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W\l1'JC\J1 L ~'U11u5m (1J'31'U~vi1 L?l~\l\!5'3~'3 f)~11 m;ij~1'UL~ fJ'J;tl'3tlU'31'U~'U~ L Vl~tl 5 f)~'3'31'U~ L Vl~tl tl ~ n 
\) 

iJt;ijt:.J'1n'J~'VlU~tln1'J~1m~'UA1'31'U~LL;1L?l~\l\l5'3bm1~~'3n~11 ~-ld ml.I tl1\l~1m~'U~L~l.J~'Ub~LLn~ 
-ru;1-l'W;tll.J nu f)1'J~1 m~'UA1'31'U'31~ir'U 1 LL'1~f)1'JW\l1'Jru111'31'U 1~ti ~b 'UVI~ mnru'1~-l f)~11Vl~tl 1~ L U'U 

~i;iwu\l 1~m~~'!J1~'!Jti'3ml.I • 
I .Q I ti II I llcv II di J' .J . o ~ <Q d 

f)'Jl.J\)~\!1tJL'3'UA1\l1'31 VILLf)t:.J'JU\!1'3 L U'U'J1tl L~tl'Ul'11l.J L 'U tl'31'U'Vl'Vl1 L?l'J\l\)'J -l Ll.Jtl 
\) 

" "d " d ~ " ' d n'Jl.IVl~tlL\l1Vl'U1'Vl'!Jtl'3 ml.I 1~vi1n1'Jl'l'J1\l?ltiUt:.J'1'31'U'Vlvi1L?l'J\lLL'11 LL'1~U'J1f1!)11LU'U'Vl'Wtihm'31'11l.J 

;ti n1Vl'U~ LL ~'3~ruru1'Vl f)U'J~ n1'J ml.I \l~tltl f1VIU'3~ti1'U'Jti'3n111'Ul.ltlU'31'U,f 'U b ~1 ~LLn ~1'U;1'3 
"'" , \J 

I ti ti a 'II II LI 

ri1u1'u 1'11l.J~ 'l! 'lj1\)1 '3 LL 'UU'Vl1 tJ rn f) ?11 'JU 'J~ m ~ 'J1A1 ~ L'1 f)'Vl'J tlU f) aii Vl~tl'!J tl I'] f) '1'3\)1'3 

LU'UVIU'3~tl\l~n1V1'U~ ~'3d 

G;'(.(9) n·Hu~~ru;1'3i.11'31'U~1'u;1'31u;1'3~1'31~~~'Uvi15n'Vlti~V1~'31~ti 1~1;ru 
\) \) 

ti'Uru11'1\l1nm:1.J \l~n1V1'U~A1u1'rn1'1V11'um"JJ1~'U~'3n~11LU'U~1'U1'U;titJ'1~ (9)1£>.oo '!Jti'31'3L~'U'!Jti'3'31'U;1'3 
• u 

" 
'll1'3tl''U 

G;'( .~ mru~~1'u;1'3uiju"i~~~'l!'l!1;1'3ntia;1-l 'UtimV1liti\l1n,7ti G;'( . (9) \l~n1V1'U~ 

r11ufoL U'U'J1tll'UL U'U~1'U1'UL~'Ul'lltJl'i'11 'UeJl'l'J1;tltJ'1~ o .i!>cf. '!Jtl'3'J1A1'31'U;1'3 

CilO. n11~uu"J::nt.1~11~~1"J~unw~v~ • 
ti C:.: 'd ti II 11 

~'1J'U~ffl'JU'J~fnV1'J1A1BL'1fl'Vl'JvUfl?l'lJ'31vivi1~'lj'lj'1\l1~ 1'11~LL uu ~'3'J~tl b 'U'!Jti @> .rn 

Vl~ti; ti~n'1'3;1-l L U'UVIU-l~ti LL;1 LL~ n 'Jru \)~ ;v-l fou'J~ n'Um1l.l-1i1"Jviu nw~ti-l'!Jti-l-l1'U;1-l~ Ln~~'Um ti 1 'U • 
'J~ti~nm 1~~titin11 ~ u tl'u'1vi\l1n1'LI~ml.11;ru~vu-l1'U 1viti;ti-l~u~vim"J~ti6.JLL'llmLn1'!J1~1;m"J1;~ 
~-lL~w11t11 'U @>cf -r'U iruc1~\l1n1'Um;rrnL;-lm1l.l-a1'Jviunw~ti-l • 

