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ABSTRACf 

At the present, there are many expressway users since it provides convenience and 

promptness in traveling. However, a small mistake on use of vehicles on expressway can cause 

serious accident, since vehicles can use higher speed on expressway than normal road. Therefore, 

the Expressway and Rapid Transit Authority of Thailand realizes the users' safety, hence provides 

safety assessment on road use and also searches for various procedures to prevent any accident in 

order to prevent any potential problems. The Expressway and Rapid Transit Authority of 

Thailand plans for a project to prevent accident in any point which is expected to have frequent 

accidents, for instances, improving road lanes, and installing signs in any point in risk, curve or 

crossroad. This research is about studying special preventive project for accidents on expressway. 

It aims to select preventive project that is suitable for the exciting budget and the most profitable. 

We study accident preventive project on Burapha Withi Expressway. This study analyzes relative 

data using statistical and economical method in order to use the data as variance in selection of 

suitable preventive project. We use linear determination as tool to support the selection so that the 

most profitable project which is under requirement such as existing budget will be select. For the 

data analysis, we use economical data as major variance. As the result, there are total of 7 projects 

selected for the procedure with total budget of 1,631,300 Baht. After the operation is completed, 

it will give profit in total of 352,484,500 Baht which will be optimal beneficial for the 

expressway users' safety. 
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!ih)..J 1)lmJ~lJ HIl, f)l'j 1) 'j 11) 'j 'I. W 'lJ1'I f)'j..J! 'Yl'Vi lJ l11'U fI 'j Hl;l ~ Ij~ mil, "l'1 f.l ihHIJ lW I~lJ ~'U.
 
tJ U"I..J'j 11'11 ~ 1 ti tl , Ml nl'llltM111 f) "11 1) 'j 11)'j~..J 1lJl! lltM111~fflfttM~..J 1) ~ Ii 'I f-jf.l f)'j ~ 'nu'fi tl t11'j ~WI 'U 1 

" 1'111lJ I'il ~ tMI~U 11'1 l'l..J'Yl1..J c%l'U 1fl'1 lJ!,fi 1l11f.l~ ~..JfllJ'Jtl..JU 'j~ 1'Yl fl' ll.il11l ~ IlJ 'U f)1'j f.l~U~lJ1W f-j~I'"If-jf.l 
..:=:t. 
. 

j} 9 I oC::ll g; 'I I d
. 

.r.:), J'"
f)'l'j 1'Vi lJ 'fl 'U 11 'U 1'U T11 'j 'IJ 'U ft..J ff'U f11 ff..J f-jf.l f)'j ~ 'YlIJI'"lf) T11'j f.l..J 'Yl 'U II f.l~ f)l 'j 'Yl tl..J 1'Yl V1 T11'j ft'U II l;l tl..J. . " 

" . 
'ViJ;!'I 'Il'U 11'1UlU~ lU 'j dv'lfu lJtl f)1)lf)U'U~'1titl 'I. MI fi~lltM 111E..J 111~~tllJ lltMl11~'IJ~Il1~ fl Wfll'Vi 

;1'fl ~'lJfll'Vi Uf.l~fl11lJlrJ'UtlQ'\Jtlnh~'lfl'1fl!IlJmhl 'Yll..J~Ifl'lJi..J!rhl'Yll..JI~tlt1l1~..J''UT11ni l'U1V 

d , I • !II 1 "" .1 liJ
fl11lJff~~1f) 'jl~l'jl llf)l'j'i)'jl1)'jllf.l~'\J'Uft..J f)tlft'jl..J ~Uf)l'j'YlN'Vilfl'lJlll1..J'u'j~I'Yli'l' l'YlU (f)'n'Vi.) 

~..JllJ'Uf:;()ftll1fi1l~titl~'1~ml1lJUnf)lfl''lJtl'lflW~UB1~ ll'IJU~ 290 U'j~f)lfl' w 1'U~ 27' 

'Vit] fl~ f)l U'U 'Vj 'Yl1iflf)'j 1 'If 2515 1 ~Uii11'1 QU n~ ft 'I fi~ 'i) ~ ~'ll'w'U f) U ti tI ftf1..J 11 ~ tl,j~ , Mii'Yll 'I ~ lfl'lJ 

~ 0 d , ~ 
l'Vitltll'U lVmllJff~ ftl f)llf.l~ fl111J'j l~I'jl' 'U f)1'j 'i)'j l'i)'j llf.l~ f)1'j'\1 'U ft ..J'Yl..J '1 'U f)~..J 1'Yl 'VilJ1111~ m llf.l~ 

, " 
,j'll1i~'fil'1 "1l'l11h~I'Ylfl' il'i)~lj''U f)l'j'YlN~Ifl'f.lUl1nh~I'Ylfl'1'YlfJ titl';..JlJ1f)11 35 l'J lc%titlftfN 

. )1 I I 

'" ='I 'I !II "'!II ""1'" .. '" 
'YlN'Vilfl'fHlf.l~lu~ 111U'jflUlJ111f.ll 7 fflV 'jl1J'j~U~'YlN 198.4 f) b'HlJ'fl'j r1'jtlUl'1'llJ'Vi'U'Yl111 

f)~..JI'Yl'VilJ111'U fl'j 1iu~lJ lW f11'j1)'j l'i)'j '~m..J~Ifl'lJIll~vi'Uf.l~U'j~lJ1W 1,000,000 !~U1 

U'j~f)tlUc%lU 
" , 

1. 'YlN~Ifl'lJlll~lJlJ111'Um ('j~umll'1'fil'U,j'UYi 1) 'j~U~'YlN'j1lJ 27.1 fih!lJ'fl'j 

d'" J 5'..:!t ~ " ..!t ~ , !II '" '" 1 dl1 ~4Q, I .ell

lJll'1Ql 'j~ff'lfll'VifH'lftllJf)l'jf1lJ'Ulf1lJ'\J'Uffn~1111'1'Ylfl'm'Utl'Ylfl' 1'1 'Ylfl'I'I~l'Utltlf) ~v'n IlJl'ltI'II~'U 

'YlN~·I'U1'ilflm..JdjfN u'j~ntluc%'w 

fflU~'Ull~..J -l1ll1tl 'j~V~'Yll..J 8.9 fi1mlJm l~tlI~tllJf)l'jI~'U'Yll..J'j~l1':il..JVifl'Il1i1tlrllJ 
tI ~ ~I , !II '" 

f!'Uuflm..Jf)·m~'U'Yll..Jlu~ l1U'jf)n 29 fJf.l"1f1lJ 2524 

fflVUH'Ul - Villitl nU~'YlH 7.9 fihllJ'fl'j l~tll~tllJf11'JI~'U'YlH'j~111H 

Vifl'I'I~i'Um)f)fhJfl''U6f)f.ll..Jf)l'jI~'U'YlNIUft 'M1J~f)l'j 17 lJf)'jlf1lJ 2526 
'" 

, ... "'1 d C\ oQ"d I !II 
'1'1·lV~11f1~'Utl..J - 'Ylll'jtl n(l~'YlN 10.3 f) 1.'lllJl'I'j l'Vitll'lff.)lJf)l'jI~'U'Yll..J'j~1111'1'Ylfl' 'fl 

ti1Jfl'1~6f)m..Jf)l'jI~'U'YlN IUfl,Ml.Jjf)l'J 5 '6lJ11f1lJ 2530.. 
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"
 
2. 'YI1~V!lfY1:lff~i''lf ('.i~UU't11~~l'W'U\fn

. 
2) '.i~U~'YIN'.iJlJ 38.4 nl(lllJl'l'.i Jjll'lf:ll.h~ff~ft. 

I~tIl ~tllJ tl1'.i 1~'W 'YI1~'.i ~'w;h~ 1 \I fl (l1~ m ~1'YI 'VllJ'I11'W fl'.i tiUI'\lI'lU~lJru CV1(lll(l~I~tllJl'i tl tiU'YI N V!Iff1:l. 
lli}~lJlJ111'Wfl'.i .yh111'ln\?lIfl'.i~'lhu'YI1~V!lff1:lJ~Ll11J'W1l(l~fffJj t'li'W 1l~~1~'W~ Ul~ lfl~ Ul~'W1 

\?Infl~'Wtl~ ~'Wll\?l~ lh~fltliJ~JU 

"h'W A l~lJ\llflf:l'W 'W f'lf\?llfll1:l mh'W 'YI1~llUfl~l~n~U'VlT.lJ1Lhlil~f:l'W'W 'Vln'.i1lJ 9 

'.i~U~'YI1~ 12.4 nl(lllJl'l'.i lil\?l1,r'U~tl1'.i 2 ti'WUlU'W 2536 

riJ'W B ff1U11J:i'fl iill'WJI~tllJ~tlfiuriJ'W A ~U~m.ullUfl~1~'.i~~U'Vlqj1Ll'YIIlt1'Jiu 

l~tllJ~tlfilJ'YI1~V!lffl:HIi}~lJlJ'I11'Wfl'.i ~lJ~nruUl~ lflft '.i~U~'YI1~ 9.4 fil(lllJl'l'.iIU\?I ,..rlJ~tl1'.i 6 

~(l'lfllJ 2539 . 
, ~ QJ ~ I QI ~ ~ g)Q,I 

ffl'U C l'lftllJmJ'YI1~'VllfYl:JffJ'W A \llflf:l'W'W'.i'lf\?l1f1ll:Jflf:l~f:l'W'\.lIl\lnlP.lJ'W~ '.i~U~'YI1~ 8.0 

fili'lllJl'l'.i lil\?l1,ru~f11'.i 2 tl'WUlu'W 2536 

'1 g/ "" 
!11U'.itl1'.i IllJ1:l1U'W 2543 

~ Q,I , ~ ~ g).".d 
3. 'YI1 ~ 'Vll ff1:l Ii} (l tl ~ '.i 'If ('YI N \?I J 'W ff 1U'.i 1lJ tl 'W 'YI '.i 1 - tl1 \I ru '.i ~ fl) lJ ~ \?II '.i lJ \PI 'W \11 fl f:l 'W 'W 

~ ~- d Cl" ""-.d Q,I ".:!! Jt 
'.i1lJtl'W'YI'.i1 fll(lllJf!'.i'YI 5.5 f:l~tl1\1ruHfl '.i~U~'YI1~ 18.7 tll(lllJf!'.i lJJl'lmh~ff~fll'Vltll'lH)lJt11'.i. 

4. 'YI1~'Wlff1:l\J'.i'Vl11~ ('YI1~~J'Wff1UUN'W1 - 'If(ll.l~) '.i~U~'YIN 55.0 fil(lllJl'l'.i Jj 

11'lf:lU'.i ~ff~rll~tlii1'W JUm1lJff~\?IJfl1 'W tl1'.iI~'W 'YI1~rifl1fll'l~l'Wtltl fl Jj"\?II~m)''W~u~nru UN'W 1. ,,~ 

(fllJ. 2 + 500) iuil~U1~U~m (fllJ. 55 + 350) lilfl1,ru~tl1'.iI'lM\?Iff1U7 fllJfI1~'W'Ii 2543. 
5. 'YI1~V!lff1:l~\?I'.iff:lU1 ('YI1~~J'Wff1U1JN1J~fl'W - U1fllfl~\?I) '.i~U~'YI1~ 32.0 nl(lllJl'l'.i 

iill'lf:lU'.i~ff~ftl~tl'\lU1U1fl'.i ~'1hU'YI1~V!lff1:l11(l~'lhm)l'W JUfn1lJff~\?IJfl1 'W tl1'.i 1~'W'YI1~ rifl1fll'l1Utl. " 
ii~\?Il~lJ~'W\llflf:l'W'Wll~~l~'W~il~U1~Ll'Yl'.i·I\?1U'.i~U~~ 1 mflf:l'W'Wll~~l~'W~ -1~U~'.i1fl '.i~U~'YI1~ 

22.0 fi1 (lllJ\?I'.i lil\?l111'u~fl1'.i 2 'fl'WJ1fllJ 2541 ll",~nU~~ 2 \l·HlI;U~'.i1fl - U1~ i m '.i~U~'YI1~ 10.0 

fil(lllJl'l'J 1l(l~liJ\?I1,ru~fl1'.il'l(ltl\?lff1U 1 'Vlt:]ff~tl1U'W 2542 
" , , 

6. '.i~UU'YIN~J'W'1i'W113 n1u1~ I'ltl'W 81 'j~U~'YIN 4.7 nhllJ\?I'.i I\?1UL~tllJ~tl'YIN 

V! Iff1:l \J'.i 'Vl11~ fiUl'11~ V!l fflll Ii} ~lJlJ 111'W fl '.i II tl ~'m~ V!lff1:l Ii} (l tl ~ i''If I~ til~ :JJrlTllJ ff~ \?I J tl itA flU 

QJ t::t, t::t, I "o9j1~ 

'jtl~'.iUll(l~'j~1J1Ufl1'J\l'.i1\1'j'lJtl~'YIN'Vllffl:HU(llJlI111'Wfl'j 'lfJ~lJN'W1 - tl1\lru'J~fl 'YI1 !'I1lfl\?l 

l'fl'j~'lhU~fflJU'.iur lil~1111'u~fl1'.i 15 Df:l'W1u'W 2548" . 
7. 1fl'.i ~ flU 'YI1~ V!l ff1:l ff1 UUl ~ 'Vl ~ -Ul ~ 'IJ.'W Iii U'W 111 'W riJ 'W 11 rt~ 'IJ tl ~ tl1 'j rltl ff ~ N'YI N . 

<Clio ~ I ~ QI 

11 (l Jn~ 1m J'W '.i tl U 'W tl fltl'i ~ l'YI 'VllJ111'W fl'.i (f:l 'W 'W tl1UI \I 'W1f1l1:l fl) lJ II 'W J ff1 u'n N I'l VI 'lftllJ flU 'YI N ., u 
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11f.ll.:Jl.:JU111lJmQJ'il'Ui;;~lm ~llJ11'i''lfl.:Jf.llJlJ'Y'lJ~·n:lJ~ 2 - f.l'UlHl'1H"1iY~ l~lJl'i'lJ'il1nf.llJlHl'IJ 
, 

iY1iY~U~mU 'Y'lJ~UJ~ 1l~.:J;l1lJmhj
~ 

11~1'Y'l'J ~ til i U'I'I1.:J\?l~ 1lJfHJn~llJf.llJlJq\!lJ1'1'1 t1lJlJ ff1lJf)~lJ '1'1 { 

lH'1~QlJlJll'1'Y'lli'mr hhJ'JHllJtllJ'I'IN11f.ll.:J111J1t1lf.l'IJ 34 (1rl.:JlJ'] -lJNlbm) lJ111WUN'Y'l~ 
~'I r;v I d. I QJ I dQ.l ... 1 ."1 

'j~tI~'I'I'l.:J 22.5 f)lJ.lulJ'I'I'I.:Jtlm~~U'IJ'U·l~ 6 'lftl.:J'il'J'I'il'J lJ'I'I1.:Jlltln\?l1.:JJ~~U 5 1111.:j ~t1lJl~Qu'j~iY.:jrl, 
, ~ 0 ,.. ;;Ii ~ i-I'" <V ~;;I '" i <Vl'Y'ltlllTl 'lJuW111TllJ'il'j1'il'J 'Uf)J.:Jlll'Y'llJ111lJfl'J llf.l~u'JlJWC\'lJ;l nmNI1JlJ!iYlJ'I'I1.:jl'lftllJ t1.:Jnu u , 

ri1mmi'ltl1'U,!1J'JW,fJJJ 

f) '1'1 'Y'l. i ~ntl iY f1.:j II f.l ~ IiJ ~ 111'u ~ f) l'j '1'1 N Vi Ii'llli~ lJ 11 f.ll f) i 1 35 TI ~.:j iJ iY (l~~ 1'U llJ 
~ ~ 

~lr~Il1I'J~.:jU~TI 2538 - 2550 ~.:jU 

. 
d o:::::rt. oC:l, Q,I.e:t. Clo oC:l, .:=t QJ QJ r.v I.:ltod 

~1'J1.:J'I'I 1.1 iYfll'1~UI'1Il1I'JUlJ'I'I1.:j'Y'llfflll'i:n'1lJlJl11lJm ffJ'J'lf 'iHW.:J'J'Il' f;J~'j'jQtl1llJ;l::::\!'j'Y'lllQ 

~TW11J1t1 

rhn~ 
d 

l'il'U (tnl)'Utl'! m'lVi, 'Utl'! nl'1l'l. n:u 
(rrw) 

(tlU) 

2538 

lffV'H1V "hJlffmtlV 

1,306495 811 2,567 851.021.00 11 

2539 

550 

512 1,022 2,952 644,558,001.534 16 

2540 

806 

1,462314 1,776 3,537 131,961.00 1,699 8 

2541 883 582 1,465 2,805 305,623.00 866 18 

2542 706942 1,648 3,474 410,379.00 985 

2543 1,074 871 1,945 3,534 4,205,J 87.07 722 IJ 

2544 944 165 1,109 2,766 2,556,445.39 646 J5 

2545 983 498 1,481 2,418 3,635,422.00 659 13 

2546 1,422938 484 2,235 2,560.432.15 13 

2547 

666 

911 1,469.242,71460 1,371 2,186 537 31 

2548 791 435 1,226 1,946 1,640,171.98 535 17 

2549 1,161723 1,808438 2,499,950,00 513 14 

2550 716 435 1,151 1.723 2,061,899.00 401 12 

9 

DPU



4 

~lU1UHI 

cv"o=o CV t1'""" 
~fH~1~fiftU ~1~fiftU~V~ V Q ~ d .,t,r.'\ 

r;j1J WIIIIU fjlftfJ'lI1\P1
lJ,uah ~ 1Jl ill '1)'iN f1'\'ll'L 11J 

(flU) (f11.J)nlJ 
fl~~. (In'\'1)fl'\'1~. l~filnfJ 

lirfJl1lfJ 

221 259,566.56 83119 71 1902544 

281 402,276.40 882545 131 91 222 

594.293.00 107 22546 169 94 263 333 

2547 289 376 325,047.75 99 16184 105 

171,229.00 126 82548 147 108 255 341 

104147 131 278 241,016.102549 372 

149 138 287 374 506,431.932550 77 

~:lJl : fl1 l' 'Yll ~ Vllfl'lJ 11'11 ,nh' ~ 1'Y1fl' yltJ 2550 

mr~I'lHl'il'Jl'il'JUU111rluilUJ'Hl~~Ii-HllPitlflU~UJ1~tJ~lUlfl''JlJlln'ilutl~'YlfYltJlm'U{)~ 
'II '11 U '" U !11:1 

tJ 'J~l 'Yl fltl~ NlJ lfl tl,r~l'H191 'il'J l'il 'j 1~ 14 ~1111191 fl1'JU lfll~Ulli:l~ flU 1911 tJ~ ri Urt1! ~11 'H191'H ~ ~'Utl~ 
'II q q U 'II 

1h~l'Y1fl'hw~~'JU~:lJl'illfllHllJ~I~~ lfltJ~i)I91'Jl'IJtl~~llI1U~1911tJlPitJ1h~~lnm 100,000 flU 114 

'J::;'H1NlJ 2540 - 2544 I'VllnU 49,0, 35.5, 48.5, 52.5 llt'l~ 50.9 I9llmil~U ('Vity. 'If\llJ~Ui 
, ,"

~U~fl1ty'illr !l(.l::;flW::; ,2541) ~~ilt1J'Hl~,r~IH~'il'J1'il'J flU hf'lilfliJflJHlIPiUli1tl~ hl~lUIPil\I'l ~~U 
<j/ <l:lt, Q,oO l,l.I4:lt, ~ ~ jJ <l:lt, Q,.I 

1. fllUlfl'J lJ Jfl'ilUi:l::; 11' ~'fllJ ~UI9ll'H~ 'il'J 1 'il 'j lU Uuty'l11'Yl H fllU Ifl'J lJ! flilll tl::; ~~ 1'1lJ 

ntl 1l11 Ofl m llJ ~UJ 1~ tIl111;i I'lllt'l::; 'Yl f'Vi 6~u ~flJl tJ ci 111 m'IJ tl~ fl1ni 1~ 114 I~ tJ'fllffl1J 1'Vi tJ1U 1i:l 
IU u cu u 

flTllJVl fl'l'J li11l11 fftJ1tl fl1 ~li 'l~ 114 1lWU lfll91 fHl Ufl'ilU ntl1l11 nfl m llJ 1;!tylfftJ'I'l Nlfl'J lJ ~ n'il'Utl~ 

tJn 1'Yl fl ri~ Nt'l1Pi tlflW fl1'Vi;il'l'Utl~tJ 'J::; 'If 1 'If 14 1fl tJ'J llJ 'ill flf)l'J fffllnlJ t'lfi1mllJ I~ tJ'HltJ 'Yl N. ~ 

IflnJ~n'ili)UI~tl~'illflQlr~l'H~'illflfl1'J'lJU ri ~ 'Viuil lq!t'lfi'lmllJ1;!flJI~tJ~llAlPil~'l014 '~lln lq!mh 

fI11lJt:ttylfftJll1~lfl''JlJ!n'il'Utl~~1911tJ lq!t'lfh'i'n1lJlfftJ'HltJ'illtlfll'J ~'J ltJ l~t'lflt'l~'lJtl~~Vifl 11 'i'i 11eM~ ltJ 

114 flU 1 fllJ 1'Vi tJ1Ult'l fl1'j 1;!tylfftJ'J ltJ1~'J::; 'Hi 1~ fl 'l'J1fllJ 1'Vi £J1Ult'l1l t'l::; ~fl~U fl1'J 1;!ty I~tJ'J 1tJ1~'IJ U~ 

~~llt'llltl~~'ihtJ fl11lJlfftJ'l11tJ~lU'Yl1'Vi6ffU I~UI~U~lU1U 140,000 ~lUU'1'Y1 flfllriU 2.56 % 'lJtl~ 

Nill9lnwct1lJ1t'l'J1lJtJ'J::;'Ifl'1f1mJ 2545 (Gross National Product , GNP) (VlcMtJ lilU'JW1UUl'l, 

2549:12-13) 
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'" <f • 1 'j) 'j) 1'1J Q.I ~ I

1 fl l:l1 'iJ 1 flU l'l '1'1 till t'l ~ l'HJ1Ul t'l YIl 111'1 tJ ~ 'll'Y1 1 l'l tI 1 fI'j Inl ~ U fI t'l1 fl 1 YIl~ fll 1 lll'l Y1t1 0 tI 1'1 1J1 fl. 
fll1ffmn~',.JYIlJ'UtI'I~,:hUfl'U~I'IH1'iJ11'iJ11 'U 11 'IViU1Ult'l~1 hI ff'lf1~flnJ01111l'lYl6 m~m1~ 

q 'U "I q 

'jJ ..::l..o::::l .oC\ ff 'j) QJrl1 
{l'lli'l'j tlJ tl'U ~'W'Jlif111Y11'11ft'1 l:l~ i'l'1{l'Vl1 'U fl1nlfl'j'l~ '11191 'Ul'J'U 'UtI'I111tlJfl1 ?[m Vl'U~ 11I;1~ \'ltlJ~ 

(2541) l'lu,:h ~lhtl'il1fltJU~111191'iJ1 1'iJ 11 'U 11 'Il'l tl1Ult'l 11'll'1fi 11 'Il'ltl11Jlt'lIi1~i1'U llt'l~ 11 'Il'ltl1U1t'l 
'U ~ q 

'Ul'lfVl'U':i'l'll'li1U ~1'U1'U 300 11t1 1J1'i''UYI'UI'n~tlI'iV11t11'Ufll1~Ilt'lffll:l1l'ltl11Jlt'l Ivhf1U 35,452 '. ~ 

1JlYl 1'U mw 'UtJ'I ~Vi O1':illt'l::afftl;lVliJl'i''Ul'J'U m~tll'itl 11tI'U tI'I ~iltl11.,t1f1'j 11 Il;lf1U 77,127 1Jlll 

o QJ '1J.oC\ I 'j) d 1 <jJ.o::::l doC::), I QI 

Ut'l~ 775,4441JlYl {l'1'11':i1Jf;jl'lfllH1111 {l'll1Vl'Ul'J'UllHltIVltl':i1t1'UV'I f;j1{l'tI'll'1VlIYllfl1J 937,6261J1'Vl 

'j) 1 ' ~ 1 df dod <l::l. ~ ~ Q./Q

3. ~1'UtT]'j'il11'il1 ~tJI'nl'll~tltlNtI'I 'U1'Ul91llJtI'IYllJUnntll'iJ1'1'iJ1~~ IlJDlfl~ "QUI91I'l11'J 

'il 11'il ni 1i '11' U~l1tlJ ~lfi~l'I1 Vl 1JUl'l'l1t1'1'iJ 11 'iJ ':i hi{l'11J1 HI 1 'I1'lJ~ fl 11 1¢i' '111 flfl11lJ I'i' tI'I f)l1 I~'U. 
'1'1 N ~1 'U ~ ~H fi ~ 111l'JiJ lli lJ'ltlJ 'iJ 11'iJ 1 lJ 1fl nill'n1lJ{l'llJ 1HI 1'U fll 1 i,rUi tn 1 'Uti 'I tl 'U 'U ~1;l ~t'l '11 'U 

';t/ 'JI , j/ 

'UW~,r'U ~tllJ vh1,rlfi~lltl1fltJtI;j'U ~~ 'U 0 fl'iJ lfl'iJ~li1 1,rfll1 1~'UYIl~iJfI11lJ'fil~ll1'1'UtJ'I~U 1 ~{l'U 
~ 

'j)G) 'j) .,j 'j) '" • 1 'j) "" .1 • "" 1 i1 'j)
1111'J1lt'l~f;j I 'll'YIl 'I 11 tltI'Ullt'l1 tI'Ifltl 'I1Ifl~fI11lJ~tyluml11'11ft'1l:l~fl'iJ ~tlnlJllt'l~l flJ'I11l11~~'l'U 

~ !iJ 'j)

{l' 'I1I1~t'ltllJ~1t1 

Q.I ~ d lJ] 'j) , QJ.c:ll el d d &::t I d QJ 

~ 'IlJ 'U 'iJ~ I'll 'U ! ~11iltlJ'I11t11JVlI'l1191 'il1 1'il 1 iI 'I Iii lJi1 tlJ'I11'11lJ f-lt'lI91t1 fl11 {l'tlJI{l'tI'11 ':il'l tl1tl1 
u q q U 'Uu 

.1 ~ """'.: 5't 1 '" '" ~ "''''' II] 'j) I '"'U tI'I u 1~ I'1'1 ft'{l' 'U'11~'11 'U 'I '11 'U 1 'iJ tI'U 'il ~ IlJ 'U II 'U l'\'n~ 'U fll 'Hl~ fll 'jflU u ty'l11"Q U191111 ~ 1l1l'il 'j I~ tJ tll'llJ 

U1~ffYlnfi1l'lI~tl1,r{l'tI~f1~0'lf1UYI~l'ltl1fl1~1JO~ 
~ 

q,J _I , C\ q"I 

1.2 19lfi!U1~tT-:lfl'U0-:101n1UJ 

I~tI fi~ I~ 0 fll fI'j '1011 i1 0'1 f1'U tlU~I11I91U 'U Y11'1Vi Ift'l:l '1'11'1 ¢i'1'U1ft'1m HJ1~ tl1J 1UUUU tl11 . . ~ 

1.3 'U0UI'U9l'U0-:l011i-Utl 
iI I ~:lI 

1.3.1 fln l1iuul1j'U mWfffllJTYi~'I~fll:l'1l1ll'l1~U'UYl1'1illi'l"J:l1J'j
~ 

l'l11fi IlJtN1l1f1Y1l'lVilfl'l:l{l"ltlU . 
Q 'j) .. d "" II] '" I ""II] 'j) ~ "! • 5't 'j) "" 

III 'U Ifl''U YIl~'I1 'U 'I '1'1 {l'11J1 HlI~ 'U '1'11'1 bUtI'I YIl 0 1fllft'tl1'U?[1 'j'j tlJ 1J lJ I~ "lI'I tl tI 111lJ'U I{l''U m'llfl'1 l:l;} nil
 

I ff II '11 it 'I 1 111 lr'l '\'11 'I Vi I ft' l:l {l' 1 fJ ifiJ il fll:l tlJ ~ '1'1 1 'I fl1 fJ fi 1l'l1 ~ 'U I ff II 191 1 'I '\1 'l 1 ,r ~ .;r U ~
 
~ 

1
'j) Q 
'll'fI1111111fl''I 

~ 

, " ~ 'jJ 4J.oC\ r.:t '=' ~ ~ <l::l. ~ ~ 

1.3.2 ft'fll:l1111l'l1~'U0'l;/t'l"Q'HlI'I1~Y1lflfl'IJ'UU'UYlNl'lIft''Hi11fl{l'tlVl'IJ0'lflUYlNl'lIft'lJ 

lIli 'I1l1 ~ IYlft'i '1'1 tI 
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1.3.3 nn ffmn1m ~ m'jiltl~fllJ~'U9ll'l1l9Ju'W'Y!1·rvhfl'lJ ~lrJl1i ~llri:1a9l11t1::~ llJlfl''j lJ !fI'lff<fl{ 

~~lh:lJ1I~'W~lmhi,'Wm'jfi~l~tlt11m~m'j 

1.3.4 nn~~~'W 'lul~tl n l'fn ~n1'jiltl~fl'W Qtj'~l'I1~lJ 'W'I'IHVllfl'lJ 1~tJtTl'j U'l~~~fl1HtI1h ~lnw 

1~'W'I1trn 

.1 t .. ..: , If\ " ....1.4 u1::: IU'!f'\.!'t1flWI111l::: IVl1U 

1.4.1 IvlfJl1'l'W II 'W 1'1'11~ I'W n1'j l~fJ n1fl 'j ~ n1'j 11~11r-l'WtJ1U'U 'j ~I vl fJt1 ~ ~1'W 'JlJ tlU~1 'I1I91U'W '1'11~. .. 
WlfI'll '\1 fl 1:11 rJ9ifJ , tJl 'W fJ 'W 1fl'fl .. , , 

1.4.2 II 'W 1'1'1 N fll'j 1,jtJihl111 ~ 111 'W tJ 'j ~ 1 U'lflJ9i fJ ml1 tJ~ 1'WnIn Ul~fJ ~ f1tJ fl1'j IUn 'U ilt:lJ '111 

QJ~ .e6 0 '[ 'JJ 4 ~od j1"1 d 
~U'fll'l1l9J 'iI'j11l'j"lf~'Y!1 'I1m'lUt:l~ l1irl'nUn ! 'U'I'Il'I1lJl~1:1lJ 

1.4.3 lvlfJ 1:11lJn (lfi~l~fJ n1m~f11'jtJi'U1h ~tln' '\IfJU~t'l1 \9l '~fJ d1~ijtJ'j~ff'l'lnfl11"l1:1fJ~fl~fJ~. . . 
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, 
et 

UYI'YI 2 
, , 

et "'Q.letet ~ 

l1q'H~Uj;l~NiHl'Uli)t1'Y1~fltll,.e>~ 

, , 
...... .. II 

2.1 'tlt]1:I{)'fIIO£ll'Ut'h'l 

o '" ,.,
2.1.1 nl'H'Uflnl':iI'lf'llff'lHl':i'l (Linear Programming) 

o ~'j) ~ ~ j/Q,I 

tll'H'Ufln-m'lf'llff'U\?IH (Linear Programming, LP) I'lJ'UI'Ylfl'Ufltll':iff':il'l\?l111'UlJll1'l 

ftW\?Ifflff\?l{'1 'U Ol':i~\I~'l'ill ,rlnflU ':i~ l[J'lf,r~~~ffflfllfJl~tll':i'l~'Ylr'l'lfJlm~ntHjmh'l~ltlfl tl1';i'U 1 , " 

,., '" "" 
ffl'lil':iW ~'U ll~~'ll'Ufll'U ff'li'llJ1'YlfJl 

I I I " 

Ol'H'U fl Ol':i l~'llff'ml';i 'I ffnJ l':itll1\1~Ul:l.fl '1 ~\l~ tlUUty'H lVifff)flfltitl'ltlUI~tllll 'U~'lU 

1. 1'l111U':i~'1~1'UtllH;fl~'U'1\1I~fJTlil "1'l111U':il'lfl~'U1\1 {Decision Variables} 

1'Uuwm 1flfJn~lllil ~'U ~u (U1n'H~f)ff'U6) 
u " 

2. Inw t¥1'11Hl1';i Iil tl n~ 1'~ ~ ~ ~ fl 'Ii tl 'l1'l11l1h ~ 1~hl tll':i I'll'l ~'U 111 ffl :I.J1Hlllfffl 'I hI 

tlQ.I 0. 'j/ Q,J , J'd ~ 1 tlQ,J t/Q,J

':iu'Uf)'l~'ln'lf'Ul'lf'llff'U\?I':i 'I 'U'fJ'l mllU':i mmmm fJfl'nY1'l fl'lf'U 1\?1tlU'j~ff ·Hl (Objective Function) " , .. ~ 

3. n n '1 'U n 1';i IJ n'Ij~l1 'Ij'l tiUm 1.1 fl:l.J m ~ 'IJ 1'U n 17 U'U ffl:l.J1 ':i ilnff 1'1 'I II Ji'l 'U ':i '1hHl 'I "Iffl 
~ ~ q qJ q 

0. 'j,/ • do <I'::l. 'j,/ ~.d' OJ Q,.I 

ff:I.JOl':iI'lf'lIJ:1''U\?I';i'l'HHltlfflJOl':iI'lf'lIJ:1''U\?I';i'l 'Yl11fJTl11 'I1flU'lftU {Constrain Set} 
~ ~ ~ 

Q,.I Q,.I Q,.I 0 ~ 'j) d I Q,I Q,.I ~4 

Tll':i11I'l\?l'l\?l111UUtll'H'UI'IOl':iI'lf'llff'U\?I':i'llJtlQ 3 'U'U\?Itl'U fl'l'Ufltl 
'j/ , I )' I 

.,j'U~ 1 'j~1~1'l11l1hl'lfl~~'111 (Decision Variables) Yili1'U1'l1l!lhllimlll~1'111l~~{)'l~n 

Ol'H'U fl~l ll[l~llffl'l'll,rtld'l 'U 1ui:YtlJ~mjW'Yll'l~'lfflW\?I 
" " u" ,"" '"' "" "" 1 ~ '1'" ''I j ....'Ull'Yl 2 'j~'1J'I1~U'lfl1J (Constraint Set) mJUJmllt'1~llff~'l 'HtlQ ~'Utl 'Utl'lff:I.JOl';i'H':itl 

.et, j) .c9 d flQ.I ~ 'j/ OJ QI.e.. '1 ' 
tl ff:I.J Tll'j I'If'IIff'U \?I 'j 'I "Ii'lltJ 'U ~ 'In'lf'UI'lf'llff'U \?I'j 'l'Utl'l \?I1 ll'l.h \?I flff'U 11 \lll'l "l 

~ , 
']'UVi 3 'j~1J~'ln'i''Ul\?1Qu'j~ ~Hi'l (Objective Function) 'H~tllnwt¥1'lflfJllfffl'l'1'UiU'Utl'l 

~'l n'i''Ul~'l1ff''U\?I 'j 'lB'U'H ~'l'Uf)'l1'l111U'jl'lfl~'U '1 \I ~'lll::tlntil'H'U ~ '1 ,rlj~l:l.Jltl~ ff~ (Maximization)" , 

'H~tl'fhU'tl(J~ff~ (Minimization), 
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" f11':iffh~~1HUlJ (Model Fonnulatipn) UU 'hj1¢i'lllU1'VW1fflffl?l{ 'I1i~!l'1friJflll~'1~ 
, , " 

11lUf1t'l1Jlhi'~~V1r1fJ~W.l'U1t11':i'l1iVfl11lJfi~ff11-:1''''':i H) ~~!'liuUty'l11'11U-l '1 UU V11H)~iit11':i ff11-l 
I I' • tJ 

~111 Uti 'l¢i''I1mfJ~1U lJ lJ 1lA f11':i '¢i'lJ'l9f-lri1I?lV1Jn~nff~1 '11 ~VU flU it-liJ w-ln 11'11'f)'l'j ffrl-l~1l!1J 11. 
d <:::t d 'I ~~ ~ iJ Q..I e::i 'j) oC\ Q,fo::::\

l'1lJ~UllUUl'1-l Wl?ltlil1':illilutyl1'l'UlJ I'lV-ltl1fWfl11lJm mn~ t'l'l~Utl~1'l El-l fll':i fll':iugUl?llJ'lf1 

~1tl{hWJfU Uqj'l111:Y~J:hu~~flntll"i'1 (Product-Mix Problem) U5111'1 Handy-Dandy 

~tl~il'l'ji'~l?ll':il-ll1m1UilTH.jill'llfl~tl-lijtl~'l ~1 'Ul'lf1'If'iJ~'I1~-l~ii 3 llUU~~l'lnW en (Models) l~fJ 

A B C 

ll':i-l-l1U (~11lJ-l~fI'H,l1v) 7 3 6 

1ff~ (utlm)~tl'l1lhfJ) 4 4 5 

ti11':i ($ l'iv'11 lhfJ) 4 2 3 

" • <V
'lJ'V'I1il~ 200 

~. ll':i-l-llUl11'l¢i' 150 ~11lJ~ I'itl1U 

11?lQU ':i ~ ff ,n) '1 '11'i'~n1~111Uur;l'HU \PI f11':i! ~~! ffU I~tl~ll~mvl'l 'j 1f11mill?l'U f.l-lll UU 

(Model) 1'i1'! 'l1U'I1~'!1U 1~fJ1'11'ijti1bhlJ'lil~J:!~ 

" , 
.,rUn J ':i~lJ~11l1h~~iYllh (Decision Variables) 

X A !1JU~'lU1U'I1,j1fJ'UtJ~m':i~~\?lllUU A 1u I -'hJ 

X ll1U~lU1U'I1,j1fJ'Utl~t11':i~~I'lUUU B 'lu 1 1Un 

Xc 11lU~lU1U'HlhfJ'lJtl~f11mil\?lllUU C 1u 1 -iu 

" , 
.,rUn 2 ':i~'4'l!~U~f1U (Constraints) 

m-l~lU 7xA+3 xB+6 x('~ 150 

1'l'l'~ 4xA+4 xn+5 Xc ~ 200
 

~111U':i~\PIiYll'l1li~'HlJ~ x>\,xn,xc 1J,jijfi111l11t'llJ
 

t d ~ Q..I Q..I II '1 'JJ<:::t 0 IJI d 
'UlJl'1 3 ':i~'4Vl~il'lfU-JI'lQU':i~ff'!fl (Objective Function) 'I1lJill \':i:lJ1ill'1J:!\PI 
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~U'fllUlJlJ nl'H'U ~fll7 1~,mY''U\?lH i\lI~'U 

'H1rh'lHJ\I XA ,XB ,Xc ~Yh1..rrh z :JJ1n~~~1'U~nJf)17 

Z = 4x
A 
+2x[j+3xc 

fl'W hi'GJ!~1r\ll'ilJ 

7xA+3 xB+6 xc::S 150 

4xA+4 xl!+5 xc::S 200 

XA 2: 0, Xu 2: O,xc2: 0 

nl'HlA ~ T117 1~\lJ:~'U \?l7 \I~ml1J1l1~ ~hfitlJlJlfll'itlfnnj 1Itn~1 'U T117 llfi'Uty111I'il\1 '1 i\l 
1 'U iJ\lflm~IUlA 'Q\?l~m m 7 lJtTnf-l~\?l 'Q~~1'H mnJlJ1fllmft~fNflmfnfli'~ i\lrll'Vi7 'l~Uty'H'l 

" .
~h'U:JJ1fll 'H cil'U'U ~1:JJ17 (]~ 'il~Vl 'il17Oll1..ru ~ilA nj'lJiJ\I~l111J1Jl~\ll~'U\?l7\I l~ 1~m 'J ll1U\lVl 'il17W 1 

'II 'II 

i1\1~l11'lh '1HN fn7~~~lA 1 u GJ!~'UiJ\I~lJf)n 11fJ'U tl'Ullt1~-W\ln~lrr~QU7~~ \lfl~tlQ1 'U 1'lh~'U 1'17 \I 

~h'U 111 fl n l'U fll7 llfi'Uty'H1l11\1'fllUlJlJfltU\Plfl1Ml{rimi'lJ nl'H'U~fl17I~\ll~'U \Pl7 \I 1 'U 

'lJl1rll~u 11~lA iJl11~lJl'Viftflei' ~\llU'U ~'U \PliJ'U1'U tT17fl1'U1Oll1 NVl'lfflW \Pl l~tJ~lll'ift~~lA ~Hl uJlA u~ 
t, 'JI i I 

l'fltliJ'U 'illflfll~iJ1J'yit~lAI Ul~l,ll:l~l'U Ol 'UOl~ir'U I Utr\lfll\PlUlJ~IU'U Iul ~l,ll:l~ l'U 1mH1iJQlflllljijtJ\I 

llft~1..rf-ll:l 1milV1\1n~'U 1\Plmh~ ~\lfl~~ nil i ~tJ fl17 ltliJfl'fllU1.17 llhfJ'U lJl:l~l'U~'il~ ~.,j'111J'U~111'lh 
• 'II u 

lqjft~ 'l'U1mjllft~ltliJ fl'fl111U7l,lftf1'U l~lJ ~ u~tH)fl 111m!'U i\l1 ~11i nl~~lllJlJlfl·l'lf-uf.){ll~lJ 1'U fl n 

llfi'7 ~lJlJ~lJ fll7 1~'U~n \I llft~lrlf) 1~~flll'1iJlJ ~1~'U I Ul~l,lft!l'U 1 'H~~iJ~l flllljijtJ\I n'il~ll ~~\l11 

flll'1 tl1J W il'il 'il1r'Ulil'Uflll'1tl1J~~~~~llti'111Gl~ u~'H tJ~ fll7 fl'l'U lOl ~\I~ 17 1 ~l~ll ~\Pl\l.f11'Vil 7'UlfitU~. . . 
'JI 'JI, , 

IU1 tJlJ I~ tJlJ tilJ i'U l'1iJ 'U fll7 fl1'U lOll1\I'HlJ~l1I~li 11lriJ~1 'U! U \Pl17 1\1 l1~ ltJl'iU fll7 fl1'U 1 Ol 1~ fJlIiJ\lii 

flU ~~ yh'fll11lJlJ1..rtlQi 'U 'li~~lJ fl nlJ 1\Pl 'j 'l1'U n iJ'U Ul'iGl17 1hj~'llJ U (]111fl1\PliJ1J~1 iJ'U I 'lJtl~ 

l,lft~l'Ul~lJlI'U ~ii! UlllJlJ~~ltJ~t!~'illfl'l!~ ~lJ fll7~iiUQ1~ 171~111J'U 'il~ lItJ\I 1~'fllllU7 1l1tJlJ1'U fll7 
" j,I a 

17 lJlI'U 'Hlfl1 \Pl tJlJl1 IU 'U1U l~l,l Gl!l'U ri 1'H i'lJ iJ ty'H 11 YitJlJU'U ntJ'U 1~ tJtJlu u~ 1~111,j fll~lJ'H '1 tJl1i 
)/ 'JI, .y t I 

~f.)\I~h'U l1\1Ul~tJ i..ri'U1'1 tJ'U fll7fll'U lOl ~llJU(]~11i1'Ufll7I utl~u'U ~llJU(]111fi'lI'lVlJYi~Yi ~~. .. . . 
rim i'lJiJty'H 11~lJ utJn1l1flU'UV\I l~flci ntl\l fll7 11m1~l1mllJI l'Hti\l 'illf1l7 1l~flll'1iJlJYi~Yiq'~ 

Uti'l I~tJ~11fll7 ~mHiJll'ltJ{'UiJ\l7~lJlJ~lJflU llft~V1\1n~'U 11'1 (] U7 ~~\lflijflUItJ~fJ'UIIUft\l1'U 
'II • . .. 

