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?11ti1 V'l~1~1vtrrnf1~a-:i'\.Jfommf'1 ?11ticie:i~1 "1'G1"1 
,, ,, 
0 "' 0 

@. ~ Vl1.:l ':i ~'l.J 1tJ'U16lleJ.:leJ11°11 ':i~'U tNVl 1-:l':i~'l.J 1tJ'U1.fl 1 tJ'U eJ n 

@.cr ~1'W'IJ':i~ne:itJ~':i]1bll'U~1vtrtJmf11':i bu'jl\J1~~1'U~~~nua1f11'J 1~ti~e:i-:i?1~1.:ivt~e:i'\.Ji~natJ 'jl\J~e:i:wntJmi 
na?1{1.:ie:i1m':i bb~1ili1:Wt1.:1 bf1~eJ.:l~ mvt~mf1~eJ-:Ji'.ia n'Gl~t11:w 1'\.J'J~neJ'l.l'Vl~eJ~ ~~.:! b 'li'U ~V'lVi bf1~eJ,:jf1eJ:W~1 b\?l a1 

bf1~m?1mJ1 bf1~m'\.Jfommf't 'W'~'Gl:w "1'G1"1 
" 

1-ll'~t>!':i K = o.l€:l<t' + o.@<t' It/lo + o.G>o Ct/Co + o.C§:'o Mt/Mo + o.G>o St/So 
" 



- lvo -

l!J.G> ~1\J~\J V1111tJ'1'1 fl1~6lJ~~tJ fl1~~fl~\J fl1~Ut91eJ'1~tJ fl1~6lJt91Vl1J1~\J fl1~bfl~tJU~eJ~~'U fl1~6lJ~ 
' ' ' 

- m.Ju1weJ'1?1bbLl'U b~e:i'U ri~e:i" l°l'Uri~e:i" 1°l'U~'UJ1 l°l'U'Vl1'1 zj"~e:i'11-tibri~e:i'1~m bf1~e:i'1i1e:inmJfru~ 

~1'\lf-ru nTrnll~'U 1 Vf 'VfmtJ ri11iJn'1 m ':it:lll~'U'Vf1e:i'Vl ':i1tJ'Vf1e:i1?I1Y1 ~'U ~~ m ':iri1uriiJ riru?tllu~'lle:i'11?t 1Y1 
.. .. q , 

tT'U 1 bb~~~oLJeJrl1'Vf'UIY115fl1':if:lll ':idll~'1:i'.Jfl1':i'U\?1eJ\?1 bb LJ'U blY1tJ1otlbfl~eM~ m bfl~mi1e:in~ b ~e:i1 m~ll1m1!1'U\?11ll~ 
fl1'\lf'UIY111 b °1l'Ub~ tJ1 nrn1'U rie:i?f ~1'1f:l'U'U'Vf1e:i b zjeJ'U61J~tl':i~'Vl1'U 

~ '1.01Vf':i1lln'1'11 'U tl ':i ~ bfl 'VI EMBANKMENT, EXCAVATION , SUBBASE , SELECTED 

,MATERIAL, UNTREATED BASE bb~~ SHOULDER 

1-iiii'llWa K = o.mo + o.<0>0 It/lo + o.cs:'o Et/Eo + 0.1€10 Ft/Fo 
" 

1€1.1€1 '11'U~m~a.:i 'VfmtJn" '11'U~'U'lJ'U11?11 'Vfaj-t11mb~tJ.:inmu'U.ff'U1 Vf b ll'U':i~b'LitJu ·~m1~ri11iJ'Vf'U1~~e:i.:im':i 
11?1 tJ1 'U°1le:i-:i11-:i':i~'Vf11.:i~'U1 'V!aj "il ~ bb"IJ:1.J~1 tJ~'U~e:i tJ 'Vf1e:im11?1'll'U11?1~1-:i1 bb~~'Vl':i1tJ1 Vf b~:i.J°1le:i-:i11.:i~m':iri1u~:1.J 

rirum.Ju~'lle:i.:11?11?1 bb~~~-LJ'e:in1'Vf'U1?115tl fiu~h1tJ1 off bri~e:i.:i~m bfl~e:i-:ii1e:in~ 'Vf~mb ':i'lfl'U bb~~ 1 VfV1:1.J1tJri11m1:1.Jn.:1.:11'U 
' ' d.J 

~'U~'1 .:11'U~'U b~ tJ'1 m bb 'U1 V!~e:i.:i 1'U~'U 1 Vlaj~~i;r n~ru~ rii;l 1 tJ ri~.:i n'U b ~ e:i'lle:i'1n'U m':in l?1 b"IJ1 ~~-:i'Vlm tJ'lleJ'1ml?1 l?l ~ .:i bb~ ~ ., 
., 0 0 

'VleJ.:im'U1 

1-iiii'll?l':i K = o.cs:'o + 0.1€10 It/lo + 0.1€10 Mt/Mo + 0.1€10 Ft/Fo 
" 

1€1.m ..:11'Ub1il1~1~bU\?1~'U Vlll1tJG'1 .:11'Ub"il1~':i~b'Li\?1~'U~11tl ':i~tJ~'Vl1'161J'UfJ1tJ 1tJ - ni;ru tl':i~mru 
hlbn'U iv fibm:i.Jm tJm1'U-:i1'Ub"il1~':i~b'Li\?1e:i 1:1.J.:il°'izj-:i~e:i"1-tib'Vlrii1ri.ff'U?1-:i 

' " 
boUii'llili K = o.cs:'<t: + o.<0><t: It/lo + o.<0>0 Mt/Mo + 0.1€10 Et/Eo + o.<0>0 Ft/Fo 