"' 
li)li). n1'J\11f.JL~'U~1~'H'U1 

~~'U;tlL?l'Utim~'Vl5L?t'Utl'!Jtl1'UL~'U~1-lVl~1 b'UeJl'l'J11~Ln'U;mm~ <9lcf. '!Jtl'3'J1A1A1;1'3 
\) 

~-lvil.lvi bL~~-ld\l~;ti-l~-ll.ltiuvi~nu"J~n'UL~'U~1-lV1~1 L u'U~'U6U~'Jr~u1i;i 1 'Vlt1 Vl1tiviiT-l~tiff 1u1~n'UV11ti 
"" 

" " L~'U'11'3V1'U1tl''U 

@IEI. n1'J~OL~'Ui.J';i::n'U~~~1'U 



1 'l.m1'~~1m~mL~'1:::-:i1~ ml.l'1:::~m~i.J'11 '1JTU;mm::: (9)0 .00 'lltl'lL~'\J~;ei-:i~1ti 1 wn~ 
i!m Yim U'IJ tl1:::n'IJ~'1-:i1'1J 1'1Jmru~L~'IJtl1:::n'IJ~'1-:i1'1J'1:::;ei-:i'1n~n1;v~-:i~'IJ1~~1rrJ1 .. . >v ..... L~ei'\J ('hwru 

" 
at1J t1J1~ L u'IJ11m~eiV1u1 v) V11ei'11m'IJ .. ...... -........ .. . u1V1 ('11wruat1Jt1J1~L u'IJ111°11 L V1m11l.J) ~-ru;1-:iil~V16 
~'1:::'lJtJL~'IJtl1:::n'\J~'1'l1'\Jfl'\J 1~v;-r'U;1'l'1:::;eNi11VIU'l~tl~1tl1:::tl'\J'lltl'lfi'\J11°111Vl1tJVIU'l~tl~1tl1:::n'\J 

" 
~ L~ flV11eiii fl~zj,:iei ei fl 1~ tiu'IJ1fl11mv1 '1Jtl1::: L Vll'll.!111-:i 1 ;~ei;11;1-:i L Yim U'IJV1"'ntl1:::n'IJLL VJ'IJ 

" 

1'u '11'1~ 1 mJ nu fl 11'11tiL~'\J1°11'11-:i-:i1~?I~Vl1 ti • 
II I II A 

@m. "llva'11'Uih151'Um~~hJ'tlVLa'UmLa ::v'U e-i 

(9)bf1.(9) L~'\J~1;1-:i'11V11'u-:i1'\J;1-:il°l~-:i'ih;m'11 m~mutl1::::w1rutl1::: '11u ~ .1'1 . tv<tt>~ 

m1'1-:i'IJ1:w 1'1Jat1Jt1J1'1:::m:::vh1;~mdei ml.I 1;-rum~~L~'IJ ~1nei?1;1-:i'11m~'IJ 

-:iutJ1::::w1rutJ1:::'11u ~.1'1. tv<tt>~ 

(9)bf1 .lv Ldeim:w 1;fi'~L~tlfl;d'IJ;m?1'\Jei11v 1~ 1 ;L U'\J;-ru;1-:i LL'1::: 1;\))fl'1'1;1-:i ml.lm1 
" " 

1 1 lld II I II II II I 

Yi 1'\)lJ'\J \)) ~11fl1) fl ):::VJ 11'1 l°llJ '\J1l°llJU):::fl11'1n1Vl'\J ~ ~ EJ'\J'll v L?l'\J tl~'l L U'\J~~'U '11 '1 '1::: \)) v-:itl filli\ \)) 1lJ n 1l'VllJ1 EJ11 
~ '\J '\J d..J ~ ,, 

- q .c:il .., .::ii 

~1tJfl11?1'lL?l1lJfl11~1UJ'lltJ'\J11 ~'1'\J 

(C9l) LL ;-:im1i-:iV11ai11~-:i'lJv-:i~-:in~11 L ;1:W1'11 fl~1-:itl1::: L VJl'l~v m:w L;1~1 
mEJ 1 'IJ irJ i''IJ uu~-:iLL~i''IJ~;-ru;1-:ii-:iV11vcff v'llv-:J'11n~1-:itl1:::LVJl'1 L;'\JLL~L U'\J'llv-:i~1'\)lJ'\Jl'l~-J1m1m:::'Vl11-:i " ... 