'i!""O '1"1 Iq 'lqil iI ?t '1"1 i1<'i r-i 
'fl'1I1 'll'il~lJf-l"1'1 fJfI']\Pl VlJ ! 'Ul\ltl'U !'UtW'l\l !7 lJ '1\1 II ft~ l1'W~~'il~ lU 'U fln flft'l1 'UllJtl\ll'1'U (]\l'tl fJ 1:J Q 

fll1Jft 1111 fl'flllllJlJ 'U tl\l n 1'HII~ t117 I~\ll ~'U \Pl 7 \I ~ llJ 'U UtI.! 11111 fIfl u~ ij ~ fl ~11111 1.J 11 it\I~ 1~ fJ1.,j' tl\l ti'U 
'II • U 
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OJ A ~ fJ,J	 • 

2.1.2 llr-l'\.H·Htl1'jl1m1~'I1'\Jtll,!(l(Matrix Data AnalysIs) 

llr-l'U ~~ nn11m1~"jc\i'mm fitl llr-l'U ~~ ~ i i'~h'l1 f uifl~ 1f1U c\i'tIlJ (ll~tlll (l'fl~fl11lJff11'iUl 
~	 ~ u 

'I1itl!~tll~Un~11~tlfl~ijtld1l1tllflUi ttl'l1 (llfJ '1 lflUlttllflfJ1m~(l'fl~'\Jtl~Ilr-l'UH~ flnl1fl'j l~"jc\i'tl1qJ(l 
~	 fj/ OJ Q.I ~ tI I I QI d. Q,I- A lIfJ1 ,fj) Q.I 

'W f1i'rl[JflUllr-l'U r-l~llJ m fl"lllll'llll'l fll'l'l~ fl'U I'l'j ~ 'Ylllr-l'U r-l~ fl'n 11m 'I~ 'H'lJtllJ(lll~1(l''lJmJ~I'l'Hil'IJ(l~ i '\.J . , 
~ ~ 

fj/ 0 d 0 ~ 0 QI Q,J f.I!t. ~~ , 

I'll 'j 1~ IVi'I 1~ I'l U~ fll'j tl1 'Ifll 'U lUll 'VI eJ (llflU fl11lJ (l'1f1 UJ'IJ tl 'l1'l1!(l tlfl 'YllJ f.I fJ 
u ~ 

I) lDtl i 'I1'j~~ll~ i i'llr~'U ~~fll'j~'hm l~"jc\i'tll,!il 

-	 lrlUlJ~11~tlfl~ 1'U l'UlJ1fl'l !I(l::;lJfl11lJ~U~tl'U~ tl fll'j~fl ~'U i 11 

-	 "DtllJ ~~ llJ~fl~'\.J i 11'11 m fJ'l fI '\.1 ll(l~ll~ (l~f1'UlJfll111f1fll'~'U lll'lfl~ l~n'U 
d'_ I Q.I oC::lo II 9J 

2) tl~ 'fl u 'j ~ fl tlU'\JU~llr-l'U r-l~ rTn11m 1~ '11 '\JUl,! (l 

QJ ~ fllJ) ~ 'j) I d 0 Q.I t.!i 

-	 llr-l'Ur-l~fll'jl1m1~'I1'UtllJilll::;mJtllJ(l 4 (l'l'\.J'Yl(l'lfIUJfltl 
~ ~ u 

<'I i '\1) vi '".. v <'I -	 m~IMflll~ (l' 11 'Ull'U11'1~"ll'l[JlJtlq'~ 

- lflUittl 'il~ll(l'~~ i.1'U'Ufm1~1l'Ul'Utl'U
 

- 'j::; f11.J fI11lJ ff '1 tlUJ '\Jtl~ IflUl"li'i 'U m W~ IrlUi ttlll~ (l~! flUi "li'ij'j ~ f11J'f'111lJ ff1flUJ 'h]
 

3)	 fll'jihtluu'j::;~fl~ii'~l'U 

- 'I11fll'i'tl '1 fll'j ~fl R'U i 'ill~ tl fl'Yl'Hj ~ Uf1l Vi [J~'I1 ct~ 'Yl1~I~ tl fl1l1 flmrw '1 'YlHl~tl fl i l1' 
, , 

<'I d d 

l(ltl flr-l~'fl~II 'U 'U 'Yl1J1 tl'Yl ~~ 

- i'\.Jmru~mflHfl"l'jllti'11UJ'I11 !'If'U QCC, TQM 'I1itl Six Sigma tl1'il'il~YiU(l'll'11~ 

'11 mtl~ l~ i I'i'lJ 1111f1l1r-l'U H~ti'l~um l11tlll'U 1'\'11~fll'j llti'i 'Ulnll tllHl1[Jll 'U 1'Yl1~~ 'MlJ1111tlllr-l'U ~~ 

1'i''U llJ ~~ 1l.i(l'1lJ'I um 1U l1i'i1'il~ Vi1~~ i~ ntl'U ~~ ifl'l1i:l~ ~~ J'U1l1'Ti1'11'U fllflUi ttl~H '1 ~ll~H 

l~t)tli 11l~U 1!~ tl~ i~~'UlJ 111ti'1 '\J nU'Ultl'U tl'U f1U II 'j fl ei'UfiU(l'tl~ 1fl mflUi ttl'~ii'tll'il 'il~U'j~flUU t1 U 

1i'1[J 'j::;tl~l1m fl11lJ'VIftllJ'\Jtl~.u'tllJj,'1 fl11lJI1l'U i ul1i'i 'U fll'jf11l'\.1u fll'j r-l(l m~'YlU~Utl~ftm fl11lJ 
~ 

(l'tl~f1~tl~nu'U1[JU1[J ~UU'j~lJ1U11W~~'U '1 mlJ~(l'lJ1~fllilJ(l'llJnfl'hlJn'U'j~fllJ(l'lJtl~i1i' 
oC::lo tI Q.I oC::lo i

2.1.3 tTl'jl1m·1~'I1fll'jflfl(l''\.J 'il (Decision Analysis) 
..	 .. 

fll'j f1ll'U'U ~1'U 1'U1i'1'U ~ H '1 i'U 1111 ~ lJ'U ij lJfl11lJ ~~ mfl (l'i:llJti''I.J~tl'UlJ 1fl;i''U il.i i111~ 
.::'1 oe:lo.:!t,.. '~fJ,J.e:" .Jt.d I (V' QI I do 

lu'U 'Yl'l~lff'j1:l~fl'il fl'l'j llJU~ llt1~ 1flm~ 'VI"1:t Vtl'H[J'l'Yl1~~ l'\.JlP fl'il "ll.mtll'j ll'U'l'\JlHl'U t)[J'I~1! ~ 1l(l~lJ 

1111 i tl'l1 ~ 1tltJ ci N ~ 11 ~ IItl~ UllJ 1~ 'il11U11~1111 U 11 ~l'i'tJ~ tl1fttlfll1 ~flR'Ui 11 tl(;'~ iJ'I1 i:ltllflUi ttlll il ~ iJ ..	 , .. 
lH I'J r-lil 1~ [JU 1~1 mh '11 ~ tlll 'il i t1~ 1~ '1 'j llJ 'n~ fl'J1lJ 1l.i II U'U tl 'U li tl11l 'il ~! nfl;i' '\.H.u' llJ l'W 1I1'j ~U'l 
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ritlU ~ 1I~~~i1tJ111 i'lifl~tl 1,ri~YrmiitJ n~~~ ~~ ~'l1l~ft~ tlf)n:J.nlu lU 'lJf)'l~'HlU'j~ itJ'l5uI~tl 
Q,I ~ d , .::t <I!"o ~ ",I i 0' 
~11'lU (monetary value) 'VI'jtlf11I,W Itltl11,'1' (opportunity loss) 'VI'jf)f)'j'jflu'j~ tJ'l5U (utility) 

1) "'tll:lW~1,'I'lJU~'Uf)'lUty'VI'ltll'j~~i1ul\l (Characteristics of a Decision Problem) 
, " 

tlnl:lW~1,'I'lJU~m1.'i l'Ull~tlnmtJuru'VI'ltJd1'lI~U 'jUUUUm1~I~U i f>U 'l1,'l'fl'llu fl'J'j'VI'l'r)'mtlU l~tI 
... .. . " 

I~Uf)'lrlUn:ntlU'Utl'l~111UUUt1j'VI1 ~'liM'lU 

1. ~1'1~i1u'\l... 

2. l'll'lliif)f1'\Jf)'lUU1Ufiu~(Alternative Courses of Action) ~1'1~i1ul\l~tl'l'j~'4 
9 iI d I " Q,/ 

ll!.'l~ I 11 fI11lJ'VI 1J1t1'Uf.)'l l'll'll!.'lf.) t1!'VI t11UU 

II ~ ~ iI d .e:. J 11I 1111!lJ I

3, m~nuw (Events) ImJ1,'l'n'l1~'Uf)'l1:1''lU1~!.'lf.)lJl'lfJl1lu~1t1~'UU l~tJ !lJ !~BQ 

m1J'~nl'Hl1UfllJ'Uf)'l~I'1~~U 1 \l m~tl1';iur~l'l '1 ~f.)'l\!flfi1'V1tl~ i~tJ~~~~ulu'hu~iif)~ ~h,r1'l~ 

tll'jI'1~i1u'u~l1tJM1:1'mlJt11';iur~1'l '1 (Decision Making Environment) llU'lI~lilU 

" 3.1 tll';i~~i1ul\lmtJMm1lJllUUtlU (Decision Under Certainty) lumwu 

iJ QJ .eo 9 1 I I ""9.o::::1io d " <l!!!I. .::i. jJ.:::.. 

f;;!1'I~1:1'U lul'l';i1U11 UUUf)U11m~t)l'jW 1~'il~If1~'UU f1tll'l';i1'J1:1'm1~l'lIll'lllH (states of nature) 
d .e:.;J Q,I ~ 'j/ Q.I ~ o!!t ~ dG) jI 

'\'1 U~lf1~'UU ~'llJtJNI'I~1:1'U 1u1l~I!.'ltJfll'll'lI'Hl fll'l I mH:l~tJUlll'lU 1:1' 'l1:1'~ 
.. 'U • . " 
3.2 flu~~i1ulumtll~m1lJliYU'l(Decision Under Risk) lumwu ~~~ffulu..

" . . 
ill l'l ';i 1U IIU i'~ 111'VI~ fll'j url~ u ~I n~ iiu U~ 11~ l'l ';i 1U11 ~ tl 1:1'11J1 'j fI ri1'V1U ~ m llJU1u~ 1llu 'ti 1:1'n 11 ~ 'ti. 

", " iJ iJ 

ul1'u~ 'lu~ln~iiu l'lfU tll'j Vi'il~~~l'IfflHiJ1I~UU~lJ1tlJIyill~iruiiumhlutlu1:1''lrl'Utl'lffU I'huu '1.. . . . " 
~~~~U 111 '11l1:1"llJUflmUfllJ'VI~f)ri1'V1U~ 1,r1:1'ml~'tiIll1'u~'ltl01'l1~f.)Ol'lm'1'lln~ii·u "l~ 1I~m-'nJ 

. . " I ~~I ~iI~~.ci 

m1lJU 1u~I1JUl'l11\9l!.'l~1:1'm1~l'l1ll'l1l'j'l1l~lfl~'UU 

3.3 fll'j~~ffUlumtlMfl11lJilluuutJu(Decision Under Uncertainty) lumw 

if ~~~ffU''ilm-l'U111,'1'n'11~~ul1'u~'l B~ hU'l'l~1I~ln~~u u~illm1U~1f1TllJU'1\l~I~U~1:1'm1~ 
. ... " 

' 

'tiul1'u ~ 'l'il::af)~iiu l'lfU ii'lU~'il ~ffl11lJU l'il~I~ U'Uf)'ltlU1:1' 'lftlUffUft1 ll~U'lI~ruIlJl1f)'ll'lm~iJ'l~.. . ... 

do t:::Io Q,I '-::I C:), Q,I ~ do. 0 t::lIo ~ 'j/ t:::Io ~ " QI" d 'j/ A. A. 9J .t:Ito dod" .:'::\ Q,I 

lJ U'j 1:Il'l1 'j 11'V'l t1'lU 'j'~ l'll~ tJ1l'll'lltll 'j ~!.'l\9l1:1'U f11'l5U ~ U 'VIlfltJ'llJ ~~!.'l\9l1:1'U f11'l5U ~U tJ fl'VI C11tJU 'j 1:I'Yl.. 
I )1 ~ I 

~'ll 'j ') illii1Btll1:1'l'l'j'lW!.'ltJl1 ~~~\9lu~'l'llum1.'i1u 'il~ ~~\9lfftJft'nHmw n; '11~ 1'1'l iru Old Vi 11~ 

~~ ~U 111 ~~\9l ffU ft l'fHl flm I~ U ,JjlJ1W I vi 11 ~,fu~'l11:1'ii f.) 'U t1ll! 'j 1ill l'l 'j 11J f)~ i'j l!.'l V d.IJu flU 

" .
1'1~~U 1umtlMflTllJ "l11uUU tlU 1'1'liru ~'lf11'j 1I~U l!f1W et1tll'jI'1~~U 1uYi illl'i'tl'll~m1lJll1U~I~U 

11qtJlfltlJ et1fll'j 1'1~ ffU ~1 ~m1lJ U1u~ 1~ U1J1'lf1tJ1UtlU ~~ ~U 111\~ tl tll11'll~ f) tl ~~~ ~~ i ~ 

'Hn(\,':..ll U ! 
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4. ~\I~lI~::lfi~l\?l1:JJln(Conscquenccs} Itlw'Hl1h~ lV'lfU€!'rllh1~mHl hi' (Payoff) ~\1 
I I 'J/ I 'JJ 

1l ';j~ I1JU l~v~if~~u 111 ~ \Illll~lfi~\911:JJ:JJ 1'U 111 U Nfl:JJ 1111 fl fll';jif\91 ~~I 11111 rl~ 111 \91 tll'.i ofll Itl\91;iu 
~ . 

41 ~ ~ d ~ oJ QJ Q"I ~ QJ , dl J4l::), ClJ4l::), ~ 
\91\1UUf.'I'\I'rllfl\911'l1:JJ1I1mWll1~f.'I'lI'1'lUTifl1J'fJ11U\I'1 'UtI\lllU11 {]lJI'l - l11~fl1'.iW(Action - Event} 

2} flWl~Nfli~lu~1l'UtI\lfl111 (Measurement of Consequences: Payoff) f1l'.i'r~Nt'i~ 

1U tll'UtI.:.If11 i '.i II f.'I'~.:.ll~vf.'I'fl\1\911'.i 1.:.1 Nrl i~ (Payoff table) ~\lltlU\91l'.i1.:.1T11';jllllflllll.:.lf.'l'tI.:.Im.:.l111\1 
I Iii, , 

11 U.:.Il lIu 'rl'l.:.llii tI flll IlIu i 1l i ~'tl.:.l 1111 ~ Vfl 'rl1.:.1 11 U\I ~ 11 U 111 ~ fl1'.i of11 j tI f.'I' .fl·l1~ llll,r'il j.:.l \91111.:.1 r-lfl ~l;{ 

(Payoff) 1i'll f.'I'~.:.I f-lflll'.i~ lv'lfU€!'rln~~if~ ~U 11l1l~ i~~u ftmtlU\911'.i l.:.1~1l f.'I'~.:.I f-lrl i ~ 1)lflfl1'.i~1 iitJ fl 
I " iI I 'JI 

... ' 'I ' <d 'I jI <1 91 '" <1 '" <d I/) jI,. '" '1 J<1 '" '" d'YINl.fltlfltlV1.:.l 1\91t1VN11U.:.ImfJ b\91f.'1'm1~'VlII'rl1l'.i.:.l'rlltl\91'UU \911'.i1.:.1f-lrl 1\91 l\91fJ'rl1 1 lIflmJW~ \91\1~1 

\911'.i1.:.1 2.1 \91l'.iNr-lrli~ (PayoiITable) 

d 9J ~ cI 
f.'I'm1~'rlIl'rl'il'.i.:.l (l11~fl1'.iW) 

AI A, (A.) AI=I,2"m • J n 

X lI X I2 X ln 

X 21 X22 X2n 

(S) 

X X X .ml m2 mn 

~ , 
l;V o.t.':t t':t I.'!t dl iJQ,.I ~ 9 'j) ~ 

llf.l1\91.:.1llf.'l'~.:.Ifl1';jfl'j~m11'.itlm.:.llflflflfltI Aj ; j = 1,2,.... , n 'If.:.l~\91~f.'I'U 1'il1)~\91t1.:.1IJ;ltlfl 

, rI <IS d'j)4l::), .J"='lr)'iJ.a 
f.'I"lUllf:l1UtlUll'rlUl11~fl1'.iW(event) 'l1'H)ffm1~'rlll'rl1l'j-:J(state of nature) 'If.:.llfl~ l~ m m.:.l fHJ SI' 

, i r-t U1 'j) .a rI oll:\.d ~ .a ~ ~ d 
S2' ..... ,Sm 1'11 UI'lHN Xij fltJ f-lrl 1~11H)r-lrlll'.i~ lfJ'lfU"!'rl1i'rllfl~1I1flt11'.iIJ;ltJflT11'.ifl'j~m

0 

'rlj l~fJ'rl 
, , ~ 

f.'I'm1~lllllri)j.:.lll j i;{ltl~~U 

I/) jI jI jI '" '" 'I ,. "''I '" "'1" '" 'I jI
1I1fl\91l'.i1.:.lf-lfl !~ tl1N\91~ffU 11l'rl'.i1UllUUtJU11111\91fll';jW I~ lI~lfl\91'UU f.'I'lIl1\91 111 S, 

~ .. 
~ J 31 QJ ~ q d ~ 9 ..d d d ~ ~.:19 9J 

Itl ~ 'U 11 N\91 \91 f.'I' U b11 flll ~ 'I'l1Il'.i W1\91 lllll [11 U I'Jll 'VI 3 l'l'l fJ.:.I1l fl11 ~ fJ 111 fl ~ Ifl tI n'rl 1.:.1 Ifl tJ tl'VI 111 f-l rl 
~ ~ 

,."' 'I d '" .. jI" elt .,; .. I/) 'I/) jI '" ~,
1l'.i~ bV'lfUf.'I'.:.If.'I'~ 111'1 IU'fl11111lJlJ'j)'.i.:.lf.'l'.fll1~'Vlll'rl1l'.i.:.lIUUf.'I'.:.I'rli'l'lUflJJ III I~ 111JJflll~ 1:JJ'VJ'j'lu

~ . . 
~,:aI I , 

ci 1.:.111 U'l':hll1l'l fll'.i ofi 11 U 1l~ ltl~ ~U eif.:.l rjU UltlU ihu 'l11ll V.:.IfJ1fl ff111 ~U ~if~ ffU 111ll 11~ ~ tJ·H ii tlt1 
q u.. cu 
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3) If1W cnf1n~~ff'U 1\l~ i~l9i'tl~ ltfl11mh\l~I1j'U hjf)'H:U~~~~fflj 1u 11~~nl1'Hl 
I ,. 'J/ 

1J ':i ~1J1W fhml1J1l1\l~ 11j'U li~f111~li n ~\l i ~ 1119i ~~ mh~\l~ Ifl~~'U iJi' 1"lI1tl1 \l\l~~~ ff'U 1 \l i ~fJ i~l t 

fl1ml1Jlj1\l~I1j'U1~11JlVl\lUW11I~~H'1nf1U~~~'U1u19i1~ "1 ~~i1
~ 

.e:...::t .0lil::)..0lil::). ~ d' QI ~ .d. &::t )I .c:rr, 1 d"ll Id d iii tjJ

1. 11illllfl9l11'U IlJ'UlflW"l'1n'lH1~~'Ui\l'YI1l'\JtI~1l1lm1m~nnw 1l~'YI11~ l~ 
~ . , 

In~~'U II ~~l~ tI f1'Y11~ l~tlf1Viil1' Til i nl'~~~l1i tI'\Jl~'VI'U U'tlfJl1 ~~ ~tI ~~~iY'U i \1 \l~I~tlf1Tll':i m ~ li 1'U II .~ Il'>~ 'U 

, I I I " 

Vii,rr-l~ i Ji'~ ~l1~fIltJil9i'~tI~1Jll~i1~f1l'l~l111 ~\l~ ~'n 1,rr-l~ i~~ll1~'1Ji'lfl~~'U f1l':iVl\ll1W l~tI~ 
QI liI 'jI 9 <j/ old' 9' ~ ll] iJ ~ <j/ ~ 00 ~ 

tllfWI'lUl~r-l~ l~ IIGl~ l'lflfiW"l'1'Y11l l'UIII'li'l~f1l':im~'YIl\l~I(ltlf1r-l(lI~l'lll1~ IImli'ltlTlf1l':iT1':i~'YI1'YI 

I I " " 

i,rr-li'l iJi'~~l1~ llJ1J':i ':i ~1f1l':i m~lillihr ml iJi'~ll1~ll1~li1 ilhllln~ii'Ui1 ~~~~'U1u\l~lltl~ 
, , . 

"'I II) 'cO ... "l cO 'j/ "" cO ~ cO'!, "" ... "" 'I 1
1l1I'lTT1':iW 1'U'YIl~ 11l~I~lltl f1t1Ii'ltlf1~f1l1~'YIII'YI\l':i~'YIIi'lTJlfJ'YI~~ l'Ull~"lIfl~1i':if1\lf1'J':iI'l~~'U l\l ~tJ, , , 

in 111Jf1~ihl\l~li1ll1'lrf11i':i fl\l i~m1'1i'l~'YI'Ulilf)~ i ':i.. . 
2. 1nllllfl~1l1lf19ft111'Ulflwcnf1n~~~'U1 \l~~~~~'U 1um)~il l'I1l'l fll':iwl 'U Ji"I'U~ \l~.. . 

~ , 

Ifl~~'U 1~tJlI~l~tlT1f1l':i m~l'hYiil1'ml iJi'~~~~\llf1r-lf1 iJi'~~~f!l 'U1I19ii'l~T11':im~li 1 l~tJi tlTlW en 
~ II 'U II 

" . 
3. iniiullll tl9f-~lm'YI illuitVl1l1':iW 11l1TlI'll':i Nfl1lfftJ1tl tll~ l~tJ H'mwcnlii1iU 

1119i~:::; f1n m~lil \l~I~tlf1fl1lfftJ1 tlf1'l~~ ~~~IIi'l~I~tlf1TTn m ~ li'l~ih+ll fftJ i f)m~~'l~~ 1 'U':i~ l1+l~.. . .~ 

, ~ 

f1U m~lill11,rfl1lifui tl Tll~~ ~l1~111 ~1i1 

, ~ ~ 
'i'11111Ul\l~I1JUllHJ~mfl (Prior Probability)
 

~~~~U 1u~i11'l1':i1~r-l'l11~tldiujjtl ~11JlH)1I~~~~Ui\lliif)f1'Y1NI~tlf1~~~~~i~ 111
.... , 
I)lt rll:!!I dj/.e., .e::",% d-=:l. 

1"lI1m 1lJ 'l1~l1U1111l11'l fll'JW 11':i tl ~ f1'11~'YI1l 'YI \lH 1f! \l~If1~'\JU l'lrlt1 \l~ 'VI \lUW 1m 'VI1~ lu ~f111~. . 

,'JI I 1 

l1m~\l~~ir'U 1I'l~I~tlf1'Y11~I~tlf1li~li~f!. i~ 

1. mllllll\1~I~Ju~iJi'il1f1~mJ'l1'UtI~1'l (Objective Probability) l'ihjmlll1l1\l~ 
I I ')/ • 

~ doli] !V Q.I '-!i rJ,J et oC:3o '-!i i .o=i I QI ~ 0 jI .o=i j/ <1 j} -=:l. 

IlJU'YII~1Jl\l1f1f1l':ilJU'YIf1'IJtl1J'l'YIIf1~'\JU Utl~1'l l'lfU m':ilJ'U'YIf1\l1'U1U~f1mill'IJ11Jl1'lflJ':if1l'J 

1U~lljtll11l':i 
, " , ?t cOo <9.1 "'j/., """I 

2. 'i'l 1'111 'U 1 \l ~ IlJ 'U 'YI Tlll1 U f! 'II 'U \l'lfllJ ':i::: ~ lJ tl 'l':i UI '\J tl ~ I';! I'l ~ ~ U I il (Subjective 

Probability) 11jU't'111111l1\l~I1jU~ nll1U ~~'U \l1f11J 'J:::~Uf1l':iW \l1f1i'11111I~tl \1 1f1'l N~~11':i ur ;1 ~tI 

\l1f1f11':i f1'l ~f11'J W'IJ tl~~~I~t11~tI~ nu l~tI~~ \l:::~~~'U 1\l Tl'l'J n'l11U ~ml1Jlj 1\l~ 11jU lI.uui'f'i~ll 1fl.. 
1'U'YIl~lPfl'iJ 1 'U Tlnli~ i~ij~mJ'l lUtl~1'l l1~tIlrJ'UI~tl~ 1 11~~i~lfltJi11111titlU l1~tl i~~11Jl':i\)\l~ 

o .d 'j/ II) 'j/ 

'YIlm':i'V1~'ltl~I'VItl11l'IJtlll'll~.. 
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nl'.i 1'1~i1u 'I111~fJ'Wlll'.itu llll nrhfll~'H1\1'UV\I 111 i '.i 

\PIllJ~ nri11lJlll~T:h uunn O1'.i 1'1~i1u 'I1l!fi~fI11lJ~\I f.l1m ~ V\I 'ill nfl11lJ hillUu tltJ" . 
, d~IIC:!rlQ..l'l ~':.Ji'j)'j)Q..I~''j)1 tIJ oC\io:% d QJoC\'IIIJ'JJ
11(l'm1~'Y111'Y111'.i\lf.)tJ ~'il~In~'UtJ ''If\lml;j~~(l'lJ 'il1Tlf.)~ !HI~ltl~'UtJ!'Uln\)~(l'llJlHI\PI~(l'tJ'il !~ 

l1tJ Vi ';1tJ ~'l\l !'lfU lw UUJ111'Utl\ltJ 'wiY'tJ ~ t1"llJltliY'tJ ~r'hfl m~!i'l~ tJ\I vi w! '.i\Ill~ 'IJ 1lI '1 ~~ !'Ul ~'il~
" ..'~
 

!~{)n01'.im::::lh Al fttJ 'il::::~i1f1!f1~{)\Il'iW!'.i\ltJtJn~l'HUltlttJ\lll~t1'lflf11~!f1~fl\l'tiWI'.i\l'Ultl'l~utJtI
. . 
0' ·1 I 

l'Ulfill~!~flnn'l'.imdh A2 ~tJ 'Ultlil'IJiY'Y1,nl1'lJ~l1"t'l:lJfll~tJ{~lti~ itJmrull~(l'm'J~ '~m,i'1l~\lll~~ 

nl'.i f1'.i ~ l'il'H mtlfl ~ 1\1 U tlJ'H 1 fi 'il~ ~~ fl1nlJl n~tJ i\l ij1~ Tll'.i';~ iYtJ 'I 'il ~ Utl'IJ1~titJ lJl tl ~() 

O1'.i 11J~ t11Jllltl1JJ.df1fh!~tJ';11~tJ l~tIlu ~t1 (expected monetary value) '.i~'Hil\lfll'.i tl'.i~'nl~l\l "1 
,' QJ 0 lJ] I 0 iI..:!I 0 d'l 'JJ1~t1'Hlfl'lfll~'H1.:1'U{)\lnl !'.i (expected profit) 'Ufl\lIl\PI~::;tll'.itl'.i~'Y1l11~1W{)ntll'.if1'.i~'Y11'Y1 'H 

fhfll~'H1\1'Ufl\lnl '1 '.i~\I~"t~ (l''lJ01'.irilfll~'H1.:1'\Jt)\lnl hril'Hi'lJ01'.im~l'il~ j ftltJ1W '1~'illn~I9l'.i 
m
 

EV (A j ) = LX ij P (Sj).i = 1,2, .. ,,", m
 
;=1 

j = 1, 2, "" .. , m 

1~t1~ X ij = ~f1i~'Uf.).:Ifll'Hl'.i::;l'il~ j itJ(l'm1~~ll'li'1l~.:I i 
>' ., 

I .?I ~ ~ ~jI~.c:1

P(S) = fI11'IJmll~!utJ!lJtJ.:IIl'.ifl'U{).:Ifll'.iIfl~(l'fll']~'Y111'Y11l'.i\l'Y1 i 

fll'.i';~iYtJ '1111 ~t1Vl1l1'jtu l'illorilfl'l~'Hl\1'UtJ.:Iril!fftil tltl'li.1 

ril'Hi'lJf1'l'.i'Hlrilfll~'H1\1'UtJ\lri'u fftll tJ fll(l' l'i'l '~I'lftJl~t11 tilJ nl'.i'H 'lri"lfl"1~'H1.:1'UtJ\I 
11 I I I ~ 

nlh nri11ft{) 1~fI11lJUlll~llJwijtl\lU'.inll(l'm1~1l1l..;''il~\Ill ll~lfi~~u ~tJ peS,)i 
I 

~ ,~ . 

l~lJ';1ri1.:1,h'H'lr n ll~::; 'Hlrim1~t1ri1\1lh'H'lrO'UV.:Iri"UiYtll tJ O1(l'ril'Hi'lJll~f1~ nl'.if1'.i~l'il !!~11~{)O 

O1'.im~l'il~'l1'l'ilfll~'H1\1'Ut1\1rilliYtll {)OTi.1~ l~"t~ (l''IJ nl'.irilfll~111.:1'IJtJ\lril!fftll{)01(l' (Expected 

o '-':t ~ 

Opportunity Loss) 'UtJ.:I01'.if1'.i~'Y11'Y1 j fir) 

EOL(A)= L
m 

OLij P(S).i=1,2,,,,, .. ,m 
i=1 ' 

j = I, 2, ... "., m 

1~t1~ X ij = rillfftlltJ01ff'UtJ.:I01'.if1'.i~l'il~ j 1tJ(l'm1~~1ll'i'1l1\1 i 
)/ ,. 

P(S) = fI11'IJUlll::;I~tJl'UtJ\lll'.in'IJ{)\I01'.iln~(l'm1~ViIll'i'1l~ \Ill i 

~ ." I 1 1'JJ '" 'JJ '1'JJ
fll'.iI'l~(l'tJ 11 ~t1 '1H1~tJ ~\If1tJ 'IJ (Decision Tree Analysis) 

O1'.i';~iYtJ 'I1l1~ tJ0'Y11.:l1~ tJ n~ ~~ t1~ UtJO'ill fifll'.i 1~19l1'.il.:l~f1 i~'H~ tJl'll'.il.:lri llfftll tJfll(l' 
, , . 

di r.::a. QJ &"::I, I dt 0 d~.do iI Q..I Gl j.I ... 1 Q..I iI '1 " 'I 
l'VftJ'VfllT.itull'l~(l'lJ 1l!"tJn01'.im~'Y11'1'I~'Y1t1~1l~1 t1\1(l'llJln)'il~ !'lf~Ull~tJl'I\ll'ltJ lJ 'If1t1IWll"J 
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\Ol ~ il'U l'iJ 'U{ fll'j 1 ~llml ~~ ~ll ll!'1'111 '1111 O~l M'U iJ tlJl11fll'j \Ol~ iY'U 1 'iJ '1${i'~1 'iJ 'U il iil1 Nl~O fl ~'111~ 
u .