" 

cl 
'Vl111\?1'Vl m ..:11'U'V11..:I 

m.<0> ..:!1'U~1'Vl1..:! PRIME COAT , TACK COAT , SEAL COAT 

1oUii'l\ili K = o.mo + o.cs:'o At/Ao+ 0.1€10 Et/Eo + o.<0>0 Ft/Fo 
" 

m.1€1..:!1'U~1'Vl1..:! SURFACE TREATMENT , SLURRY SEAL 

boHii'f\ili K = o.mo + o.<0>0 Mt/Mo+ o.mo At/Ao+ 0.\€10 Et/Eo + o.<0>0 Ft/Fo 
" 

m.m ..:!1'U~1'Vl1'1 ASPHAL TIC CONCRETE , PENETRATION MACADAM 

boUii'l\ili K = o.mo + o.<0>0 Mt/Mo+ o.cs:'o At/Ao+ o.<0>0 Et/Eo + o.<0>0 Ft/Fo 
" 

m.cs:' '11'UN'Hl'U'Wfle:J'Wn'ilil bii'f~11 b 'Vl~n VlmtJfi'1~1f:l'U'UfleJ'Ufl~l?l~1 .ff b?l~mVl~fl zj'1tJ':i~fleJ'U~1 tJl?l~ bbm-:i 

bVl~m61'UVl~eJ(?l~bbm'1m\?1b'Vf~flfl1K1b~eJ:l.J~\?1 (WELDED STEEL WIRE FABRIC) bVl~flb~eJtJ (DOWEL BAR) bVl~fl~\?1 
(DEFORMED TIE BAR) bb~~':ieJtJ ~eJ~1'11 (JOINT) ~-:i-6'1 VlVl:l.J1tJl°111ll':i1:i.Jfi'1bb~'U~'UfleJ'Ufl~(?l b?l~llbVl~fl'U~bdrufleJ 
?l~'V'l1'U (R.C. BRIDGE APPROACH) ~1CJ 

boUii'l\ili K = o. mo + o.<0>0 It/lo + o.m<t: Ct/Co + o.<0>0 Mt/Mo + o.<0><t: St/So 
" 



I ~ d A~ 1QJ 41 .c::i Cit. W:oGJ 
m.~ {11'U'VleJ":i~'U1~'U1FleJ'Un'':i~ba":i1lb'Vl~nbb~~{l1'U'UeJ'Vm Vl1nmN Vlelflel'Ufl1~bli'f":i:WbVIG'ln6'11Vl":i'U\!1'U":i~'U1t! 

tl1 (PRECAST REINFORCED CONCRETE DRAINAGE PIPE) .:!1'U11.:J":i~'U1t!tl1fleJ'Ufl'11?1b?f~mVl~fl .:!1'U\911\9lflel'Wfl'11n 
.c::r. W: ~ .c::r. ~ I Q.I .c::i .c::r. W: .c::i .c::r. C.: 

b?f ":i:W b VIG'l m1.:i":i~'U1 tJ'U1 bbG'l ~'Li ":i b 1 rum \9lfl eJ?f~Vn'U 11:wV1.:i.:11'U'UeJ'V'l flfleJ'U fl 11?1 b?f ":i:W b VIG'l fl bbG'l~\!1'U fleJ'U m1n b?f ":i:W b VIG'l fl 

~'W~ii'j\J bb'U'U bbG'l~i;9n~ru~\!1'Ufl~1t!fl~\!tl'U b'li'W \!1'UlieJ~fl (MAN HOLD) viei~elt!?f1t! 1 Vl":i~'l"lVi viei~mJ?11tJhhiJ1 
~ . 

btl'U\?l'U 

K = o.m~ + o.lflo IVlo + o.Gl~ CVCo + o.G)~ MVMo + o.Gl~ SVSo 

m.b {11'1..1 bf\ ":i .:ia ~1{1 Fl eJ'U fl~~lba~11 b 'VI~ flbb~ ~{11'1..1 b~ e:J'U tl'U ~~{I Vl:W1 CJ~\! ?f ~'l"l1'Wfl el'W fl~\?1 b?f~:W b VI~ fl 
1m'l?f~1.:1:01'W11flflel'Ufl~lnb?f~:WbVl~flflel?f~'l"l1'W (R.C. BEARING UNIT) vimVl~CJ:WfleJ'Wfl~lnb?f~mVl~fl (R.C. BOX .. 
CUL VERT) Vlel~\!tl11fl":i'l?f~1'1flel'Wfl~\?1 b?f~:W b VI~ fl b zjel'W tl'W\?1~\!flel'Wfl~I?) b?f~mVI~ fl vl1 b ViCJ'U b~elflel'Ufl~\?1 b6'f~m VI~ fl 

K = o.mo + o.@o IVlo + o.Gl~ CVCo + o.lflo MVMo + o.lfl~ SVSo 

m.1111 .:i1'U bFl":i.:ia~1.:ib 'Vl~fl Vl:W1CJ~\! ?f~'l"l1'W bVl~flGi1V1-r'Ufl'Wb~'W-ff 1:w~'W'W 1m'lb VI~ fl'11V1-ru&1\91~\!U1CJ 
"il":i1"il":i'lJ'Ll\91 bb "ll1'W?f'I b?f1 hhiJ1 bb ":i\!?f \! b?111V1t1 b6'111 Vl":iVJf"ltl Vl~B\!1'W 1fl":i'I b VI~ fl~'W~i1i;9fl~tu~fl~1CJfl~-:in'W bbl?i1&J 

~ ~ ' 
'j1:1.J~'l\!1'W&\\91~\!b?f11fl":i'lbVl~fl?f1CJ?f \!"1Jel.:ifl1":i 1 ~'liJ1~1CJ~~lnbb~\!LJ":i~bVlf"11 VICJ 

1-ifa~":i K = o.lfl~ + o.Glo IVlo + o.o~ CVCo + o.lflo MVMo + o.~o SVSo 
'U 

'Vl:l.l'JWI~ ~ .:11'U"lfi:'!'lh~'Vl1'U 
~.~ {11'UFleJ'Ufl~IPI 1~h111 b 'Vl~nbb~~FleJ'Ufl~IPl\911~Fl~eJ{I V11J1CJ~'I .:11'\.Jflel'Wfl~M b?f~:W bVI~ fl~vtf1'6'f 1'U "llel.:J 

b VI~ fleJ'Elfl:l.J1 bW flfl1'W1 ru l?i1-:iV11 fl"ll eJ\!'11'W~1 CJ Vl1\!":i~'U1 CJtl1~'W Vl~eJ'El1fl1":i'lJGilJ":i~Vl1'WlJ ":i~ fleJ'U"lleJ\! b zjei'W zj.:ii:J 
,, 