~'\J ~m ~L1a 1 Viti zj,,'1:::;ei-:i 1;-rueiw:u1\11L ~'\Ji!'\Jnvm.J11vifl'lJei-:i'1-:iL1a~'\J V11m U'\J'llei-:i~1'\):w'IJl'l111m1 
"lJ , "" 

,, ,, d 

m:::V111-:il°ll.l'\J11°ll.ltl1:::ml'1tifl L 1'\J 1V1m1V1n1~ti L1e:iv'\J • 
(i;n) 1 '1Jmruffi~tJ5lli\1))1:w (C9l) Vl1ei (tv) ~-ru;1-:i'1:::;a-:i1'u~~l))1:Wfl!JV1mv-J1 

mtifl11?1'1L?l~lJfl11~1ru'lltJ'IJ11 

(9)bf1.bf1 ~d'IJ;m?l'\Jvzj-:i m:w 1;fi'~ L~ei mL;1 1:w 1 tlvhat1Jt1J1V11a;vl))fl'1-:i;1-:iL U'IJ'Vlu-:i~ei 
mEJ 1'IJL1'11~n1V1'\J~~-:i1:::u 1 ;1 'IJ;ei rrJ m:w'1:::~u'Vl"'fltl1:::num1~'\J;m?1'\Jei V11m1EJfl;v-:i'11n;eieinV1u-:i~ei 

' 'IJ 

~1tl1::: n'\J m1d'IJ;m?1'\Jtl~'IJYi LL'1:::v1'1~'111ru1~1EJfl;v-:i 1;'ll~1 ;m1l.l L~tJVl1EJ~'\J (;1iJ) 11:w~-:i'1:::~'111ru1 
1 ~L U'IJ~vl-:i-:i1'\J m:w1:::L u EJ'Um:::vi11-:i fl111°l~-:i11;1 EJm1~~<ff a~~;1-:i LL'1:::m1u~V111~1.1~mfl-r\) 

'IJ • ... 

(9)bf1.Ci'.' mlJ?l'l1'\J~Vl~~'1:::LL;1 'llL ~lJL~lJL~tl'\J 1 'll Vl~tl;tlrl1'Vl'\J~ 1 'IJLL'U'Uat1jt1)1V11v;tl 

l'lfl'1'1;1'1L U'\JVIU'l~tl 1 ~L U'\J 1 Ul))1lJl°l11lJL ~'\J'lltl'l'11Ufl'11'\JeJEJfl11?1'l?I~ (;1iJ) 
'IJ • 

(9)bf1 .ct 1'1Jmru~Lvfl?111LL'IJ'U~1man?111th:::m~11m~L~nvi~a-Un~d ilm1:wsLJ'~V11ei 
LL;-:in'IJ;d'\J;m?1'1Jv'1:::;ti-:itlfiu~l'l1:wr\'1iii'1,rti'llv-:im:w r\'1iii'10EJ~-:ifl~111;~mu'IJ~?1~ LL'1::: ;d'IJ;m?l'\Jei 

'\J d..J , '\J 



I. 

1~i1~'Vl6L~fm;ei,:iA11'li'~1v1~ 1 L ~l.JL&ll.J 

<9lQ1. b ml.J el1'1U'i::fl11"1Vflb~flfl1'i~~~1,:i 1 'Ufl'HU~B hl'\11; 1~v~~~'U;eib?f'UB'1::b~Vfl 
'U 

;B'IA1L~vmv1~ 1 '11flml.J 1~1; 
(<9l) 

I ti d V II I.I I I 

ml.J 1l.J 1~-run11~~?f'i'i'L~'U'Vl'1:: 1 'll1urn1~~'11'1Vl~B1~-ru~~?f'i'i'LLl'l 1l.J 