9' <!ld d~'" "1~ "''''9<'1 <!l~ 
llfl::: IUIl91i.'l:::(1'ltJl11~lflOnll(1'ml:::11l1l1'iJ'j~0~ 1';i1J1~ !li.'l~I'jll1~(1''U l'iJlfIOfll11~Ii.'lOfll~ 

'" 'JJ '" ~ "1 ~ 
l1f1f)fll'j(1''jl~IlHllf-l'l91U III 

~ '" ~ "1 ~ 9 ~ "'. I "" '" '" ~ "1 ~ ...
fll'j(1''jNllHUH~I91U III l'l!O~flu'j~flOU 3 911 l'l!Ul~rJ1flUfll'j(1''jNI911'jNHfI l~flO 

'j) ~.,!!f. 0 d jI Q 11:JJ 'j) QI ~ jJ

1J'j~ fl mm ltJ'I1NlfIO fll1 'j 0 fl']'j fl'j:::'111 (1' ml~'I111l1'iJ 'j ~ II f1~HfI ~ fll'j (1''jl~ llHU f-l~ 'iJ~ I'jll 'iJl fl9fW 

11J'\Il11'fHJlIl1Ufll'jfl'j~'I'11~ltJll'\lU(path) 11~0~~ (branch) ~rlum)r1111'illfllfl~0~1111'W~Il1~tlll 

(D) l~tlflil ~~Il(1'~'1fll'j\Ol~ilul'iJ(decision nodes) Ui.'l~Ill1U(1'ml~'~llV{'iJ~\I~l~ '1 ~1t111'lJU,~tll 
I 'I }J 

'iJlfllrl~tl~m,rHJ1~mlll(0) 11t1flil ~~Il(1'~~(1'm1~YillV{'iJ~~(chance nodes) (m~Yi 2,2) 'f1~UU 

lrl01 'j ~~ Ulfl ~tl~ 11lJ1 tI 0 1UllHU ~~~U ll! II (1'f! ~ il'iJ::: ~tl~ 'I'11flU \Ol~ ilu 1'iJl~ vfll11~1 ~v fll1 ~ v 

flU fl'j ~ '1'11191 H JII ti'l\Ol~ilu 1'iJ'hjl~tl r1 fll'j f1'j~ 'I'11tlU 1~ n'iJ~ 1fflfl ~ v~.I1 ~ll 'IJU '\Iv ~ fll'j f1'j~ l'i1 tllJ 
jJ ~ I J I I 

UU 'f1\1UU fll'jfl'j~'I'11Yitlfll~Ofl ftml'IJuYil:uiilfl~0~11111tJ Illl~ti'1~Ulfl~0~11111t1 0 'iJ~~o\lmtYtJ.. 
,t )I, I 

l1q'tJQml11tll'iJ~11~uVi(1'fll1~ Yill V1'iJ ~ ~1l~f1~l11~'iJ~ln~ii'U llfldhJfI1t111'lJU'lJO~(1'ml~YillV{'iJ~ ~'iJ~ 
..... ~ .. , "1j1 ~"liJjI.J~ "1~ 
lllfl'jO-.'l11111tJ~~ ( • ) 91-.'lI'jtJrl'n ~f!ll(1'~-.'lHfI If! (terminal nodes) 'iJ~ !(1'rllf-li.'l If! (X ij) 91-.'lIUUHfI If! 

~lfif!'iJlflfl1'jl~Oflfl1'jfl'j~'I'11 A 
J
. mtJl~(1'ml~~llV{'iJ~-.'l S. 

I 

D ~!,lLC/~-.1n 11~~~ul'l 

O <l" .. 

, fHLC/?l-1r,{m1::1'1 Ll'l'l~ 'H 

• ~YlllCiYI~r.m 1~ 

d jJ QI'j)1JI'j/ ~ QJClI9 'j/do t QJ liIiI 
III v (1''j l-.'lIlf-lU f-l-.'lllU lllll (1'f!-.'l'lJU 910U fll'jl91 f1 (1'u !'iJlli.'ll 'iJ~fllU lUI fIlfll~111~'1m-.'lr,jj,'l l~ 

I1Jl ff~ll~ i.'lq ~ 1UlIf-lU ~-.'l ~ U 1l! Ivl tJ '1'11 fll'j \Olf! ffU l'iJl~tl ill1 Nl~O fl~ 1'11 ~ u1 ~'! -.'l ,,!f! fl'j'j 1ri 
~ I . jJ'QJ , • ~ ~ 1I) ... 1'j/ 'j) QJ 'j) I ,.. QJ 9 I 

fIlI911Ifl'IJ91N 'l1l1f11U 'iJ~lnJ'iJlfl'IJ11 w911tJ tJtlUl1NflUtll'j(1''jl-.'lll'lJUI91N "1 If!tI'lJUmfl'iJ~ 1(1' 
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, " ,
~H'1 i~'H~()ri 11fYfJ l()mff'IJ()'HHl1J~.yjll~ '111 ~ll~~~ vm 'Vlrmn;~1~rilfl11lJlil'i1~lil'U.yjl!~Cl~ffml~ 

, >I 

1111~ '01~'iI~lnfl~'U 'Hlrilmfl'Hi~'IJ()~ ~~ i~'IJ()~ll~~~ m'j m~l'il 1l~11U~fJU1.yjfJurilmflHi~9J()~ 
, " , 

~Cl i~'j~'Hil~n']'jm~'til~'l~ '1 l~()nnl'im~l'illil,r ~~ i~~~~f1 ~~UlA ll'UlA'IJ()~m'j m~'ti'l.yj Ihj 

'" '1 I ~
, 

0 d 
" a 1JI I~ ot!t 

()f)lt'1(Jfi'iI~()n fflfl'i()~'HmfJ II m'1~ll'U'U'U()~n']'jf1'.i~'Yll'Yl()f1lt'1()fl'il~!lJlJlm()~mnfJ II 
'U 'U 'U 

~l()eh~I'li'U u1J'Yln'ilI'il1UJfilft~Yl'ill'jtul~'iI~~~'Vl'U'tiln'iJll1'j1'U1m~m'j 1~ l'i'lHm':i 
. u 

" 
, 

'Hi1~'j~'Hil~ lfl'i~m'j A lim:im~nl'i B li~ff()~ iflHm'jlil'Unl'i~~'YJ'U1'Um'.i~(;)J'Ul'Vlft~~1'U'Vl'l~ 
,.,,, I , , 

Ti'j ':ilJ'lfl~ ~Cl i~'iI1n 1m ~nl'il1~ffv~.u'U()~nUTlf;)lflru cyj'l1ifJlnUnl'i fJnll'Umi'iu ll'Ull'i'l~tJ~.om.yj 
"' c:), ~ ct"~ Ij) ~QI , 

'iJ~()()n i f1fJ'i'lru~m'jlJm'jff~ITI''jlJm'j~~'Yl'U (BOI) 'iJlf1m'jl1ml~mlJ()~1I'U'U()~lJnj'Vl'i'lW111, 

1 
, , 

, '" II) "'" III '" 0 III '" '" ?I 1 -;:'1 III '1 -1 ' fJnlff'Yl'iJ~ !mUfJflI1Wll1Hnl'Ul1mtJ~'ilmlUlJ ,7 ll~~frw 'U 5 u m~~'Yl'U 'U m~ll1'j A 'i'l'l~Tl 

II) III 0 II) III 1 - I II) III 0 lIJ I III II) '11) "'" 
'iI~ !~m !':i 5,300,000 l.Jl'Yl mf,l~'YJ'U 'U Im~nl'i B mml'i1~ !~m !'i 2,500,000 !111m !1J !~nJfl1'j 

III cO III .4 '" 1 1 ." ,0
fJtll1'UflTlHrll'Uml'i()~'ilm mH'1~'YJ'U lJ fl':i~fl'l'j A 'iJ~'Ul~'YJ"J 3,700,000 U'l'Vlllll()'HN'YJ'U 'U 

im~ll1':i B 'iJ~i~fili':il~mr()fJ ft() 500,000 Ul'Yl u1J'Yln'ilI'il1UJ 'i'll'j~~'Yl'Ul'Ulm~m':i'fl u , 

B B 

,7 5,300,000 2,500,000 

,3 -3,7000,000 500,000 

1.0 
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5,300,000 

2,500,000 

1,900 J OOO 

500, 000 

tll'HyrNUr-l'U r'r'lfi''U illl~lJ'il1fl~ltJ hJ'lJl1 l~m~lJffrNlIr-l'Ur'r'l'il1fl 1 ~'llj'YlNI~tJ fl 

2 'Yll'l fttJ fll'Jl111f1Hfll':i A llj;j~tl1'Jl111f1Hfll':i B ~'HlJltJlj;j'U 2 ~11i11f1Hfll'J A ljffflll~~ 
j,I ..::., I ~ \I] ~Q.I g) r-I jJ I ~'I d. I:' 111 Q,I 

U'Yl'il'J'l 2 tltJ1'l 'fHl !mUfll'Wflll'UfIlll ~lUfl111J'U1'iJ~I1JU= ,7 llj;j~lJfll!'J 5,300,000 Ul'Yl flU 

lJ] 1\1] ~Q,.I jJ -=t " ~I d d. 

!1..1 !~nJfl'1'JtJflll'U.flnd~1tJfI111J'Ul'il~I1J'U = .3 llt'l~'l/1~l'J'U 3,700,000 Ul'Y1 'Yll11J1mt'l'U 3 mH111~/
I 

d g) At' ..:t Q,I ~ \I] ilQJ lj) o<:t)J '.:'1 ~ 0 l1J 
'Ylll'Yl'ilH 2 UtJN 1'lf'UI~tJln'U f1f) !~'J'Ufl1'JtJfllTU.fllll ~ltJ'fl'J11J'U1'il~I1J'U = ,7 lnl~lJtll !'J 

""11)'11)31"" 31 ""31 t?t 11)31"1
2.500,000 Ul'Yl flU !1..1 !~'JUtJtlll'UfIlll ~ltJfI111J'U1'il~I1J'U = .3 llt'l~ I~fll 'J 500,000 Ulll 

C!lod j/ Q.I 

l1ifll'JtJf)'Ul1t'l'l (Backward Induction) 

'ill flllJ'.l'Uf1''lfi'u iU''UU'lU1tr'Yl n'ill 'il11l1 ('J'I.1 13.4) fll'J ~lU lW fl1f11~111'l'Utl'lr-lt'li~'il~l1 1 
" '" , , 

'ill fl'l/11 i ,Jcff'ltJ 1 ~tJ~U'U 'Yll 'ltllJ fll'j l~tJ'UUr-l'Uf1''lfi''U i U' i'U flwn 'il~~~a'U1. 'ill~tl fl'Yl Nli!u flli1111-lt'l 

l1J)/ jI 0 , QJ lJ]jJ , ~ ~.d,.J d 
!~ff'l~~ 'il~~[)'l'fn'U'Jnlfrlfl1~ll1'l'\J[)'lr-lt'l !~'lJU'llll'lt'l~'YlHlj;jf)n flO 'Yllll'I"~'il~'Ylllff~'lff.flrJ~'Yl" ., . 

jI 4 QJ I ,Jt!!:t d 4 d d jJ ~ ~ lJ.I d.ck ~d I 

lI'Yl'ilH 1.'Ul'lltJtJ1'l'Uflf) 11 211t'l~~~ 3 'Yl'il1'Jf,),(1'Yl~~ 2 lJffflll~'Ylll'Yl'ilH 2 tJtJ1'l fltJ fJfln'UfIlll'15'llJ 

fI11m1-J'il~I~'Ul'vhtlU .7 )jr-lj;jti1h 5,300,000 Ul'Yl tl'UiJ,j'l~fUtll'JtJfll~'UfIlii ~'l)j'fl11m.h'iJ~I~'U 

I'VhtlU .3 llj;j~'lJ1~l'l'U 3,700,000 lJ1'Yl ~1'U1Wftli'11mrl'l'lJtJ'lti1 i 'J 'il::: M 
EV (2) ,7 (5,300,000) -1-.3 (-3,700,000) 

2.600,000 Ul'Yl 
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• 9J	 , I 

tJ1~1f1'WIl'r)'J'lJB'Jn1Ih'Vitl1Ullli ultlii'hJ1riHl1~~ 2 ml~ lmht!tl'JI~fJ1tlU fi'lll'jllilli 

~~ 3 iJ€YfIll~~lll1'lIi'J 2 tl~l'J ~B fJfll~Ufllii ~'JiJm1lJt.hll~I~WVhtlU ,7 iJ~Hlfhh 2,500,000 

1Jl'VI tl1Jhj 
1
ltli'1Jf)l'jfJfH1ufni1 ~'JiJm1lJ,j11l~ltlWVhtlU.3 tl1h 500,000 1Jl'V1 ft1U1llirl1 

fl1~111'J'lJtl'Jf'hhll~1~ 

EY (3)	 .7 (2,500,000) + .3 (500,000)
 

1.900,000 'Ul'Yl
 
, .. . 

thrl11'11~111'J'\JB'Jti1 hlifi lUlU! 1tlii 1u1riH'Vi~~ 3 IU~fJUl'VifJUrl1m~111'J'lJB'Jfh h 

'j~WjH~~ 2 ~tl "'Jl'JU1U lm'Jtlu A 1'Y'l'j1:1,rj'hfll~111'J'Iltl'Jfhh~'Jfl11 3 tiB "'J'~ulu 

lflHf)l'j B ~'J1rilfl~0'Jl1lJlfJ II ~Ull'llU~M'VIU1U1m'1 fl'J'j B fJflrl1m~111'J'IltJ'Jtl'11nhl1i'uflu. 
, tI I 'JI 

m:vh'¥ii,r~'m 1tl€Y'J€Y~iithJ11'Vi'O~ 1 ~'lUU rllm~111'J.,m'J~,mti11'j ff1l1i'lH)~H€Y~'JflU~~fftI111 
'U q q	 q 

1 = 2,600,000 lJ"l'VI t!utitlU111'V1n1l11l1ty m'j~~fft!l1l"'Jl'JtJlu ltlNfl'J'j A ~'Jrrl~111l~iJfl'lh 

rvi ltlU 2,600.000 1Jl'VI fIlfJlu 51] 
..	 .. , 

fll'j 11m l~,..rflU~~ffU 111'11U 11~ m~l1llJu;; tl €Yw"lfYI'U o'Jtlu'ViiJo ~n1tl111tlll~l'l'ltl'l'j 
'U 

'VI ~ "0'11~ tl 111'1tl;;°€YUl'VI fYI ~lJ l~lJ isU11::: ItI U fl1'j U'.i ~lJ 1WIU rl 1fl11lJ,j 1'0: 111 U ff111 i'U€Yi111~ 

~H ~ 19l1lJ1i 'j'j lJ'lf1~'~11lU11J 1tl~~ w:h vr'Jif~l11 flU ~~ ffU I lIn 11 :::tlfJ'JVi1I1'jlli 10'1 fJlli ft1'1ltl'J 

;;U€YW'VIfY~lI~ 1tl1J11~lJl~lJtl1t1l ~{')Vi1l1HIl11'lfl'ln''Jl'JtJ IU flU 'VI 191 ~tl'Jtfu I ,r1'l"~~lJrl'l l~fJ~ 

lfl~O'Jiitllu flUl1fl'j1~,..r~111U 1tli)wtlu'u'j~ lfJ'lfutl~1'J1J1tlntio 1m'Ji1'Jf)l'j\'ll9lffU1 11 ~'J1I:::'l11fJ 
.. 

1U fl U Vi '0 U lli 11U u'j~ l~ U 'Iltl'J'Vll'Jlfitl fl~ H ~ ii 111tll111~ HIU flU ~19l ffU 1111tlu "l~mlllJ 

lH~f)l'jW~U'j1fl!lI~01l~ltlUI'l'lu'j ~ lfJ'lfu~f.J~\'l~ffU11I1tl~'J~,,!~ 

,	 , 
II) jI 0 ...... "" • I'" • I jill) "" 0Slllecd (I979) 1191 m	 fl'J'j 111 til 'j tJ'J flU u'.iUU'j 'Jlltl I 'Ill 'Y'l U'l~;) 'IU ')1.Hl'l::: mlm Ull 'j '1.	 . 

'IlfJ'Jf.J1j~mI9l1!'l;':::lj 'j~ll'IfY~til-5\I'W9JlU 1€Y11J1'j OU11J1I1flU flU l' fHnu 1tl 1~tl'l1l1miJu~l~fr:h. . 
€Y fIl 'Y'l T1 U 11 'j 111 'j lHl::: m llJ U'l tll9l.tlfJ I mJ 'j ~ I'VI fY~'J fi1 tl'J W9Jl U 1;)~ 1'1 ~'1 fJnu €Y fIl'Y'l fl U 11 'j 'lll'i ll'l::: 

fl11lJU'l O~.tltl'IJo'JU'j~ll'IfY~'JWV1JU 111~1 lrlfJ ffUl1 i fJ~ffuiJ nou~~~ 1tl;)1flflUflflll1'Utl'J Sllleed 

1tl€y'jlJH1UI9l1'j1'J~ 2.3 - 2.5. 
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i~ m'j tl 'hnJl:llltrJ. '\J 

- nl'Htl~()'U1Jl1~nw'Uf111'tl'U '.ifl~m ()l'Ulli:l::~m()l'U()'Uf1 

- m'jHmJ1nfi'UuVflnU~~'lJ~'.ifl~m()1'U()'Uf1'¥jnfl'U 

- nl'j Hl11J1nn'U11vfln'lJ~~'lJ~~n'ml'U'¥jnfl'U 
:iJ.J ~ 0 QI .I 

- fll'ji'lfltlHN~(J Anti-locking ffll1'j1J'jflVlll9l 

lli:l::'j f1'lJ 'j Hltl'tl nfi'U. . 
~ 

- m'j~~~-3'lf~ih n() (Safe belt) 1'Unw'Uf1'tlnfi'U. .
 
- m'jH'¥jnilim'j ('Utln'illni1inmtl~()'U1JlH 

'j fl()'U f111 'tl'U 'j fillm ()l'UV'U f1) 
~ , 

- m'j1~'¥jf1ilif1l'J ('n~'ti'll11m'jltl~v'UlJlH; 
d' Q,I Q1 .I 

'j f1()'U 19111 'tl'U 'j fI 'il m Vl'Ulli:l:: 'j fI 'Om ()1'U()'U\l!) 

o Q,I,Q c:l 
'ill'U1'U Q1J~Il1\lJ (1.Il~1 '\llJUi:l::1911() 

.. dJ" , ""Ji:l~i:l-3f1~I'l 'U'HHJi:l:: (191m) 

34 

5 

4 

3 

15 

27 

54 

115 fll nH'mJ ~ -:] II n~l 'U ~11.n1.Hl1j~ll1mWl,,-:]1m/l;l:: (~f)lh. . 
.. : ivl J - \P\~I9l-:] flllll (Street lighting) lJln'Ull 

- 'tH'mh -:]~111'.i11l'.ilJ~ 11f.U~ijmj~ll1\P\. .. . ,
d ~ 0 

11l[)-:]1I1mJ Skidding resistance m 

" ,"'" "" - fll'JlI~ l1lJflllll by passes [)Q lllll'lll'VI~lll 

... 1 "" " '\J()-:]llJtJ-:] I9ltJl'.i()'lJ'.i[)() 

!j} dr-:t 1!i1 !j} ~ J 
- fll'.ifl''.il.:Jflllll'tllJfll'.i11-:]1l1'l1l 1111;l11l'llJ'Ull 

- fll'.i1J1'mh -:]'\'1l-:]IWfl.. 

2 

2 

4 

3.5 

2 
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25 

5 
.., <:l 

- fll'jlln,HIUfI11lJl'j1 5 

- tll'HWlfll'Hl"lf'l'j[) 10 

- tl']'jufuU1'11~fl1'*'YJtl "l11lf)'1'j~'Imh1.u1'l~lJ 40 

i j}c! d Q,I c..--I ~ Q,I VIII Q,I'-=' d ~ ~ 
Ridley (979) ~fYtllmtlfl1mJ11ifll'j'Jfl'ltllJlt":::l!tl!'\IfpJlIllH.!'Vlltl~'UlJ'llJ1h:::l'V1fY 

Q,I ,'»' ~ Q,I d d 9 jldd d j} d d fj/ Q,I 

fN fli]l:I fl fl']'1 011'1'\111'1 II"::: r-Hl'I1lJ fll'j 111 m lJ lJ'Vl fflJ !1I'\l fl'l r:;j'VlfYtll:l111'l:::lJ 'H lJ l'Vllrlfl'l'\lfH f)'U fll'j 

iI~..,'" :II • ~, i !V 0

lltluUJ'H1flUlIl'HlIfll:i1l'j1\J'j'Vll'lUfllulJtll'J1'1lJ1tl 1I1tlfll:iMtll:ll lJ Greater London Area 1I'Vl1nnu. . 

,d 
lIn1'1'Vl 2.6 

1nfll 'j llti'i '\l U.. ..I ()'jl"lflJlI 

'\ltl'ltll'j 

IIti'i '\l 
>I 

<V 

'Vl'l'HlJ\9l 

fh'l,*~ll'J . 
". 

l'il "fl 

'j:::'Hl1'1iJ 

1978-79 

(1JfllJfl) 

U .. <:l ..
I ()'j I"lflJ 11 . 

". 

1'l"\9l 

(*) 

u'j:::mJ~ 

fh1~~lfl 
.,; . 

(mmmtl 

'j'wl9ifllJ) 

U .. <:l ..
I tl'jl"lft.l\9l 

rate of 

retwll 1lJiJ 

IIHI 

1. UfUU~'Ifftyty1W 

'1YJ 11 'j 'HI 'j 

14 3,000 28 11,940 400 

2. UfUU1'1iYl~1 . 
It ff 'I ff11'1 

2 2,000 14 3,600 180 

3. ii1t.11fJfI11lJff:::19l1tl 

'1 iI '" !V'H f1lJ!I9llJ1'Vll 

8 1,500 17 4,820 320 

4. ufuu~ '1il1flllTH)'j 2 300 30 10,970 3,660 

!V
5, fll'j'H1lJlItll9l 2 300 27 7,580 2.530 
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• I" " IlJ tJ':i 191U \9l 
.1 "d " IlJO'.i!'1lU\9l .1 "d " IlJ O'jl91U \9l 

'UO'lnl':i rate of 

0)'1
lin " 

I -;;'1 
'.i~1111'1lJ 

1978-79 

('UOU~) 

, 10) I 

,,1'1 'lS1l1tJ 

(ll1~£J~tl 

':i"W~oiJ) 

return 1UiJ 

11':i r1 

6. iO'l'Yll'lI~'\.J'jf) 6 1,000 20 6,360 640 

7.1JfuUH~1'Y1l'l. 19 4,000 24 8,070 200 

8. lJflJ1J~'1t1U')~nl':i 

ll':il'l':i 

4 2,000 39 15,820 790 

<I:::l,r.t d 
9. 11inl':iOU "1 1 1,000 48 12,510 1.250 

- UfUU~'1l1l;11tJi1i 

0) '" 
l'l':itllJt1U 

42 2,000 25 8,490 420 

- 'fhl'Q.~£J"O'l 100 1,650 25 8,700 530 

Transportation and Road Research Laboratory (1979) 'ti1nl':iffmrllri£J1nulh"ym 
, ~ , 

nl':i 1l':illl':iIlCl~nl':ifl:IJ'U1fl:IJ'lJm1'I 1~£Jl'Q.l'll~qf'l:lj~H'l'llU~l'1 '1 'YIl'l;}lU iMJu~lU 1U :IJlt1 I'UO'l1l1t1 

U ':i ~ 111rUJ'1t1qiJ I~ U U':i ~ 111f1~W1U l~:Ij ':i ~u Unl':i 'l ':i "111 ':i fl ~"Wfl il'l nu U ':i ~ 111f1111 £J ~nfU i nl"lfffliJ"1 

p.jCl'll'Ul~U0 ~1'1 t'l nl':iU':i ~liJU rlCl f)l':i IU~tJU llUCl'l'l1~ mJfUU~ 'lin nlmn'l 'IJ~1'1 '1 ~ih·m~tlnl':i 

Inll~lJ~I'l1¥1ll~:Ij'f;'l!.\9lt1fi"l'1nU l~£JH~u~~mnl:IJl~mtu (Level of Significance) 9511.Jf.)fl9}U~ 
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l'l"lfll1 

liJ~fJUll1J"l.:J 'In1f1'\JtJ.:J~ir~m~ 

(%) 
d 

-95 iJlf11'J iJ - Reconstruction of short lengths of road on new line 
d 

-30 iJlf11'J iJ - Providing dual-carriageways in place of2-way road 

<l9J 0 Q; ~ d 
-25 iJlf11~iJ- ff'.il.:Jf)UU By-pass ffl11'.iiJUJf.l.:Jll;lfl '1 

d 
-80 iJlf11'JiJ - iJfmJH'VI1.:J 1A'.:J· d3J r-I 

-50 iJlf'1I'iJiJ- ff11.:J1.:Jl1fJU (roundabouts) 
do 'I Si A '" 

- 'Yl1'Yl1.:J1WfI lY!ll'l"lV]JflU -60 iJlf1HliJ 
>I 

~80- ~f1~.:JihfJl'IfJfI. 
~ ~ d 

- \l1f1\l1.:Jl~lfJ"lflfl1l]J111 -75 

" 
- ~f1~.:Jff'tyqJ1W 'lvlUiJW)\l11'Wlj'~ -40 

- i,rff'ruru lW "1 vlllfl.:Jl'I]JfI~'Yl1.:JllfJtl rim i'iJ 
u u 

f)UU 4-way junctions -40 

-80 ~u~ml'JiJuf)Uu(lJfJfl 

{
-45 tJ1j~ ll'l \l1 'VI fl 'll'llfI. .. 

QJ ... 1 d d ~~ d 
- iJ1iJUHfll1]JO.:JmU'VI'Yl1.:J lfl.:J iJ'lfll~iJ· 

dJ'" .1 <l d 
- i 1iJu'Hfll'.i]JtJ.:JmU'Yl'Yl1.:JWJfl -30 lJlf11'iltJ· 
Q;~ OQ; "=':Ioj) 

- ~f1ff1l.:J guard rails ffm1iJflUlflUl'VI1 -10 

- fll1U.:JfliJi,ri,*fI1l]Jl~1'lilfiu 301mi' 

d1'it1~11]J.:Jffll'li'iJf)UU i utiju.:J -10 lJlf!I~1J 

Ogden (1996) '~ffliJ]Jlmfll1~1.:J'l ~i~'~l'll;lrill'li'iJ~U~ll'Il'JiJnlil'VIl'il.:J'l ~.:J ,~ 
'JI, ,'JI 

'j 111 11]J]Jl\l1'j fll1ll'lclll1 'illfll'll;llfJ'l II 'I1ri.:J Cj$.:J~~ flril1i1.:J1h~lil'VI'QU~m ~lhll'il~lfifl;jU 1Ull~l;l~ 
, " 

ffmu li ll"l~ ffil'Il'HI1f1t1'V]J lll;l~ nri'no.:Jr1mJil 'lVl i U fll111I~llty'l1'1'\JV.:J]Jl\l1 'j fl11 ~h~'l \1.:J i U ~lU 
31 ~ d c:j.e:.o~d i' <vI .,1 ~ 

in tlll'i:1~f11Ul;liJ ('If.:Jll fffl.:J i U 1.:Jli:l1J) 111 U ff.:J 'il1l11U 'VI 'il~ \l1 U.:J\l11 ~'11 U fl1l]Jlm fll'j "1 ll'Il;llU 'il~ i 'll' 

111 )I d' ~ iI Q,I~.d~ Q,I~ .:i ~ ~ ::=t d ~ ~ dI ot::::ll 

If!l'li'lfWHll]Jfl'\JU]J l;lfliJf11l1 \l1'V1'll"1l iJnlil'VI'\Jv-.:J ViJf1 ll'I\l1 \11 flfl'\JU U 'WlUUllrull1'Ylll'VI 'ilH W 'ilfl'VI 
CUq <II <II 'II U .. 
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'" ..,
%'YI~~H'l'l'lnl'1 

1;;lJ1~1m1 ...... ..,l' .A jJ 

20-40
 

- tI'l'UW1'HU~)')11l'lnVift'YI1'1~HnU (202-206)
 

- tI'nA~1'11tJ~lJ1\11nf.1U'U'YI~~nU (101-109)n11 lllJ'I'JH:)'1!~tJ 1t1~1t1 

20-40
 

" iJ '" '\11),), 1{1t11 

- mlm(l (207-304) 

(Channelization) 

20-40
 

iJ 
20-40
 

, ..,,,,"
 
- 'lfU'I'\ItnUnu, In'tl1 (308-309)
 

- 'lfU'YI1t1	 (301-303) 

20-40
 

- tl1U'l'nl1U::).)'l\l'lf)f:\UUl1~~nU (101-]09)
 20-30
 

- lh::1:Y1U'I1	 (200 20-30
 

- tI'nm1l1U::JJ1\11nfift'YI'l'lm'lnU (202-206)
 20-30
 
iJ "," 
'\1'1)'), !{1t11 

- mlmf:\	 (207-304) 20-30
 

iJ 
- 'lfU 'YIl tI	 (301-303) 20-30
 

(10\-\09)
 20-30
 

(202-206)
 20-30
 
iJ ","	 " 

1 f:\1{1'" tl1'\111	 '\I1).),IM1 

- mlmf:\ (207-304) 20-30
 

iJ 
- 'lfU 'YI1 tI	 (301-303) 20-30
 

, .., d " - 'lftN'\IU'lUflU, 1{1t11	 (308-309) 20-30
 

iJ 
- 'lfUflU'\I1).)(lUU	 (001-003) 30-30
 

iJ
~~1'Ym'l1~ - 'lfU'I'I1t1 (30\-303)
 30-40
 

" 
~iU'Hlr11l1~ . 

","" .., 
- tl1U'1'nl1U::lJ11l1nf:\UU'YI~~nU (101-109) 40-60
 

iJ 
- ')fU'YI1fJ	 (30 \-303) (-40)-(-60) 

r.:I~ QJ 

- rJlU'Y'l1l1U::lJ11l1n(lUU'YI~'flnU (10 \-\ 09) 10-20
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d • 
~l'.il~l'1 2.8 (~O) 

%Yifl~Hl~11~~ 
1J1'i1'.irn'.i 

'I~1J1m fl1'.i 
, 

"'''' '" 20-30- fll'U 'W 111 l.l~m" 1fltl 'U 'U l'1 'iI ~ fl'U (10 I-I 09) 
, .. 

"! '" 0 20-30lfl'.itN111J1fJ'b''Ull'1·l~, tTl'.i - fJl'U 'W 111 'U~}Jl"'lflYift'm~1'I'.i ~nlJ (202-206) 
.. 

~ '" 'lilli, WfJ1 

, QJ r.:I " 
- 'b'O~'\l'Ul'Ufl'U, lflfJ1 (308-309) 20-30 

20-30- rn'.il,j~fJl.l'lifN"'.il"'.i (305-307) . 
'" '" 20-30- 'b''U{l'~fl~'\l11~'''J·1'''.i (605) 

d,.e.:. QJ 

- m'U'WTH'U~m1l'lflmHll'1~~fl'U 001-109) 50-80 

- ,j'J~{l'1'U~1 (201 ) 50-80 

50~80- fllll 'Wl'H ll~m" 1fl'nft'l'1'l~ 9lN tllJ (202-206) 

~ 

- 'b''UfI'U'\lllltl'U'U (001-003) 50-80 

30-50- fJr'Wl'HlI~1J1"lfltl'U'U'~~~tllJ (l 01-1 09) 

ntl11'.il~WJll1~ " - ,j'.i~{l'1'U~1 (201). ~ '" 1111 30-50 

(202-206) 30-50 .. 
~ '" '\lUI, lflfJ1 

, '" '"" - 'b'tl~'\llllllfl'U, l,W1 (308-309) 20-40 
,,l. QJ 

"'''' '" l'11~IWflWtl~fl'U - fll'U'W 111'U ~ m1l1 flG 'U 'U l'1 'iI ~ fl'U 001-109) 40-80 

- ,j'.i~{l'1'U~1 (201) 40-80 
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%Vi l;WI i'l,111 i:1'I 

i~1Jlmm':i . . 
(605) 60-80
 

- ~mnflfl'U'U U'U'Yr1'1~H (701-704)
 

mmniY\lti'U~':iltJViB~
 

60-80
 

- ~mnflfl'U'U Uil1tu'Yll'11~'1 (801-804)
 60-80
 

(605) 30-40
 

d 'JJ 
Il;f]'Ylfl fl'b''UU fl TH l;1~ \1'1 f) - ~f11nflfl'l.J'U U'U'Yll'1~H (701-704) 30-40
.. . 

- llfl\11flfl'U'U Uil1tu'Yll'11ft'l (801-804) 30-40
 
, 'JJ 'JJ 

II fl' 'I f.1'11'11J'Ul fl''U 'Yll'l
 - 'If'U 'Yll tJ (301-303)
 20-30
 

- 'If'U fI'U l~ 'U fI'U 'U (00J-(l03)
 20-30
 . 
- 'If'UiY'In~'\I11'1f111':i (605) 25-50
 

- 11 fl\l1 f1f1'U'U U'U'Yll'l~H (701-704)
 25-50
 

- ~\\l1f1f1'U'U U~l1tu'Yll'llft'l (801-804)
 25-50
 

- f111Jfl1JtJl'U'V'l1'11'U~iJ,ji~ (805)
 25-50
. 
'JJ~~ 'l':5'UU'U i'l1 J,j
 - 'lfumtJ (301-303)
 20-40
 

~N1'Yll'l'l'l1J,j - Iilfl\llflfl'U'U lJ'U'Yll'lll':i'l (701-704) \0-20 

- 1ilf1\llflfl'U'U uil1tum'll~'1 (801-804) 20-30
 

- iJ,jfl'11J1Hlfl1UfllltJl'U'V'l1'l1'U::: i~ (705-805)
 20-30
.
 
'JJ I "" 

1fl''UllU'I'YlfY'Yll'l (201) 50-60
 

(503-506)
 40-60
 

(201 ) 20-60
 

-lilfl\llflfl'U'U u'Um'l~':i'l (701-704)
 20-60
 

- Iilfl\l'lf1f)'U'U U~rJtu'Yll'l h~'1 (80]-804)
 20-60
 

- '1J,jfl'1lJ1':if1f111JfllllJ1'U'V'l1'11 'U::: i~ (705-805)
 20-60
.
 