Q.1 I .c::i Q.I I I QJ 

?f t1Jt1J1 bbt! fl"il1 m~'l"l1~-:i1'WfleJ'Wfl1\9l\91\! flm1 b Vl1'W'W 

1-ifa~":i K = o.~o + o.Gl~ IVlo + o.lfl~ CVCo + o.lflo MVMo 
'U 



K 

It 

lo 

Ct 

Co 

Mt 

Mo 

St 

So 

Gt 

Go 

At 

Ao 

Et 

Eo 

Ft 

Fo 

A Ct 

A Co 

PVCt 

PVCo 

GI Pt 

GI Po 

PEt 

PEo 

Wt 

Wo 

= ESCALATION FACTOR 

= ~"lfii':i1f11~u~1flf'lvi'11thrn~tl':i~b'Vlfll 1ub~eJu~a~~1'lJbb\Pif;l~~1l91 
= ~"lfii':i1f'l1~u~1flf'lvi'11 tl°llei~tl':i~b 'Vlfll 1 u b~v'I..!~ btll9161fv~tl':i~n1l91':i1f'l1 
= ~"lfii':i1f'l1~b:uu~ 1ub~eiu~a~~1ubb\Pif;l~~1l91 
= ~"lfih1f'l1~b:1J'lJ~ b 'lJb~eJ'lJ~ bUl9161leN'th~n1l91':i1f'l1 
= ~"lfil':i1f'l11'f;ll91neif;l~1~ a~':i1:ubV1~mbf;l~~b:u'I..!~) 1m~eiu~a~~1'Ubb\Pif;l~~1l91 • 
= ~"lfti':i1f'l11'f;ll91neJf;l~1~ (1,~':i1:1JbV1~mbf;l~~b:uu~>1ub~eJ'lJ~btll9161feJ~tl':i~n1l91':i1f'l1 • 
= ~"lfii':i1f'l1 bVl~n 1 ub~eJu~a~~1ubb\Pif;l~~1l91 
= ~"lfU':i1f'l1bVl~n b'lJb~eJ'lJ~btll9161leJ~tl':i~ml91':i1f'l1 
= ~"lfU':i1f'l1 b Vl~mbe-l'Ub~t:J'U~N~~ b 'lJU':i~b 'VIA b 'Ub~e:iu~a~~1'Ubb\Pifil~~1~ 
= ~"lfii':i1':i1 bbe-l'lJ b VI~ m~t:J'U~ N~~ b 'WU':i~b 'VIA b 'Ub~e:iu~ bUl9161feJ~th~n1~':i1f'l1 
= ~"lfii':i1f'l1bbeJf;l-Wfil'Vi' 1ub~eJu~a~~1ubb\Pif;l~~1~ 
= ~"lfil':i1f'l1bbeJf;lfJf;lvl 1 ub~eJu~ btl~61lei~tl':i~n1~':i1f'l1 
= ~"lfil':i1 f'l1 bf'l~eJ~..ij'n':ibbfil~u~.flru6'1 1 u b~eJ'lJ~cl~~1mb\Pifil~~1l91 
= ~"lfU':i1f'l1bf'l~eJ~..ij'mbbf;l~'U~.flru6'1 1m~eJ'lJ~btl~61feJ~tl':i~n1~':i1f'l1 
= ~"lfii':i1f'l1tl1:U''W~b61ff;:IV1:1J'Wb~1 1m~eJu~a~~1mb\Pif;l~~1~ • 
= ~"lfii':i1f'l1tl1:Uu~ b61ff;:IV1:1J'lJ b ~1 1 m~eJ'W~ btl~61feJ~'th~n1l91':i1f'l1 • 
= ~"lfil':i1f'l1vie:l~b:IJ'lJ~i.t:J~'W b'Ub~e:l'W~cl~~1'1..!bb\Pif;l~~1~ 
= ~"lfil':i1f'l1vieJ~b:u'Wvii.e.i~'W b'Wb~eJ'W~btl~61feJ~'lh~n1~':i1f'l1 
= ~"lfti':i1f'l1vieJ PVC b'Wb~e:l'lJ~cl~~1'Wbb\Pifil~~1~ 
= ~"lfU':i1f'l1vieJ PVC b'Wb~v'W~btl~61lei~tl':i~n1l91':i1f'l1 
= ~"lfii':i1f'l1vim Vl~nmu~~n~~ b 'Wb~e:l'W~cl~~1'Wbb\Pifil~~1~ 
= ~"lfil':i1f'l1vimV1~nmu~~n~~ b'lJb~eJ'lJ~bU~6lm~tl':i~n1~':i1f!1 
= ~"lfti':i1f'l1vie:l HYDENSITY POLYETHYLENE b'Wb~e:l'W~cl~~1'Wbb\Pif;l~~1~ 
= ~"lfU':i1f'l1vieJ HYDENSITY POLYETHYLENE b'lJb~e:l'W~bU~61fe:l~'lh~n1~':i1f'l1 
= ~"lfil':i1f'l1mt:11'VJ.Yh b'Wb~eJ'W~cl~~1'Wbb\Pif;l~~1~ 
= ~"lfil':i1f'l1f;l1t:11'VJ.Yh 1m~eJ'W~btl~61leJ~tl':i~n1~':i1f'l1 



,, 
m. nT~PlT\.,ldr..J'V!11°11 K "il1n'1m 1'11l.li;rm~ru~-:i1'U'!J''U '1 b mil'i'1 b6'l'IJ~'lJ\l~1fl11'MJrl€16'1~1-:J'l.Je:J.:!n':i~'V111-:J 

'V'l1rlh1~ b(iltJboU;J1'U'lJeNll lv~mo boLhJbnruoY11'Um'jfl1'Ulru ... 
\v. fl1'jfl1'Ulru'V!1rl1 K ?f 1V!-r'\J mru~i'.1-:i1'U ne:iG1f1.:i'V!~1tJ'lh~ b.fl'Vl'jl:l.Je:J ~b 'U?lruru1 b~ m tl'U"il~~e:i-:i bbtJ nl"\1 'U ., ., 

ne:iGlf 1.:1 bb~~~'lh~ b.fl'Vl b ~oU(il b "il'U \>11:!.Ji;r n~tw~'lJeJ·N1'UtY'U bb~~ 1 ~GleJ(ilfliKe:i.:in'IJG1\?1'j~1~n1'V!'U(il H 
'U 

m. n1'jfl1'Ulru'V!1rl1 K fl1'V!'U(il 1 oITToU'VlflliltJ:l.J m ~1bb'V!tl.:J'Vlf1~'U\?1e:J'U b(iltJ1~i'.1fl1TU(ilbfll~bb6'l~n1Vl'U(il 1~v\'1 
q 

b6'l'IJ?l:l.l~'U6 (b 'lJ~tJrn VitJ'IJ) 1~bll'W~6'l?f1 b ~"il ne:i'W bblK1::5.:iti1~6'li;r'V'lm 'Lifltwn'IJ l'11b~'lJfl.:J~Vlif1 b6'l'lJ6":1.J~'U6tY'U 
'U 

cs:'.. 1~~"iJ1'jtw1b1m~:l.!Vl1e:i~(il'j1fl1ri1-:i1'U "il1m1m~~fo-.ij1-:iv\'16"ruru1l'ln6'l-:in'Uer11-.ij1.:i bde:iri1 K 1'11:!.l 
'U V CV 'U 