L Ylv,:ivrn~ '1~v11rn1~~~1'1A#'ld~ei 1 tJ 

(tv) i1 rn1m::v11~ L ;1'1n~ru::;~u;ei L?f'Uu~'llu:: rn1~~~1'1V1~ei~1;-rurn1 
" 

rr~ b~vfllJ t:J~U'i:: 1v'll~~'Jl.Jtl'U Vl~vlJ~'J'U 1;b~VtltJ;~'U;m?f'Uv'i1V~'U Vl~voLJ~'U11'1fl1'ibb ~'loLJ'UB~1'1b U'U 
'U 

I.Id ti I tJ tJ I I I I 

u'i'il.JVl~v?fl.J v vl.J nu nut:J V'U'Uv L?f'Uv11 v€iu Vl~v L '11V1'U1m u rn1L?tum1m V1~B?f v11m::v11n1'i'Vl'1~1'1B'U 1~ 
'U ' 

(Q'l) fl1'ivl1fl1'i~~~1'1f1#'1'\1~v 1um'1nv1 ~Ln~m1l.Jb~VVl1mLn ml.J Vl~v 

m::'Vlu~vtJ1:: 1v'll~?11u11ru:: 

(<i'.) mru~'U1'Uvl1'Uv'lb~VltltJ (<9l) (lv) Vl~B (Q'l) 1'11l.J~n1Vl'U~1'Ufl~m::'Vl'i'N 

~,:i vvfl 1'11l.Jf111l.J 1 u n~Vlm v11 ;, v rn1~ ~~v~~~1,:i LL~::rn1u~m1~?1~m A 1'! 
Q,I I I II 

Cilct'. m'5tl'5'U'51fl1fl1.:i1'Um1a'51.:i 

rn1u1'u11A1A1,:i1unv?1;1,:il'J1l.J?1mrn1u~\J11A1i1-:i1::u 1 u;v <9l .ct '1::tl1l.J11 'li'1 'Umru 
'U ' 

~ A1-:i1unv?1;1,:i~~~'IV1~m~l.J~'U 1~v16n11~v1ud 

1'11l.JL~PJu 1'll Vl~mnrusn ?1mLL~~16r11mruffi ;nuanmrnL uutJ1'm1m 1;1'11l.Jl.J&l 
" u u 

' ' 
VIU'l~v'11i!m~'U16rn1Aru::1'fj'l.J'Ul'l~ Vi m o\voQ1/'J <9lo~ ~-:i1uVi lv<i'. ~'l'Vl1Al.J \vctQi\v ... 

?1Vl1rn1tJ1'm1m (?11'11A1 K) '1~;v-:iA-:i~~1~~u~n1V1'U~ 1 ;1 u1'mL;1L?1~'11'11l.J~ 
" 'U 

n1V1u~ 1 ;1 u~runn Vl~vmv 1m::v::nm~ml.J1;'Umveivn 1 tJ t~v'1~ 1;?fl'l'i'Uv-:i'Vl1-:i11'1lrn1m;1~u1 u;v 
IV U \J 1 

l.J11'l'i!1'U Lrn~'Vl~?fBU~iJvbb 'i'l'l1tJVl~v?f'11U'U'UB'l'Vl1'l'i1'1lfl1'i~'U Vl~B?f'11U'Ubvfl'll'U~'Vl1'l'i1'1lfl111''lJ'iB'I 

V1~v;i11~ul'l11~~'lJ 'IJ1'1l. 'IJ1?1. LL'1~ 'IJ1'Vl .V1~mVivrn~1'11n?tmu'Urn1Pin~1~ n.-w . 1'meM1~b;11'tJ 
" ' 

11'1ln111; 1u81'!111~~1n11;vv'1:: <9lo 'Uv'lbb~~::?11'U1~1-:iLL~'1~;v-:ii1~1uTu~1-:iv~1-:i~vv (9) A'U 1mL~'1:: 
?11'U1~1-:i ~-:i~v 1 ud 