(207-304) 10-20
 

d 'JJ 
tlTlllt':i1 - 'If'U 'Yll tJ (30\-303) \0-2 
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:JJW\'Hll)" 

, " 
'" "" 0IfI H)~ 'H :JJ1V'lfU 1l11~ 

~ 

'lJtlU'V11~ 

oJ 
- 'II'U'l'llfJ 

, 
.., '" 

- U'll~Hlfl'Utl'U 

!<I 
- 'II'Ul'llEJ 

- IU~V'U'lfem)'j HI)" 

- 'IIml'U I~ 'U t1 'U 'U 

- ~fl'\11flt1'U'U U'U'YIl~~H 

- ~fl'\11flt:l'U'U Uil1t:ll'Yll~ lA'~ 

"" - 'II'UfI'UI~'Ut1'U'U 

~"" 
- 'If'Uff~fl~'lJ11~m1)"
 

- fl f1'i) 1fl t1 'U 'U U'U 'YIl ~ 91 H
 

- flfl'\) lflt1'U'U uil1t:ll'Ym lA'~
 

- hiffl:JJTj[lmUV'l'Ul'fl'H'U~
 

- 91 fl'iJl fl t1 'Ull U'U 'YIl ~ 91 )" ~ 

- ~fl\)ltlt1'U'U 'uil1tuvm M~ 

- iliffl:JJ1)"t1mUEJ1'U~1'H'U~ 

- flfl'\11flt1'U'U 'U'U'V11~91'j~ 

- ~f1\)lflt1'U'U 'Uil1tul'll~ lri'~ 

(20.1 ) 

(503-506) 

(301-303) 

(305-307) 

(001-003) 

(605) 

_	 (701-704) 

(801-804) 

(201 ) 

(503-506) 

(001-003 ) 

(605) 

(701-704) 

(801-804) 

(705-805) 

(201) 

(701-704) 

(801-804) 

(705-805) 

(605) 

(701-704) 

(801-804) 

",j .., 
%l'Hl~i'l~'Hi'H 

'~:JJW1Hll)" 

30-40
 

30-40
 

10-20
 

10-20
 

10-20
 

10-20
 

10-30
 

10-20
 

30-50
 

30-50
 

30-50
 

30-50
 

30-50
 

30-50
 

30-50
 

20-30
 

20-30
 

20-30
 

20-30
 

20-40
 

30-60
 

30-60
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d , 

911H:J'YI 2.9 (910) 

d '" 
%'YI~~i:l-:JlHl-:J 

'~lJ191'Jm':i . 
... '" '" - fnll'V'l111ll~lJ11l1flf.l'U 'U'YI91~fl'U 001-109) 60-80
 

- lh~n"l'U-:J'l (201) 60-80
 

(202-206) 60-80
 

iJ 
- 'If'U 'YI1 tI (301-303) (-20)-0 

- mlU'JtI (207-304) 40-80
 

iJ 
(-20)-0- 'If'Ufl'U'lJl:JJO'U'U (001-003) 

(503-506) 30-50
 

- 91fl'Olfltl'Ull lJ'U'YI1-:J91':i-:J (701-704) 30-50
 

- 91fl'O"lfltl'U'U UinW'YIN 1fl-:J (801-804) 20-30
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~l 
, • I lIJ!II.J' 

- 1J~::(9l bllflfl'IJU - J;1.:1- '1HJlfJ']j'fl'H)~lll~~l 
'" 

I A rI " 
- ']j'tl ,mantIlll t'1 -am ~IInU nnJ'il1tll 

!II 
l1l.:lHI 11 'VI/m::~.:1/- ihm$h)u ITlU'UtlUYll.:l 

.. 
- 'lJfJlfJ'fItl'U11l - ~~1'lfUlluhnj IITl.:lTl11.:l 

l~tIl1m~fJ~lh~ 

" '" UlU'lJU YI1.:1 lHI1.:1 

- llTl.:lTl11.:l 

t ~ ~ 
- 'UfllfJ']j'mll'Hlm~lltlll/HllTltJ 

- 'VIl.:l.omfJ'lU 

.. , ... "" - "" YJUYl 1.:1l1fJU 

!II !II 
- mnhVll.:l~1fJfllt'l'fl1 mu'fl - fllfJITll'Ul.:l'Yll.:l 

- , 'VI n 'J:: yj'iII 

" " - ~~1'lfulJlJhnn..ru~w;ju 

- ~11nUl'1n 

d !II 
- I'1ITlU'IltllJ'Yll.:l 

.. 
- i11tJlltltlYlf'l''Yll.:l/lltltlOJfl 

- Im::tlm.:l~lJ;ltl.:l 
" , 

- i11m~tlU!i11ml.U::Ul -ll~h'lfulJlJhnJ ill 
'" 

- i11m9l''VInlu 

d 'j} 

- ITll'l'1']j'Ul!J;11ll~~1l1tl 

~lU , Itl1~rf~lntl.:l 
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European Road Federation (2002) 1~'j11J'.i1JJ:JJ1~'jf)l'j~H'hnHl1tll.h~111fl" U~ lnJ 

1:Y111i'U f)l'j llt~ilUJ'Iilmj'~111~'il'j1'il'j1~V{)lffV'Hi:itltl1'j~llJ 1fl'1f1'j'j JJ ll~~ i~ff'jt.l,j't)~U~~';E1~ EltJ 
u ~ q " 

~ ~ ~ 

'IJV~ JJ1~'j fli'j~.:I fl ri r;rv'l!VJJl1.:1fi 11~~ltl1lJ f)l'j ~ ~~.:Ill~~lh~.:Ii'mn nJJ l1.:1f)l'j tlt'lJJi'tl'IJ fJ.:I ~1 ~ 

{1lJlm~~f'Hl f1'j~l1u~1:JniJl1fl'tf ~1tnjwUt'l ~JJ1W1'j tTl'j 1~llfi 
'U 

.. d 10J - fll'iUUl11.:Jl,HI.:J 11 

''l:JJ
n'l111 lJ1()lJ1\11'ifll'i11 fIl !'b' 

, 
fr1'1J1'il1V 

, 
li1Mln\l1fll'i 1'i1 1'i1 

lU~VUll1J~~ . . 
1UUUll11.:J 

n111U\I1 (I~U 

1.:1 I.U ~~Vi 

19 fUJ.!'b'lJ.'i1U 

'i~V~l11~ 'hi uvviumt5hiuu 
~ 

lflU 50 JJ.) rlTiijU111.:j MW'IU 

l~ui1i~ii iN'il~ilVi:l\l1 

u'j::Rl1ll~~~ 

'" d 'jJ ,~ 
- l11.:11~Hlfl: ff1JJ1HI l~ flU'BVll11lJU 

'" '\ oJ oJrmlfl 'b'fl11JJfl11.:1 -111fl~\I1'\M'fll'i'il'j1'il'j 
t 11) 'jJ 'jI '1 ~ .J '" 

\I11~'1 !\I1'f11JJ\I1~Nfll'i !U 11 i'I"l'l WI1lN JJ 

o 11) 'jJ , 

-ff1JJ1'i~fl'i~111!~.:j1V t11~Uft11JJrl1tlty 

1~w1~it1~n~u 11~'B rll1fll'i1j'm),illJ 

<!\ ~ ~ oJ 
lflHN111J1V 11i'l'111'!91H flU '\J1JJ 

fIlJ .,j'llJ~ UU i lJ 

l1i'l'111,!'i tj.:l 11
~

U1j:::~\11 
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. 
~l'n3li 2.11 (~fl) 

d 

:lJWl'H)1'.i'l'1 1'ijll'UnU 

'=' 