~m?f 1V!-r'IJ.:i1'U ne:iGlf 1-:itY'W '1 b 'Wb~e:J'U~?i-:i:1.Je:i'\J ·:n'Wi'.11°11 b 'Li~ tJ'W bb 'lJ6'l-:i 1 'Li"il1n f11 K 1 m~ e:im U(il61leJ-:i'lJ'j~f11 (il'j1fl1 

mnn11 cs:'.% ~'W1'Li b(iltJ'W'1bu'V'l1~?i1'U~bn'W cs:'.% :1.J1P11'U1ru'Li-rrn~:1.JVl1e:i6'l(ill°l1.:i1mblK1bb~mru (b(iltJ1~f\(il cs:'.% 

bb'rn1~) 

~. 1 'Wmru~er-ru•il1.:i 1~G11m'jtiv11m'jne:iG1f1.:i1 ~bblK1 bGl~"il 1'11:1.J'j~tJ~b1m 1 'U6"ruru1 1(ilm ll'Wfl11:1.J~(il 
'U ., ., 

'lJe:i.:i~-r'IJ~1.:i 1°11 K \?11:1.J~m~1.:i1 ~"il~ti1:1.J11oill'Um'jf\'1'U1rul°l1.:i1'U 1m.Uf11 K 'lJe:i-:ib~e:i'U~(i)Vf1tJm:l.lm~?lryry1 VJ1e:i 

f11 K 'l.JeJ.:Jb~eJ'U~?i.:i:1.Je:irn1'U"iJ~.:J bblK1bb~-J1f11 K ~1 b(il"il~i'.1f11ife:itJnJ'1 
b. fl1'jlii1m1'Wbb~~~.:i1(il 1 ~lii1 tJfi'l1-.ij1.:i .:i1'U~er-r'IJ-.ij1.:iv111~ bb~(;l~.:Jl(il m:1.J61ruru11 'Line:i'W611'Ufi'l1.:i1'Ub~:1.J 'U ., ., 

'V!~e:if11.:i1'U6'l(il(;l.:J zj.:i"il~r\'1'U1ru1~~mne:i'\f1'j1'\J~'lJ-d'j1m1'G1(ilne:iG1f1.:i zj.:i-U1mr\'1'U1ru'V!1fi'l1 K 'lJe:i.:ib~e:i'W~?i.:i:1.Je:irn1'U 
q 

.:i1(iltY'U 1 b u'W~ bb tl'Ue:i'UbbGi'1 bne:ir11'U1 rub1m ~:l.J 1m ~'lJe:iv11fl11:1.J~ n~.:i b~e:i.:i m'j b1'W n'\J~1irrn'IJ'Li'j~:l.J1ru 



"~ b~'Wei-a1 \Ol1~ije..ifiltJ -a~ 1a6Utl ~1ilfl'U" Vim t1 f111l.111 'U f1f1~'HVi'Jl.lmV1~€l'Ll ~'U f1f16'1~ b-1i'1 b?!'U €111f11 b Vl e:i "' . . 
-r'U ~1.:i 1'Wrn1tJ1~l.16'1 ~1.:!6ll €1.:i ml.I b tl'Weri16'i1'U 1~ b?l t1 hJ111~ t1'Vl 1.:1\911 .:1V1~€l'Vl1.:i e) e:il.I 1 'W n"il rn16ll e:i.:i'U f1 f16'1 lVi'Jl.I m'V!~e:i'Ll ~ 

" " . 
'Uf1f16'1 ~'U~ b-1i'1 b?!'Ue:J11f11b~€l-r'U~1.:I1 'U fl1'J'lh~l.16'1~1.:16ll e:i.:iml.I 1 'Wf1111 b~ tJ1 n'U . " 

rn1i16'i1'U 1~ b?l t1hJ111~t1'Vl1.:i\911 .:1V1~e:i'Vl1.:i-5e:il.!6ll €1.:l'U f1f16'1Li'J':il.lmV1~€l'Ll ~'Uf1f16'1~.:i mh1-1i'1.:i ~'U 1~ bbrl rn1~ • • 
'Uf1f16'1u11l.lmV1~B'Ll~'Uf1f16'1~.:in~11i1f111ii~l.lw'U6n'U1 'W~ m~ru~~.:i ~ e:i 1 ud • • 

(C9l) i1m1l.l~l.iw'U5n'U1m~.:i'U~V!111~t1er~~rn1 Vf'U?i1'Uer~~m1 m1l.lm1er~~m1 er'U~V111 Vl~€leri1 cu "I 'U \I \.I 'U 

eJ1'U1"il 1 'Ufl1'J~1b'Ll'U.:!1'U1 'Wn"ilfl116ll€l.:l\-lf1f16'1Li'J'Jl.1~1Vl~€16lle:J.:!'Ll~\-lf1f16'1'J1tl'Vl~.:I lJeJTU1"iJVl~€1?!1lJ1'Jtl 1 oUeJ1'U1"il 1 'Wfl1'J 

'U~V111~~ m1 n"il m16ll e:i.:i'U f1f16'1 u11l.1~1V1~e:i6ll €1.:i'Ll~'U f1 f16'1B m1t1V1~.:i Vl~e:iV16'11 t111 ti ~ b?!'U e:i11f111 vr bbnml.I bb6'1 ~er . . " 
1 Vf'U~fl11t?lm~ nm.:iab~ n'Vl1B'Ll n?!1 'U rn1tJ1~~6'1~1.:i~1 t1 W'U'Ua b~ n'Vl1B'Lln~f1~.:id 