' ' ., 
<9lct.<9l 'IJ1?1.?11'U1'1l1-:inv?111-:i 

<9lct.tv 1m m fou1 bb~~m um~qi1VltJ1~nvtJ1'1!1:ii"Wimm1l.JmtJril.J 

Ci) b. m'5tJ~u~~1i.in!JV1111mbf\::'5::b ti vu 



tli)t'M m11V1~n Lnru.n~n~vimmL'1::':i::Luvu 1;n1V1u~ 1 ;1~mFl~.:iFl1'~ 

@~. n1'ltl'i::Lii'IJ~~n1'5tl~~.:i1'1J'tlv.:i~th::nvtm1'5 

n':i1J '111J11fl111c.J'1n11UijU~'l1'1.JLb;1L'1~'1tJl11J~qjqj1'lJ'iJ'l~~'l.J;'iJLG'l'l.J8ffi;fon1':i 

A~ b~B n 1 ~ b Uu~1'u~1.:i L ~Bil1111th:: Lii'l.Jc.J'1 m~tl f1t'M.:i1'1.J'lJ8'l~tl':i:m8Un1':i .., d.J .., 

~ ~ ll.d II I llCV CV 4 I I '.J 0 CV 41 II 

'~.:iu mnc.JEJ'l.J'lJB L'1'1.JBm~':iUn1':iFl~ L'1B n 111c.J1uLnru<r1Yln1V1'1.J~'1::'1 m::.:ium':iEJ'l.J'lJ B .., .., 

LG'l'l.J'iJVl~8vi1~qjqj1tlUn':i1J 1 ;.a-1m11 



... 0 "" 

m11Leim11':iLL'UU~1meim11':itJ':i::n1~':i1fl1,J'1..:i~L~n'Vl'fe:iilnd -Uei @.@ ("11) 

':i1Vi'l::LBv~ui'l::'Vl~nLnru'1..:i1uu'iV11':in1':i"':i1"':itu':i::V111..:in1':iriva~1..:i 
d ~ d 

Li'l"ll'VI eb - a'tl@/ mlD /ID<t'be<: i'l..:11\J'VI ID 1Jn':i1fl1J ID<t'bW: 

(9) .'lJtiOJVllJ(i)Lfl'H)·mlJJCJfl1'UfJlJ011SJ11SJ1 

~fo'11.:i1Ji'ti ·r'1'(i) LVl ~ CJl.J LL~:; ~(i) vr.:ith CJSJ 11SJ)1 'U~'U~~i10J1nti'1~1'1Vl~ti'U1ru:; Vl1'1Vl~ti G'1:;V'l1'U Vl1l.J filj ti 
\I \I \I 

Lfl~ti.:JVll.JJ CJfn'Ufll.J OJ 1SJ':i1SJ':i 1 'U.:J1'U nti'1~1.:J '11'U'LJ)f;U:; LL~:;.:J1'Utl1).:J-rm~nV11'1Vl~1.:J bLeJ'U~'U (i1'U1fll.J lvd'.b(9)) 'lJti.:J 
, \I , 

O':il.JV11.:JVl~1 'I zj.:i LLeJ'Ui:J1CJ SJ 11SJ':i~.:Ji:J 1mL 'U:;i.11 th m~ ti'U LL~ :;i:J1 CJU.:Jfi'U 11l.JO.:J LLtN vt.:i IJi' ti.:Jvl1SJ1 OLLeJ'UL Vl~ OtJJ'U 

~.:io:;~V1'U11a.iiJtiCJo11 (9) .\v iJ~~La.Jm (mYi1:;LLe..i.:ivr.:iti1SJ1oULLeJ'U LV'l~fl11um'Uvi rn1a.JV1'U11a.iiJtiCJo11 b iJ~~La.Jm 
LL Vl'U HO U(i)vJtJ~1mLeJ'U1'1(i)G'1:;VJti'ULL'1.:i~l1ri1'1:;VJti'UbL'1.:J 1a.i~10111:;~u ri 111l.Jl.JJ(;)':i~1'U a.Jtio . bo b-lvd'.~ri Vl~ti , ~ 

ASTM D ~rid'.b-\vo(9)ri (Type ri) 