Hl~ 

"" :;
~~~'l"~, 

'l!'::;i:lt! 

<I 
fl11:IJ1'.i1 

llU1'.i'lU 

o , ~ oe::::lo 

m mn~nl'.i 

IU~UUllUi:l~ 

lUllU1'1'11~ 

'.i1U 

... 
- '~lHI~t!fl : 

{fl:lJl'.itl 

l~tltlHili 

o "Jil 
m~"l tflfl1:IJ 

. " oI:!I, I ~d4 

IUtl-3"'1tl111'6U 

n11M''.iu6mltlJ.. 
"tJfl~tlU'U 

~ 

'.itl'l:Jl . 
I'll 

(Chicanes) ~tl'lt11'.i IU~UUllUM~lu 

-1M'u'.i~~'I'1n~i:l -U'.i~~'I'1n~i:l 

ff~:IJltl.. 1ml'I~U-3nuin 
d iI 
lll.JfI11:IJn11~ 

oil 
"tJtl~Ii:lUll~f1V-3 

" 0

1oM'~ulitlUU 

:IJlnni1 

"'i ~.djJ
fI umtlJ'I'1~tl-3 

f1111 Ufl f1 1'1:IJ 

iI 
fl11~m:IJ"tJU1~ 

"tJtl-3'.itl"tJU1flhmi 
" 

- tJ1"n11i1'loU'li" 

... "JiI' <II iI 
~fl tfl1111 'U~.. 
U1::{It! ~ fI11:IJ1 ~ 1 

" 1liJJlllUti tl 10M' 

~um.;jIl1~U:IJ 

ll'l'1um-3iri'~ 
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rrl'nrYi 2.11 (fi tJ ) 

l.h'UtlC11\1 

Strips 

fmn 

Rumble 

ftlll1ijumru. 

-U'i ~ EYlnf11'VHI ~ 

C1~C1\llfci\l,ntl 

,'" .,
IWI \l1l1 tlfl'U '\J'lJ 

In~j>111:lJlj>lfJi'U 

-ij11l1~wj'Um1fJ 

,~ d 
f-ll'U ~lfJfl11:lJ1 11 

, . 
';1llfl 'lJ '\ITN ';1 

" 
111J (Flat lnull~HutlU 

strips) 
JI 

,j tJ fJ fl f\l IIC1:; 'Vl'lJRumble Strip 

oj , 

~ ,rvh '1,rfl 'U ,j''lJ llf'U flat stnp 

,j tJ fJll 'UlflfJi'U 

lIJ td .. 1 ..-::::t..e.::a

llC1~ln~ - IU:lJu1:;{1'Yllif-lC1 

'1'u{1' f11 'Vl ij '1 tl1 fl'l.h~EYlnf-lt1~ 

"I'~ ~ QI

-ini1
JI 

luli1'l,r !:lJ~ If',jOYlfl'U~ 

fl'U,j'1.Jln~fll1:lJ 1~mC11 

:htl1ty ll(;j~IU 

In~liYfJ\l~\l 

= 
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d 
'lJ1\il'in1'j'l'l fhlj1~'l 

l~ifi' fm-.n 

(Burble IlJ~t1'U!!1.J(;l'l 
., ., 
HlmJll'lflj~ 

-l'i11Mln~lfftl'l~'l 

-lJ'i:::ff'l'lllflTVll'U 

I'll 

Strips) ll'Ul 

'1Jl1'l 

lWI'Ul'1'll'l lW11J )jm1lJ 

, '" t111I9lfll'Uf)'l 
.,,; 

tl1ll '0:::"~HNl 'lJ f) 

l1~tJ '1,j~tJlljU'l nm~llj 'llJ 

~'lfi' ff1:lJ1'i[) 

'" i"~ i"l(;Wtl 'lflff~ ~ 

Rumble Strip 1Jl'l 

..:::lo j1 ~ , 

'If'U~m'lJ1JJf,)Hl'U 

mntl1h:::n1'i 

'M,.Jn:lJ1wftJtI - Ulllll:::fffl'liltyl11 

1:1::: 10 
, 

- 'lhfJl'W'lJl'l11'lJ 

lMti'Utll'Ul'lll1'U::: 

'1J'Ul~ il1ujifi' 

tJfttJ~ntl 
<!l 

1'Uf)'l1l1tl 

Rumble Strip '0::: 

'lilt1l~f)'UiM~ 
" 

~ <'I 
'1J U'l'lJ11J[) 'l 

U'UI9l'ilti 

, " 
"1'l11'U1 

oj 

fl11'lJI'il 

(Speed table) 

IlJ~t1'UlllJ,,'l 

lWI'Ul'1'll'l 

"~fl'1J1'lJ[) 'U lJ 

rill1fUi'lW~'U 

"1m 

'" d
t11'lJtl~1'li'l'U 1l'l 

\'11'iij i rhiu'lffl1'l 

l'lfU'lJihtll~tJ'Ui'U 

~1 

~ " 
tlU~fltlnl~'l 

'IJ d_~ ~ 

- 'O:::l9ltJ'l'lJlJ1t1ll9ltJ'U 

11::: ff1'lJ1'i [)t'l1'l 

oj 

\'111'lJI'il'1JtJ'l 

9 ""~ 
~11~'1J1JJ[)'I'l'i1U 

~l'll1Ul'O:::l'illM 
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, Gl 'j} I 

fI1 b'IHI'lVUm'Hn'i l'ihmJ1V fhlh~.:J 
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Yl u1 ~'l1 fJ~ll'l~1J 'l11~'l1~~1l~~tl1\J 

u1~R:nllr,m~ ~~ff'U'I'ilN~'V'lm~ 
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d 
~11~~lfJ ~lih~~ml'l'Jfll'.ill 

oJfnnHl~ 
,. , .,., 

-1I'j~ffl11ir-lj;jll~iYmm ~ ihn'i ~l 

j;j~j;j~ l1'lflfl'U-umfl,r~'lftN ...n~1~ tll1 

.-
oJUYJ'jlUl~fJfHJfl ff til 'U fll'i tll ~iNUillfJ "11~~" 

, d 

llUUD{h~ fffl1l'l'IJO~ -'l$1fJ~~fI11lJl'i1 l1~O "1l1''Vl1~'' 
d 

-'lJ'U1~'lJO~lfll~llU~l1tlllWt1 'lJO~fJ1'UfJUf11~ 

-¢111ihl fl111~~lfJ t;-l11lJ ~ 'lfO~ 111~ 
..,"'" 'J/fll'il'llff'U ~l'1~~lfJ~l mfl 1J1~flH01l1l1~ UflU 

Ci) :iI~~ 0 '" 'JtI.J 11\'1mfl\fl ~ 'Vl1 ~ I 'l$11i 'Vl1 !fl'U, 9f~11::: III 

.... "" .
lJll~U lmO~'HlJ1fJUOfl ffllll'JfIilo~nmfI 

'J/ " 
ff~110Ullff~ 'lifl~~~I~fJllJ lj;j'" fJ1111 fl t1l'i \l fl 

llj;j~illfJ 

" 
-fil ~ tttJ n'litJ~111~ -l'i~t fll~ fl'fll~tt 11:; 

, 
1~O~1~oJr~I"U ,,~ 

'lh fJ U0 fl'll1' 

flU'llmflfflm'ifl 

oJUYJ'j lU ff fI1l'l 

" .'J/ '" d'tIO~~llfJfll~ ~O~'IWlfJl'l'Ul1f1'U 'U 

'lfli:l'~IWfl f1'UlJ~ 
d 'J/ ~" '"" 

-fflm'ifllJO~lmJ fi11~'IJlJ'U 0111"~ 

!~'U "l1fJ~". l~ illll1'ln~fll'i.,j'mfl 
, 
~lfJ 119f~ '1 UU~l1tlllWfl 

DPU



47 

911':i1'1li 2.16 (~{)) 

d 
lJ191 ':i nl'J'Yl l'ijnnnv tll'l~~lEJ tllU11'1 

i'mn1.rt~ 
'j} ... 

-'il~\?lfl'l~IH'l':imnl~rlUflm'IJ91 lJflnll'l.J1 

" .I jI Q,I 'j)r-S1 
vtl m iU t'1)J 11t'1lHJl'I'l'Il~lt'1~, m'lllnl'j'IJU'IJ rlJ;l 
'.

A 
IflHI 'I 'I1lJ1V ti'uu~muuvn 

" Qumwull~'lhV 

" .do' 31 Q.I r-i 

-'lfW1m'lUm-l'\JU'IJ 
'"\ 

. " 
Utlf)~nvv'l;jlJ 

ml'n~mh'lt'l'llJ 

l1tl1fHn'l~lJ (1U tl~tl'l 

m w'~ lh lfl'il1n 

'1:vJ ri 'tJ'l flU lJ) 

Htl~lut'1fl11~ 

tl'lfrlfl'HU':itl':i1U 

U{) nlIll1 ti'1J'tl n '1 

uvn fI1':iHm'Vn~ 
Q,.I dd Q.I 

flU IWfll'll./fl lJ\?l ':i 1V 

= 
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d 
lJ11'1'ifilnl 

I 9 iJ , 
fl1 ~'If'iJ1fJ 

1~~1~ 

lhu 

~.. 
'il1m()l~fJ1'U11 

51 
llfJfl~lfJ 

( 
-'\J,)~m1'1J1.,j'11'ili-i~ 

. 'lJ'tJ\lfltn'Jull)tl1nu 

~tyty1wirhhlU'l 

1~fJlln'j1~llfJfll1ii 

, 51 ., d 
ll~~ l1fil'i'UU'U 

11h/ltJmh'l 

'"fll:JW~'lJtJ\lIWfl 
51 

tHHJ 

jJ 31J d 
-1'1 tl 'I 1'lfTI'U 11 '1J1 fl 

llfi~1 oti'mn'! mll 'Ul1~lfJ 

i'11.H~1.HYl1 U~~ 
51151 "" 
~ 'If'ilmfJ1U "1~"1 

-111tlH' 
II) ••1 .,
Inf.YtljUJ1W 

ijl'lluiJ$i~ 

1:YUtl'll'ltlul'if.l 

lJ~'1J1WfJ1~fJ1U 

'iJ~'~tJ'i~~'VInN~ ( 

I 

fl11 

-fil'itltlflllUUIWfl 

~ii"lrJ~tyty1w 
. .. "" 

fl1'i'il~fIlU'I()'I 

'lHmf.lWl~fJ1U~ 
~.. 

1m:J 1'lJ11 

I'ITn~~ 2.1711i'~B'fil'i ~1~?i'tnHl1fJlh~Il1fl'1 uqhtJ : iJty1111~~N'j)'mfil'itltlflHUU'V1l\lllfJfl~ 

HI'I l'H'll 1'1 

1~fJlnl'j1~flHU'~ 
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i'm.n 

~ ~ ..: 
-,,~tll'J ItlfJ1'J fI -tJ1l1~O\l i~ thuIVnJl1'H) 

, 
n~l1UliUl'Y'l'J'l~ \IUU'J~lJ1ruff\l fWl\1'J~lnl'l 

'" 

f1u'limmJ1'JfI 

QJ ,ljJ I 

'JU'YI'J'llHl1\1HUlTl 

~ 

f1TI:IJI'J1 

, '" 
1'J\lmllJl'J111~OOn 

l1UlIlnflUU'YI1\1 

WJnlUll~1 ;\II~U 

n1'J"~VU~'JlfJ~\1 

-'lh fJl Vi lJ11ffU~ 11:1fJ 

ffmi'uflu'liuuu 

'YI1\1ltlml~~'YI1\11'Y1 

-1~lJflTllJ~ 

tll'J \l 'j 1'j)'J i l1'1l n 

U1l'Jf,lUWn 

1U'lffJ (2524) \1~\11tl1'Jffml1l~fJ1nUnl'J1Iml~111~()Un:dJuJl,lGl ;rnn1'JU1\1U'J~nl'J . .
~ 

'\J()\1 nl'J'l1 f u U'J \I11n'l '\Jl YJ()tl~ OU~lH ~n1'J \l 'J 111'J UU fI U U 1U 1'\J~YJU Vim \ll'l'1 'Y'llJ111U m 1~fJ 
" 'I 'I 'I 

111nl'.iffmn1l1nlf1'j\ln1'JufuuHlln'l'\J~lU1U71m\ltll'J ltilln, 
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3, [l'U 'U ~llll~ \I l'i 1fll'.i U1 U U'J\I ffUl UJ1l.U '[ vJ 1~ m u~ fJll ~ 1\1 i fUJffUlUlll.U '1 vJ ltl H'I' \I 
q uu Uf,) 'U 

'lfU~Il'\I1'Ul!~~g'U '1 U~I1l.U'Yll\111fJfl~'Ull~\I- 'Jl'lfU'.il'.ifl 

4, i:lll 'Ul 'W'lf'.i1J11Pl~ 111 ~ l'i lflU1J 1uu ~ \I U1l1W 'Yl '1\1 llfJf1 i'lJff11lUj lW i vJ 1~ fJfll'.i'Yllff 

~ ,dj), ~ .:t ­

I'flH)\l11lJ·Wll~~1IItl'U'lfV\I'Yl'l\IU'.iI1l.U'Yl1\1IWfll'W'lf'.iU'.i - V lfl'fl. 
.--t 0 1 iI 'JJ ~ QI r-:to"'~.t:::r, 

5, ()'U'U 'W'.i::;'.i llJ'YI 1 'YI1tl1'.iflVtl'.i Htl~'Wl'U i:lVfJ'fl'Ul~'U'lJllJl'lf\ltl~ 'W l'U fl1:lll'.ifJfl'fl 

6. ()'U'UV"i1:lU! hfl l'ilfl1'.iU'i'UU~\lU~11W'YI1\I1IfJfli'lJff11l11l1WivJ l~fJfl1'.i'\'l1ff 

1'fl~V\l11lJltJll~~~I&'U'lfV\I'YI1\1UiI1W'YINllfJf1~1:lU!i~fl - '.il'lffflJ111~~ 
• JQI ~I - r-t 'jJ g) , 1 

7. ()'U 'U 'W '.i ~ tllm 'YI1 t11 n '.ill lJ '.i\I I~ tJtl1'.i'YIltl'YI1\1 'IJ llJ II.~~ 
r-t 

I'll tl'U 'lfV \I '\'l1 \11'1 r.l f.I ~'lf1\1. . . 
i ~wl'i lfll'.i11m 'l~l1tl1'.i i:l ~nN'lJV\I ~'l'U 1'U mj'~ll1 Gl i ~ fJl'il fll'.i'YI~ 'l'vu '.i~1Plm!fJrllf1Ul• .~ u 

(Signifieant(test) I~VU'.i~liJmm'Yl1\1~l'Utl(i~ 'WUil~'.i~~lJfI11lJl~mj''U 95 l1JV{I~'U~ ri1'U1mlj 

i'lTllJ II \Pl fll'i 1\1 (i:l ~~ \I) 'IJ V\I ~'l'U 1'U ~ lj'~111 ~ 1 ~ ~'U tJrll f111l rl']lf 1 U fil'.i 1lrl'.i 'l~ 11l"~ tl u'j.~ liJ 'U fol~ 

'I'l1\1 ~ l'U Ifl''.i 11 'lfl'ltl\Pl{ 'il lflfl 1'.i IU1 fJUI 'ti fJUfol~ ti 11 '.i~tlllJ 1'.i () "~lJ "ftl'IJ V\lfI11lJtlUlIffm ~ V\I '111 fl 
<U 'U 'U U 

mj'~I11\Pl tTl'.i'il'.il'il'.ilJ'U ()'U 'U i ~ fJ-¥i'il1'.iW '1ft lfol" tili '.i""''Y1 nl'i ()1JlI~:;ftl hie ratio 'rnr:il fl1'.i lIt~i 'IJ• • "I 

Ui'uu 'J\I i ~tJfll'J 'YI1ff'Yl1\1.u'llJll ,,~~h&'U'lfV\I'YI1\1 fll'.i U1UU '.i \luinw l1 NllfJfl~lJ ffillUJ1W '1 vJ i ~tJ 
It ~" u u 

f1 1 '.i '111 ffl'fl~() \l11lJ ltJU tl:; ~ I&'U 'lff.l\l '11 1\1 f11'.iU hnh \I ffUJUllW 1 vJ 1~ tJ fl 1'.i 11J~ fJ'U ~ 1\1 i 'fllJ 
• u u 

l!I '" i ~ J. QI ~ e. 'j/ ~ 'j/ 

I vJtl11l11l1W vJ Itl'l~ \I'lf'U~1! 'lJ1'UlItl:;tJ'U '1 fll'.iU'.iUU~ \lltl'.ilJfol1'O'.i l'O'.i ~1tJ1lVtlTI"\Plfoltlm tl'U II~~ 

fll'.iU1uu '.i \I i ~ fJfll'.i tiv tl~1\11:'1'::; 'W l'U ~VfJ'fl'UI~ 'U.ullJ 111'fol" ~f{lJftlI'11lJl1 j;jflIrl'.i 1J 'lfl'ltl\Pl {'il lfllJ lfl. . .. 
1umU'VtJ\PlllJ~l~U 

otll W (2528) 1 ~l'i 1fl 1'.i fYmJ1l~ fJ 1 nll fll '.i,j~ i f1 H tll nHmh \I fll '.i II ,r'1 'IJ rllj~ 111 WI. .. 
" . 

tll '.i 'O'.i 1'0 '.iU'U [l'U 'U 1'U I'IJ\Plrt'U li fl'.i.\II 'I'l 'WlJ111'U m 1~ fJl'i 1tll'.i fYtl1:l'l i fl'.i \I fl1'.iU1U U'.i.\III fJi 'IJ~ l'U 'J'U 

13 lm\lfll'.i 1~lIti 

1. ()'U'UI'W'lfn11IPlf'll11~ l'i'lfl1'.iU1mJ~\llJ1I1W'YI1\1l1fJfl i'lJffUjf.ljll.U'lvJ iMtll'.i'Yl1ff 

~ 
. 

t=I 'j/' ~ .r-I 1 
1mV\ll1lJ1tJII~:; I'lltllJ 'lfV\I'YI1\1U'.i I1UIl11\111UflI'W'lf'.i"tJ '.i - V fl'fl 

2. ()'U II Yi 1J U!1(.l fl l'i 1fll'.i U1UU ~ \I1.J111W 'I'l1\1IWf1i'lJ ff11l ty 1W,,~ 1~ Ufll '.i 'I'l1 ffll ~~ 
do jl , .t=t, i <=I 

\Plltl'U'lf'J'l'Yl1\1IWtl'W1:lU! "n - '.il'lftllJ') 

3. ()'U'U 'W'.i~r[llJ~ i ~ fJr11'.i'l'llff'l'l N.u'llJlI~~~I&'U'lfV\I'Yl N\Pl M~'lfV\I 

4, ()'U 'U ~'UII~\I l;l fl1'.i U1UUHfff.lJUllW '1 vJ i ~ mu ~fJll ~1\1 i fllJffUlUllW 1 vJl tlltl \I 
q IU U U u 'U 

'lfU~Il'\I1'Ull,,~g'U "lU~11W'YI1\1IWfl~'UIl~\I - '.il'lfU'.il'.ifl 

5. i:lll 'U 11" 1\111 i:l1\1 l'i lfll'.iU 1mJHItl1lJ ~1'O '.i I'll '.i~1UllV 1:'I'TI ~ fffoltllJ~V'UI~\ltl~'rn'U. 
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, " 
8. 'I1NIWtlVlOnl'l1- Vl'j:::'j'UJff ~~~'Hrrurul\1I1'YJ'iI'j'l'il'j 

u	 u u 

" 
9. IWfl'HU'1'i1WTGh'lmW1Jmil'ltI1~U ~~~\lffruru1W 'l'YJ'j)'j1'j)'j,	 u u 

" 
1O. 'I1'l\lIWfl~llJl~'U - 'Uml'lfUfl''1 ~~~\lffqjqj1W ~l 'YJ'j)'j1'i1'j
 

"
 
11.	 'I1l\lLlUfl~llJl~'U - tll'U1U~\li'1'jllJ ~~~\ld'oJqj1wi'YJ'iI'j1'i1'.i
 

"
 '"	 iJ '" '" '" \J] •• 112. 'I1l'llwnfl'nWliUl- Vl'.i:::'.i1lJH1 ~~I'I\I~ruru1W In\)'.i1\)'.i
•	 u u 

" 
13. 'I1l\lIWml'lf~"ll'W'U'UVfl - ~}Hlll{1fl ~~~\lffruru1W I 'YJ'il'.i']\)'.i

• u u 

ili fll '.i IIfi'i 'll fl1r~..l'H mr\I 13 1fl H fll '.i;i ~ '.i.'lJ r·m tl (l fllll 'U 5 ill fll '.i ~ tl 

"	 , 
2. 1m\lfll'.i'lJfu'lJ'.i \lll":::~~~\lffruru1Wi 'YJ'iI'.i1\)'.i hWI'lJ~O'Ul1J'U~l\11nlJ~ruoJ1w I'YJ 

" .., u	 u u 

~ At 
1~'l~\I'lf'U~ll'lll'U 1l":::V'U "] 

3. 1f1'.i \lfll'.il~1lJ~1'i1'.i 1'i1'.i¢i'1011tl~V1 "&'N~lJ~fl'U 

" 
5. hl'.i \lfl'l'.i~~~ \I~ruru1W '1 'YJ'iI'.i1'il'.iuiI1W 'I1l\lIWfl 

u u 

fll'.iilfl'.i1:::l1fll'.i~~fl~lJ"tJv\llm\lfl1'.i 1~uljjfll'.i'H1 Benefit/Cost ratio 11l'U~11i1Vfl 

~fl~l~U 1flHfl']',j Ll":::fll'.i H Dynamic Programming 11l'U~1'lhfJilfl'.i'l:::11fl1'.i '.illJfl~lJ'llf)\I 

1f1'.i \I fll'.i ~ 1\1 "] 

fffl~f~'I1n~ (2547) '1~\11fll'.ifffl1l11~Ulfiu~m'Ufll'.iWtl'Ir~1 H~'il'.i1'i1'.i 1'U'lJ1':::1'l1fl'1'l10 ~\I. . 
'" "'.1'" '"	 "''''.1 '1 '.1 .N{I'il1fltll'.illfl1' 1:::'H Iu'.i VUI'l1UUf1l1lJ'.i 'Ull '.i \I'IHl'l f)U~1 'H~'iI '.i1 'iJ'.i'llf)\lu'.i:::I'l1fl' 'I1fJll":::~l\1unl'l1fl', .. 

Vlu,;h 'lJ'.i:::I'l1fl'1Vluiifl11lJ'.i'U II l' \I~tJ\I fl1r~l'Hi'I'il '.i1'i1 '.i~\I~ ff~ 1'U hlfllrlf)~'iJl'.iW 1tJ~'j l~1Jlfll~miv 
q q q 'U"	 'V 

'lJ'.i:::'lf1mll~'Ufl'U ~\liii'ill'.;lfiu 1,488.71'Uu Vl.fl'. 2543 1l,,:::vvl'UM'ltJ'U~Ull'.ifl'llf)\lfl~lJ'lJ'.i:::ll'1ff 
~ . 

~ lJfI11lJ ~ WI '.i \I'llV\I ~U~I'H 1lJ'il '.i 1'il '.i ~\I ~ ~~ 1 'U 1" fllrlf)~'iJ UW 1~ ~'lfi'1~li~~'U"] II"::: 'ill fl N" 
"	 , 

fl1'j ff f)}j 1i'1 ~ '.i 'lJ I¢i'i1il ru 'H 1'H f{n Vi VlU1'U fl1 '.i 'lJ '.i ::: IiJ 'U ~ 01 'U tl1 'j WVU~ I'H ~ \) '.i 1'iI 'j l'U 'lJ 'j ;;; IVI fl' '[ '11 fJ 
qUill q 

~fJ '.i:;:U 1J <\\'1'U o\iVlJ (Ill ,,::: fll1lJ 1111~Vf:) f) 1~ om Vl1:;: tl V1\1t\llrlv~ 'ill1W 1~,j 1'Ul'U ~u 1~1~Ull{l:;:lJ "ri1 
~ 'V	 'V ~ 

'11 f Vl6ii'Ul ffU'H 10~\lln~ 'ill fl'llU 1'U fl1 'j I~U '.i lU 'j lOU 1'U ril'U 'llV\ltl1'j ~rul fffJ'I11\11fl''j}j '1 n'il 'ill fl 
~ U N 

~U~l'H ~'iJ'j 1'i1 'j Vlui1 J;j "i'i1f111lJ~qjl fffJ~Vfl 'U ~ l11 fll'j 'lJ '.i;;;liJ'U1~ fm l1ltJ\l1'U ~ 1\1"] l1~hJlJ" 'fh~ 
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" , 
lllffl1fJ l~~ fll'J 1J ~UU ~ '11M'fftl~f'llltl'ltluffmvHi'l"j1:l~n~H1:l~ ff'1flJJ 111 iJ~~Ul! fl'llTl!lvtmln~1 '1J 

)I 7J I , 

1] U1111l1'111lJ~ I~lffl! tllM',j~~'111'1-btl'lll! Yi'll1111!lYilnul1Ul1JJolItllJi'l tlU~l11~ 'il 'JTil'J1~ m'il 'Vn~ 
u 'U q, <It

" , , 
;ill 9f'l'il~'llllM'~mJi'liil~ijmllJ\lfl~tl'l 

(
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et 

1J't1't1 3 

JI d~ 
3.1	 'Ytl,l't1 fI mn 

I~ tl'l 'ill 0 011l11'1 TIlfl'lI II '11 '11h~ 1'YI fl'l l1 tJ ih111:JJli'l, J'U ~ 'il ~ Irr~:JJrr~ 1'1 fIl1:JJ lJ r.J fl~Ul fJ 

Uf1 fJflntJ'YI 1'1 (llJ 'U:JJ11 ~i 'U 0 11 fl ':i 1'il rrflU fl11:JJ U(;lflfl ntJu 'U l1 1'1 TI lfl'1I11:)~:JJ:JJ'H l'U \'1'.i 'YIl 'I TI lfl'lI 

1:)(;lfl'lh ~TIlfl"t.J'lJHl1tl 1~wil~1'1iMtr'U61'Y1tJ101':i~TU01':i'\l'Uri'lu'l1'1ml9itJrrtl11Jw'YIfll'U l(;lV 

U'I1'1lm;V 1~'U ~~11 i1'U011~ ':i1'ilrrfJU Uf1~ l~tijfl111':iltJ'Il'U O1':i uti'"l '\l ~flunvde'l i M01J''YI1'1TIlfl'1I'1 
I 'P I V	 , 'IJ 

TI'ilTHlJ 1 cI1'1V!lI'Yhi.lTH:JJltJi'U OnflnlHU ;if.) U'Ul11'1TIlfl'1I1J1''Vl1itl I'Ut)'1'ill0l11'1TIlfl'lIrrltJih~hl 
'" 

1~'U 'YIl'1'H ~ 'I ~ rrl:JJ1':i (II ~'U 'YI 1'1IUV'! VllfJl f)'lfl'tJl'U f{1 l' l' Wf,JiJ"l ~ ~'1 oe illn'U l~lJ 'YIN lfl'1' 1I! fi'il 

j/ ~	 ~ Oll:\ ~r.::J ~ ~:fl fj) i j/ 'j/ Q.I d 'j)0	 d 
lrrlll1'U 'I 1'1:JJ'YI'I"11'1'VHfl'lJrrltJ'U:JJ(;l01lW~l11'101tJfI1'VH u'Ulrr'Um '1l11 'H~'\lU'\ll 'b'flTl:JJl1 1rr'l 

'" '" 

"'1rih"1f'\I'i"1~B (fI'I\'I"hUlt'1U\J'hl\n-!JtI'J~) 
8IJrepha Wtthl Exp,......wllY (BaI"WjjJ Na-Chon Buri Expressway'! 

;- i;" 1,'/'; 1·. t.; P do' t_~_l_l~.; i ~ j 

""ff\,1,,",~!j~t~1J,!f,r f.4WItt"r,J!I',".., 

f/l1'l11ll"';;4~c1\..,..rl 
CllACHot-NGSAO 

.miUlIM1.......".1
.......-. .... ....,P!'I~ TOll "' ­

qo\leoo~4;]""' __1II' 

~~"lIKoiUllJW"lUM (t:UlJ1'lp"lbui\J.~ 1) 
CI\I*", MIlha Nftf"O'l £ll,prelSWlly (Fi,.l Stage EItpf_.,.,.y S,.e1Iit1'1'1) 

;:~;'~~:~~~=Bu"E.PI.n~}. 
n'1nU EI11rence 

""N~ Exit 

iha~llDl'1; .. t'!j'lY,) Ed SIgn ....t. .. /lnbound') 

il"l'l"'l-m'O~ ...n't:en) fOlk Sign At. .. {OlJ~'lC.11 

~Uf1Il\l,nUYl14";"U U· TIJfl'l Brid{lt' Und. ExPo'M/lway 

'lIIInKu't1'lln"'\::n"~"(lu'U1;YI1i",)\1 lJ·Tur., Under EllP"J!'flW\rY 

...Y1~,,"'" 

"fJlil'CMI~l 

" ...1'AlnC"1tITU111 
SAMUT PRAkA,N 

:"~T~l", 
&o.;!u"""PlQ. 

.cd	 d. A Ad. 

.fl1'Vl'YI 3.1 llN'U'V1'111'1'Vllfl'1J1J':i'Vll1tl 
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, " 
3.2.1 fll',ifl~l~fJf) 1fI H fll'j tJfJ'In14 fll'Hfi~fJU~l'I11'11114 'VINWlfl"lolU 'jvnlo c}f'l'l14 ri114 ihl1.. .. 

li lillJ . I .k 'JJ "l'JJ
'\Jtll;!'(llrl1l1fl'j 'ltI'1114 f)'l'j II fl \'U~~Uf)l'l 'j'tl'l (tYlflf-.l14 1fl fl) 'b''Iflru~ f;!fl'j 111n''tlU''I ~1'1 '.i 111 n'fJUl'lU 

i:lUJ'Hl'rf'l'HlJ~ ~114114 79111;'I1~tllllj'lltJ14i:lum1~l'lUfhhJl'llWI141n'1t1m'l51 1111'111r.d1U1111 
~ u ~ 

, 'JJ lIJ 'JJ'I 'JJ 'JJ 'I 'JJlIJ ,.k 
1'Ql'l1~~f1 27 lI'H'I lI11~f1ru~f;!1'1'j111n'{)U"I l~ \'H'\l{)In'14{)ll14~ llJfll'Hlfl \'\J~~Ufll'l'.i{)'I 'b''I'illfl 

'JJ • QI I '-=l IV .: g) QI 1 4.:::t g) I "I 'JJ e.),r.:t,.c9 jlL

'UfJln'14fJll14~"I ~'Ifl'(l11 'I114111t114lfltlfll?l1f)fJ1'11tifll'.illfli'U~flUfll'lH)'I1J11~8 1ti ''If'lllfll'\J 

" 
~f1Ufll'l-jfJ'Il~ 30 U";'I fl'lU 

'JJ .,. 
'HlJ1fJ1'(l'UeJ1'1f)'1 

HmfJ1'H1'l. 
(U111ru ~1'1'j 1'i1l'lUi:lUI'H1)

" 
..-::to ~ 

1. fl'l'j\1l~I'1'1 Crash Cushion 'VI 1 - 1 

~ ~-~ ~ ~ 
2. m'.iWI~I'1'1U1ml'1tJ14ll'(l~lfl'jtJ'I'HlJ·1tIU14 'VI 1 - 2, 'VI 1- 3 , 'VI 1 -4
 

'Q9-4,'Q9-8
 

'VI1-7,'Q9-9
 

'VI 2 - 1 ,'VI 2 -11 , '11 2 - 12,
 

'Q3-1,ll5-6
 

'VI2-2,'VI2-3,'VI2-9
 

'VI 2 - 13 ,'11 2 - 14
 

'VI 2 - 5 , 'VI 2 - 7 ,'VI 2 - 8 ,
 

'VI 2 -10, 'VI 2 -19,'Q 9 -10
 

'VI3-3,'VI3-4,'VI5-2,
 

'1'15-4,'Q5-2
 

~ d , 
8. f)l'jl'l1l1'jru1lrl\1l'H)l'j11~m1lJl'.i11'lrU 'Q 1 - 1 

, " 
ri114U~l1ru~~Uf)l'l'.ifJ'I3'U1 ir14 Ul'lri1'Ui~fJ~'114~TllJiUN~'lH)U'UfJ'Ifllnn'lWII;flol"l 

lll;l ~ 1~ fl1 '.i II fi'1 'U ~fl U fll'l '.i f)'1lJ 1'111l ~i.ijtllM \J 11 n'11,J 1'j t:l ~ 1111 14 fl1'j 1~ '1114 Vi1~ fJ "llJ.JlfJ '11' fJ 

" .

'I'Ulh~1,J 1ru l'lf14 fllHllli:1imnm11,J n'~ eJlm~lJ1J'j~ UlfJlll fl1'jffm:l11111~fi1l1l1 ~'jlJ ll1JlJfll'.i11'1.. .. 
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nnmn.:J f11'j ~leJm::tI1.:J19i' 'U 11J' f11 'j 1f1lJ1Htl::l1T,,111111.'l'::Crlflr.h'l'J 11l':i f1uff.l ~l£Jih£J1l1'f.lVhl 
, 'j/ , , " 

\Pi 1H'HU .:J'fil '11m::; 1.'l'11 f1 U ~~I'l.:Jl1.'l'~iJ f.l.:J n'U Vi 1,j1~ 'U 5'U~ 'j 1eJ'fi utl1mi1l! 'V'l.:J Ht~1 'llum m11l1 'V'l.:J 

" " 
ml 'U n1 fl tll'J lHu U1 '11:: lJm::uwu1 u1mJ1.:JCJftl1lH9f1l1vHhll1.'l'.:J 1.'l'11.:Jll f.l:: 1 vJdtN'~leJ ~.:JU'U 

" 
.:J'l'Ul.oeJu~.:J 1,jtlJlu'lmvhl1'jw1 

32.2 f1U U'j :a iJ 'U U 'j:: ff 1'1 nNtlll f.l:: fl11lJ f{ 11 fi 1 'll tl.:J i fl H f1 n iJ ().:J n'U f11'j Ifi ~ tl u~ l'H \PI 
• • q 

n 1'j ~ ~m1l ~HHltl~ f11'j U'j:: diu U'j ~ iYl'lll Ntl'\J().:JlJ 'lfl 'j f)'l'j Jl1'UlfY1m 'j lJ 1'11111 Ut'! ()fl neJ'Y1·I.:J i:l'U 'U 
" I JJ 

~.:Jl ~'U ff.:J ~11 ~ 'Ul'~ f.lll1'lflfl f11 'j 11 eJ'U f11m \PI 'j f11'J'fi~11 u'U f1U 1UtlJlNl;lIVl eJ.:J 1~ 11.:J1'Ull~U1f1111;1::; 
" 

, " )1 )1 

1l~1:'IU 9f.:J lIdh1l1'1 fl~fI11m:r'U 111IVilJ;i'U 1'U lh drl'liiI'Hl'\J().:J lJ 1\PI 'j f11'J nm;.:J fl11lJ~lJfi1'Utl.:J 

lJl fl 'j n 'I 'j ~.:J f1 ti'11 Irl tl U11 U1i'u f11 'U tJ U 1fl fl ~.:J f1'1 'j U'J ~ IiJ 'U U 'j:: ff l'l nNtl 'IJ eJ.:J lJl fl 'j f11 'j JI'lll 

lfY1 m 'jlJfl11lJ1J 'If) ~fieJl'll.:J i:l 'U 'U 11~ i ,*~l'U.u'mqp,'l1.'l'(l~f1U ln~ fJU~1 '11 \I.! 'l.J().:J nu l'lN'WlfnW-H.:J 

un:ll'lf'l'l1'1eJ JI'leJln 
" . 

1. Jl1'U1.'l'i1~ 1~eJ.:J1'Ui.oeJd1'UU lI~U lll'lflUfll'l N1.'l'i1~Viii'i'Uf11'j 1Im1~Mmj~l'H~ 
q • 

~.:J\l11'j1.:J~ 3.2 ~.:J1.'l''jui1il'l'l.:J1.'l'(i~~1.'l'llJ']'jmhm1'*1'Uf11'jilm1~M()U~l'HfllJ1 ~.:Jf11'j i.oeJifll~li' 
q q q 

f11'jlllifJ1JlVieJufl11lJrl'l.J().:JfJU~l'H~ iil'l~1.'l'tJu fi() Chi - squared test 
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EvaluatlOD . Naturt (Type) Test(s) or Appendix C Reference 
Dcsill1l or Criterion Procedures ReI'ertllee 

Bcforc/Af'Ict fre9ueneics II X1 fill' Poisson Frequency Cl 
b Paired l-test (if nonnaIily C2 Sncdccor &. Cochran (1967) pp92·100 

llSSwncd) 

ratcs 1\ Paired t-lest C2 Snedecor &. Cochran (1967) pp 92-100 

proponions a z-test for prop. C3 0stIc: (1963) pp115-l\7 

If Slatistical control of other
 
factors is attempted;
 
b ModiflCd Mantel-Haenszcl C4 campbell (1970)
 
c GENCAT C4 Landis.. Stannish. Freeman &. Koch (197&)
 
d ECTA C4 Goodman '" Fay (1974)
 
e CONTAB C4 Gokhale '" Kullback (1976)
 

variances a F-t.est C5 Snedecor & Cochran (1967) 

disttibution a RIDIT C7 Hochberg (1975) 
shifts b Kolmogorov-Smirnov C6 Siegel (1956) ppI27-136 

Before/After frequencies a X1 for Poisson Frequency CI 
with I1I/ldomised b Paired t-test for B to A C2 Snedecor &. Cochran (1967) pp 92-100 
controls within group 

c t-lCSl for group VI group C7 Snedecor &. Cochran (1967) pplOQ- 106 
lIIld d . Analysis of Covariance C8 Snedecor &. Cochr:m (1967) Chapter 14 

Before/After e Median test (categorical data) C9 Siegel (1956) pplll-116, Conover (1971) 
with comparison f Mann-Whitney U C9 Siegel (1956) ppll6-127, Conover (1971) 
groups (categorical data) 

proponions II z-tcst for proportion between C3 OstIe (1963) ppllS·117 
groups 

lll1d 

Before/Afler wilh If Sllltistical control of
 
com:ction for olher Cactors is auempted:
 
~gression to mean b Modified Mantel-Haens:zc:l C4 Campbell (1970)
 

c Analysis oC Covariance C4 Snedccor '" Cochran (1967), Chapter 14
 
d GENCAT C4 Landis. Stannish. Freeman &: Koch (1978)
 
e ECTA C4 Goodman &:. Fay (1974)
 
f CONTAB C4 GoI:halee & Kullback (1976)
 

ralCS a Paired t-test for C2 Snedccor &:. Cochr:ln (1967) pp92-1OQ 
B to A wilhin group 

b I-lest for group VI C7 Snedecor & CochT3ll (1967) pp 1OQ-1 06 
group 

c Analysis of Covariance C8 Sncdocor &: Cochran (1967) Chapter 14 

variances a F-leSt C5 Sncdccor &:. Cochran (1967) ppl16-117 . 
dislribution II Kolmogortly·Smimov C6 Siegel (1956) Pr.I27-136..Conover (1971) . 
Mifts b RIDIT (two sample) C7 Hochberg (1975) 

.d 
lUn : Council et aI., 1980 
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2 
I d ~ ~ Q.I~ 

2.1 fll'J l11fl1fll'HHlIl~mUtl~1l1fl fll':ilfl~HllJ\PIll1\P1 
'U u q q 

2.2 fll'Jl1"lfh i~~l(J'Hl~1m~fl"l'Jiltl~nufll'Jlnll~lj~ll1~ 

2.3 fll'Jllm1~M~HI1rl'J~fll'Jiltl~nUfll'Jlnll'enj~Il1\P1. . 

~q~CV 

3.3 11i1'iUJ 

3.3.1 1l1fl-u'm,j tl'J 1fJ~lU fll'J llnl 'IJ~ lIlJ fl'V'l itl~ U'(Jf)~1tl ~l~ill f)l'J II01 'IJ~ lIlJ f)'V'li tl~ I~ 8 ill 

~~1l1f)11lfl~mh1'iJ~Uullunl:Uu u'J~~'YInml'IJtl~1fl Hfll'J UOI 'U~lIlJf)'V'litl~ hwi~-u'm,jtl~~~ . . " 
f)l'Hnfl~U~Il1~lJU111~TIIf1}J~1(JVU"l Y11~1111m~f)1'j""I ~N"ll1~ 8in '1Ull1;lJ1lJlU'J~&U 

3J C,t,~ ~e.I . 

1) f11U~tl\PI 1'lifll'Jl1l1~tllJ Chi - squared test 

I~ U f) 1'J 'YI1I ~tllJ I~ tl \PI tllJ ftltl1lJ :l"llJ "I \PI 'J fl1 'j" ~ I~~ "IIt1U n"1 'j" II 0'1 'IJ,fU I~Htll11 tl IlJ 
. " . 

tlVN11 fll'j"U'j"~liJmmntlUIlr.l~l1tl~fll'j"'f1ll'UUf)l'Jllnl'IJ fltl IUtl i~-u'f)lJtltl1r~Il1\P1'IJtl~TIUlhnll". .. " . 
111 \PIll '11~ l1 i1 ~11~ titluutl~ 11 tl~ fll 'j" fi 11UU fll'j" II 01 'IJ I'j" 1~ tl~r 11 f1111Jlll'l fl~1~'lJtl~fl111J()'lJtl~. " 

QU~Il1~ijumi1f1tyl1~tl IlJ fl~,fu Chi - squared test ~~I~Ulll~ll1lJl~~lJfh X 1 ~llJl'j"f'ft1U1ru 
" 1~ fl~{j 

(O_E)2 
I I 

E 

~ ,dlfJ ~ fj) ~ 
o . fltl fllll bfl1l1flfll'j"'j"11J'i11J'UtllJClllH 

I " 

E i fltl ~l~fllW;hll~I~U (Expected Value) 
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~
 
x: 

dJ. 
a 

.99 .975 .95 .90 .50 .10 .05 .025 .01 

I 
2 
3 
4 
5 
6 
7 
8 
9 

.0002 

.02 

.11 
30 
.55 
.87 

1.24 
1./;5 
209 

.001 

.05 

.22 

.48 

.83 
1.24 
169 
2.18 
2.70 

.004 

.10 

.35 

.71 
l.l5 
1.64 
2.17 
2.73 
333 

.02 

.21 

.58 
1.06 
1.6] 
2.20 
283 
3.49 
4.17 

.45 
1.39 
2.37 
3.36 
4.35 
5.35 
6.35 
7.34 
8.34 

2.7\ 
4.61 
6.25 
7.78 
9.24 

10.64 
12.02 
13.36 
14.68 

3.84 
5.99 
7:81 
9.49 

J 1.07 
12:59 
14.07 
15.51 
16.92 

5.02 
7.38 
9.35 

11.14 
12.83 
14.45 
1601 
17.53 
19.02 

6.63 
9.21 

11.34 
13.28 
15.09 
16.81 
18.48 
20.!)!) 
21.67 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 

2.56 
3.05 
3.57 
4.11 
4.66 
5.23 
581 
6.41 
7.01 
7.63 

3.24 
3.81 
4.40 
5,\11 
5.62 
6.26 
6.90 
7.56 
8.23 
8.90 

3.94 
4.57 
5.23 
5.89 
6.57 
7.26 
7.96 
8.67 
9.39 

10.12 

4.87 
5.58 
6.30 
1,04 
7.79 
8.55 
9.31 

10.09 
10.86 
11.65 

9.34 
1034 
11.34 
12.34 
13.34 
14.34 
15.34 
16.34 
17.34 
18.34 

15.99 
17.28 
18.55 
19.81 
21.06 
22.31 
23.54 
24.77 
25.99 
27.20 

18.3J 
19.68 
21.03 
22.36 
23.68 
25.00 
26.30 
27.59 
28.87 
30.14 

20,48 
21.92 
23.34 
2-1.74 
26.12 
27.49 
28.85 
30.19 
31.53 
32.85 

23.21 
24.72 
26.22 
27.@ 
29.14 
30.58 
32.00 
33.41 
34.8\ 
36.19 

20 
21 
22 
23 
24 

8.26 
8.90 
9.54 

]0.20 
]0.86 

9.59 
10.28 
10.98 
1169 
12.40 

10.85 
11.59 
12.34 
13.09 
13.85 

12.44 
13.24 
14.04 
14.85 
15.66 

19.34 
20.34 
21.34 
2234 
23.34 

28.41 
29.62 
30.81 
32.01 
)3.20 

31.41 
32.67 
33.92 
35.17 
36.42 

34.17 
35.48 
36.78 
38.08 
39.36 

37.57 
38.93 
40.29 
41.64 
42,98 

25 11.52 13.11 14.61 16.47 24.34 H.38 37.65 40.65 44.31 
26 12.20 13.84 15.38 1729 2534 35.56 38.89 41.92 45.64 
27 12.88 14.57 16.15 18,1\ 26.34 '36.74 40.11 43.19 46.96 
28 1356 15,30 16.93 18.94 27.34 37.92 41.34 44.46 4828 
29 !42(; 16,04 17 71 1977 28.34 39.09 42.5G 45.72 -t9 5~~ 

30 14.95 16.78 18.49 20,60 2934 40,26 43.77 46.98 5089 
40 22.16 24.42 26.51 29.05 3934 51.8\ 55.76 59.3_ 6369 
SO 29.71 32.35 34,76 37.69 49.33 63,17 67.50 7142 76.15 
60 37.48 40,47 43,19 46.46 59.33 74.40 79.08 83.30 88.38 
70 4544 48.75 51.74 55,33 69.33 85,53 90.53 95.02 100.43 
80 53.54 57.15 60,39 64.28 79.33 96.58 101.88 106.63 112.33 
90 GJ.75 65.64 69.13 73.29 89.33 107.57 113.15 118.14 124.12 

WO 70.06 74.22 77.93 82.36 99.33 118.50 124.34 12956 135.81 

, , 
.o:::J ~-"=ll ~ Cll~ Q.I.£:II i 
l1'lfl : ~f111I'rHlm'j'HItJ!lf1:::\illm:fU '\l 2548 

'JI .. 
2) ~TUlil'Jl1:JIi'l'l~I'1'J 

, . 
I d. ~ ~ Q.I~ dl 0 1 r.:! 

2.1) nl'j'Hlfllnl'J ~t1JI~m'\..ltl'Hllnnl'Jlnl'1fJul9Il'H~C)I~fIl'\..l1Wl1lfllfnl:IJ ~t1J I~Hml~ 

lilnl~nlll~tl~1I1nfJiT~l'H~1I'1tJl1itllnh::::lJlwm'J~t1JlfftJ;{1tJHuman Capital Method ~~1'\..l 

1~~'Ylq'l:l~mtJ1~i1i'\Jtl~ DFTD Project R7780 (2003) !lf1::: GRPS Focus (20()3) "1;{1'11'fi'1~ln~i'rnlJ 

Hil fI11:IJ\1t1J1fftJ '1;{w) ~m1:IJ'lJtl~fl11:IJ~t1JlfftJ 5 Ih:::lfll1 ~tl fl11:IJ~ilJlfftJ'Yli'l'l6ff'\..l(Property 

Damage) ~-ll~~ltJ1'\..lnn,y~m'JfJiT~l'H~\I'Jl\l'J'Yll~1Jn(Administration Costs) fI11:IJ1;!t:ylfftJ 

1~~Ii'l''JlJ~n'\ll~tl~1I1n'\Jl~~1'\..l (Lost Outputs) ~lH~ltJ;{l'\..lnni'f)'I:lll'ltJl1JH'l(Medical Costs) 

'" ll'tl::: Human Cots 'H'Jtl Subjective Costs 
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fl11:JJ~tylihJ'V1f'VlVB'U 1.11 ~ flO1J ~lfJ fl11:JJ ~UjlfffJIfi~n1J rrllJ'Vlll1'\.J ~ ml:JJ~tylffmfi~ 
QI <l.I "<0, ..::::t .-:'lo Q,I Q,I tlr.lJ. ~ 
fl1Jll'j 'VlfJffm 1'll'fl1'j 1'111:JJ~tyl ffmfl~fl1J m 'VlfJff'U O'U '1 

ftll ~~ lfJ i 'U fll'j ,)~nl'j 01r~1'11\1111 'j'111'jil'I.::11Jfl 1~llfi ft'l i ~~lfJfll'j ,)~fll'jfl~'\IfJ.::I~ 1'j 111. . 

fl11:JJ ~tyl fffJI.;;f.::llin 1/!n111~ O.::l1l1fl'\l1~.::Il'U U'j:t: flO 1J ~1 fJfl11:JJ ~tyl fffJ'V11.::1lfl''j 11! nllrJ'U 

a tS.. dd3J d Q,I a L'!t 

Ifl~1I1fl fl1'j '\I1~.::Il'U l'U O.::l:JJ '1111 flfl U 1J1~ 11l1J ltl fl'U () fJ flU 1J1~11l1J ffl'11 ff fl11:JJ'Vl fl1'j '11 l' () flU 
I )I , J/ 

lfffJ~1\11 ~.::I1 ~ fJ'I1 r,lflfl U II 't1'1m1:JJ ffUH fffJU 'j~lflYi U1I~ l' 1:JJ1'111:JJ 1 uii.::l f111:JJ ffWI fffJl10 l'iJlfi~~'U 
'U u ru u 

o d .d. ~ , ~.Jt 'l' 0 'j} i/r.:t-=="lo 'jI

111 nfl11:JJ 11111]'U Y1\11 O.::l'l11.::11'U 'l'l1:JJ fl11:JJffUJl fffJI:JJ tl.::ll'U 11:JJYll 'l '11 fffl11~ f11'j 'l 'll''lf1\1l'\lfJ.::I ~U'j~ ff1J 
~ u ~ 

'el u~i1 '11 ~ II~ M fl i 1fi fJ 1Jlfi ~ 'el u~ I'11 fJ IItl ~ fl 1'1:JJ ~ ty IiY m.;;f.::llfl'j 1/! fi 11 '\l tl.::l ~~ IItl 
. V 

I 'j/ Q,I ... 1 'j/ 'j) ~iil l Iiill d 
fl1 'lf1l1fJ~1'Ufl1'j'jfl1/1'VlfJ11J1tl u'j~fltllJ~lfJfl1 'lf1l1fJflWI"Wl1J1tlllJtl.::l\ll'U f,U ~~lflfl 

l'I1~ fln'\l'U~'1fJ~iJ1fJlIln~~llfifl'elU~I'l1~ 1u~.::I b.::l'VlfJ'l1J'm fr]'jffl1/1~iJ'JfJi'U 1l't'l~~iJ'lfJ'U01'1 ri un 
v 

e:!I <1J e::t I 

Human Cots 'I1'jf.l1J1.::1m.::ll'JfJfl11 "Subjective Costs" DFID Project R7780 (2003) 'j~~ 

'p" ~ s.J SI iSld<S d j ..
1111 Human Cots 11J'Ufl11lJ~tyl'lfJ'II.::Iff~'V1tl'U 'I1l'11'UfNfl11111111Jl1flll.tl::::ml11ilfl'\lYl'j1J1'UlIlfl 

l
m:r~l'I1 \II '\I0~ ~U l' ~ ff1J OU~ l'I1 f1'l1 i tlfl l' tl1J fl f 1 fl1'j 1I~ I,l flftm'iil 111'l 'U fl1111 ffWI fffJ'j 111 

II .. 'U .. q 'U 'U (J 

, . 
m'j l.::1l1 3.4 ftlmi:ifJfl1111ffWlfffJ'illflfl1'j lfifltlU~l'I1\11'il'j 1111' 

'U U II II 

(1.1 l'lll'i lfJ) 

6,190,590 
.. 
'Vl tl1'j 6,322.788 

253,098 

135,014 

127,693 

2.2) fl1 l' '111 fil i ~~ 1 fJ 1'u 1 m.::l fl1'j iJO.::l nu fl1'j Infl tl U~ l'I1 \II 'ii())J tl ~l ~'l 'U fl U 