(~) i1f111l.J~l.Jw'U6n'U 1 m~.:i'Vl'U 1~t1N b tJ'UVf'U?i1'U 1'UVf1.:1Vf'U?i1'U?11irru Vl~B N bll'UVf'U?i1'U hJ"il1n~f111l.J~'U 
'I 'U 'I 'I v 'U 'I 

r.:i~ 1 'UVf1.:1Vf'U?i1'U"il1n~ Vl~Ber5e:iVf'U11t11 Vlru1 'U'U~i;'wihn~V1~€l'U~,;-'Vll.JV!1"1l'U"il°1n~ b ll'UVf'U?i1'U 1 'UVf1.:1Vf'U?i1'Wmirru , cu q QJ , , QJ 

Vl~e:JVl1.:!Vl'U ?i1'U "111 n ~ VI~ m ll'U N5€1Vl'U11ti1 Vlru1'U'U~i;''V]"il1 n~Vl~e:J 'U ~,;''Vll.JVl1"1l'U "il 1 n ~ B m1 tl'VI~ .:IVl~e:JVl6'11CJ11 ti~ 
"I cu q QJ 

b?l'U€111rn 1 Vf bbrl ml.I bb6'1~ m Vf'U~rn1t?lm~n6'11.:ia b~ n'Vl1B'Lln?11 'W rn1tJ1~l.16'1~1.:i~1 m~'U'Ua b~ n'Vl1e:i'Lln~f1~.:id 
" " 

1"1111 "~ilei~'U-a1a1V1ru" 1VfV1mCJf111l.111 
"' . "' 

(n) mruerb?1'Ue:i11f11~i1~61tJ1~1CJ"1ltl~1l.lnm~V111.:1Nb?1'Ue:i11m~1CJn'U V1mCJf1111.111 N5e:iVf'U ~.:i~e:i 
'll cu cu q 

Vf 'LI bn'LI n11~e:i CJ6'1~~~'UVf11'Un"iln11J'UV1~B 1'Wi5t?l11?i1'Uml.I~ f1 ru~ m1l.I m111~1CJn11w?1~b~'U?!l.lm1tJ 1~ m~ • • 
n1V1'U~~1V1-r'Un"iln11'U1.:itJ1~bfl'VlVl~B'U1.:16ll'U1~ 

(6ll) mru N b?!'LI B11f11~i1~6'1tJ1~ 1CJ"1ltl ~1l.I n'LI 1~w;h.:ier b?!'U e:i11f11n'U m Vf 'U~n 11\?l 6'11~ n6'11.:1 
" " " ab~nvm:run~ V1mCJm1ii--J1 ~~BVf'Uzj.:i~BVfmn'Lin11~e:iCJ6'1~Vf11 'Un"il rn1J'UV1~e:i 1 'LiiJm1?i1'Uml.l~f1ru~m1l.lrn111 " . . 

~1CJrn1w?!~b~'LI?!l.lf111tJ1~rn~n1V1'U~~1V1-run"ilrn1u1.:itJ1~bflYlV1~€l'IJ1.:16ll'U1~ • 
(m) i1f111l.l~l.lw'U5n'U1'W~m~ru~16ll1n'U1~V111.:i (C9l) bb6'1~ (~) 1~CJN~~rn1 Vf'U?i1'Uer~~rn1 m1l.lrn1 " . " 

er~~ rn1 N'\J~V111 V1~€1Ni1eJ'1'U1"iJ 1 'Llrn1~1b'Ll'U.:11'U1 'U n"il rn16ll€l.:l'Uf1f16'1Li'J'Jl.1~1 V1~€1-W~'Uf1f1m1CJV1tl.:1b ll'LIVf'U?i1'U1 'U 
'U 'U cu 'I 'I 'I 

Vf 1.:1Vf'U?i1'U?11ir ruVl~BVf 1.:iVf'U ?i1'U"il° 1 n~ Vl~m ll'UN~ e:iVf 'U 11CJ1 V1ru1 'Uu~i;'V1"il1 n ~Vl~B'U ~,;-'Vll.JV11'tl'LI"il°1 n~ Bm1 CJ V1tl.:i 
q QJ q 'lJ q CV 

V1~€1V16'11CJ11CJ~ b-1i'1 b?!'LI e:i11m 1 Vf bbrl ml.I bb61 ~m Vf u~m1t?lm~ nm.:ia b~ nV11e:i'Ll n~1'LIm1tJ1~l.!6'1 ~1.:1~1 t11~'U'U 
" " 

ab~nV11e:i'Lln~f1~.:id Vl~B 1 'Wtl't1n~'Un'U 
rn1~11.:i~1bbV1't1.:i rn1blJ'LIVf'U?i1'U V1~m-1i'1~BVf'LI~.:in~11-1i'1.:i~'LI6lle:J.:1~?1m?1 Vl~e:J'Ut?l'J~~.:i1:J'U116'1-Ll~fl11~ 

'I , 'U 'I q 

6ll€l.:l'\Jl"lf16'11'LI (C9l) (~) bb6'1~ (m) 1Vf~e:i11blJ'Ufl11~11.:i~1bbV1'il.:irn1bll'UVf'U?i1'U Vl~e:Jfl11~e:Jvt'U6ll€1.:i'Uf1f16'1~.:ln~11 
'I 'l 'I q 

1'Umru'Uf1f16'11~1.Uzje:J'\Jf1f16'1~'Ub ll'U~~~ fl1'J Vl'U?i1'UN~~ fl1'J m'Jl.I fl1'JN ~~fl1'J N'U~Vl1 'JN b ll'U~'U?i1'UVl~€JN 
'I q cu 'I cu cu cu 'U q 'U 

5e:iVf 'U 1~CJ~\91'U bm b ll'Um .rrer1'U1"il 1 'U m1u~V111~ bb Vi'"il~.:i VI~€! b ll'UVf'U?i1'UV11e:iN~€1Vf'U~ bb Vl"il~.:l6ll€l.:1Vf1.:1Vf'U?i1'U Vl~e:i 
'I \J 'I 1\.1 'I If I 

4QJ 0 QJ d .::i,Q.J O QJ 2J I .c::i i.I ii I .::!ii 4Q..I 0 Q.J .::!ii QQ.J 0 CV .c::i 

