'J ~ tJ 1fl 1'1 ~ l-:J ~ eJ eJ fl mm ru -:J 1 'W ij 

'~I 0'
'I1'W 1mu'W 'fl fl1Jlf1'fll:IJ\9l 'J 

'" 

mill -:J 1'W ~ 'W tl:IJ rl'W 'Vll-:Jll'Vl'W ~-:J 1'W 'tI~1J'1l1ru ~'W ~eJ'W 'l 'I1'fll'W 1U! 'ill flfl11:IJ fli1-:J eJ11ll'fl~ ~ fl\9l1:IJ ~ 'I'll 
q 

, ~ 

fll'JfleJ~'Jl-:J 

.qd, 1 , 

2.3.1.5.2 1fifll"HHtlfl H1U 
v I , I I 

fll'j~leJ~Nll-.!\9l1mleJfll'jU 'I1:IJleJn:IJ~-:J ~11MJ ~llfl1eJ-:J,rm ~lll'j-:J-:J1Wl'fl~al-.! ~ Vi~lltl'Wl.weJ 
I'j) 'j) 'j)~ 'j) 'j)o .e::.,1 I dg; d I 9 

fll'J fleJ Cl''j l-:J 'l'l1 tl fl\9l eJ-:J l'J eJm eJ tl 1>11:IJ 'tIeJ fll'l1l-.! ~ 1~VfI ~ 'illVfI Nl'W \9ll:IJ N M ll-.! 'Vlll 'fl1l~ 'j 'illl\9l 'fl ~ -:J 1\91 hl-.! 'j lfll 
<u 

~ eJ '11 t-!1 eJ \9ll:IJ bYUJ un 
u u 

, . 
7 "" iI "'I 1il,. I 0 <I _ FI 0 "" "" 1 0 IJI iI r
O'WW/J~WJUJ) 'I1'.i~ 'II w'iAm'i:JJU11'.iu1unm1'.ifl1'U-UUrlUUJ15f1UUV1n1fJ1I~I~fJV1 'tW1'.ifl1UJfJl mmn~ 

" 
~V1IUU . 

c1 _IV _I ~ j) 0 , j) 

(rl:JJ1: UU J rl1-3n 1'.iuTUUl~:JJm '.if1U '.iwn 15l1~WfJV1UiJ~'IJ~ n 1'I1UV1~ 1Un~U'i7 ~n 11JrlN'I1iJ J~, 

u1'lrnjl1mm~rrVUUN1UrlN n11JrlN'I1iJJ-3) 
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~~nu '~LlA,\'1,~rtlJ\'1,~ '~%,UM,@['!'~I2l;'-'u@mLlA,~I{~ 't~~!lA,nU 'tLnrtL~U~lW@.s 

[.!,!:[.!, lA, 1~.s!l~LlA, fb.s.s U~bM.~~I1t.s ~,!lJ.s Uj1G~t)t~~(1 t.s ~ 

.s LU M, !:lL~~l2m~~~~nu .sLU~Qj1~Q,ttM,l,~l21mLM,,U ['!'LLl'\'1,~~Qf\,~n,rmmGbn,Q,U ~lA,.sLU 
t< 

n,Q,U ~ lA,fb ~ I{~ n..sL U M,~ M,E> (1 UL~~L (1H L U ~ LlA,~ I{ ~mu ~n,~ LI{~ ~1rtLt [.!, M.LLl',U 
t< 

.s L U \'1,Q ~M,4" ~L12 U l,I,L Ll' ~\'1,P' \'1, 1. ~t 121{ ~ LlA, ~ I{1~ mt1~n, M,~~~1 ~~L1{~~1 fb Lt l,I, ~ I{lL,U 

~1211U~I2UL I{tt~LW1~@~lU~~~lLfW~~W\'1,lA,11t~~\'1,~l LC;£ n.I2WLfbl{~tI2I{~LlA,UQ~l~rol,l, 

~~1 W!lfW.s.k!WM,~.sM."11 L17£ n.121~Lfbl{~tl2l{~LlA,~I211 .sn,I1H.sM.!2"(1 LC;£ f\,I2WLfbl{ .., ., ., 

'%,hM.I2"(1 lZ n.I2WLfbl{~tl2l{~LlA, ~11)t~ HlA,~L'u C; M,tm~ ~LI2Ul,I,LLl'\1M,~\'1,1.t~~!lA, 
• t< 

~121A.,U Q11 ~ LlA, t!1 M, ~1~ LlA, ~ I{ ~ ~\1 ~ t 121{ ~ LlA, M, n, ~,f l,I, ~ Q fb)t ~ n, M. \1 ~ LI{~ ~1rt L t l,I, M, ~1 
• t< • 

~ L 12 U l,I, L Ll' \1 \'1, ~M, 1. ~ t 12 I{ ~ L lA, ~ I{ ~ ~ Qn. t ~l!l ~ ! lA, ~ 12 11 t L ~ rt L ~ U ~11 ~ Q.s L I{ fu J:b 
. " 

~tl2l{~LlA,~1{~mt1~n,t~~!lA,~I211tL~fbL~U~1WQ.sn.UJmLlA,tM,11~l2ml{fuJ:b 

.k!LU~E~J!.,l ~!:~"@".s~".k!N '~LJ~\'1,!l.s.st .k!fbnLn:.s~ (,lJ~~L~'u ,rrt!l~M.l,I,[.!,g.. .s~ 

t-UHUH-I.I1W t-LlAJl,Lt-Lf1rt!lM.~tm~(I,tul1,l,U L6Z "M.l 1'1) It! 0;::;. ro 0 

171708-C;Z lO NSSI 
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