... '1 l\J 

U'j~liJ'U ftl '~~lfJi'U1m.::IflniJfJ.::In'Ufl'l'j Inm)u~I'I1\1l. .U'j~flO1J~lfJ 

"" 'l'J/ i'JJ ?I1. fl1'jlJ'j~11I'UtllfJfl1'j 'If.::ll'U (Estimated Service Life) O1£JflU 'If.::ll'Ulu'U. . 
'li1.::111tl1'\10.::lflnlH1Ju'j .::I~ii ~tl~Ofl n Iflfl OU~l'I1 \II 'lMmltl.::l f.l~i 'U lflf,U cvf~~o.::lfl1'j 1 fl fJ'~1l11Jll't1'1 

=II .... eu 

• I'" .1 "! • I"' • 1 'JJ"l "'"' "! 'JJ " tl'l'J lutl fJ'Ull uM'I1'jfJfl'1'j u'J 1Ju~.::Illfl 1'\l1fl£J1fl1J I,llJ1m 'j t1 ff~'Vll'U '\IfJ.::I'j ~1.11J tl'1'J 111' '1111' lltlll1~:JJtJl~ 
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f)']'j 1oM'~1'UthhfilJ 20 1J 1~'U 1?11f)cil~ 1ll1h~1'VJfl'n''I11JOIJJ1f)l i~til'11'U ~f)l'nH mJ~ ~llfl~lh~JJ1W 

f)1(Jf)l'j H~l'U H ~~I'l1'jl~~ 3.5, 

f)l 'nHmJ ~ ~ f)1(Jf)l'j 1oM'~ l'U (1]), 

1. ~t1JUJltll iv! 15 

,~ U Q,I

2. Un'~n'11~1'VfVf1T1JJ (;,HJ~.fW 15 

3. If)l:::tlm~fI'U'U 15 

4. lrlm~Vl11J 

" 
10 

5. 11n'U 'If'U 10 

6. Pavement Grooving 

7. ihVlYUJ fin III 
u u 

10 

- Major 10 

- Minor 5 

8. Raised Pavement Markers 5 

9. Guide Markers 5 

1O. f)l'j'VJ1ff~h~'U 2 

" " ll~rll'1111J 1 'U tll'Jl~(J'f11~i11 oM'ltltll cvltil'11'U~tllnH1Jlh ~UCl:::lh~:IJ1W tJl(Jf)l'j 1~~1'U, , 

1m ~f)l'JUnJ. '\Jll~1JtlVl':itJ~, tJl~f)l'j1~~1'U (1]) ri'11oM'1il(J (UlYl) 

... :: 
I. f)l'J~~~~ Crash Cushion 10 550,000 

~ OJij ~ ~ .I 
2. f)l'j~~~-J lm~f)'UUfl::::lf1'jtJ-Jll:1J1(J1J'UVl'U 111~ 2 45,000 

3. tll'jtJ11J'j::::~1J~'U ~11l'j 1'\l 'j 1,riJ'f111JJ~f)l~f)~ 5 1,750,000 

4. tll'j~~~~l'lrJl$if)'U/ tJl(J~ln~f111JJ111 2 30,000 

5. tll'j91~i~tJl(J1l'U~lhl~'U 'VJ1-J 10 112,000 
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11'1 H Tl1'H!tl'i '\J ~ ~ Unrfi tJ \I tJ1~Tll':ii~\llU (u) l'il'l~~ltJ (Ull'l) 

6. fll':ilH\nh \l1ft'U~':il'l':ihnj. 2 14,800 
~~aJ g} o=:S. gI" 

7. fll':i~~~\l1'l1'~'l1'~'I1()UII'l1'\I / 'I11'l1''l1'~l'lm.lll'l1'\1. 2 6,500 

'" !iI cI
8. fllHll'l1'U'lI~lltJflTllJl':i1 2 25,000 

• 'l!il' "I • I'" • I !ilbl !iI "'''I !iI'l2. fll':i111f11 'lI1JltJ lUfll':iu':iUu~\lllf) 'IJ (Improvement Costs) 'Uill,Jal'll'll U 

fllnh~liiurhH~'w'1ufllnH'uUl\llltl'bl'UU':i~f)OlJ~1t1 
~ 

(1) ~l'l,*~ltJ'lUf)na\ll'lUfI~\lll':if) (Initial Costs) , 

'll! fll':i 'H lril '1 ~~ lt1 '1 U tTl':i 'l\lllU f1r\lll ':i Tl'il~t11f)l1i tJ~ lt1n~U o Qti\Jlt fll':i 

... _ I !il1i] I.J 1 .;, Ii] 0 "'I ..f 0I ')J ')J 

U':i U u~ \I II f) l'llll~ 'l~OtJN "lI\I ~tJl'l1! Ull'l1f11':i 'Il~'tnf11HYf1'1;jHHlf1lIUU IU tJ\I~U 1l'l~l'l1f11':i 

U 'i ~ IiiU'j lf11ri1'l~~ lfJ i II fll'j U~UU ':i \I ~1 tJ. 
(2) ril'1~~ltJiufllHi1l'UU\llU~'ltl~1J(Annual Costs)
 

f)1'j U ~UU 'j \111 'llt1ilUl\1 ~ 1111 U ~ tJ\lliY tJril '1 i~ ltJ i U t11 'i ~ll ~~ f)'I;j 111 t'l~
. ~ 

CJftJlJll"lllJ 'lU ri1U ~'lfn~d1tJ111tJ l'lfU fll'j 111~t1umHJ~1 vl~'Ul~lla~CJfmJll"lllJ~'lfn~ ril H~lt1. . 
" 

mci lU 'l1'llJ n mn '1 ~~ 1f)fll'j Inu 11'l~llm1~ 11'1i'tJlJ~ril1~~ ltJ~ 'l tJ~il rlll1i'Ufll'J ui'uu 'j \I II tl'1 'U 
~ , 

lJ1\I'Odl\1~1 'l~~1t1 '1u f)n~mju fll'j ~HH)~1J~~d$JUffUrfl1i()i:wnU'cwlJ lf1lrlml1lJ11Ifl'j l~"hl1\l\'l#\1 
~ 

()) ~1"l11f)~m~fll15\1l1lJ~tl1~fll'j'l~\llU(Temlinal value) 

rl1l1~U"lIlf)~111 tio 115\1'HlJWO ltJfll':i '1,*\llU Itl U ri1U ~111 ~O'H5\1'l1f)'lf1\1. 
jJ " • 

'Uil\lfll'i 'l ,*\llU11f1tl1Jfll i ~~ltJ '1U tll'jj'mlil U CJftllJll"lllJ i 11:W Ifltif)U~ltJ i Ul1DU l1j'o'U ltJl'lO ~~~1~ 
»I 'J/ , I 

l'liU f) 1'j U ~lJ lJ ~ \Ill tl'i 'IJ 1 ~ tJ f) 1 'j ~ ~ ~~ ill tI ({1ill tJ irU ii\I 'l1' llJ 1':i j,) lJ 1i lJ '1 ,*,~ BU 1 ~~ Tl 'lU l'l1 \I 

. a'd.l!!l I d I 

Iff'i'l;j!ffl'l1'~'jnj,)tJ11lJfll 

2.3) fll'illml~11rl'lTlnui'uu'j\l.
 
'1U nnllf1'j 1~ 11rltl tll':i U~UU ':i \II ~ t)U'j~ liiu rlr,'l '1 U l'l Nlff'J 'I;j,,"ffl'l1'~{ :JJfl1J~ IU~ t1U. .. 

\'ilH~lrJ~l\1 C"j 1lt'l~r-l~fhhll1'ltlUl,J1:lrill'YiuUl'vh'jltJ1J (Equivalent Uniform Annual Worth ; 

EUAW) ~\lI~tJ11 ~tJ\I nU6~'j l~tJtllrl'tJllr;j~ri'l 'l,*~ltJ illfll':i ~\ll'JUf1r\lll':i f) 
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1. tl~'j1~Hlmrl(J (Interest rate) 1Utl1'jllm1~'1'Y11':Ufl'njJfl'1'ff1Pl1~1Iil1HJth'l 
I 'JJ 'JJ 'JI 

V'l ~ ~ ~{) '1m1U tllPl 'J l~nH)1 U(J ellPl 'j 1~ {) filU (JlUfl1 'j 14'{) (Jfl11ellPl 'j 1~ {)t1!Umj'lhnl~ {) 111'1'lh1~ (Jf! U1 ~ 
.et Q,I ~ g; I i/Q,I -.1 iJ 11) I I d ~ 

11 'j{){)~'j 1~{) mlJ t1i1{)'1 ~ m~ I'Vi'j 1~11tl1'j 1'If{)~'j l~{)mU t1~~IJl{)'1 IIJl 'jm {)'1 n{)ll "If'llm.J1'1fI'J 'I ~~ 

1~(Jf1111{)frl'ff1utl1nNi'lU ellPl'j1~{)m1i(J 10 - 20 (Yo ll~l~tlU1j{)(Jlufrl':ilh~liJUfH'i'l'l.,j~lum'J. 
'lJU ff'l 1U1,h ~1i'lfl'tlT~r'l'W'I'1lU1 

2. tll':i1111'11 Equivalent Uniform Annual Benefits (EUAB) 1utllnh~lJ1ill 

f-!~n1''j 'illfltll'j~~~'1'J{).,jtfl1~ml'J l~mu~(Ju 1,rUfl1li;ltlU\l1'(;l{)~i1'1tll'jufuu~ 'I tll'j~~M'\I{)'1 

m1&1ll1lPll ~ tJitl11h::: UfflU ~lJ'W'U ntllJ tll'j 11J~ (JU IIU ~'1 '\I {)'1U1lJ1ill ~'j lll'j l',~~ ~1U11J1illll'j 1~'j. . 
I ],I I iI ii, I 

IVllJ ~U f-!~ n 'I h II ~ IVllJ ~U 1U i1'111 ~ 1UU fl111l ~ (J'\I \')'1 f-!{ltl'\ h ll~ ~ ~iJ ~ ~, ul ,rfll't1t1 fl ~ 'eJ 'I 
, ~ 

~1IrJU~{)'111J~(JUfl1i,rlilu Uniform Annual Benefits (EUAB) ~'1if 

EUAB = CR ~ I (each year's benefit) (each year's pw:, ) 

CR ~ = Capital Recovery Factor for n year (service life of
 

improvement) at an interest rate i.
 

PW ~ = Present Worth Factor for each year at interest rate i.
 

I = Summation of all year of service life
 

ff1l1fUfl1'lJtJ'I Capital Recovery 1I{;l::; Present Worth 'ff1lJ1'Jtl1111~ ~lflIJl1'j1'1~ 3.7 

, '". , 1'JJ'3. tTl'jl11f11 Equivalent Uniform Annual Cost (EUAC) llW'Illlflfl1 'If~1(J 

1U fl uui'UU1 '1U'j::; fltJUJI1(J fl1 1~~'W 1urr1'j {;l'li'J U f1f
~ 

'Ill 'j n fl'l1 ~~ 'wiU fl U fi 'IlU1J '11U ~t1tl~1J 

1l'(;l::;fl1"1f1fl~1l1 ~{)l1~'1l1lJ~m~tll'j 1~'11U ~'1~llrJmi''eJ'IllJ~[JU 1,r{)~inb(JI~fJ1nU ti{) Equivalent 
.. 

Uniform Annual Cost (EUAC) lui1'1{)'l~'Ij{)'1tll'J1~'11U ~'1U 

EUAC = CR ~ I I + I
Ii 

K j PW ~ I -T (SF~,) 
j=i 

CR~, = Capital Recovery Factor for n year at an interest rate i.
 

PW ~ = Present Worth Factor for each year at interest rate i.
 

SF ~ = Sinking Fund Factor for n years at an interest rate i,
 

I = Initial costs of improvement.
 

K = Constant annual cost.
 

T = Terminal value of improvement.
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'::> 

n = Service life of improvement. 

= Summation of all year of service life L , 
o QI , I":i1:i1 

ff1'l1'JUfll'UtH Capital Recovery um~ Present Worth ffl1Jl'J(nn ~lIlfWI1'JWYl 3.7 

..d ~ ~
 
1I1TH'YI 3.7 llff~~~tJfH'lJfJYI'lJlI'U 12 %
 

Single Payment Uniform Series Uniform Gradient 
~ 

Compound Present Sinking Capital Compund Present Gradient Present 
amount worth fund recovery amount worth conversion worth 
factor factor factor factor factor factor factor factor 

n F/P P/F AlF AlP F/A filA AlG PIG n 

1 1.1200 0.8929 1.000 00 1.12000 1.000 0,893 0.000 0.000 1
 
2 1.2544 0.7972 0.471 70 0.591 70 2.120 1.690 0.472 0.797 2
 
3 1.4049 0.7118 0.296 35 0.41635 3.374 2.402 0.925 2.221 3
 
4 1.5735 0.6355 0.209 23 0.32923 4.719 . 3.037 1.359 4.127 4
 
5 1.7623 0.5674 0.15741 0.277 41 6.353 3.605 1.775 6.397 5
 

6 1.9738 0.5066 0.123 23 0.24323 8.115 4.111 2.172 8.930 6
 
7 2.2107 0.4523 0.099 12 0.219 12 10.089 4.564 2.551 '11.644 7
 
8 2.4760 0.4039 0.08130 0.20130 12.300 4.968 2.913 14.471 8
 
9 2.7731 0.3606 0.06768 0.18768 14.776 5.328 3.257 17.356 9
 

10 3.1058 0.3220 0.056 98 0.17698 17.549 5.650 3.585 20.254 10
 

11 3.4785 0.2875 0.04842 <J.16842 20.655 5.938 3.895 23.129 11
 
12 3.8960 0.2567 0.04144 0.16144 24.133 6.194 4.190 25.952 12
 
13 4.3635 0.2292 0.03568 0.15568 28.029 6.424 4.468 28.702 13
 
14 4,8871 0.2046 0.03087 0.15087 32.393 6.628 4.732 31.362 14
 
15 5.4736 0.1827 0.02682 0.14682 37.21l0 6.1l11 4.980 33.920 15
 
16 6.1304 0.1631 0.023 39 0.14339 42.753 6.974 5.215 36.367 16
 

~ 17 6.8660 0.1456 0.02046 0.14046 48.884 7.120 5.435 38.697 17
 
18 7.6900 0.1300 0.01794 0.13794 55.750 7.2.50 5.643 40.9OS 18
 
19 8.6128 0.1161 Om5 76 0.13576 63.440 7.366 5.838 42.998 19
 
20 9.6463 0.1037 0.01388 0.13388 72.\u.4 7.469 6.020 44.968 20
 

n 10.8038 0.0926 O.Ol2 24 0.13224 81.699 7.562 6.191 46.819 21
 
22 12.1003 O.OR26 0.010 81 0.13081 92.503 7.645 6.351 48.554 22
 
23 13.5523 0.0738 0.00956 0.12956 104.603 7.718 6.501 50.178 23
 
24 15.1786 0.06..'i9 0.00846 0.12846 118.155 7.784 6.641 51.6'1) 24
 
2S li.OIlOt 0.0588 0.00750 0.12750 133.334 7.843 6.771 53.105 25
 

26 1'1.0401 0.0525 0.006 65 0.12665 150.334 7.896 6.892 54.418 26
 
27 21.3249 0.0469 0.005 '10 0,12590 169.374 7.943 7.005 55.637 27
 
28 23.8839 0.0419 0.00524 0.12524 190.1'>99 7.984 7.110 56.767 28
 
29 26.7499 (J.0374 0.004 66 0.12466 214.583 8.022 7.207 57.814 29
 
30 29.9599 0.0334 0.004 14 0.12414 241.333 8.055 7.297 58.782 30
 

31 33.5551 0.0298 0.00369 0.123 69 271.292 8.()85 7.381 59.676 31
 
32 37.5817 0.0266 0.00328 0.123 28 J04.847 8.112 7.459 60.S01 32
 
33 42.0915 0.0238 0.002 92 0.122 92 342.429 8.135 7.530 61.261 33
 
34 47.1425 0.0212 0.00260 0.12260 384.520 8.157 7.5% 61.961 34
 
35 52.7996 0.0189 0.00232 0.122 32 431.663 8.176 7.658 62.605 35
 

40 93.0510 0.0107 0.00130 0.121 30 767.091 8.244 7.899 65.116 40
 
45 163.9876 0.0061 0.000 74 0.12074 1358.230 8.283 B.OS7 66.734 45
 
50 289.()()22 0.003S 0.000 42 0.12042 2400.018 8.305 8.J60 67,762 50
 

;. 
0.120 00 8:333 8333 69.444 X.'" ___._·.R··_.•_____A~._ ••__••••_••____ ..~

, 
",,,,­cO 

'YI1J') : Ifl"j'll~fl'lff'flT)fI'lm'J1J 2548
 

4. f)'l'J11lf-.lftih h'f!'YIn~tJiJ (Net Annual Benefits) liltl f-.l'l~ l~ 'J ~111wril 

Equivalent Uniform Annual Benefits and Costs (EUAB - EUAC) 
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I Q.J' , ... I ,. 0' I e.. 
5. flTnnfl1tl~'j1~1'Ur-H'u'J:; !tJ'lf'U~fll~'U'tl~'¥J'U (Benefits - Cost Ratio ; 

.::'1 '1Q.J"

B/C)	 lu'Utl~'J1~1'U'j:;l111~fI1 Equivalent Uniform Annual Benefits and Costs (EUAB I EUAC) 

3.3.2	 fll'jliltlfllm'Hl1'jiJtl'If)'Um'jln~~U~tl1'fJu'U'¥l1~filfl'l:Jl~ltJ'~ Linear Programming 

1~'Ulflrtl~jjtl'lf1fJ1'Um'jliltlflYi11flNfll'J"1l~v'J1m1lJ1m ~tl1'j~1~ '1 ~uu'J:;mw r·r~fh h~'Vl~ 

'eJ~'jHhmmu'j:; ltJ'lf,r~tll~'U'tl~'tl'U i:h);ijtJ'V11~~l'U';i~~UflTllJl~tJ~ fl11lJ~ flTllJHlUN '\.J1m.	 . 
d	 'j) Q.J' e.. ~ ~ _~ QI ~ 'JJ Q.J' rfd ~ 11) ~ 

IU'U'UtllJ'tl11Jfll'j~~~'U 1'iJ I'VHIl'tltlfl iflNfll'jUtl~fl'\.J<1 l'V'ltl 1l1'mnp~tju'j:;~~ml~~ 11 

n1l1'UVlfll'jl:jf~I~'U (Linear Programming) lh:;fltlU~ltJ 

1. ~1tlu'J~1~1'Ufll'j~~~'U1'1!lti'1'U11UJl1ll1~tl "Decision Variable" 
" 

Q) rf	 4'JJr.=t, d llS~d 
2.	 ~:lJfll'j1\PlQU'j:;~~fl (Objective Funtion) 9f~~tl~lJi'llmfl'Vl~~l1'jtl'Utltl'Vl~~ 

'" 
l~tlii~lJfll'J~~U 

'" Max	 l1'jtl Min = a j Xi + a j Xi + a j Xi + all X n 

l~tJ~ .
 

II 'Vl'U ~'Jtl~l!l U'j fll'j~~~'U 1 'I
 

1:YlJu'j:;1:Y'Vlfmrl~l!lU'j fll'j~~~'U 1'1~1~ i
 

3. l~ tl 'U 1'\J -u'tl U~ f1U ~ N '1 'IJ tl~ 11 ty l11 ~ ~ 11 tl fl'll Constraint 
,	 :iI " 

flg 1'U fll'juBu~liu~rlUfl1UfllJm :;U1'Uflln!'U '11~tlii~lJfll'j~~U 

l!'Vl'U~ltl~lll'1hfll'j ~~~'U1" 

a I 1:YlJun~'Vlfl1U1~111U'j fll'j~V\~'U1 '1~1~ i 1'U ~lJfll~il1if)tl~1Jfll'j 
, '" 'j) 0 QI r.:t QI .... I .e:. Qd' 

'IJtl"lfl~ 1I:tll tlflfflJu'j:t ~'Vl1i'U11 Coefficient 

b 1	 llm!U~mW 'lJtl~'Vl-r'V'ltJlm~iif)~l1~fll1 tJf111 Capacity 

"'1 ~ ~ 4J Q.I0 jI Q.I

'Vl 'lfUf)n'IJ~ulfl~'Utl~'lJtlU~flU 

d 
l~lJU1fl 
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~ 11) 1~1 iJ 
fH:l1J 'nJ 11J ~ 

fll'Hlnl'lJ '11 ~n'H111i~~fl111JI~fJ'I i l1'u ~i 'U '.i::: ~1J 
" 

~ 'j/ do' 311 d 
m 111Jll:::1J1'11'n1fJtNtl91'11J 

" 

fl1'mnl'IJ 'I1~n'H111i~~fl111JI~fJ'I~'1Vn61 

rh i oM'~lfJi 'U n n llt~l 'lJtJ~i 'U'.i:::~1J~1 

'"
, 

~ '"
, 

V11'j'1'l'Yl 3.9 'j:::~1Jl'n111tl 

d 
fl111ltl 

lhJfJ1/1n 

fl1111 '111/1 fJ 
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Q,I ~ ,d d 1 

'.if:l'lf'UmmJ'UmU.ft1f111lJl'.il~~ IJ'U111~~1'U '.if:l. .. 
~~'lf'Jf)~lJ~l fl~~l'j~'J()'J flllJ~{)~ 'Jf:lU'J'Jl'j fl'lf'j.J 

nU'Jf:lllJ~ ~~vn'Uw~l1im.! ilJ~ftmilJ 

"l d 
l1'H)U'l~I'il'U 

~1,r~ 

'.if:l'lf'Un'U~f111lJl~ l~~l1 imh'U ml1~ 'Jf:l'lf'U.. 
~ I 'j) oIlS .•i4 ~ !)I d oIlS 
~ ~flfJ~'J 1~ 11 'J tlu 'lV'J ml1~ ~ 1 ~fll1lJ 1'J 1 ~ ~ 11 'J tl.. 
ll1'U ml1~ fl'Ul~'Ull1' lQmf:l~~~~1~\"111lJli 1~~ 

'If'U 

d QI Q.I II II 
fl'U'\JlJm~l'U/ 'ilmV1'Um.mQmf:lV'U~'lflJ 

d d 'j) 

U1~1'ilUltlfl'U fJ~ 
,.,..J d ~ dQl QI " 

'J f:l'lf'U fl'U11f111lJl 'J 1~1 \"1 'U '\J'il m m'U!'ilm~ l'U~'U1'l 

oj '" 
U1~I'ilUl1'JfJ 

Gold d~ Q'jI~ ~ 
'Jf:l'lf'U fllJl1fll1lJl 'Jlm fl'Ul~'Ull11lfllJ'lf'U~ ~'lJfJ~ 

(ll~bl~U1~1~u~fihl~) 'Jf:lf:lfJ~l1~~'lf'UI~l 

. " 
n111'UfllM'n~mhfll1lJlil~~ ~~i1 

r.:::S I I Q.I 

lJflll111flU	 4 

-=:t' I Q.I 

lJ fllll11 fill	 3 

2 
~, ,W' 
lJ fllll11 fl1J 

, " 
n111'U~ 'M''J~f1uri1m1lJ[) ~~i1 

~ I I UJ 

ljtWlJ1fl	 lJ fllll11 fl1J 4 

U1lJ~tifJ'M'ln~fJu$lm~. .~l~ 3 
r.::I I I,., " 

'Ul'U "l fli'~	 lJfl.l1111flU 2 
do I I Q.I

hju1'il~nfJ h1'ln~fJU~l'I1~ lJfllll11 flU . . 
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~lHIN 

Q v 
li'lfllHJfj 

r.:!l I 'Q,I
:JJflll'Yl1tl1J 4 
r.:!l I I Q,.I 

:JJ fill 'YI1 f11J 3 

<::t I I Q,.I 

:JJflll'trlflU 2 

~, 'Q,.I
:JJfIll'Yllf)U 

g) '" l1:JJ1tHi:I'\Itll'H)'1 

(U1ntll ~~1111'V'luihym) 

,,; 
f111:JJfI f111:JJ~UHN 

,,; 
fI11:JJ n'W'1 

l1 I - I 3 3 4 

l1 1 - 2 3 3 4 

l1 I - 3 3 3 4 

't1 1 - 4 3 3 4 

l1 I - 7 3 2 3 

't1 2 - I 3 3 4 

l12-2 3 2 3 

l12-3 2 2 2 

II 2 - 5 3 2 3 

l12-7 2 2 2 

l1 2 - 8 2 2 2 

l1 2 - 9 2 2 2 

l12-1O 3 2 3 

l12-11 3 3 4 

l1 2 ­ 12 2 2 2 

l1 2 ­ 13 3 2 3 

l1 2 ­ 14 3 3 4 

l12-19 3 2 3 

l13-3 3 3 4 

II 3-4 3 3 4 

'1'15-2 2 3 3 
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, 
fnn~Yi 3.11 (fitJ) 

I, ., ." 

'H'lJlml;l'lHll~tJ~ 

.".d U
(1J1THIl'l'1m1~Vl1J UJ'Hl) 

d 
fI11'lJ(} fI11'lJ1'UUN 

.d 
fI11'lJlfftJ~ 

'1'15-4 

\1 1 - 1 

\l3-1 

\15-2 

\l5-6 

\19-4 

\19-8 

\l 9 - 9 

\19-10 

2 3 3 

3 2 3 

2 2 2 

3 2 3 

3 2 3 

2 3 3 

3 2 3 

3 2 3 

3 2 3 
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'\
 

~ 'j 'HHHJ1.J1~1 H fll 'i 

i1'iN nu rl1'Hf)~fl11~111~ 

lm-Jrln ., SlltJM 

-J mh :;1.11 tu 

1.J5nw~h~ '1 11\1:;)11
 

lfl'i~fmi1o~11u
 

rl mfi~fll1~l11~
 

"'Jll .",. 0 

1j'iI1f.1I'1'1'iJ:;'I'11 

lm-Jfll'iSlltJh1 

,ullh:; lJ 1W~ ii 

. 
inwYi 3.2 llfllH'l'lII ff~ 'I nn i'l~ I~ tl nltn 'I f1l'j ih.l'l fl'Wf1THn~ ~ u~ l'I1 ~ lJ'lJ lTl,rvh fl'lJ 
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, 
et 

UtTYI 4 

~ , 

f11':i i\1fliHi ll1tl un: ~ ~tll ritlrl~ Iii tl fl1 fI ':i ~ f11 ':i 11 tJ ~ 111..1 enr~m lIU 1..1 'Vl N -WliHl 'Vl N, , , 
I , I iI 

lfYl m ':i lJ 1. ~ fliJ nJ ll1J lJ f11':i ~~ ffU i 'l 'Vi l11m~ ~lJ 111J ~lJ'tJ 1::: mtl.l'Vi iJ tl d cif~ iJ,j1..1 11 V 1..1 fll':i \i'~ f)l':i
" " 

1ft':i~m':i1J\,)~tiul'Ju~Il1~Umll~-WlfY1J ~~u,~~~u
~ 

, ~ 

I. f11 ':i Inmi'tl lJ l1 ft tl f11'Jlh.,j'tl lJ l1 tlU~ Il1I'1 'Vi If,~;j U'lJ tl ~ f11 ':i 'Vl1~ -w IfYlJ1wlfi l1 ~ ihn 
'\I 'U CfI 'i 

. " 
2. fll':irlmiitlfl1 'fI':i ~f11':i11tl~I1U f11':i lfi~ ~U~Il1~UU m~-Wlf11J'IJ':i'Vnlf1 9f~ i 1..1 rilU ihh 

.,j'tllJl1m'illmlfl~lUf11':illfi'l'\J'l~lJf)'ydV~ (1l1f1ml1fl fl) ~'lui\1flU 
~

'~flfl~1vdNl~tll':illfi'~I'\J" , 
, II] 'V "'''''.., 'VII] 'II] 'V I II] 'V 0 .1 "'.1 '" '" 

~~Utl'Vl':itJ~ml~ 8 l1i 'lI~llfll'\J~I'IUfl'Vl':itl~l~ 30 ll'1H 1ll1~ 1~'Vllf11':i 1J':i~llJUu'J~"i'l''Vl1iNl1lll1~ 

, " 
fI1llJ~lJTil'\Jtl~ ifl':i ~f11':i11tl~fiuf11':ilfi~~11~1l1~ lritl iW'Y1':ilUll1m ~f1l':i"1 ,.11..1 "l ~llilUf11':ill~l 

'~Nl1IY1fl~'~ 

3, f11':irl~liitlfllm ~f1l':iiltl~ilut11':ilfi~flU~Il1I'1UUm~-WlfYlJ hHJ':il1J':illJ1m~ , , 
" 

f11':i~1~ "l ~UU':i~mw Nl1nll':if!'Vl~ erl'l':ilrilUNl1U':i~ 1fl'lflr~tll~U"~'YJu ':illJ,ti~ll1J~fl 

':i~~ml1llJ!~fl~ fI11lJ~ fI11mUllH 'I1lm~~ffu'l'lI~tJrl~lliitlfllf1Hfll':iilfl~il"I"1l~tl'lf'1J':i':il1,, 

1I'1ilU':i~'f.Y~r1~;~H 1.~w'l,* Linear Programming l~lllfl~{)~lJtl'lflfliufll':iliitln'l'1liflHf11':i"1 ~~ 
~ 

'Ufll':ii\1flUl~'l,*iu':illmlJ Win QSB 'lUtlnrl'lU1W'H lfill'ltlU 

1fI ':i ~ tll':i 1J tJ~ il1..1 tll ':i Ifi ~ Qu~ I'H ~ ~'I11lJ lU ':i ~ liJ 1..1 U ':i ~ ff'Vl nNl111l1 ~ f11llJ ~lJ Til '\J V ~ 
~ 

lf1':i~f11'.i "1 iJ 81m~nn (':ilfll1~I~fl~U'.ilfl{]mlJ1l1f1NUlfl '\J) ~~ul~~~u 

" 
1. im~t11':i~~~~ Crash Cushion 

)J I' , 
~lH~lfl'l1~'HlJ~ 550,000 1J1'Y1lJl'fl':iflniJU':i~ff'YI~Nl1'Vi':i~~lJfllllJlojfmju95 % 

Benefits / Cost Ratio = 68.84 
~ . " 

2. 1f1Hf11':i ~~~~l~ltll~tJUlIl1~lflqtl~'HlJlfJlJU rium~ 
'iill ~ d d Q.r ~.4Ol.4Ol ~ 

rn 'If'il'W'Vl~l1lJ~ 45,000 1J1'Vlm'fl':itl1':ilJU':i~"i'l''Vl1iNl1m~~m1TllJl'lftllJU82 % 

Benefits / Cost Ratio = 30.64 
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"	 . 
3.	 1flHnl'jiJi'm~~uvh.d·hil'j"11l'j1M'~fl11:JJl'itlli1tl~ 

$I	 'I I 

fi1i~~1t111~l1:JJ1l 1,750,000 UTYl :JJ11'l'jmluiJnff'Ylnr·nl'vh~~Ufl11:JJ1.)fmj'l,I 100%\ 
Benefits I Cost Ratio = 7.33 
- .c:a ~ _~ 4O!:t _~ 0 Q.I d 

4.	 lflHm'jI'l1l~~1JHJI~m.lI mtlll'ln1lr111:JJ1n 
y	 " , 

fi1i~~lVl1~l1:JJ1l 30,000 1J1'Yl :JJ1mm'j~iJ'j~ff'Ylnr-Hryh~~1Jf111:IJI91tJ:JJl,I 7 % 

Benefits I Cost Ratio = 127.49 

$I	 I I , 

fhl~~lV't1~l1:IJ1l 112,000 1J1'Yl :JJ1i91'jm'jUll'.i~ff'Yl1jr-Hr;h~~U'f111:JJI~tJ:JJl,\ 41 % 

Benefits I Cost Ratio = 69.83 

6.	 im~mnJi'1JtJ~~lfflH)'j11l'j'hnj 
Y I I I , 'I, '" I aJ .do .... I ~ oC:Il .d. Q.I dI QJ

fl'l	 'If1l1V'Yl~11:JJ1l 14,800 UTtl :JJ"I~'jtrl'j:JJ1J'j::;ff'Yl1HH:)'Yl'j~i91mlTI:JJI'lftl:JJl,I71 % 

Benefits I Cost Ratio = 187.63 

Benefits I Cost Ratio = 173.07
 

'" !II 0/

8.	 1m~nl'ji91lffl,l'lf~(ltlfl11:JJ1'.i1 

fi1H,j1Vi~11:JJi91 25,000 1J1'Yl :JJ1~'jnnuiJ'j~ff'Ylnlil'l~'j~~Ui'111:JJI~mtl,l 71 % 

Benefits I Cost Ratio = 29.57 

"	 . 
'jI 0 '" i ", i	 "" '" 0 iii 'jI 'jI 'I 'jI '" 
mll~1l1Il,1l,1 m~m'j"1 'Yl~11:JJi9111n m~m'j"1 1I'l~'YlnU'jI1t1J'Ylff1'j1\1!11)~l'ltJ~ l'lfl~l,I. . 

~	 .J d''l ~ Q.I e:.-:!:I ~ ~Q.I	 Q.I

'Yl~l1:JJ1liJ'j~:JJ1t1J 5,131,300 1J1'Yl i:)f~\I1n1I'lqiJ'j~ff~fl Wl1'.i1'i1Vl,l i'H) l'VltJfl1lI'ltlfl1m~fl1'.i 

,'j tl~ Ol,l m.:r~Il1i91Ul,I 'Yl NVllfflJ'Yl1~ 1ff1 n'.i 'j:JJ 1 i91 vi11'1l1:JJ1~ ff:JJ om uiJ 'j~:JJ1t1J~ Utl ti ~~ Jl,I 111 n ~ . .	 .. 
~mh~:JJ1t1J~~10i91tl~~ 2,500,000 1I1'Yl ~~~111Jl,I~tl~l~tJn 1m~m'j"1 il~l~l,I 1m~tl1'j"1 ii911h:J~~ 

iii 'jI d 
1)::; li91Hfli91tlUllml:JJ1n'Yl~1l 

IIl,Il'YI1~m'jl~tJn 1m~m'j,'jtl~ol,l"1 lI1j~l~l,I 2 I!l,Il'YI1~ 
o j/ j/.c:a-Q ~:::t 0 «'W .deS ~ c:.,

I.	 l,I "1'\1 tl:JJ'l 'm~ i91'll,l fffJl'l i:)f~ IUW1'l'j l,I "I 1'1'1 H m 'j'Yl:JJfI'J1:JJI'lftJ:JJl,I i WrlHl i91 tl~'\Itl~.. 
fl1J~Il191:JJ1I~l,I~1I1iJ'j i l,Im'j i'ii91l~tl n i fl'j ~ m'j 

2.	 lll'U'tllJ'l'l1N$i'llJlff'j lJ ~ff1fffl{ ~~Illl,l fl1Hl11 m ~ m'j~ iiVI'l'j'Hh lllil'liJ 'j::; iV'lftl 

9i tll1l,1 fl~'Yll,l (B/C) :JJ1lll l,I ~111 iJ 'ji l,I fln i'ii911 ~tl n1m ~ nn. 
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. 
1I'U1'Y1Hn 1 

l~fJnnithJ':iHm:lJ Win QSB 1~'Ulf1~tl'l£jtl'lhfJi'Uf)nf1nnfll ~'111~'11)1f)f)'l':i 
~ ~sJ ~ I 91 9J 'j) ~ \j19J 0 'j) 'j)~.:::::r. ~ d QJQ' 

11f1 ':i 1~ 11 'IJ ():lJ 1:'1 ~ 'I fH111 'WI 'I fIll:lJ111 1:'11 'U 'U 1 ~ fJ ~ 'U1 '\Itl:lJ 1:'1 '\'1 ']'I 1Ol'1'U tHI~ "1i '1111 'U f11':i 'U '1f1 n ~ IOllJ 
~ ~ 

m1:1Jl ~tl:Ir'Ui 'U fllH'l 1Ol1:'1'1'1Jtl'l ()lr~ll1 ~'\Itl'llll'il f1':i 'I fll':i"l l~ll 1:'1'1'\'1 'U 'II tl'lll~ t'l~ 1 f1':i 'I fll':i"l Inl~, , , 

.utl~'1f)lOll'Ul~tl'l'llJ1h~lnfll ;ltl2,500,OOO lJ1'\'1 mtlf1i;Ni'Ul1JmmlJ '1 i~fJ 

ti1l1'U1Olf11':il~'11~'U (Linear Programming) 

1, I'i-JU1J':i~lti'Uf)1':iI'iIOlR'Ui1ll1jtl "Decision Variable" 
.. 

"l 1 '" .,
fltl f1':i'lfll':if1\OlI'l'l Crash Cushion 

.­
<!'o .Q, 

" 
~ ~ ot!i0 

~~ Q.J 

fltl 1m '1fllHI~I'l'llJ1m'fltl'Ullt'l~I,mtl'll1:1J1fJll'UVI'U'YI1'1 

<'1 1 _I ., .,,J... i Vd .,,\
fltl flHf)-1':iu':im~\OllJVI'UN1'il':i-1'il':i11:lJm1:lJ~tll'Utl'l 

" 
titl lf1Hf)1':i~~I'i'l"hm~tl'U/ 1~lfJ~ltl~m1m~1 

" 
;ltl 1m'1fll':i~\OlI'i'l"hfJll'U~lh~'U'\'11'1 

;ltl 1m '1f)1':i1JflJ1J':i'lI~'U'iI':i1'il':iimj, 
" 

;ltllm'lfl1':i~\Ol1'i'l1ff~t'I'~'ti'tl'Ulltn / '\'11fft'l'~'ti'tl'Ullt'l''1 
~ - l':'I !V d

X g fltl lflHf)1':i~lt'l''U'lf~t'ltlm1lH':i1 

" ~ QJ rJ' dl 0 i/..--.s I d 
2. ':i~lfVl'lf)'l!'U1~Qlh~t'I''1f1(Objective Funtion) "1i'l1)~f1TI1'U~'l1lJm:lJ1fl'n?!~ 

, 'JI 'JI I I 

(Maximization) qi'l f)1':i i.ijfJi 'U'lj'U~tl'UUl1:lJ1fJl.1'1 y.)1':i~~mrJ1lH~tllj''U'lJtl'lf11':it'l\Olt'l'l'\ltl'ltlU~1l1~, , 

o " • 

3. l~tl'UI'IJ,j'tlu'IfimJtl'lih:lIm (Constraint) fll':i1.ijfJ'Ul1:1J1fJl.1'1I~'Ul1Hi'Uf)1':it'l'l'\'1'U 
u , 

lll'it'l~ 1m'I f)1':i '1 llt'l~ij'llJ1Jn:lJ1W~~ltl\Oltl~~ 2,500,000 lJ1'\'1 

" l\OlfJijt'l'lJfll':i~'1i1 

hWl1 

x I - X 8 ;ltl lm'lf)1':il~tl'ltl'Uf)nln\Ol~U~1l1~1J'U'\'11'1~li'1'lJ . . 
ot!i I QJ do Q.I QJ~ C!' _~ QJ 

a 1- a 8 fltl fln~~lJflTllJl'lftl:lJ'U'lJtl'lf11':ii;l~Hl'l'IJ()'1tllJf1ll1\9}'lJI'Nlm'lf)-l':iutl'lf)'U 

f)1 ':i ln~tlU~ 1111'l1J'U 'n1'1 ~ Ii'l'l:J, , 
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.­
\lln1:1':JJf)l'j~~n~11 ~11l1h~1~" iJ,j'f):l,JJ:l1:1'~lr!~~~il 

1fl':i ~ f)l'jl~ fl~ tl'U nu lnfl 

m:r~ 11111 U 'U 't11 ~ ViIInl (x.)
•• I 

1 Q.I ~ ~ 
fl1'j~fl1.JfI11:JJ1'lft):JJ'U (%) 

(a) 

1~'UJ:l~lJ'U (111'1'1) 

(b) 

i '" ~ 1. flHf)l'j(Plfl~~ Crash Cushion 95 5:'fl,000 

2. 1fl'j ~ f11'j~~~~111t1l~fl'UllJ:l~ 
d .­

'" Ifl':i t) ~ '11 :JJ1 (J Ull 'V'I 'U 't11 ~ 

62 45,000 

.'! 

3. im~f)l'j1J~m~~Ufl'Ur:l1\l'jl\l':i . 
'::lI~ I al1:JJ fI11:JJfl fll 'U f)~ 

100 45,000 

i '" : 1l '" 114. flHf)l':iflflfl~ lt1lflt)'U / 1£J 

. '" d 
\lln~fI11:JJln 

7 45,000 

1 '" ~1l 05. fl':i~f)l':ifl~fl~ l('ll'U~'Ul 

V 
11:1''U'YI1~ 

41 45,000 

6. 1fl':i ~f11':i1J~u1J~ ~1ff''U \lHiJ':i 

imj 

71 45,000 

7. i fl':i ~f)l':i~fl~~11:1'~1:1'~l1'tl'UIl1:1'~. .. ., 
/ l111:1'1:1'~'YIfl'Ull1:1'~ 

6 1,750,000 

i d ., d 
8. fl':i ~f11':ifll{l''U'lf~l:lt)fI11lJln 71 1,750,000 

QSB 
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\?ITn~~ 4.2 H~nl·HiltnWnl'.il'imfttlnlf1'.i \I nl'.i <1 ~mJllU1'Yl1\1~ 1 'illn.,j'mJ~'Vl1\1~lU?I'O~l~fJ 
" 

ltJ',illmlJ Win QSB 

'Oe'cision Reduced Basis 
Variable l Cost Status .._.~..~..~.._".." ...~ 

Xl 1 95 95 95 at bound 

X2 1 82 82 0 basic 
<;.	 X3 1 100 100 100 at bound 

X4 0 1 0 1 at bound 

X5 1 41 41 41 at bound 

X6 1 71 11 0 basic 

X7 0 6 0 6 at bound 

X8 1 11 11 0 basic 

Function [Nax~] = 460 

Right Hand Slack Shadow 
Side or Surplus Price 

"	 ~ 

'illnnl'.irllU1W'il~ll1U i~1l hJmmlJ<1 i~'fi~lfttlnlfl'.i'lnl'.i<1 .yj'il~l1llJ1 61fl'.i\lnl'.i ~\lij 
" 

X I ~tl lf1'.i\lnl'.i~~Y'1\1 Crash Cushion 
" . " 

X 2 ~tllf1'.i\lnl'.i~~Y'1\1illm~tlUll~~Il'ljtl\l'HlJ1fJUu.wU'Vl1\1 
"	 . 

X 3 ft{) lfl'.i'lnl'.itJflJ'.i~~1J'WU~l'il'.il'il'.i'1l1iJf11llJ~tlIi1tl\l 

" 
X.5 ftf) lm\lnl'.i~~Y'1\1ihmlu~thnru'Yl1\I 

X 6 ~tl hl'.i'lnl'.itJf1JtJ~\llil'U'il'nil'.i'1'Hlj 

"'" .... "1 . 1 .... "" '". 0 jI .1"'.1 jill) '" ,
'INU fl'.i'lnlm\?l~~ fI'.i\lnl'.ilJ1J'.iI1W'Yl?l'l'.i1'illJl11~~'il~\?Itl\lu'.iUu~\llln!'tIlJlJlr1n1l 1 

IJ111W ~\l0'·l1)~l1l'Ylfl1Jjl1W\I'l.J'l.J'.i~lJlw~iJtl~i1Jl'~fJ\I'tW~'il~~11ijum'.il~~\lJU'1UlJ111W~'il~.. " 
'JJ 'I. .= 

l1l1flHfll'J"I 1l1'l~~1J7I1WUU Ll~th1J'il;i'VLUl~tl\lfl1llJO fl11JJli1V\I fl11JJ~Ull'.i'l lJl~~'Hl~lci1\1 
"	 , " 

Ul'Htifl'tl{)\lll~~~'l.J711f.IJ ('.ilfJ~~IVV~tJ'.i1tl~I'l1JJtl1flHU1n 'tI \?I1'.iHn 1) 'illflU'U1~IlHtJH\I 
o=:r, ~gJ ,'j}~ rid gJl!l~gJ d. QI<:::!l 1°1 "" 
11fI'.i 'l~ 'H 'tI tllJ~ lJ11'lf11fI'.i l~ 'H l'tlt) '1 'H I 'f1 'U tl JJ ~'Yl'lf1 fJ '1 tJtTl'.i \?I ~?I'tJ '1'il1l1l ~ 'Yll fl '.i'l tll '.i <1 '1 tJ lJ'.i I1f.IJ 

"	 " 
jI 1 '1 jll J	 • '1 0 .J 9 ~ rf jI ,.,j jI '1 jllIJ.l' ''1 ~'1JN ~fJfl1'.i 'If '1 '.illmJJ Win QSB'lf1fJ tJfll'.iflltJ1f.IJ '11\1 !tJ'lJtJ\?ItltJtJ'IJ{)JJ~'Yl\?lfN 'If r'fllifl 

" 
I ~ d~ • dlJl ~	 0 I QI Q

H~\?Itl1Jll'YltJ'lJtl\llll9l~~ 1m\I fll'.i "I tJtJfll'ltll'l1'Yl b~1llnfll1tJ1fll Benefits / Cost Ratio flWnUl\ltJ 
" 

1:l\l'I'JtJ'\Jtl\llll'l1:l~ lm\lfll'J<1 H1:l~,rV~lti~'1tJl~V\l\lUtJ'.i~lJ1Wfiv 2,500,000 1J1't11~fJmvtl~1~1~ 

r1\1LtJltJ'.illfl'.iJJ "Il~{J 
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1. fi111u~'~i~lunl1filliYlI11l 'I1iu "Decision Variable" 

X I fiu lm,mn~ll~~ Crash Cushion ~'IJ~mu 'VI I - 1 

~ ~ ~~ ~ ~ ~ d ~ 
X 2 fI{) lm~Tll~llllll~'l.JlmllUUllf.l~lfln)~'I1m£J'lJU'Vlll'l'lN 'I'llnI1W 'I'l 1 - 2 

')J I ~ Io!!I,. Q,I o!!I J:9 dA _~ t:!:t A 

X 3 i'H) If1HTll~llllll~'U'WlllUUml~ltl~U~mrW'lJlI'VlU'I'll~ 'I'l'IJ~I'JW ...1 1-3 
JJ I JJ I 

X 4 ~u lf1~~m~~1l~~i11m~uUll~::;jfliu~mJ1£J'lJUWU'VIl~ l1'IJ~I1W 'VI I -4 
:JJ I JJ, 

X 5 fitl 1m~m~~1l~~i11m~tlUll~~If1iu~mJ1£J'lJUWU'VIl~ l1'IJ~I1W Q 9 - 4 
" I )I, 

X 6 fiu lf1Hm~~flfi~i11m~tlUlli:'l~If1iu~mJl£J'lJuVjU'I'lNVI'lJ1I1W 'I'l 1 - 7 
" , ,

<!l ,. JQ,I Q,I.t!!I A i j!.c:::1 '4.c:::t A

X 7 fI{) Im~m~l ~'IJ~~1l1J'VlUH111~111~ mJ't'l1111lltlIU{).:j 'I'l1.J1I1W 'I'l 1 - 7 
" . ,o!!I,. ... I QJ QJ..dt. ~ i jI.o=t t ~ do A 

X 8 flV Im~Tll~u~'IJ~~ll'IJ'VlUmll~ll1~ 'I111't'l1111lltJIU{)~ 'I'l'IJ~I1W ~ 9 - 9 
" , 

X 9 ~U 1m~m~~llfi~1.~lmlu~lhff'U'I'l1~ VllJ1l1W 'VI 2 - 2 
" .~~ ~Q,I_~ o~ .c:::1~ 

X 10 'flV If)Hf1Ullfl~~1fWllU~UlI'1YU'I'l'l~ 'I'l'IJ~nw 'I'l 2 - 3 
" . 

X II fiu lf1Hm~~1l1'i~i11£JllU~lhft'u'VIl~ VI'IJ~I1W 'I'l 2 - 9 
" . 

X 12 fiu lf1Hm~~fll'i~l'l£JllU~lhft'u'VIl~ VI'l.J1I1W 'I'l 2 - 13 
" . 

X 13 ~{) lf1Hm~~1l1'i~i11£JlIU~lhft'u'VIl~ VlU~I1W 'I'l 2 - 14 

X 14 fiu 1m~m'j1.H'1J1J~~Ift'ulInil~imj ~lBl1ru '1'12 - 5 

XIS fiv IflHn'l~ui'1JU~~Ift'llll~lll~imj ~1J111t11 'I'l 2 - 7 

X 16 fiillm~nnui'1JU~~Ift'ulI~l'l1imj ~'IJ1I1W 'I'l2 - 8 

X 17 fiu lm~m~ui''IJu~~Ift'U'il~ll1~imj ~'IJ~I1W 'I'l 2 - 10 

X 18 fiv lm~fmui''IJu~~Ift'UlI~ll1~imj~'IJ~I1W 'I'l 2 - 19 

X 19 fiu 1f1Hm~ui'lJ1.J~~Ift'U1I1111~imj ~lJ1I1W Q 9 - 10 

X zo fiv lf1Hm~~hft'u'lf~ml't'l1111111 ~lJ~I1W ~ I - 1 

2. ~~'4V1~niulllQu~~'1Y~r1 (Objective Funtion) ~~lI~til'11Ulli,r~fh1Jlrl~tl~ 
I "" , I 

(Maximization) 9i~m~ i,)'£J,jUllUlIU 'I1m£Jii~ Hf.lllU Ull'l'lU VI mnVl '1Y1l• 
3. liulJi'U"j'u'l1~f1'IJ'\Jv~ihy'l11 (Constraint) Tll~l,r£Jii'l11Jluii~ ,~u~i~iumnl~'l']U 

ll~i:'l~ lm~m~"1 1l~~~~'IJU~~1JlW~~'ltl~t1Q~ 2,500,000 'IJ1'1'l 

" 
11l£J~ '1Yllm~l'i~u 

O.F : Max Z= a 1x 1+ a Zx 2 + a 3 x 3 + azox zo 

S.T: b 1 x, + bzx z + b 3 x.1 +........ b ZO x 20 < 2,500,000
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Xl - X 20 fifl iflHfll'ji1fl-3tlUfll'Hf1~f1p:r~Il1~lJU'Yl1-3~li'l'lI 

a l - a 20 fiv ~ml'1vlJu'Ylu'IHl-31fl'j-3fll'ji1fl-3tlUfll'jlf1f1~iT~I'H~lJU'Yll-3~li'l'£l 

b 1- b 20 fiv l~ml-3l'Jll'IJfl-311~~:;ifl'j-3fll'ji1V-3tlUfll'jlf1~~iT~Il1I'JlJU'Y11-3yjli'l'£l 

" 
1JlflJ;Y]Jfll'j~-3flcil1 ~1111h~n'1 ii'li'fl]J~J;Y'ju1~~-3U 

. '" . 
. , 

1'11'j1-3n 4.3 .ufl]J~ti'l'HU~fl'm;-3Iff'um-3I'11]JUU'J'Yl'l-3·YiJ 'IJfl-3U~~:;unw 
'" 

i fl'j -3 r11'ji1fl-3 rlU fll'j 1f1f1 

tJ'lj'~l'HI'11JlI'Yll-3yjli'l'£l (x)
•• I 

m.ll'1fllJU'YlU (1J1'Yl) 

(a 1) 

I~U~-3'YlU. (1J1'Yl) 

(b \) 

" 1 - I 124,944,600 550,000 

'Yl 1 - 2 4,550,040 45,000 

'Yl I - 3 . 4,550,040 45,000 

'Yl 1 - 4 4,550,040 45,000 

n9-4 3,722,760 45,000 