'U 1~Vl"il1n~ V!1e:J'U'J~Vll.IVl1"1l'U"il1n~ bb6'11 bbt?l mru bb6'1~V11.:IVl'U?!1'U Vl'J€l'\J1~Vl"il1n~ Vl'Je:J'\J'J~Vll.IVl1"1l'U"il1 n~'Vl . ~ 

b~ m-1i'm 1~ b?!'LIB11f111 Vf bbn ml.I 1 'LI m1tJ1~l.161~1.:if1111 b~t11 n'W 1 Vf~B11~ b?!'Um1f11V1~€1N b?1'Ue:i.:11'Utl''Lii1f111l.l~l.lw'U6 
" " " 

n'U\911l.I (C9l) (~) VI~€! (m) bb~1bb~mru 



"nT~.U~"l.111.:im-abb "li.:i.U'U-a1F11e:i~1.:i b thrn-a-a~" Vtmt1m1:w11 m1~~ b?f'Wm1fl111t1Vt~.:i Vt~eJVt611t111t1 
'IJ 

m~v11m1e:i ~1.:i1~ 1 eJ'Wb U'U n11-lJ~'lJ11.:iVt~m uir~tJ?111flVt~e:i 1~.JbtJ~ 1e:i m?t1 V!:W n11bb-tl.:i-lr'U11fl1e:i ~1-:i bU'U511:w 1 'W 

m1b?f'Um1fl1~e:im:w 1~11"il~m~v111~t1m1?1:wtJei:wn'U Vt~ei 1~t1m11 VJ'llei1 Vl'Vl~ei1'U11"il~1 VI b~tJn1'U Vl~eJi:JeJ:W"il~1'U 
b~'UV!~ei'Vl1~tl~'U Vt~m.h~ 1t1"1ltl~'U 1~ Vl~e:i Hf n1~.:ith~'Vl~~1t1 Vl~e:i-tl:w-tl11"iJ~ 1 "li'n1~.:itJ1~'Vl~~1t1 Vl~mb?f ~.:imm1 

' 'IJ ' 

eJ'UbU'UbVJ"il Vt~e:im~v11n111~1~ i:J'Vl"il~~ ~.:id 1~CJ:W1~~,.h~?t.:il°l~"il~ bb?11.:1Vt1tJw 1t1"1ltl1 'U1~Vt11.:i~ b?f'Ue:i11m 
' ' 'IJ 

~1t1n'U Vt~m ~e:itJ1~ 1t1"1lt1 bbn~ b?1'Ue:i11fl111t1Vtti.:111t11~ bll'W~i1~'Vl6v11~ruru1n'U m~ Vt~e:ib ~e:iVt~m~ t1.:im1bb-tl.:iolJ'U 
~ ~ v v 

111°11e:i~1.:ib ll'Uu11:w Vt~m ~e:i 1 Vf bn~m111'i'b tJ~t1'Um~ 1~t1m "1ib u'U 1 tJ1 'U'Vl1.:itJ1~ne:i'Ui51n"iJtJn~ 
' 
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be:in~1'abb 'L.l'UVJ1mem~1-atl-a~m\il-a1f11:ij1.:i ifo @.@ o 

'a1tln1'a.:11'L.lbb'ril~b~eJ'L.lb61.l~~~'U:ij1.:il'i'eJ.:i~'U~\il6UeJ'U1'L.lfl11~oU1'a\il'UflWieJ.:!61.leJ.:l.:11'L.l:ij1.:I 
'IJ • 

'Vl'ie:ifl11~bilt1'1111v.n1v1'L.ln1'Vi'L.l\ilb1'6'11 . . 
tl-a~n1\il'a1f11:ij1.:ib'6'16lliii _____ ~1_0_._~P./._~ __ _1~~ro! __ .'6'1.:11''L.liii ___ @_@__~~-~'.1~'.IJ--~~ro! _______________ _ 

@. .n1vt'L.ln1'Vi'L.l\il 1.€1 u 
~1''1J~1.:i zj.:i 1~Vi1iiumn~1.:i n'\J rn~'Vl1.:i'V!G'l'N "il~l'i' a.:i1''1Jtl 'j~n'Wri11~6ll1'j\il'\Jm"l~m"1lm.:i1'W~1.:i~1~ b~a'W 1611~ n1'V!'W\il 
'ti QJ QJ q 

mt11'W'j~t.J~nm 1~1!at1n11 ® tJ tJ'Ut1\il"il1n1'W~rn~'Vl1.:i'V!m.:i1~1''1J~arn1'W t1m1''W.:i1'W~1.:im~ oii'a ® bbli'l~ oii'a Q1 

1.€1 • .n1vt'L.ln1'Vi'L.l\il @ u 
®.<9l .:i1'W~'W'Vl1.:i~'W (ti'W'W~'W) 

.:i1'W~1'Vl1.:iG'ln1'.:i 
'IJ 

'j1.:i'j~'IJ1t.Jtl1~hl\il1\ilfl8'W n~~ (Concrete) 

b 'V!~'Vl1.:iG'ln1'.:i 
'U 

G'l 1\iloif1-:i'Vl 1-:i bbG'l ~ G'l 1\il fl a?! ~'l"lTU ~1~:W f11 'j'D a.:i n 'W f11'jO\ilb6111 ~ 
G'l1\il~'W~\il (Back Slope) ~1~:Wm'j'Lia.:in'Wf11'j'O\ilb61l1~ 

®.b'll .:i1'WtlG'lf1'V!tU1 
'IJ v 

®.~ .:i1'Wtl~n~'W1~ 

®.ci .:i1'W~b~'W b\iltlbotl~'ll'W\il ht1~f1bbfl1 

®.<9l0 .:i1'W'Vl1~vi'11 ti 

m. .n1t11'L.ln1'Vi'L.1\il m ;'J 

atlrnrum m 'Wf11'j~\il~.:i 1 vJ~1bb?1.:i?111.:i bbG'l~ 1 vJiiruru1ru"iJ'j1"iJ'j t.Jm 1'W'VIG'l8\il 1 vJ~1 
q v v 



be:JflJ;11'jbb 'WuVf1me:imna'lJ-a~n1~'j1f11~1.:i .zle:i @.<P> <P> 

b~e:J'Wb"!Jfl1'jbJ;1'We:Jbbi:.J'Wfl1'jvJ1-!11'W 
ii d Q,/ d 

u-a~n'J~'j1f11"il1-!lb~"IJ'Vl _____ ~_(l_._~b/_~ _ _/~~~-- ~-!11'W'Vl ___ @_@._iti_~1~'.Y--~~~----------------