CV Q l/ QJ 11 

lv. fl111J1\Je.J(i)'llti'U'lJti'l~1'USJ1.:J 

lv . (9) ~ -ru 41.:ilJi' ti.::~ (i)vJ 1LLe.J'U011'\Jl) U~ '11'Ufl11l.JU~ ti(i)Jl CJ 1'U01':ivl1'11'U 1 Vt'1ti(i) flf1 ti'! tl'U 1:; ~'1.J 011 

~(i)OJ':ifl11l.JU~ ti(i)JlCJ 1'U01':ivl1'11'U LL~:;~(i)vl1LLe.J'UO1':i~(i) OJ 1SJ':i1SJ ':iWV1i1.:i OJ':i nti'1~1.:i 1 Vl'1ti(i)flf1 ti'! tl'U M11V'l~'U~ LL~:; 
Lbe..i 'U.:i 1'U n ti'1~1.:i ti~ 1.:i ~:;La CJ (i) LL~ :;oil' (i) L SJ'U Lbl11 L'1'U ti ~11 '11.:i eJ1'U~ rn'1.J fll.J'l1'U L Yl tiVlSJ 11ru 11vrm1a.J L i:1'U"lj ti'1.J n ti'U 

\I \I , 

0 ..::::.. I II 

(i)1L 'U'UOJ':i0ti'111'1 

lv. lv tr-ru41.:i1Jlti.:i~1 L ti'U OJ':iV11l.J Lbe.J'UU nu1i.:i1'Um~L'1'U ti 11nutr1141.:iti81.:i Lfl~ .:ifl-r(i) Lb~:; '1ti(i) fl f1 ti'! tl'U 
\I :;..J \I 

0flVll.J1CJ 1:; LU CJ'U LL~:; fii1ti~ L~CJ1sLJti'ltl'Ufl11l.JU~ti(i)JlCJ V'l~tim1CJ'l1'Ue.J~ OJ':i~1L ii'U.:J1'UV11l.J LLe.J'U~.:Jo'1°111 Vf trfl1'Ufll.J d.J \I \I , 

'11'U-r'UV111'U ti 81.:iiJti CJ~U(i)1vfo:;fl #.:i Vl10'1i11V'l LL 1 (ill{ til.J'U ~ L 1 ru Lfl).:J OJ 'in ti'1 ~1.:il1 fl11l.J b~ CJ'!~ SJ:; Ln (i)fl11l.J 1a.itl~ ti(i)Jl CJ 

nrn 41V1iJ 1~ trtJ n u~.:i 1'U LL~ :;/Vl~ti tJ1:;'111'11'Urn off L~'Uvi1.:i Ldti ~ fJ1u fla.J.:i1mL 4.:i L U'UVlu.:i~ti 1 VI~ -ru41.:iV1~ti ~1 LL vi'U 
\.I d.J \I \I , \I 

ufou1.:imvi10J1m1a.Jtl~ti(i)Ji'CJ 1 'U011v11.:i1'U LL~:;/Vl~ti ~(i)~.:iu1CJ~tl01ruSJ11SJ1 L ~l.JL~l.J ~-r'1.J41.:i1Jlti.:itl!Ju~vi1a.J L(i)CJ 

1a.Jioi1 ~.:id~-ru41.:i 1a.Jii~Vl~L~CJ O~ti.:i ri1~1 L ti'U0111 'U'11'UdL ~l.J L~l.JSJ 10~1141.:i Vl101a.J~1 b ti'U011tr11'11.:iii~viih~'.:i 
\I \I \I 

V1~~M1'U L(i)CJ 1a.Jnm U'UL VI~ 1 'W OJ1'llti .. umCJm~~qiqi1 LL~:;nm lJ"Um1a.J~(i)'lJti.:i~-ru41.:i 

tv.m tr-ru41.:ilJi'ti.:i'1.:ia.Jtiutl1mrn~e:itlmruSJ11SJ1vi1a.Jmm~1'Uma.Jvi1.:iV1~1.:i 1~LLn u1CJSJ11SJ1 n1LLYM 
\I , ~ ,, 

fle:l'UO~Vl (Concrete Barrier) Lb~:;Lbe.J.:Jtr11u rl1bLV'l.:JV'lm'1~0 (Plastic Barrier) 011CJ L'11SJ':i1SJ':il1a.J~O bLe.J.:J~.:J Vl~O , 
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