n9-8 3,584,880 45,000 

'Yl 1 - 7 33,351,500 1,750,000 

n 9 - 9 33,351,500 1,750,000 

'Yl2-2 20,334,500 112,000 

'Yl2-3 15,641,920 112,000 

'Yl2-9 15,641,920 112,000 

)'12- 13 20,334,500 112,000 

'Yl2-14 25,809,170 112,000 

'Yl2-5 , 7,220,003 14,800 

'Yl2-7 5,553,848 14,800 

'Yl2-8 5,5~3,848 14,800 

)'12- 10 7,220,003 14,800 

)'12- 19 7,220,003 14,800 

~ 9-10 7,220,003 14,800 

n 1-1 1,922,050 25,000 
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~ , 
'\11 fl U'U fl 'HI flo\J (J1qJ ~ll ~ ~ tr'l hl'ltJ ';il! m]J Win 

'f1'lllff~'li'U\'ml'l~ 4.4 

Unit Coat or 
~ Profit cIiJ 

Xl 1 124.944.600 124.944#600 0 basic 

X2 1 4.550.040 4.550.040 0 basic 

X3 1 4.550.040 4.550.040 0 basic 

X4 1 4.550.040 4.550.040 0 basic 

X5 1 3.722.760 3.722.760 0 basic 
X6 1 3.584.880 3.584.880 0 basic 
)Q 0 33.351.500 0 33.351.500 at bound 
X8 0 33.351.500 0 33.351.500 at bound 
X9 20.334.500 20.334.500 0 basic 

Xl0 1 15.641.920 15.641.920 0 basic 
Xll 1 15.641.920 15.641.920 0 basic 
X12 1 20.334.500 20.334.500 0 basic 
X13 1 25.809.170 25.809.170 0 basic 

<:::;: X14 1 7.220.002 7.220.002 0 basic 
X15 1 5~553.848 5.553.848 0 basic 
X16 1 5.553.848 5.553.848 0 basic 
X17 1 7.220.002 7.220.002 0 basic 
X18 1 7.220.002 7.220.002 0 basic 
X19 1 7.220.002 7.220.002 0 basic 
X20 1 1.922.050 1.922.050 0 basic 

Function [Max.) = 285.574.100 

Right Hand Slack Shadow 
Side or Surplus Price 

~ ~ 

'\llnlllnm'li'hJ~IM'Uil t1"lij'llJ1h~]Jlru 2,500,000 1Jll'1 '\l~Yil1m'lfll'j"1 ~1~'f1'li1 

.. '"" 1. 1i'lHfll'j'1l~'1l'l Crash Cushion 

" ~ " 
2. 1m'l fll'j ~~ ~'l tllm&\'{J'U 11~::: IfI 'j{J'l11]Jl £J1J 'UYiu 111'l 

" 
3. lm'lfll'j~~~'li11£Jl!'U:::lhfY''Um'l 

4. 1m'lfll'j,jfmJHlfY'u '\l'jl11'j i 11~.
 
'" '" d5. 1m 'lfll'j'1llffll'lf~~{Jfl11]J1'j1 
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"
.
c]f\lh.lfll':n~tlfl'\'1-11m\lfl']'j~'Hlcil1l1\1 5 1flHfl1':ii~l~tHl\l'~t.l 1,448,800 UTI'1 ll~~ 

'~N~l9ltlUll'l'1tl 285,574,100 Ul'l'1 

..; 
ll'U1'Y1H'YI 2 

.. 'I !II,!". I ~I .A <!l 'i 0 .J '" 
tl9ltlflTj t'lf lu'Jllfl'HJ Win QSB lutllfl'HNlJtl'lf'W tlfllHfl1.nW 91\111tl\lll'lflfl1'J 

Q tI'jI <V , iJ 'jI 'jI et lrI9Jo'j) 'jI tI.d ~ 0 

11m1~ 11'\J tllJ "191\1 fl "11'\J NI9I tllJ 111" 1tl tl 1191 fI t 191 t.I1'\J til,! "l'l N lOll tllfl''J 11 ~fl'H"19l ':i 91\11Utl fll'J t.I1 

1m \I fl1':i '1 ~ii e!19l 'Jlri1WoI"U ':i~ 1 f1'1ftJI9itll~tl ,,\I '1'1 tl (B/C) :JJ11~t.II,1111 U ':i i tl fl1HiI9l1~tlfl1m\lfl1'J '1.
 
l~ tl ,,\I '1'1 tl ~JtI\llll9i,,~1 fl 'J \I fl1 ':i '1 llm~'li' tI ~ lfi~ i tll~ tI\I\lU U ':i~:JJ1W ti tI 2,500,000 Ul'l'1 f)'j tlfl"1:l\l i tl. 
'ill ':ill m lJ '1 1191 tl 

Tl-l11tll'lfl'm~\llff'tl (Linear Programming) 

1. 1i111U':i~i~h.lfl1'JI'1I'1~tllll11itl "Decision Variable" 

" 
X I titl1m\lfl1':i~I'I~\I Crash Cushion 

" , " 
X 2 titllm\lfll':i~~~\lihm~tltllli:l~lfl~tl\llnJ1tlUtl-Wtl'l'11\1 

" ,
titl1m\lfll':iUoJm~~uvh.l~bll':ill1':il,riiflTnJl9itlltjtl\l 

" titl1m\lfll':i~I'I1i\lihfll~tltl I illf1~lfil'lfl11lJl~1 
" 

titl 1m \lfl1':i~I'I~\lilltlm.l~thff'tl'l'11\1 

titl 1flHfll':iUoJUUHlff'tlll'J'1'il':ilmj• 
" 

X 7 titl 1f1'J\1fll'J~I'I~\l1fffJff~lltltlllff\lI 'I'11iYff~l¥tltlllff\l 
~.. ~ 'jI d 

X 8 fltl lflHfl1'Jl9llfftl'lf~"1:ltlflTllJl'J1 

2. 'J~\I'V1\1tlitl1I91Qu'J~ff\lfi'(Objective FWltion) ~\l1I~fil11tll9lhliirh:JJ1tl~q~ 
. "" 

(Maximization) c]f\l fl1'J1 ~f11 mJtll9l tltli111lJltlG\I rhe!19l ':i lri1tl Nmh ~ 1 f1'1ftJI9iOl~tl ,,\I '1'1.tl (B/C 

Ratio) 

3. l~ tltl ~l '\J'li'mj'\I flU'\Jtl\l Ut1!111 (Constraint) tll':i1~f1ifl1:JJ1f1G\I l~tl ~Hi tl fl1':i"\lll tl 

ll~"~1f1'J\1tll'J"1 ll"1:l~ii\lUU':i~lJ1W'~~lfi~tl~~ 2,500,000 Ul'l'1... 

1~ un fflJ fll 'J ~\I if 
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a I - a 8 fitl fhtJl'l'.iltY"nH~m.h~1fJ'lf1r~tll~'U'l'l't'JlJ (8/C Ratio) 'Utl\l1f1'.i\1t11'.i 

ilo\l tl'U t11'.i In~f)U~l'Hl'lu'Um\lVilf'l'1:I. . 

" 
1l1fH"lJt11'.i~\lflril11'i'1Ulh~l\1r."j ihj'tllJtlff~ui~~\lU 

, , 
1'I·l'.il\1~ 4.5 'li'tlmHil11'U~t11'.iI~\lIff''UI'I'.i\ll'lllJlllJ11'1l\1~ 2.. 

1i'1'.i \lt11'.i iltl\ltl'U t11'.i In~ 

f.!U~l'HIilJ1J'U<Y11\1Vilfl'}J (x) 

B/C Ratio 

(a) 

1~'Utl\l't'J'U (1Jl1'1) 

(b) 

1. ifl'.i\lt11'.i~~I'i'\I Crash Cushion 68.84 550,000 

2. im\ltl1'.i~~I'i\lillm~tllHltl~ 
.<\ " '" 1m 0\1 11lJ1fJU'U'n'U1'11\1 

30.64 45,000 

.'1 

3. 1m\lt11'.i ui'm ~~1J~'U~11l'.i11l'.i 

1,rijrnllJ~tll~ 0\1 

7.33 45,000 

i .. ~il '" il4. m \lt11'.iI'l~I'I\I lfJll'ltl'U I lfJ 

. ~ c:l 
'iJlfl~mllJl'.i1 

5. lm\lt11'.i~~~\lillfJl!'U~l'h 
.., 

IfflJ l'l1\1 

6. 1f1'.i \ltl1'.ilH1J1J~ \l1ff''U 'iJ '.il'iJ'.i 

lmj 
~ ~ ; QI 'JJ 

7. Im \I t11'.i 1'1 ~ 1'1\11 ff~ ff~ l'ltlUII ff \I. 
d .., 

I 1'1lffff~l'ltl'Ullff\l 

127.49 45,000 

69.83 45,000 

187.63 45,000 

173.07 1,750,000 

8. li'l'.i\lt11'.i~Iff'U')j'~MmllJl~1 29.57 1,750,000 

..," v ..,, 9 v'j _I 
'iJ 1flU 'U fl '.i tl fl'U OlJ tlll tl~ ff \I l11 llJ '.i II t1'.i lJ Win QSB

<u 
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Xl 1.00 68.8'- 68.84 0 basic 
~ XZ 1.00 30.64 30.64 0 basic 

X3 0 7.33 0 7.33 at bound 
X4 1.00 127.49 127.49 0 basic 
X5 1.00 69.83 69.83 0 basic 
X6 1.00 187.63 187.63 0 basic 

c c ~ c 

X7 1.00 173.07 173.07 0 basic 
X8 1.00 29.57 29.57 0 basic 

.. 

Function (Max.) = 6S7.07 

Right Hand Slack Shadow 
Side or Surplus Price 

o cI 1IJj/'i. 1IJj/", did 0 ~ 
1l1flfll'.ifl1U1t1nl~mU lfl11 'u'.illmlJ<1 lflflfll(lElfl m'lfll'.i<1 'I'l1l~'YI1lJl 7 lm'lfln' 

" X 1 fit) im'lfll'j~fll9i'l Crash Cushion 
" . " 

X 2 flft i m 'I f11'.i ~fll9i'lih tJl~UU II (l ~ Ifl1U'I'I1lJ1 tJUU flu 'YI1'1 

" 
X 4 flU im'lfll'.i~flfi'lihtJl~ftU / iJll'J~ltiflfl11lJl~1 

X 5 ;iu itlHfll'.i~fl~'1iJltJllU~lhffU'YI1'1 

X 6 fit) lm'lfll'.i1H1J1J~'1lffUll'.i11l'.i1mj . 

" X flU lm'lfll'j~fll9i'l1~fl~~.y;UUll~'1 / 'YI1iY~~.y;UUll~'17 • 

<tl ""j/ cI
X 8 ml f1Hfll'.i~I~U'lf~(lElfl11lJl'.i1 

:lI I I , i! 

1l1rlUUlhUll;JtJlwi() '1f111lJ(i fI11lJliYtJ'I f111lJ'.iUII'.i 'I lJ1fiflm~lci1'1l11'l1u mJf)'111~. 
(l~uil1tu ('.iltJ(l~IUtJ~t1'jlflU~llJfl1f1~U1fl 'IJ ~l'.il'l~ 1) 1l(l~'1~1lf-Jmr'l1Iml~11.,j'mlt;1lJ11~ 

1Im'1~111~U hn~.u'UlJ(l~'JhfJhJfll'.ifi~~'U 11lilll~'l'h hJujl1tu 1~1~1'l lMfll'.i 1~hhllmlJ Win.. 
QSB liJtHfI~El'l lIu ')$1 til 'U fll'.ifilU1tu ~'1 hJ~'U ~fJlr\f.,j'fJl.!(l~~U'I i ~i~llti ~(l~UUll 'YI'U'lJU'Ill~(l~ 

~ d~ dllJ jI II 0i f1Hfll'.i<1 'UUrlflU fIl'l'l !~1l1flt1l'j'U1f11 Benefits / Cost Ratio ~tutiUI~'U(l'lfJ'U'IJ()'111~(l:: 
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lm~nl'I<111(\~'li'O~lti'f1''UI~tl~~mh~lJ1ru flO 2,500,000 U1'Vll'f1t1mtlnril'~I~G1~l'UhhllmlJ <1 

1'f1t1 

1. 1'1111,j~~1~1'Ut11~1'l'f1i1'Ul1J l1itl "Decision Variable" 
>I •

4 ,. C!l ~ d .t:::lo 

XI tHl Im~fl1~'f1'f1I'1'1 Crash Cushion "1U~l1ru '1'1 1 - 1 
JJ I !JI, 

X 2 iihl lm'lm~~'f1~'1i1lt1l&itl'UIIG1~lfI~O~l1lJlt1U'UVi'U'Vll'1 liUil1tu '1'1 1 - 2 
)I I )I, 

X 3 fltllm'lm~~'f1I'l'li1lt11~eJ'UII"~lflitl'll1lJ1t1U'U~'U'I'n'lliuil1tu 'VI 1 - 3 

X 4 ~eJ lm'lnl~~'f1i'li1lt1I~O'UIIJ;1::lfI~f.)'111lJ1t1u'Ulf'U'Vl1'1 ~Uil1tu '1'1 1- 4 
)I I 'J/ I 

.c!I 1 o<:::lo QJ_~ do .:'!t. I ~ .::! ~ 

X 5 fleJ Im~m~'f1'f1'f1~'Ult1II'1f.)'UIIJ;1::lmtl'll11Jlt1U'U'Vl'U'VlN 'mJ1l1tu ~ 9 - 4 

4 C!l~~~ ~ ~ ~ d"=> 
X 6 flf.) lf1Ht11~'f1'f1I'1'1Ult11l'1tl'UIIJ;1::lmeJ'Il11J·ltIutJ'Vl'U'VlN 'VlU~l1tu '1'1 1 - 7 

" . 
X 7 fleJ lm'lnn~'f1I'1~i11t11&ieJ'U / i1l0~lti'f1f11llJl~1liUil1tu '1'1 2 - ) 

4 .c::. ~ _~,,=!f _14 0 d d C!lQJ 

X 8 flO lflHm~~'f1I'1~u·ltII1'10'U / UW'il'lTl'f1tlTllJl~1 'Vlml1tu 'VI 2 - J 1 
>I , 

X 9 fleJ lf1Hnl~~'f1I'l'lihtll&ieJ'U / i1lt1~lti'f1f11llJl~1liU~'I1tu '1'1 2 - 12 
>I . , 

X l'l fltl lm~nl~~'f1I'l'lihtll&ieJ'U / i1lt1~lti'f1f11llJl~1lilJ1I1tu ~ 3 - 1 

X 11 tlfllf1Ht11~~'f1i'li1lt11&itl'U / i1lt1~lti'f1f11llJl~1 ~Uil1tu ~ 5 - 6 
>I • 

X 12 ~tl lf1Hm~~'f11'l'l1hf.lml::'\.jmf''U'YI1'1 lilJ111tu '1'1 2 - 2 
>I • 

X 13 flO lf1Hm~~I'1I'l\li1'ltIlI'U~Um1'Um'lliuil1ol '1'1 2 - 3 
>I • 

X 14 fltllm\lnn~'f1I'l\li1lt1I1'U::Um1'U'VlN liUil1tu '1'12- 9 
" . 

X 15 fltl lf1~,ml~~'f1I'l'li1lt1I1'U::Um1'U'Vll\1liUil1tu '1'1 2 - 13 
>I , 

X 16 fleJ lf1Ht11~~'f1I'l'li1lt1II'U~umY''U'YI1\1liuil1tu II 2 - 14 

X 17 titllm\lt11'jtJf1J,j~'1lff'U'il~l'i)jlmj ~1Jil1ru '1'1 2 - 5 

X 18 f1tllm\lnn,jfu,j~\Ilff'U'il~l'il~lmj ~uil1tu '1'12.-7 

X 19 fltllf1Hnn,j{u,j~\Ilff'U'il'Jl'il~'mj ~U~l1tu '1'1 2 - 8 

X 20 ~tllf1Ht11~,jfu,j~\Ilff'U'il~1'il~lmj ~uintu '1'1 2 - 10 

X 21 flO lf1'j.;jt11'j',jfu,j~\Ilff'U'il~l'il~lmj ~Uil1tu '1'12- 19 

X ~eJ lm'lfln,jfu,jHlff'U'il'Jl'il~lmj~Uil1tu ~ 9 - 10JO- . 
. r.:9" .t 'j) 'JJ d ~.c:::. QJ e$ 

X 23 flO Ifl~~m~I'1'f1fl'l1~'f.l~~'Vltl'UII~~ / m~~::'Vltl'UII~\Il1U'H1tu 'VI 3 - 3 
>I , 

X 24 fitllm\lm~~'f1I'1\11{1''f.l~~'t1'tl'UII~\1 / mff~::..;'tl'\.HI~\Iliu~ntu 'VI 3-4 

-
<I!!:l,. C!l Q.I " Q.I . 1j} S 3J .::::I. C!l 

X '< tltl IflHfl1~'f1'f1\il\l1~'f1~::'VlmJII~'1/ m'r1~::'Vltl'UlIj;1'\1 'VlU':il1tu '1'1 5 - 2 
>I • 

X 26 ftfllm'lr11'j'~'f1I'l\l1~'fJ~::..;'fl'UII~~/ mff~::..;'tl'\.JII~\Il1U~l1tu '1'15 - 4 
" , 

X 27 f101m~r11~~'f1~\I1~'f.l~::..;'O'UIlt'I'\1 / mff~::l~eJ'UII~\Ili'Uil1tu 'U 5 - 2 
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X 2B fifl 1m\lf1l'i~l~U'll'~f.lflfl11lJl~1 ~ujl1W ~ 1 - 1 

fJ' ~ QJ <I ,.k 0 ~d , d 
2. 'i:::\!,V1\1tl'll"U1~H:p..h~'f'l'lf1 (Objective Funtion) 9i\l'\l~f1l11Ulll'HlJf1llJlTll'l~ll 

..J $I v , I 

(Maximization) 9i\lf1l'ii~t1 1U'lJU~lflU i1 mJ'ltIo'l ~Mlil1Jlll'luYilJlf1li~ll . " ..:!I If] 'j) Q.I Q.I 21 .c=:t. Q.I d ~ C=:t. ell!l19 
3. l'lt'lU 1'IJ'lJt'l1J\lf1U'lJfl\luqpn (Constraint) m'i1MU11lJltlCl\l l\lUl'l 'll'llHrl'il;'1\1'¥Jl! 

H11f.l~ 1m \I f1l'i"l llf.l~ij\l1J1.h~:JJ1W~~ln~fl~~ 2,500,000 1Jll'l 

" 
l~tli'j'f'llJm'i~\li1 

~ "1 _~ Q.t .-:'l, <VoCio .Cl, 

X I - X 28 flO !'i'lHfrl'iUt'l\lmHrl'ilflll~U~l11~1Jl!l'll\1'1'Hf1El 

a t- a 2B fifl ~f.l~flUlll'lU'lJfl\llf1Hf1l'iilfl\lnUIll'ilnll~1J$ill1~UUl'1l\lVilf1El 

b I - b 2B ftfll~Uf.l'l'YJU'lJfl\lll11f.l::: 1m\lf1l'i'ilfl\lnUtll'iln~~1J$i1l1~UUl'1l'lVilf11:~ 

" 
'\llTlfflJf1l'i~\lf1ci11 ~1m.h11W'1 iH1mJf.lff~1l1~~\li1 

lm \I f1l'i iJfl\l tiU f1l'i lf1ll 

Q1J$il11~UUl'1l\lVilf1El (x) 

mWlflUUl'lU (1Jll'l) 

(a) 

l~Uf.l\l'YJU (1Jll'l) 

(b) 

l'l1-1 124,944,600 550,000 

l'l1-2 4,550,040 45,000 

l'l 1 - 3 4,550,040 45,000 

l'l 1 - 4 4,550,040 45,000 

il9-4 3,722,760 45,000 

il9-8 3,584,880 45,000 

l'l 2-1 12,621,510 30,000 

l'l 2 - 11 12,621,510 30,000 

't1 2 -12 7,649,400 30,000 

~3-1 7,649,400 30,000 

~5-6 9,944,220 30,000 
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, 
1911'jHll 4,7 (I'ltl) 

1m \If)l'j iJtl\ltlU f)l'j In" 
~,j'~l'I1~'lJU 'Vl1\1~lff1J (x) 

Nrll91tlUll'VlU (1J1'Vl) 

(a) 

l~m'l\l'¥Ju (1J1'Vl) 

(b) 

'Vl2-2 20,334,500 112,000 

'Vl2-3 15,641,920 112,000 

'Vl2-9 15,641,920 112,000 

'Vl2-13 20,334,500 112,000 

'Vl2-14 25,809,170 112,000 

'Vl2-5 7,220,003 14,800 

'Vl2-7 5,553,848 14,800 

'Vl2-8 5,553,848 14,800 

'Vl2-10 7,220,003 14,800 

'Vl2-19 7,220,003 14,800 

U 9-10 7,220,003 14,800 

'Y13-3 3,712,352 6,500 

'1'13 -4 3,712,352 6,500 

'.15-2 3,037,379 6,500 

'1'15-4 3,037,379 6,500 

U5-2 2,924,883 6,500 

i1 1 - 1 1,922,050 25,000 

QSB 
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~ 

~ 

Xl 
X2 
X3 
X4 
X5 
X6 
X7 
X8 
X9 

Xl0 
Xll 
X12 
X13 
X14 
X15 
X16 
X17 
X18 
X19 
X20 
X21 
X22 
X23 
X24 
X25 
X26 
X27 
X28 

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 

Unit Cost Dr 
Profit cliJ 

124.944.600 124.944.600 
4.550.040 4.550.040 
4.550.040 4.550.040 
4.550.040 4.550.040 
3.722.760 3.722.760 
3.584.880 3.584.880 

12.621.510 12.621.510 
12.621.510 12.621.510 
7.649.400 7.649.400 
7.649.400 7.&49.400 
9.944.220 9.944.220 

20.334.500 20.334.500 
15.641.920 15.641.920 
15.641.920 15.641.920 
20.334.500 20.334.500 
25.809.170 25.809.170 

--, 

7.220.002 7.220.002 
5.553.848 5.553.848 
5.553.848 5.553.848 
7.220.002 7.220.002 
~ - " «', 

7.220.002 7.220.002 
¥­ , ~ ," ,,' ," ,,--, 

7.220.002 7.220.002 
3.712.351 3.712.351 
3.712.351 3.712~351 

3.037.378 3.037.378 
3.037.378 3.037.378 
2.924.883 2.924.883 
1.922.050 1.922.050 

[Max.) = 352.484.500 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

basic 

Allowable 
Min. c[i) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Allowable 
Max. c[i) 

M 

tot 
M 

M 

M 

M 

M 
M 

M 

M 

M 

M 
M 

M 

M 

M 

M 

M 
M 

M 

M 

tot 
M 

M 

M 

tot 
M 

M 

~ 

1.631.300 

Direction 

(= 

Right Hand 
Side 

2.500.000 

Slack 
or Surplus 

868.700 

Shadow 
Price 

0 

Allowable 
Min. RHS 

1.631.300 

Allowable 
Max. RHS 

M 

" dd , 
ti'li1\1'IJlh~:IJ1W;) 1nU'U1'Y11\1'U ;)~111'U 11 2,500,000 

" lflHf)l'j ~\Iij 

" 1. lflHf)l'j~~~\1 Crash Cushion 

" , " 
2. 1f1Hfl1'j~~~\Ithm~tl'Ull~~lfl~tl\ll1:1J1U'IJ'U ~ll'Yl1\1 

" 1 ""'iJ <!I iJ 0'" d3. flHm'jI'l~I'I\I 'ltHl'ltl'U! '1U;)'m~flTnJln 

" 
4. 1flHf)l'j ~~~\IiJ1t111'U~lh~'U'YIl\l 

'IJl'YI ;)~1111m\lnn·l H{ 7 
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~ .01 g/ d 
7. I'fl'j ~f1T:i'fl!~U'l1~r;HJfI11lJl';j1
 

d dl 0 a,.I' ~ ~A lJ] ~
 
qf~lummHJtll'11im~mHl~f1tl1Tl'l~ 7 iflHf1·1';jl'll"I~'UM'VJU 1,631.300 UTI'l ml~!~ 

fltlI'HJUUYl'U 352,484,500 U1Yl DPU



, 
c:I 

Uflfl 5 

5.1 U1Uf.ltln1'lftmn 

fllJfi~I~{)flli'1Htl1Jil{)~n'UfllJlfi~~U~ll1l'Ju'Ul11,rVllfl'lJ	 1~tlJ1unlJ li'IJ~fl1J~l~ "l 
" ,

nJU nmtIJ ~Hlfh h {Ylln -eJ191 J 1~1'U~Hllb ~ lt1'liU~{)I~'U (l~ 'n'U J1lJl;~ihH)tlhll~{)~J ~~lJ.	 . 
m'llJl~tI~ mllJ~ flTllJ1'UllH '\lllJ'l~~ff'Ul'ill~m~{)fllm~fllJil{l~n'\.J"1Id{l'l~,j'i1~€1mull1'U 
lIJ~o .1 "".1 "" "" ~'-1 '1~o '" "l 1 '1
1~'UllJ1UJ~llJ'UUJ~{yl11i~(lIl(l~mllJfJlJi'I1'IJf)~ i'lHfllJ "1 ll{l~ ~111fll'Ji'I~l(l{lTl m~tl1'J"1 l~tI 

.	 "" 
l,*ll1mmlJ Win QSB 1~'Uli'I1'{l~i'1{l'lhtll'UfllHil'U1tIJfllJ1<ijtll1{Y111i~~~u 

1, 'illfl~!.'l fll J 11i'I 7ItMI ~{l UJ ~ IlJ'U ~(l ~1 tl1llt11 J 111~ ~l'U {YO ~'lJ {l~ 1 i'I J ~ fll 'J il {l~ n'U 

flU Ifi~ f.l1j~1 '11191 U 'U 11 N'Vlll1H Vi 1i,r11 7111 (i~ fil'J ~ ~11m llJ 1~{l ~'\.J 'U{l~ rlU (l ~{l ~'lJ {l~ {lU~ 1'11191 
'I 'I	 II q 

~~ 'il~ {YllJ1 J mll i 1Ji,*l~ 'U oU Ul,j ~ dl 'I11Um nll hI H m	 Hi H. '1 ill 1'*~{) i 111 'U {l'U 'li'Il91 

~ Q, QI d, jI I i Q.I ~ ~	 QJ4 \1' ... 
C)f~'illflflln'ilfJ'il~ll1'U ml11N I i'lHfllJ"1 'J ~\Pl'\JmllJl 'li{)lJ'U'U{)~ fll'J !.'l~!.'l~'lJ{l~f)Ul91ll1l91 lJlJ1fl'U fl. . 
,r'\.J~~tJ 1m ~fl1J"1 J'U'l }j~mj'{ltl~tJnu~frU~ll1\?1\l~(l~M~~m'il{Y111i~+lli'IJ ~fllJil{l~t)'U fll'J 

In\Pl~U~1'I1\?111~!.'l~ill~i~m 'I iUll1lJ1 ~ {ylJ '11 ~ {loU{) l,j(l'U {l~ ~1 'U 1'U ~U~l11l'J~ UllJ 'Ii ~i U{ylJ \I J W 
2, \llfl N(l fl1 'J 11m 'I ~ Ml ~{l 11 'J ~ IlJ'U ~ (l ~ 1t11n flU 11 Hlff7 H j fll {Y191 { '11 Tl fl1 J 

l'lJ7 tlUlVi tlU ~ (l tll i 7 I~ {l ~ 'ill fl Tll'J (l ~ (l~ 'U {l~ fll'J {yUJlff tI 'ill Tl{)U~ I'11191 nmh1~~ltl'lJ{l ~ 1fI J ~ fll'J 
'VI U 'I q 

il{l~n'UfllJln~~U~ll1~ 1~tJfh~(ltll1hill1ll~{)l:IIl(l~fh B/C Ratio \l~llill'~i-llm~fllJ1H1J 
,.. I iJ jJ
 ... '" 1 jld I..:!I 1 I::l. <V oll::) QJ _~ ..:!I
'" 

J~~U'vnm1'il'j'1'il7 'I1lJflTllJl91m'U{l~ i'lHfl1H1~191~ Crash Cushion TllJI91~I91~lrWll9ltl'Ull'''~ 

li'l~ {l~'I1lJ1t11J'U ~'U 111~ 1 i'IJ ~ fll'J 11 1m.!1 ~l ~'U 'il7 l'il 'J i'l1u 1i'IJ ~ fll'J ~1~'U 'li~(lf)mllJI71 1 m ~ Tll7 

" "	 " ~~~~illt111 'U~U 11~'U 111~ 1 i'IJ ~ fll 'j~~~~illfJl~{l'U!illt1~lti~mllJI711m ~ fll'j ~~~~1{Y<f.!{Y~.y{{l'U 

II{Y ~/l11ff{Y~.y{{l'Ull {Y ~ 1,r~(l~lJfil'illfllJlfl i 1I'111U'{)tlI911lJih~u 'illfl~(l~~ fl~11U 1lJ11~'U oU{ll,j(l i 'U 

Tlnfi~I~{)Tll'f1HTll'j"11~t11,*hhllmlJ Win QSB lJl1~'Uli'l~{l~n{)1'UfllJ'lhtlfi~I~{lflli'IJ~m'j"1 
,.; d 11J jJ • 

C)f~'il~1l1'U 1\Pl1l 

" 
2.1.1 li'IJ~fll'j~~~~ Crash Cushion 

" . " 
2.1.2 1 i'IJ ~fll'j ~~~~illfJl$i{)'Ull(l~lfl7{)~'I1lJ'ltIu'U '~'\.Jl11~ 
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" 
2.1.3 lm'lfil'j~~I'i'lih£Jll'U::lhlff'tnll'1 

2.1.4 lf1'j '1fil'jtli'1J1J~'1Iff''U11'jl1l'jhn.j 
d 31 d 

2.1.5 1fI'j'lfil'j\?ll'ff'U'lf::J;Hlfl11lJI'j1 

, " 
C]f'lh'!fil'jI~Vnl'l11m'lm'jI'i'ln~'1111'1 51m'lfil'j'~I~tHI'll]'U 1,448,800 UTYllnl:: 

ll'i'~J;ll9nlUll'YI'U 285,574,100 1I1'Y1 

2.2 o'ui1'()t11m '1n'I'j" l~fJ'~,j',()lJJ;l'YI1'l1'i'1'Uli'I''iiHIfl'1'ff19l1lJll~'U
~ ~ 

1'i111'l.h 1l::'ff'I1J1'jf1 

" 
l'l11rlHfil'iil,()'1n'Ufil'iln~~1l'~l'l1'fl ll'i' 71m'1fil'i l'i'lU 

" 
2.2.1 lf1'i '1fil'i~~I'i'l Crash Cushion 

" . " 
2.2.2 1m '1fil'i~~I'i'lillfJl~tltHlJ;l::lflitl'l11lJ'WU'U~'U'YI1'1 

2.2,3 lm'lfil'i~~;'1]'lfJl~,()'U/ illfJ~ln~fI111Jl~1 
" 

2.2.4 1m'I frl'j~~~'1ill£Jlltj::UlIff''U'YI1'1 

2.2.5 1 fl'j 'I rll'i tli'utl~'11ff''U 1l'i 11l'i1mj 

" 2.2.6 lfl'j'lfil'i~19l1'i'l1'ff~'ff::'t~'()tHl'ff'l/ 'YI1tl'ff::'I1',()'Ull'ff'l 

2.2.7 1flHfil'i~Iff''U'lf~ J;ltlfl111Jl~1 

d 9 '" 0 1 ....::: ~ 9 31 "'" '1 31 
C)I'I l'Ufil'iIJ;lVn'YI1.flHfilHI'1flj;j11'Y1'1 7 IflHflTJ 1'lf1'l'UJ;l'll]'U 1,631,300 m'YIIlJ;l~ I9l 

~J;ll9ltlUll'YI'U 352,484,500 Ul'YI 

" 
1l1flll 'U 1'Y11'11i1 tI fll1'1 2 II 'U 1'Y1 1'1 \l~ Ilt 'U 110'lU l,j'UlJ 

~ 
J;l'YI 1'1 'ff~~ 1J1111'U I'i111tl 'i 1 'U fil'i 

ftl9lli1ufll m 'I fil'i" 1l~1~J;lI9l,()Ull'YI'U ~ ll'i'1l::-ueWfll1fll'iU l,j'VlJJ;l'YINl'i'l'U Ifl'HHIfl'1'ff19l1'JJ111l'U
~ .. 

,...' 
" , 

-ffl11:i'1Jfil'il.ufJU ~1.um,1'Ul1f11'ili1eH)Il'U1'Y11'1112 ~'() fl1'jft~Ii1,()fllfl'j'lm'i" 1l1fl 
~ 

., 31 .. dOL 1131.. 1 d lJ]!II d
'lJ'()1JJ;l'YINI9l1'U1fl''iil!fl'1'ff19l'i C)I'I'ffl1J1HI'YIl flHfll'i" 19l(l'I 7 m'lfil'i C)I'I 1I9lNJ;lI9l'()Ull'YI'U'YI 

1J1flflil11J;l~iJ'I~I~'U '1Utl'i~1J101l'l1i1,(),()~~fl -ffl11i'u1fI'J '1fil'i ~l'l1~ '()~ nIlflHfil'i ~ 1:J 'ffl1J1'i til'll 
~ 

ll'i'l~t1'1\llfl'lutln1J101 1:JI'VlfJ'I'Vl'() fi'() 1f)H tll'i fil'i tli'u 'i~l'iu~'U~1\l'i 1\l'i "1~fI11lJ I'iVI~ '()'1 ~'1 

~ 2 UiI101~\l~l'i'tl'l~1l11'Ufl1'j ~1.ufJllt'Ul1 rl1'i1111J1I9l'jflng'U '1 ~ril1~~lfJtlflnl1m1~111'U 
~ ~ 

1J119l 'ifil'ii1m11 '1 tl n'()'U 1'lf'U fil'i~I9l;'1illfJl~el'U illfJ~ln~fI111Jl11111 el rll'i ~l ff''U 'lf~J;lelfl11lJI11 

I~ tl1~i1f1'i'11 Itl Tl el 'U 'j:: 11 1'1'1 ~ 'i tl'lU tl 'i~ lJ'lfll 1 'Uu I'i fJ '1 tl11 i fJ111 t1lJ '1m nl'i ~u l1J11~i'1 fl'j '11 

." 
ll'i'~J;l~ nell\! 1l.i~'1l1l'Ul'i'el'll'l11m'1fil'il1l'i'l l1n'l1'i' 
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5.2 'li'f)lty'Uf)II'U~ 

~ ~ ,1 ~ 0 iJ 1 ~,~ d Q.I' .Q d' 
5.2.1 m 'J ffflll 1fI 'J ~ 'U IlJ 'U tl1 'J 'U 1'\J mHl ffl 'U 11 'U ~ 1111 'U 'U 1..111 1:1 'U ~l1mJ N m 'J 11fI 'J 'I::: 1111 i:l:::.. 

'" 1 ol:ll cr'd~ r.t d iJ.-::it=! .et 0 jJ r-S 
~ ~ fl1 'J fI H fl1'J ~HlT1U 11fI 'J 1::: 11 'Yl~m'J~:::}Jfl U IflU nu 'JllJ'\J tl1J i:l 'Yl ~ II i:l::: lJ ~TU l'U '\J tl1J i:l'Yl 

" lJ 1fl w;h u 
, " 

5.2.2 1m ~flU 1~'1 Yi~:::~hu'U m'JI~'Uih~ull'Jfltl1~~'U tl~tiu'U l(Jmtl'UeNII~tl:::'I1'1l1tHl'U 
jJ )I J , J/ 

II~ li~ u1fI 'J ~ flU 'Yl N fI 'U 'U lilntll,j'tl~ tiUfll1lJU i:l tl ~ ilfJ'I!'U}j fll1lJ ff1ft f,1J tl th ~lJ 1tl i ~ fll'J}j fln 

Vj ~1'J Wltl ~N~t1'l'U1Ii:l:::l'I1lJ1::: fflJ 1'li'U i'111lJI~ 'U tl ul~l 'U 'Vll~1 'Yltl UfI U 'J::: ff'Yl1l fIl'Vl'Yl1~~l'U 
. " , 

Iff'J lI'1n~ (lJ11'1'J fl1'JYiH',r'U ~lJftll1i tllU II i:l::: ~.mU'J::: lfJ'b'uYi 1~~lfllJ1I'1'J fl1'J ~:::lJ1fl fl11ftll i'~1 fJ 

l1~tlIU) ij~Ulh:::lJlf.llIVitJ~'VlV~~dh l~l1~V 'lu t1'lIUlVifJ~'Vlvm'J'b':::G'lVflVfll 'l1~tl'IllUnfl'U 

lJ Wl'J tl1'J ~fJ fl fl 111i'l'lhJ lJ1'fl 'J f)'l'J ~1f1'j'11 l,u ntl'lJ tl'l'J fJeJlJi'UlJ11'I 'J f11'J II ti'l 'U lJ11'I'J flU,!'U'1 

~'\iu~fJVlJi''1JlI'':::I,j'll ~lJ1I'1'J fl1'J~~fl~ll11~fl llu lJ11'1'J fl1'J~1~'1 ffTIJUmi11~i 'U'Yl1~lJ~lJ~ 

5.2.3 fl1'Jl.h::: lii'U ~i:ll m ~fl1'J ItI'U fl1'JUfltlll 'U 1'Yl1~ '1 'U tl1Hl-uU'U fl1'J I!Tn'\JUf,1J11l11lJ1'fl'Jtl1'J 

. . . 
5.2.4 fl1'J lh:::lii'U U'J::: ff'Ylt ~G'I'\JV ~ 1m ~ flU "1 ~1~'1 tl1~ l~ ~G'I'n fIl~li'l~eJ'U I ~ IueJ" ~ 1tlrl1'J 

~'W~'\JeNmJ~lH'fl 1'li'U flU~ll1'fltl1~I~lJ~'U W. U~I1W~'U~';HJU C1 ~'U~~Vi1flTmti'I'U l~fl~~lfl
q q q q I 

fll'J IU~ fJ'IJ IIUi:l~ 1:lflll W::: fl U I~'U 'Yl1~ 

5.2.5 f11H'hlU'U fll'J I~V f11'J iJ V~ ti'U ~U~l11~ '1 Min ~U'J::: ff'Yl tfll'Vl ii 11tl 'U \Pi' fl~r'hu ~ ~~U~ 11fJ 

'\JV~f11'Jln~flU~l11'fllil'Ul11:lTlfflft\ll U~1lfJ~Vi1'1Mln~flU~1111'1 U'J:::flVU~lfJ fI'U HI fI'U'U ~~~~ 
q 'II U q q 

Q.I d' <j/ .Q tI ~"I d .Q J "I iJd 
3 U ~ \l fJ '\.1 m I'J 1 ff llJ 1'J fill fI 'J 1::: wi] f,1J 11111 i:l ::: II fl 1'\J fJ f,1J 11 Hll fl ~ '\J '\.1 I ~ fl \l ::: ff llJ 1 'J fI 

. " 
Yi~:::llfi'I'\JflU~Il1I'1I~li~l1lJ~ 1'li'U. . 

5.2.5.1 ~ UII UUfl l'J'\iU~ 'J flfJ'U ~~Ui:l fl~il fJ~ijf11'JmUfllJt.lW fIl'VlI'I'J ~ f11'J .,ju~ 'j fI fJ'U ~ 

fl1'J ffvu '1UeJ'4 f,1J11'I'\iU~~:::\Pi'fl~fhl1'U ~ '1MI~lJ Wl'J'11'U f11'Jvvn flQl1lJ'Wt11'UfllJU'U fI'U 'U '1 11'~.,ju~ 

UiiU~'flllJtltl~'J1~'J Gfl111~'Umlfl~111lJ1:::fflJ lI~l11~fl1'Ju~'fiu '1i'il1'l11lJ1:::fflJ,!'U 011J lUll'll 'U fl'U 

" 1~ fJI'il 'Vl1::: '1 'Uu'J:::l'I'lffl 'YlfJf11'J V!1J1'J W11h1lfJffl'U i1tl11Jtr~ luihh:::ff'Vlllm'Vl 

_I '" .. oJ ''I .d oJ '1 oJ <01
5.2.5.2 m1lJu"fl'flfW'Ufl~'JfltI'Ul'I dflI'lV~fl£J l'UfftYI'Vl'Vl'Vl'JBlJ ')j'~1'U lJrTI'JlI'J11Jfftn'Vl.. 

mhff~ll1:YlJe 1m::: 1J:::\Pi'v~ij 'j:::1JU~lJ mw'Vl~ VlJ ffl '\.1 U':i::: flVU ~l~ '1 ~hrfl11lJUi:lV~i1fJ 1~t1h.l 

V~l~~ 1'li'U l~lJ'\i'flihil£J tJ~t'llJU'Ji1£J 'J:::UUl1J'jfl~~ 'J:::UUll~ffB~ff'h~v~'mVifJ~'Vltl 
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I'"'" 

I I I 'J/ 

iJ fll'J ~'J 1'ilf111111l~'tJ~uitJmh~enhlff11tl 1~'tJA'Wlf1i1'il~tJli'tJ1'il n'tJ i ,rlfi~~u~ I'H~;j'W i~ llt1~'H 11~ 
o~ ~ ~ .e!t jJ jJ QI' d~.d ~1iI~ljJdt o ... jJ '11QJ

fll'il~ih'iJtJ'W'W '1 'H'J'tJllnHlfli'Hl'H111~ff11 UlJ'iltJ1J1~'tJtJ1~11I'W1:H'VIllfl 'U ~ fl'tJ 'Y1'l"m11~ 11 ~tJ 

i~111~'Hn'j~1~ '1 
" " 'il1fliltJ~fJ'tl~ 3 illJ~tJiifl1'jiJ11 11'l'j fll'jil'tJ~fl'W Tn'j lfi~'Qu~l'H~J li'W 11 Wl'Jfll'j fll'jU~riu 

Hflfl'H111tJ~ltJf11111f1fll'l''tJ~ltli ~flf~lli:l~tJ~1i'j'j11 111m fll'j flU i,rflUffmn lJ~l'l'tl~iJfll'jllt1flrl~ 
~ ~ q ~ . " 

m 111 flntJ1 flU fltl 'H 11 1tJlJ'j llJ 'j II t1::; 'H ~fl fll'j llBU~~l~ '1 ffmfUfl l'J il 'tJ~ti'W ~U~ l'H ~~~ll~ l'tJl~ tl iJ 

" , gJ .d '" :'l '" "'... i 91. I 11] gJ '" d
tlU HU H fll~tJl',l"l 'j f11111 'j \ tltJ1tllJ tll'j lJ'tJ~ fl'W 'tJU ~1'H\9l 'HlJ 'j ~'lI1'lf'W lfll'l 'j::; 'H 'W flll,(;1 ~l'H 'W" .. 

oQl tj} ~ jJ iJiJ iJ q...e. 

fl1111 ff1flty 11'11'l'j flU ~ 1'W 1111 fn 'j 11 '\I'j 1'\1 'j Iff'W 'VI1'! 'I'J fll ff'W I'l t)~\l tll'l'tJ~ I'l '111 'H~ f11111fn 'j11'il'j 1'il 'j 

" " i ~ fJllll"ll~ ~~ll~ 'li'W I'l tl 'W fll'j tJ f) flU1]1] 
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f)l'iYl1.:JVllii'1l1lM.:J'lh~IYlfYIYHJ. (2550). ".IUJ~nH"QmJ.fl1.:JIYl'Vi"1:~1l'fi.:J. 
1 . 

~ ~ QI .t:::lcu	 <v ..c:s Q,J' Q,.I ~ SId 
fl\9l\9l flfl~l'fJl'U~fl(l. (2550). f1~.fI1~'lJ'lH1''U'lJI.f'\.fU01''.1Vl~H'''U'ilUt1~1~'lJ'lJNI'lI"fJ1'l1H\J.fl'j.:JIYl'Vi"1:

'II	 q 1YI u q 

~ "~QI ~ cI 
f1W~lfY1fl'j 'i:JJfY1ff\P'l'i :JJ1111YltllMff.:J'Iltll'U fI'j'Ull'i. 

1J(l~f)l lJ'U'U1f1. (2548). I.fQ~iI~t)011i.nfJUt1~~Vl~'U1'i1.fl1.:JIYl'Vi"1 : fllfll'1f1ff~91 f1U1~'Vi1ru'lffY1ff'il{ 
QI ~ II ~ Q.I 

ll(l~ f)l'i'lJOJ'If 'OW'l(l.:Jfl'jUl :JJ1111YltllmJ. 
u •

CUQld'cu ~".t:!t t:!tQ"lt:!'.:t.. QI~. ~ I ~ 

l'U'i'il'U 'O'UYlfl'O. (2548).171f11t)~~t)'UflflVl. fl~.:JIYlWl : fftlllJ'UI'Vi:JJr·l(lr-l(l\P'lIl11.:J'lf1'il. 

fj'U VlmJlf)l'i ~1'U fln'IJ'U d.:JllM.:Jltll;fJ. (2549). 11fJ~l'Uf)l".lVl11m"t)'lJfl11UtJt1ijVl.nt.!'fINtI'U'U'lJ'U 

m~fhftlflJ".IVnitl. fl1.:J1'VI'Vi"1 : f1W~lfY1fl'j'i:JJ ltJ'fil fftlllJ'U I'VI f11 'U htillM.:Jlm;fJ. 

'lJ 'fIfl1 UJ 

n'i~ Vll1mhh ~11'1f.(2540 • l:JJll1fJ'U-iJ\l'U l[1'U). "fI11:JJ ffOJI@fJ111.:Jlii''i 1:1 ~ n'Otl'Uliiv.:J'O 1flVU~mfl 
't ~u ~ q 'II 

..,.	 iI 
~mHl1'j'IJ'Uff.:J". 11'Hnn'll"lfll".l1.f11i11tlH!'11 6. 1'I'U1185-193. 

1'iHUfll	 ~iJi'\P'llJ~, C):JJ'jfmJ l'Vill'Vi'i'ifl, tyfl'Uli'l f1.:Jfl(lll(l~ 'Vi.:J£fflfl~ l'fJl'Ul.(:JJm'lfl:JJ-)j'Ull'llJ 

2541). ~ 'U 'VI 'U ~ iJ 'W VU91 I11 'il 'lJ 'U fI 'U 'U 1'U 11.:J 'Vi [I 1 'lJl (l"t11Ud'.:J ti~ tl'i lJ flU 1l'Vi Yl V 
q qJ	 "II "II 

.,.	 iI 
fl'j~'YI'i1.:Jffl1il'iUlty'IJ.1111.f111'l110111.f11i11tlHI'II 7. 11'U11-12. 

l''U i £J fl~ 11 V.:J fI11'i .(25 26). 011 'lJ1~1i'l'UNt1iii f)l 1'lJ N 'lJ1 ~ f)l I'll ij~ f)l".lll m'IIalliilllVl 01 '1 'il1 1'i1 1 

'lJ'UtI'U'U. lYltllu'Vi'Un'lJityty1:JJ11l'UUlefll'1 fllfl1fY1fl'j'i:JJ l[11il. fl~.:JlY11'j"1 : ~W'l(l.:JflHU 

:JJ1111Y1tllft[l. 

~ ~	 ct.t ....,. 1 _I III
flfl~ ffYlll 1'fJl 'Ul1~'If .(2547). 01 ".1ft fl1l11.ftl1'U O1·HU~'lJVlIllVJ'iI'l'i1".1'f1 Ntl'U'U 'UlJ '1~I'fIft I 'fit.!. 

lYl [lTU 'Vi 'U nIH UJ OJ llJ 11'111UI "l; \P'l ffl'IJ11'1f"11fY1 fl'j 'i lJ 'II 'U d.:J. tlH 1'Y] 'Vi "1 : lJ 1111Yl [11ft[Iu u	 • 
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Vi:Y1W i'l9Ium'l:itJ.(2548). n11111R'Uli1..t1.l1un1.... ntJn1,.Rt..,~n1,t11tJtll~llm ... 'UftI'H'J 

nl"'l""l~tJn.1'Y1 tJ1U~U 1itJ~ qJqJUI111'l1'W cVil9l fllfllfYlfn 'ilJ ltJ1i 1. fl~ \Il'Y1~"1 : DPU
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111-3 

~l[l.:Jl'Um1I1m'U'il~lJn'Vi~M 

1fl'j ~ fl1 H'1'J 1~ lHI1] f1 11111l ~ tWlllV'I'm fill U 1] U '\'l Urlli'llfl.j 'i 'Vfll~ 

'\'l'l~~Ii'lll\!'l"'Vni~ 

fJ'U61mJlm'i~lUl11'j'\J1H1''H1l1':Hm'llfJ'G'Hll1:JU1'\'lf11U 1~Vm1'llm'llfJ 

'1ilJlV 

!i,'\'U tJ1mlln l 1hllJtJ .. fl1Ul fl1UJ 'lJmnlHHlU::;" 

.. 
IflHNmnUlHl 

l1llllJllHl 
tlHO'I l'ltJ iff\!'Ii1~VttJ fllum 

iff\!'I'fl 

Ull)::;lll-l i,hJ ~tJlllJlJ'\J!HtilUYl~ t111'1fU 1UUH UEllJi'lJ fiUl~LUl 

mlJllU'1 fHJlJflil'llJ~l'lilnl1~ hj,~r mmflmmlJf;ll'Mlii~ 

U~l.nll~ lwn (Gore Area) )j 'lJ1H fjlffllll9j lJ"fJ~Jiu 

t1mjLU::;I~~lliJuri'l M 1f111fu Gore ..
'M~I1~tJ1UlihJ11~r1 Area IYlfH\~ 

toU'l ltJ'lfUlil~t11~Yli'in t11llJ1UllHlllr1 

fl'3llJ1l)fill'Mlil~ flU~ll1~'umUi 

QU~hmnUllH ~jhl1loU'l'tJ'lflj 

Crash Cushion 

YIl-2 "hI)::; 

" 1'l1lJllUl mIU1JHU'Hn'1\llt'lfl flU tillMlii" .." ~ ~ "" .J ~ 
'1l1~'IUlll'1l'Hr1l!lJ fl11JfJlJ Hl11l'1ll'1tHlllf)\j 

f11mJ~rJUll'Inm~i'l mmh~ l11~f)lJf)M 

lu~:::!J:::iu 1,j tJml~liu 'lillllllU 

I ..A J 
I'lfll'UfJ~ 1l<l::;fl~Ut1!Jl tl1~'II1J 

ffl\l1l::;ri~~H1'M~I1l*!J iMill
 

lfafl'1~ i"mll l'I 1::; '\Jll~
 

!lIjH~~lf1n'~
 
d 

t11llJl~111~ 

llUlrn~'lJU'l';!N~)lJ ~~.r~"lVllm: ..(Merge) lJ~nt:lnl1~<l~~UJ\lUl lm fJ~li1J1V1JU 

~ A ~1l1~fitT'(1!ijf11mJ~v'U 
~1111'11Ylm~f)~1t111lfllJ 

• d 
Itlllf)V1~11\ill~lml::; Hl1'l(h~ l11~~llJ'M 

" fl~lLnVllh1MHl i~)I~U 

fl11)1):affvmln1.1' 

~Itlfl\llf)jfu 1li 
w d 

<I"ll.mm1' ~1f)\llIl1U
 
'lJ1'H
 

uu ljllUYl~l'1fllJlli"
 

tlJ'lh~~ltl~VUUUl 
'lfU 

'l.ri\ll til 
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1tl fllfl fll ~ IIi~1 ~ 1J~ IHOJ 11m: tl 'J llJIi~ V~
 

ILl'll
 

mnu 

1I;nOl 

1t1U1I1I 'I1lJ'ltJ ..
 fll1tJ
 fll1tJ 
nmofl fll1'JD 

~iWimllJ 

ili'1'U11tnmmfi'U
 

1I1Vllfl'UltYV'hj~fll\)
 

oll11frliOi 

tl'Ul'I:nr/M 

ll1-4 1i111:::~t\lJiY(J ~1'I~~ihtJ!J.t1::. , J ~.
ml~'\I1~ fl1~ \i'~Vl 'U 11 f11~ olli'lilnl'l 'hi'll! lft1fJ ~l1lJ1tJll'Urn 

J ..... '" 
1'll1i1lJlll'l1lJl::fllJ tm.JfjlJ m~IVW10ltJ'Um~tllj~llf~ 

A ,r:( ,.;, 

I'UlN'illfllJll 'U 1111~1~ nHlrj,~ M illJ 