.t11tJ 1 u nTV!'W \Wm tJ ~ b 1'11 __ --------- ---~------------_i''W 'Ll'Utl~ ~ 1n'J'UG'l-:J'W1lJ1 u~ qiqi1 ~-r'U~1-:J~~ l'i'eJ-:i'<il~vl1 
bbe..J'W fl1'Jvl1-:!1'W ?i-:i 1 Vf ~11~1-:im1 ~ ?f eJ'U bbG'l ~ bbe..J'W fl1'Jvl1.:J1'W ~.:in~11l'i'eJ.:J1~-r'Ufl11lJ b ~'U"lleJ'\J ~ 1 n ~11~1.:i neJ'U~.:J~ ~G'l.:J 

~ ~ 

ljeJvl1.:J1'W 1~ 

bbe..J'W rn "Jv11.:i1'U"il ~ 111 ei .:i bb?f ~.:i G'l° 1 ~u ~'LI~ eJ 'LI bbG'l ~"1h .:i b 1 m~ "iJ ~vr 1.:i 1'W bb~ G'l ~ "J1tJrn"J~1lJ~ qi qi 11 VI 
fl"Juli'1'W-tl~ b"il'WbbG'l~ b u'U 1 u1~ t~CJ.:i1'WvY.:ivr:w~~ei.:i bblK1 b?f ~"ilu~u"Jcl.n1CJ 1'Wn1vr'U~b1m 

~ 

1 'W mriHim1:w"ii1b U'W~ei.:iLJ ~u bbe..J'W fl1"J'Vi°1.:i1'W1 'W"J~vi11.:irn"Jv11.:i1'W ~~u41.:i~eNb?f'W ei bbe..J'W rn"J 
~ 

v11.:i1'U~u-ru 1 vi~ bbn~1141.:i b ~eJ 1 Vff111:wb~'U"11e:iunei'U'Vlnfl~.:i 
~ ' 



beim11-abb uuV11mei na1-a'll-a~mf!-a1F11~1.:i~1a15m-a'Vl1.:i~ b~n'Vl-aeiumi oif ei @.@cs:' 

'll-a~n1f!-a1F11~1.:ib~°ll~-----~-n._~b/_~ __ _1~~~--·~.:i1'u~---®-~-~~-~'.1~'.Y--~~~----------------
, v 

bb'U'Ubb~'Ui.J1t.1'\J1~"1n6"~~'Ut5.:i1'Llrim'l~1.:i V1~fo~1.:i"il~~ei.:i~~v\'1bbfl~~~\91.:im~~~ 1°11~. 
'U 

..dvd .d v 

b~ffJ'UVl lvlv ~n11fl~ lvctct® bbfl~Vl 'U1.octoct/1\vITTI fl'l1'U Iv~ ~n11fl~ lvctct® 

iloJ ii 

e.J'a'l.Jl\11.:J 
'U 

' ., "" aruru1'Vl ., ... 

I 
0 ~ q 

E;t Tt.m .:i 1 'W bb en 1.:i'VI1.:i 'VI fl 1 .:i t911 nevi @ n ~11'VI1.:i 'VI fl 1 .:i 

t91.U13J~~1.:i eJ.bi'.ieN C\l.t911n 

.:i1'U'\J~u'\J1.:i~1vi1.:i bb ei61V1fll?i' fleJ'W n~l?l b~~'l11n~um1 oUl VI~ vi1.:iV1m.:iV1m mfl61J ®® 
' 

"" I 
1?18'Uf11'Ufl~ olvolv l?leJ'U mn - Vl'U8'lb618 l?leJ'U \v 1~Vl11..:J fl~.@J\vGn+octo -

l?lfl.@J/ 

<io l'U 

' 

Vl~1t.lb'Vll?l ~~'U~1'l"il~~ei.:i~~v\'1i.J1m.h~6!116"~~'U61?i'.:in~11bbfl~~~~.:i'IJ1t.1 "1J'U1~hl~eit.1n11 m.cs:'o x cs:'.c;;o b~m 
'U v 

(•~• •""l1t1aJ1b~'W ~'JViiJ.:iaeia6ll11) ru "il~b~~~'Ubbfl~"il~~'U61W(JeJ'l'l1'UrieJ61~1..:JeJci1.:i~eJt.I Iv 6!1~ fat.11 ~ ~f11'Ufl~'l1'U n w'U q 11 ci ci cu , 

b u'Ller n1V1'U~"il~~~~.:i bbfl~\?\'1 b u'Um11 ~ bb~1 b61~"il riei'Wfl.:iiieiv\'1.:i1'U 
'U ' 



' "' ., ' b';iel.:I n1';ilil1.:l"ll'N 

th::n11Wi';i11"11iij1.:ib~"IJ~-----~-o. .. ~b/.~ .. ./~~ro! .. ~.:i1'U~ ... @.®..~~-~1~'.Y .. ~~ro! ............... . 

m EJ'V!ir .:Jlil1fl1~ii fl Tm .:JiJ1:1.J61111111141.:i bb~1 V!1:1.J~{'U41.:i bm.:111.J~.:i'V!:J.J ~'V!~e:i bb~'U1.:i?i1iJ ~1:J.J61' 11111111 tl41.:i-d1.:i 

1 V!~~iJv\'1~ fl VJ B~'Vl~.:i b 1 iJ bb~ fl1'~~1.:i-d1.:i.:i11.J bb~'U 1-:i ?i1tJ~1~·fo Bi.! ru 1~blli.!V!tl'.:i?IBlil1 fl ~11~1.:i bb~1fl11~ ~11~1.:i 1~ 
'U 'I QJ 'U 'U 

eJiJ ru1~ 1 V!41.:i-d1.:i bb~'U 1.:i?f 11.J ~-:ifl~11i!iJ 1~ bum 'V!~ 1 V!~{'U41-:i'V!~ ~.WiJ lil1 flm1:1.J{'U ~ ~"1leJ'\J'V!~eJ~iJLi~'V!~1~ ~1:1.l 
q QJ 'I 'U q 

61ru ru1 bb~ ~~{'U 41-:ilil ~ EJ'-:i A-:J~ e:i-:i{'U ~ ~ 1iJm1:1.l~ ~ bb~ ~1"111:1.JtJ ca~mvi b~iJ b~e:i·zrn-:i~{'U 41-:i-d1-:i'V!~eJ"l.Je:i-:i~1 bb VliJ'V!~e:i 
QJ QJ 'U 'U 

~fl41-:i"l.Je:i-:i~{'U41-:i-d1-:ii!tJvifltlca~mca 
'U 'U ' 

mru~{'U41-:i 1 tJ41-:i-d1-:i-:11iJbb~'\J1-:J?f1iJ b~ EJ~1~iJ fld1:!.J 1 iJ1"J"JA'V!lJ-:i ~{'U41-:J~eJ-:Ji1ca~f"i1tJ{'U 1 Vlbbn~-J141-:i 
'U 'U 'U 

b lliJ"il1iJ1iJ b~iJ 1 iJeJ~'j1~BEJ ~ ~ ... ... ®.b:i.C~11-'~-~.;il. ____ "l.Je:i-:11-:i b~iJ"IJ e:i-:i-:i 1iJ~41-:i-d1-:i ~1:!.l61' 1111111 ~-:i.ct'1~~~~vi5~1141-:i 1 iJ fl1'j 

'UeJflb~fl611111111 
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rnnfi!T'abb 'L!'U.vi'1me:imn"atl-a::n1~-a1fl1Bb~n'Vl-ae:iiln~ oif e:i G>.G> b 

b~e:J'L! 1 •1rn1-a:tl1~~1~1'L!tl 1'VI 1 ~ 
t1-a::n1~-a1fl1:il1~b~"ll~ _____ 9-1_o_._~b/ __ ~ __ /~_cni_~---~~1'Ll~------®-®--~3-l~'ltJ_'Y_m~~----------------------------------· 

m·a-0 n~1 tJfl1\11'W~1Vl1\I ~ eJ\lii~'1 fl1j\Wn"ilG'feJ'Ufl11m~tJ'UVl ~1Vl1\I (Surface Tolerance) ~11:.J 

bfl~eJ\li1e:i1~ m1:w b~ tJ'U'lJeJ\I ~1Vl1\1'1ltJ ~ jtl b ~'W (Walking Profiler) 1~ tJ~1'W \?lj'J"iJ G'f eJ'U bb'1 ~1bflj1~~Vl1\ll1311 md:w 

G'f
0 1'W n\11'W Vl1\IVl'11 '11 'W ~'W ~ ~bfl j\I n1j i ~ \leJ cJ bb'1~1'Wn1j\?J j'J "il 1~"il~~eJ\liil°i1 ~'Utl fl11:1J'lJj'lJ j~G'f 1n '1 

'U ' 

(International Roughness Index, IRI) ~\Id 

~'W~:il'IVl1~tJ~m :il'IV11'~'ll1?11?11tl :il'IV11'~'Wj1B11G'f :il'IVl1~ 
G'f\?1'1 bb'1~:il\IVl1~G'f\l'lJ'111'Wb'lJl?l ct eJ1bfleJ fleJ eJ1bfleJ"il~'W~ 

'U 
o o do 2J'V o 

eJ1bfleJbVl'l"l1 eJ1bfleJ'W1Vl1 eJ1bfleJG'f~'U1tJeJtJ bb'1~eJ1bfleJG'f~bm 
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be:im11-abb'WU'Vl1me:inaTfo-a~n1~-a1f!1mfi'ln'Vl-ae:i·1.ma 61.le:J <0>.<0>inl 

'VliJ'.:ifle:J b~e:J.:) bb:ij.:ili'WfJ'Wfl1'ab ~fl'J13J~'Wtle:J3Jb m-if N~lilftWsn6lle:J.:! b 'a.:!.:!1'1.JNf;'l3J bbe:Jf;!VJfi'I~ fle:J'Wfl~\il 

d Vl ___________________________________ , 

QJ d TUVl _______________________________________________________ _ 

.. "0 
b :E.J~ ~tl1'U1 tJ fl1'j'bb '111\!Vl 1\IV!6'11\I ________ --------------------------------

~~ifi?f-!ll.J1~1 CJ ©. 6"11btc111111.!~~e:i~tJ';jeJ\Jn1~-oa~Vl~bt1tJtJil~tJflfl(;l -o51'U1'U (9) 61.f(?) 
' ' 

~- ~1b'U1b'Utl'Utu1\ilD'j'~fltl'Ufl"iJfl1'j'h\l\ITU ('j'\I.@:) ~TUTU C9l •1w1 '., ' 

1~l'JV11!-:i~eiuu'U-d' 'U~~vi/vh-:i~'U61Tu~1n~----------------------------------------------------------------------------------------1 ~ tJ 

---------- _____ ---------------- _________________________ ~iJBTU1"ilvl1 fl1'j' bb Vl'U ~\I b tJ'U b ~ 1'11 tl\J b 'j' \l\11'Ut:.J G'f:W bbeJ6'fi'l6'1 \il fl tl'U fl~\il bb6'l~ 1~-r'U 
ei'4qj1\il 1 ~LJ'j'~nei'U n"ilrn'j' b 'j'\l\11'U~n l'i'ei\l\il1m1~V1:w1E.J 'tlei bb'<il\IV'UEJ'Urn'j' 1 ~m1:w~'UE.Jei:w1 ~ 'U~~vi1~1\l~'U611'Uli\'1n~ 

1offt:.J~\ilnru6Vl"iJ1n1 'j'\l\11'Ut:.J6'f:wbba6'fi'l6'l liiria'U n~\il bb6'l~V'UEJ'U"il~ 1 ~fl1'j'6'ftl''U6'f'U'U-.il~61\I E.J1.:1 bba6'fi'l6'l ~ria'Un~\il bb6'l~.:11'U~'U 
' 

1 ~b~E.J1-ila\I b~a1 ~ 'U~~vi1~1\l~'U611'Ulil1n~-----------------------------------------------------------J-lil 'LI n1'j'~1 b 'W'W n1-a 1ri'j' \I n1'j' 
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