~~~1,j'11l11()~lJl'Olfl	 t1mJ~lIiv 

'lifl~'I'11~lHiflUtl::'IIlfl	 flWb''U 

fl1~I~tl'U~;rl.J~11mu	 iY~fiOi 
... . 

I'll U1lJ'b'tl ~'I'11~	 '\I11~
 

fll11iirJ1
 

d ..
'1'11-5 N1\)llilHJ~mJl~~ Ulll:: ltlfl'UflV .J , ~ 

l'b'fllJl'Illl1HVHflH~llJ nll1H'rnOi ul~~fmn.yhINl 

llln IafIlJ ff1m, til 'U 11tllJ	 1'11lJfjlJ nm111'iJfll1lJ 

1.;''U'I'11~ litl rifl i'lilnmnllJ	 'itltJdl~ t)lJ'UtN 

1~(J~l'Uflmnfl ut1lJOiflU 

ffU \l 'itUori N 

flll lIl1'U lJ 11lll1 . . 
~lj~llll'J li~j)lt1111~ nmpVl
 

I,ff(J'I1ti'mlfllN'Itll'U 'b'11
 

m~'b'lJ 

Go' Go' o'!Il 

fllJ'itlfl'U tllJ ill t1 il11 Y{lV
 

'11 tllJ'I1 iJlJ.r~ nUl1
 

d ..
lll-6 l"ilfl'UlltJ lhu lhl ~i'fl~l11il::lh'Ul'U'1 

~ .. 
mnl.U'II1~111~ tJl'O fln fl11lJfl:: fl101lJU 

nil hfliil'lilf\111 W;'~'1llln tnllfjlJ. 
tl'~u ~mJrh~ 

~ ,
Hll1mrnlJVlJlIl 'll''U 

- 1Jinj~l&lJ \)11il1 1il
 

111'~,j 1J~' lhnlJnil
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YlI-7 

~llJ 

llln 

~~'U'11~ 

911lJ 

IIUl 

Yl2-2
 ,'lltJll~ 1~ ~ UlI1l11'll 1lJ
 

.:!.-:i dl 
911lJ 'J" 'llUJ\1flffl'lf'lHN 

HU 1 \In\l~ 'IJJ91HOmitH 

In'lJm~ 1111\11 fll\ll1rl~fnllJ 

n1H'ruh11lfi~'Ii'lJ~lu 

l1lJ-W 
f111U f111U.; 

f111Ua 

'lIm111JIJJOlJ'I1H 

1119J.. 
'flU ItT!J~ 

v 

ii~'lJ1Hmn~1J11J111
 

l:H)n~-]nF:hm~
 

HIIJ~llfHln'~l'llUllfl~ 

~11flHl1rl~l'I'~'fll1~ 

ib,,rnc,;:;~lJ~l~nU 

..I • 'I ~~ 
lJ In 'll~\)~l'W~f1 'Hi;! 

oUU ~1i11J fll1 rl'lUtllJ ~_ 0 

'I ~Q'loUU~~'lVtl1l1Jl~ 1 

'J~ 'H1l:HJ1~~~lilhl 

lmflfl~nlJl1U ~Ulii~ 

fll1lJl~(H llJflmn~ 

!~,j~L'11'l'lfUlrlV'M 

fll'i'lllJ U1II~ 

nflh11n~ 

l'lilill11~ M'~ 1WllJl~~llfl~ 

hi' uU'lnullJ 

i\-lll'HU~ii'IfU 

v 

- VlllnOJl9i~';·~ 

ll11Jnll1'Ufl 

r111lJl~ -j " 

v • 

lfllJn" lti'~lllJl~~ 

(Vertical) hmiu M'J 
lllJl~ 1U (Horizonl<~1) 

u.i'hiijfl15lAtlU~,,)'I; 

ii~tifll:lf.ll~tl~mil1 

d I I ,,,. 

lflUtllN1Um~lJfll1lJ 

• w ~ 

1I1'1fWmfllJlJlfl l1ln~ 

ii'u~'!li illlJ11 Otl1UfjlJ 

115!JMlm1)J!~11~,iu 
",. d , I 

'lJf.lI~I'llli'lllJlfl1lfllNllJ 

m~ ll]lltlflhl,fi~ 

tll1~ll1fJllJlIH'~ 

" ~WflUlllJ 

m~ tlflill'lii~ 

fl'l1HllJ ~,j~\'HfJ 

~(lfl~l~ 'I A' 

lIf1lll'l.ntJ 

f\l~'lflJ 

~ 

YllIJ 

- lIfm:::;~uYl,~f.h 

\)11\l~~~mh11ll' 

"'" I ~ 
lJrnllJ~mllfl~ 

- ~fl;",lwl~flU 

I'UlJtl~flcil1 

l'lrUlJflU,'lltJ 

, ~ d 
~ltl~tnlIJ11-1 

d ~ 

,f1flW)tJU1II~ lJflllJ1~ flll~flvi~ 

'lflJ nflh11n~ ill/Jill' 
A 

fll~'IfU l'l,jiill1 l'l 1m tl n1lJ1IJII~ 1111 

OQ11jv1111'HU~~ 

l11lJ 1~ IllJ 
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'1un£) 11) 111 rr 11111i1.ltp:r~ IMl'lll"~ tl TllJ t~l'J~
 

Itl'll
 U;I1W 
MlJ'l1J 

II .... ... 
flH1H '11 fll1tl film
 

'I'lU
 

, • .I 
nl1f111J;11ml hl'lilJ~ (91lHM'U~fl~mlH 

.I 
1l111l1'1llH\ll1ll~N '11~ 'lilJ~1l111l1) 

111hl~fmlfi'lQlJ$lIIHI 

1~l'Jl'1!'U~1'U,y1~ 

1fll'Jm l'n::: lJ ciN~~ l'U 

mWyhll'fu1li"tJll'l1 

lJfl~ll1'U 'hjifllll'UlJ":::~
 

,iu~ rrUJIHl1'Ii
 
~ ..;: I
 

1111 n~lnJ HI\,'! fl1'f111lJ~
 

lJut11tJ1l111l1UlJIJ 

1l'llJUlJ~I~'Ultl~tN111 

flN "M\'ij11~flci1~1~l'Jl 

\'12-3 ;;mi~iJ1m!,U:::lbilI1J1l1'11l1!lUUll'll1U U111lll'U'l 

co .... Ai 
Vil'fl1l~yj,l1flt!~ll'U:::U l'111'f11l~r1'H) 'l!U 

J ~ 
l1ltJ'hJll'U1 'Il'U\'11~VHl'flJ'Il1fl 

1~'U\'11~ mn'hJ riv'hrIOflt11l1J 'ImJ" 
tYurr'Ullri~,j'u~'lfl' 

\'12-4 lh\l~ 
.I 

'I!'U Til) lli'lOfl Lml)~mrlfJ\Jf11'f1 f1l'llJ .. .. ~ 

Uln 'lf1)~\'11~'Il'UllN'l'llfllJ 19ifl'U~'liU~~~ fU~fl'lfiJlJ~l11l'J 

"M \'1'WJflfll'Uu1l'JtU lJU1J1N 

ml'l't, 

li:ltl'U{W\'12-5 l11l11Wl~'1'(1)~Ulll::: " "
til) lM'tnfl U11)1hni I~t) 

llU1 rrl)~'lilJ~1l1l1l1 li>W'lIJ 

911lJ nl11lnil1 (Merge) 'lI'U 

11lJnlj'1l1 Il1'jnl1'1!'U 

1:::11'iHHllii1~ 

\llll\'1'l~,,~riI)U rhlli' 
~fl~lJ~ri 1l1:lU'nlJHI li'w 

...... IV '" co d . .. " 
1l0'U\'11l~1'IJ1ITlYl~fl'JflWH 'U1lJ1'11~ 

nl1!~1I1'1!lJ~1'U,y1~ 'lfl' 'h1JtlumJ'UUl~ 

'U1-m1fl 

" ,.
!'iYll UlJ~'I!'iNil1l\l1\'12-6 'U'1'U'l llti"1'1l1~Ulh::: 

1:::wh~'liI)~m~miflnl1 rl~llcil1l~lJ mUI 

llU') 'li'll~m~lJlJfliilifllJ\Il::: :lUr~fl'l!llf'Ulh:::l1'U'J l~lJ 

'" '11111 

T1111'1, 
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111110 

'HlIUI 

li.l'll U'1I1W 

" ...I'lHIH fll111 fllll1 

.; 
IlnH 

llil:;fll1lJl1lJ1" fH 
.. 

lItl~l1WlJll111~ 

l~lJlh~) hilnlJ1Hl Yilf'(ll 

11 ~~ 1~Y~'I1u~m11.JB~ 

flTllJ11\lln.h~'\Jtl~ 
. d ... 

ilfl~llW\llnl1~l~Ii'f}1 

M 
Y12-7 

.., .... I q I 

1.J7ntUl1!l~.nlJltll.JtrI " "liIfllJflt! - U;1.J1.J~~fll1 

1'l1lJ H1lJ l11~'\JWlnl'iIlI'l';fl~ 
r.~ 'J1 

1J'l1\lHUl1lJ1~'i'I'lJ 11l'lJ 

11l.i~'lifl~1Jn1J'l~iul'j1'l 

"l1'U 

n17'11lJ 

" Y110 

Ill'lfll71J'l11J'l1.w 

tll'l~it~U1J'll1J'j 

1m] l~iHli'll'l~i'i~ 

<l~nilwlifl~1J'll1Jn'h il1'lnlJ1h)~1J'jl1J'l 

lH'~.,jlJ~'hhmlJ (Merge) il1'~.,jlJ~ 

11Ull1Nl~'\J()~91lJ 'rJ1J 

rill lH'liil'liJ'lJ1111~t!1 

li1u'1~!Juwi'l'linl 
... .. 

- 11'llJltlHNliIJW 

1fU~llJoU'NiA' undhlJ1~lllHm 

nlJ'l;fl~1J'lW' 

1l,n'IJU'j::lfll1nm\iol112-8 'U1W1 

\llllJ i1'l11J71~1~'Ulh:am 

UUl mj~';tN1Jn1J'l~~ ,~ 

l'lfll'lflKfl~ri'mrnlJtll:: 

IffUlI;:;~~t1ri11ilU 

nl'i'lfU I~Ulnmh::l1u1 

.; .."1110 11~fHl"I'l~(Nil1'l 

fIll/mYI 'Ii 1iM~iilJ:,j'J 

• 
112-9 lh11J 

1'l1lJ 

~ I'llifl1 tllJll'Yl N Vilffll 

l~lJ~l'l~n~jjfl1111 

lllJ,) 119lfl~H1J1nl1WWlftfj 

" l'i'l'Ul1'H .;"" '!'I"llW1 'lH~ l"l1mUlJm~ 

""" ~ 'j) .A
fUf'(1l11,t1l1.'l'1111'WJlI'l 

1)11J 'hJ ~lJlrW n l'i iiI'l 

llllJl$il'llJ,llJ 11'l1~n 

1~INf:)ciHl~lnfl1\l'hJ 

li1IJ~YW~\l:: 1H'~,j1.J~ 
. " m1mYI~mn 

lJ1lJ'l <f "l<lfllWt! U1lJ 

m'l1~ 

'j'llnhN1J'll\1'l 

- ui'U1.J~~'IJU11'l 

,1tl~ilmhi'~')lJ~ 

ff11Jl'inmwi1ui.l' 

lJIh~i'fll1J'U lla::. 
l1imW1~l'Irl~ 

Ir;lJl,ihJ111 ~ 

" .. ~ ,""1'l111'IJ11 !1'lfl Il1I'j 

,h.J:U';lmm 

~ " 
1'I'1lJl'i()ff~ln\llllfU 

i~ 
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lnJ1£J 

HI'll U11ltll 
mnv 

",H.I",H.
",H.li'i 111'1 

flU 

uqPll 

.. 
lJ1IlW'I'lY1'mniJmn'hm-Io nnmlJ1 Ul'iJ~ lH'lJtl~~ 

H'Ii1l'lnl~11J~tJ1JlIU"'~ nvi,rln'i'l'l1lJ t1l1'iJl1'iJ1U111W 

l.l1.rJ ,!Ulluum~~~l~~ ~~ YIlWli'lt,rij'liv~~,j'~111~ 

1u~nJ1JtJ~,nnJl~' " ~l1HJ i~ l1Nl'llltltlll'l1I'lI'iJll"
111;1~iifl'Ymf)111~,m~ li4V "r~,jlJ~ 

n111JO~~l'lllVn 

" ,
'1111~ U1;1~~m'J 111lJ 

l111Jl~ln.ltulJ111W 
l'l1lJvml1l1'1l1,r 

~~ncill 
ii'll 'iJ II 

m-ll ~Wll~ tJtllJ11J - ~'i'l.,~llllll~tJlj 

~lJ'iJ: 1" 1"" ~ ..I TO ..n~ Il~ l1t:!'I1J'Il~ll.J 'IlIHnH~lfflJ1Jn'nlnN~;)1'l rlVi,rlnfl 

'lJn'li!NVll~lllll MlllrJ 'iI~I1'lWn'lJl11~'lH 'lJ'11~ tlU~ll1f.l 

(J(h~il'll'iJU,~ 

- ;;1'l~~illtJ'O'I1'11'l . 
mlUl~)tU1l1mj'1.,mJ m~ M~~m;lliu fllUf)1.J 

ti'l11~ liJ'~
11'1UU1I1W~ ~,jU~'iJ~ nllJlh~ . 

- Vl~llW l~I'l.l~,llu'!m twh~~ lfl 
,~ HJl~llUU1nm~ 

1iJ'~ (Chevron)011 'JJ,..., L.~ • )I 

1~11lU 1j'll1J'Il1;1'l~l1lJl 
.1 ",,'jI0.; ...t mo ll1lj'llU'lJYlHlJ

tmnvhi'ln"."V1JmltJ 
ii~~m1lJll"~.'j/QoI .". .... 

llnlj'IJmllll~1;1tHHI .'~1'li1lJi'/I'l'I{)~ 1~~ 
111U'hj~Ulf1tJln'lJYIl~ 

Y12-12 n11'l1lJ IClnUllV
 

911lJ 'I11~'IlUlI'l1;1'llJ'liv~ R~iil'l
 

" "
l$ill\I~H'l m~ 

UlJ1 'iJl1~lilHl~'1I~iiffm~ '111H 

mil~ 

A'lU'IJ'll 1.w1,r 
I'Vhml11)ui'lnm n11iil'l.f~thtJ~11~1 \1t1Jli'lll 

)I ~.i. 'Y r.'lI ~~jj"ll;:'i~tlJlqiH
'1rWlllmVW~91 llMltJl 1'1'11 

1~1l~1h~1lil.hl~ll~mrli~~i,r~,jlJ rl1lJfjlJ
 

;1u'liIH'IlTlj'j,J mmh~
 
"" ,1'l1U'lJHnlflH

ff~ln"lllui~ U1;1Vl'lnIJ 

1111l!l1;1~ 

1l1lJVnI1U::'ii 
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112-14 

lUJltJ 

1;'1'11
 U;ntll
 

.. 
11 

'flU 

~'J'h) lJim\ll1H~U1l11f12-13 

"11.1 TiIt'llJ l11fJl~1ll.j'l1l1 

um 'hlJll1l'1'ui'lfltl'tNnlJ 

cl 0lv~~.d
'I110'11l1n lHj'lllJ'II 

fflJl'I'uM 

'lhhJ 

\l111.1 

mn 

11lUllH 

U1111l11iJ~f11111m(1lu 

ilfllltu:::'t1:::'I'nUtlllm(l 

lJ l\lri1r~"M~,ju;hii~1 

t1111.11f1fJiu1U fl11 
~ ,1 

1111111 m.lU'I1l1"UU fl1 

il11l~ n lJ[h~l1n911lJ. , 

'll1~;jlJ'llmHUN~'ll1 

1un~f1mlm(1 1I11i1 

IJ::: iin11~ f111'W1J~ fIll 

11'11.1 H'I11~rI\t'I'}JIli1::: 

-H'llJllr.1m(lutl'l (~'lill 

~Il'I\I~fn1UMlJ1Ul~ 

ilij~f1flilmml9iltJhr 

Hllh:::fHJ1JtllJ 

'li'm'hn\l111Jfl Ynr~AlJ 

Hlltll1lJ1VlI~11111-H' 

~1i'1 (11.1 1~ dlUAtN,jlJ 

~l'I"lU Vit'lfl1~llliUM 

1.IH~Ill'tu':hI 1iii~f1 

mi'l11(1 Ih:::mllJrllJ 

d ,'lII .. ~ c:.lI 

f1l11J!Nl11'U'l11l11l" M 

nll1-H'lfi"flT1UI~U~ 11.1 

Ilmfi~'l1J~l11'lnmi,) 
, ,.
 

lifl1il~1~;jum~~lt'llJ 

1tllluu 11lJ'lfJ .. fllUI fllnJ 
Ol'UOfl fllum 111~..
 

11;l[J~lUII'l~ 

qUfi1111'J 

nmUfJ1 U1\l::: " "Jl1IlUllV '!1 llti'l'lJillfJ\lll'O) 

'JIU no hr!ni'l fi'111 ci111l1' 

" f1lnm 'llr~ll1~ ~ l'I'tlflfll'HNfl1.1 

il~ii" M IImll:U::: 'I1l ~ 

'11111 lHllflWI1lUi:l:::fYl1 

f1lHf'U 1-hll::: ~UUH Vtl 1.1 1lJ 

~lUll1r1 nlJMlii~ '1i'~ 
~ v v 

~'I'Wllll~,mlJ!l. 
nmll1JJ ~1J~lM~ 

.... "'" • c:.lI 
1'l'l1.llfllJtHJ 'U 'lJU 

'JIll M 'llNrllt'lli il 

tll1'l1U lJ~mu~~ntin'hj 

"'I1lfJ )j~"Il11m(1 
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lllf)1l'1n111iiflf!U~111~111i1:;tl'JllJl~tHlUJlV 

1i.l'U lJ111tl1
 

1tlll1J1J
 MlfW 
fllUI fl112J.:

n,.nj)~ fllUJt:l 

fliWillifJ 

lf1~ll'U~lfJJ"hfJ 

fl11.1 i~fltimim1'1hHh fll'j 

'U1'U'l 

,.)~n~11'1i'1lJ 

mn Ul'1~t'l";;'~ 'I11111'~'ljlJ~tnlJt11.l Vi111l1U~~'U~'hj 

lff'lJnl~ 'Jl'111JmHY~lnflIl1lJ 'j\lO[jl~ \lm.Jmj~ 

tl"HJ~ltitJ 
~ ~ d ~ 

U1\1:;'Il2-16 1l'1~l'1:;llllUUrr~ lM'UlltJ 9ifllJ'U11~11~1 

fl1lJ l~lllJl'11l1'I'j 'llil'111J110 n1l1,rlnfl a'~ti'fI'Ulll'1l1,rfl~ 

U'U1 li'l'Ull'U1U1111~1Umll 1.Ul'1Il1'l'ia'1.I\j1WQU~1l11'J . 
fli11~fl'UM lli'l:;~'lI'i~lJ1mU lllJ'Ull~'l~. 

.,r1~tl111'l'i~ fll1'l'i.'Uflfl\llnl!'U il'1'} UrrllflntJ 

iJ Cl.' I I 

tlll'Utl1fl1,r 

1U~111l1U~~fll\lih 111' 

hhi'Ul1mi()1lJ11lii1~ 

a':;l111'Ulll'1~~Hnm'Hl~ 

.J ~ IQ, 

l'U()~\llil\llflfl~iJ~1J'U 

tl111'1NflllUn191 

" ~lMU()tJIl1\l:; 

m~i1lJ IIrr:; fl1'llJIIYl1.l 1il0lJ'U\l'UUlJN'U1- 'll''U nV"rIOfl 

ll'U') fl11wilJJmn'llJ'liM riiJ11ijll9ii>1i~~ltJ flJf.1~l'll'f!,j9i111~1 
~ 

nw 'l~ 
r-t.. ilCl.' r.: ...i 

\llfl'YIHVHff~j r;j'U1J'lI'YI mm. 

'lli~lUfw()l\l 'lli'liu
 

ni~M
 

" ~U1\l:; trrtl'UotJ . 
.... ~ ~ ~ 0 

'111J'l'i'UN1\l1 liJ'ilfllJl1 I 'll''U nfl11flnl'1 ri1U~'U11'1lf1tJ'lU t1111J 

lllJ1 1,rlff'umJ~'liv~\ln\l'i tlll'll''U l~lJl~lJ1,ri'fll\lU 111Nfl'll'fltj~llIl'J 
~ 

V1J'\J()~mEl 'l~ 

nm'j.llltJhJ ri~Nrrl,r~'li1J~ 

'llia"llJ11mY~lflfl!M'U 

'lifl~m~11'Ufl~fllJlCl~ 

'l~'lifll\llJ lfltJlll'l'n:; 

mh~[j~ 11111\11 

~~tl~nli'l1J'lh~~~1l~ 

lU~tJ'U'litH\ll1\l'i 
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11U1t1 

ILl'll Ifinw 
v """ ...
tlHtH '11 Al1U Al1U.. 

A11U(I 
I~--l 

.. " d "Y12-19 1,11flmlJllJl!<l~mll lho::; ltlnlllJlJ 1l11J1J1 ~ ..IllnnJUfhl'm nolMlnfl Imt)~l11JlrJlll'l:::'1lU 

" ~lamJl'I'llUl hhmm(l QIJAIl1il] tl'l'U~111l:;lJUH1 

ff~~n\ll Motiilllllll M 111~Ml'I'llJnf.l 

hllJl\lYll::;lJIh~V~rl<ll ff~m\ll hri'i'll'\lll .. 
n<ll~tlll ~~'Umll 

fH1H1111111:::1.1111 

fl3-1 'lvHhUl'l'~lf;il~l.Jl~~1't U11l~ 'litllJlL'JIlJ 11i mUi'l 

1'1111 'hjllJ.M~lll ff~Hi1 ill' nfllMlnfl H'lrHhlll'l'~11i l~ 

mn iJm llll'l'il~ hi ,nl~ Qlr~ll1ilJ 1~ll1l1'~,jlJ~ 

ll~'t.j'l1l~ l'I'JlllHm tihlll'lumiifl 

1'I'1l1Hdl~ 'I111ll'~oUU~ 

litH1ffll VIN 1~11i 

nmUtJ1 M d " lJlJ~111111Nl.j1'11~ 

i~i'i'llllll 

i'fllllll Iflm\lm::; 'thu 
IJ~nw~ll'lll'lh~l~iiml .. 
'iTiJ-lllJf1nl'iIl'i11l'i lYllJ 

1'Ii1UV1l4fi Ii'fH 

113-2 lilll::; UlJlJi'u llrull~~irh11 

'1111 fitflHj"j,111lJl'I'i Hill nOiMlnfl iliM ul'l'~l'I'imJinw 

l'~IHYllJ Ih::;nlJwiuiJ 

mmJ~ullllu1rn~~~ 
.. ~ 

Ill'l::;lflHl~l1lJ1rJN1m~ 

'hi.jfi'lIll11 ll'lill'iimllJ 

latJ~lunmni'lQu~tl1ilJ 

'11TH 

tl1'jl~lJ1 

'lfll 

fllHflJ 

"vrlrJ 

QtJAlllilJ 

i~ 

.r~Tlcl111M 

l'WU~fitl 

lI~nW'l1l~M'Ill~yj!fllJfl3-3 rmU:1uUlll::: -lH'lI1Jl~ilHh 
A ,~ 

(~'ll'lmUIlIf)nlJf.lUU1Jl~\lllU nlJlll'lnfl Ill'l'~l'I'il~U1nW 

111-1lI11ill) UtlTllJffiH ,nHmn i'1~tlcinlll'QUAll1ilJ 

M l¥1rJ~YltJ .
ihn'iI1J5rJ'UI1l111N:i~ '!Ill - VillllWl~i'lii'~ 

A ~
 
lli1:::lmO~l1lJlrJm'l1l~
 w 'V d 

1l'1'i'Jl'I':::l1fl'Ul!l'I'~11 

'hiii'llIllJ '111i ll'iJil1111 
mrJ fhllNflfl'UTl~1'l 

latJ~lllflmrii'l 
"

A 1 !V)I .... d d
[fit) l1~'lJU'llll1'U 

ll'U11'1Ni~i~ 
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'YI3-4 

lUJlO 

la'll \i111W 

mn UNUH111Vl) iJtnllJ 'U'm 

n11lUrJl 

'111.1 

'YI3-5 
... ,~ 

~lllJ l'ltfllJl'111nUmHn~ 

UUl U'l11tl1mJlJllnnllff~ 

'lh~~~n~nl1Jmf~1ti'~ 

UlJl~~ (Vertical) llCl::: 

lt~~mnl1U 

(Horizontal) ri~Fm hl~ 

-ii'lJ1iih:::rJ:::rln 
d do Q,I 

lJll~ll1U'YI\lln~ 

1I'1m~Yll:::tHh~~~11J 

rmlj~nf(ttJd'rJill~ 

t'liu f~Ul'1n IlJU~u 

'YI3-6 

mn 'li'Ofl'lllJUUil wi~ 

l~tJm~	 lJ~W~1'11IlUhJ!'H11 

mmfiu li7lJ~lllnlh~ 

rifl~'i'f';h~l~ltl"'tJ 

H7flllilul'1i't'lrilNillrJ 

"'Tl~ 

nmUrJl 

'lflJ 

rTl1'1flJ 

tlU 

f111JlllJ 

Hlll~N 

UiHJI'1 nil 

'IfU 

tl11'lfU 

.. 
'YIW 

l1lflll 
fllUJ.. 

fllUIO 

U1IJ::: VJUN rJfllJfU .,Jf1J1J1~i't'lvh 

'llli~ llff~ff",h~U111llJnllhi'tnl'1 

~i~n~ll1MllU~l'I1~ 

i~ d~rJ~Ylll 
, 

- fi\ll1Wl~I'1~~ 

Q,I " ~ 
lff~ff:::'YIflWlff~l1 

t'hllYl~tlllUr1~~l 

l~i] h1'~,ju~l'tlu 

llUl'Y1N~~M 

il'11llU 

U1IJ::: 1UllH rJlJ1JfU u:ruu1~i't'lvh 

rilJ111101'1 hji~~ l!ff~ff'jN1u 

lllj~ml'J lJ1nt1l",~min 111 
1~ (l1rJ~YlO 

U111::: 11111111 ~ '1't'l~1 

• Uff~ffl1~ill'I11u 

llU~l'I1~ 

nll h1'lnl'1 

illrJI111\Jmuu 

'I~ U"'''Ju!j~111 

rrllJ1Hl~ lU 

~f)fl11lJ'l~flPh~ 
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f13-7 

1tl ll\J\J 

nmiifl 

fliWillll') 

'.f 
f11~I\lfn 

.. 
fl111l0 

'UTi)::: 

nllhllnl'l 

fll11l 

1....111.:1 

fll11l 

.; 
It'l'lH 

l1mtJ 

~~1~\J.Iltlf1J1.J1 ~ 

ljlJ 'vl141rill~111t:1 

II~11 iJlj lJ11..1 f11 HIl tJ U'M ~ fl1~~U \I51ilmlJllll'Ul1..t'llJ~Il1~ 
>' ,~IfflJ fIl~ 'I 11 Il1 lJl::: l'I'lJ 111111>"llj mEJ ~~ hi'iJl'l11lJl'I'1H 

, >' 
I'l'lm'illllTU,mWlllJ lY;tJ~YlUl'l"llJ'ml 

11f{il'll~lJ~~IlH'UlhtJ tllu,'iml Hl/l~ . vv HiAI\)~ni~ 

UH.... ihtJ 

" >'f14-1 ~'j'hJ Imi'll'l'lifHl~1JtilH1U fln~U li'lnWJtJ lhu ~1111111.:l:::lill1'U~l'Ul'l..t'l 

~llJ m~ 1lil'l'llJ11() a~fiA 'l;tlllUUfll'i1 N 

ll'U'j m-wtJl.:1IU~~ll1Alil'UMmh~ 'U'n~ 

i~wi)u lumn fl1~~l..l l1'mJw:::li'li,t:1Ulli~'UfIl~ 

....... ". '" >'
 m~~,j'u~I'Umn~flu ()~lllJl1~:::lJ mu 

"" I .o:thl~ <l , 
1J'il"l\llnll'U()~l'I'ilJllJ'IWIYlIJ1!IJn'j'l 

~1111l1U~'Ull~'lifl~tll'l'liu~lnUtilHl'Ull N 

" , ,
1I~1l1~ ~:::iJtl'U'lTIt:1 'l~ UllJf11WI\lflH 

hwyhm\ll10~ 

,h~1'l 111fl~~11l1111J 

l'Ufml}~'lvl~ll!ll!lIU 

l1;;inrmhll~ll~ 
, . 

Ut1:::m'ltJtJl~liPi~l~~
 

1~1ll~f1'U~,ju~'li
 llil:::';:: tJ::: tll'il1f/1'l 

l'l'u.m()~~lt1A 'Mtldl~ lh.1llAntJ'Ull~~,jlJ 
, . 

r::1 " ""
il'll~U 'IJ 'WHllJfI~ 

lh:::l'l'lUIM 

>' .. ~ 

l~ l\1lJll1 

.... • d • 
1J~!lUlA lWflUfll 

~11HlmJ~lj~ 

~llJtllU'U:::lll 

IlIh~lrl'i~flfl'l 

Uil:::Y;~l'illlllY;lJ 

fl'nm,"jl~u1mll 

I d , I 

I'llWfllJf11Nl'U 

.-l , .... ~ ..; 
m~I'Wll LlHj'Uml 

l'l'll.mmiluM 
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'1UJ1U lllnlfl't1111ii'1~U~IH~Il(1:;t1'JllJ1EIN 

li.l'll U11101
 

'A tlIIU1J
 .. 1'f].ntl 
fll1lJ fll1lJ 

G , I 

lnUmH1U'Yl1~1'11lJ 

,r:mmomnfl 1111') 
'l'iU 

f,ltWil'llf]
iIqpn 

d "'114-2 Ulll:;t1l5'll'U li:1tlUlJtl 

nu1l1'lii~ 1111i 

flU1 Uu:::11il'l'llJllt1 'U'm ~u~nl~
 

Ili'U'I1l~
 ff~lilI'11~ljMi'~I\lulu r1l1'l11J M .. 
11l't1tll'tl~mJ 'I1ltl"

" "ll'tnW)tl fi'l1l1Wl~fl9i~ 

'll'lun li'l'ltl1~tl flU tiu nll1l1'lii~ ifl'~~ll1ililu 

tHJUI1'1fll1'JU;t!lU 'Hl~lfftl 1::Jlj'Pill1~ tlUmltl l'liU l'Jl~ 
"t t : ~ 

m1tltll~ u'lllnell1'lnfl min 'l~ Il'lUt11~Ulm!t1 

ftTIlJlntll1lIJlln1 t1~ r151tl l'i4m'lI'.HrlU 

lntlmifll~1i1J'lfu 11i11f1lH tllJlllil 

mntlil~t111\l:;'ti1u 1!lvrflm1tlll1'~lJ 

111lJlflrttlU 'hi 11 lil 

\l'hllml~!~lJ 

'114-3 li:1nUlltl" "
d 1 I Ji

tilJll1'ln~ lf11.Jtm·nUl1NIJU 

o 6J 'j1 V r.l .. .. 
llU1 fl'11111Jl'l1 111UI'll t1l1'11U 1::Jlj'9ill1~ ll'ltlll'llJmlIJ 

""" I d I I

Iff'Ul1l~ lm1W'lIe~lm.Jfl1Hlll 'lri' lJm)~nlJMUtl 

" ...... 
l11~'lSltllHl 1l~11~l!U1 1~1111rl~llJn11 

m11Jl~I'.Hh1tl~~U~ 

H lI~tn\lfl'rl~tllllJ 

ffUfl'U hi'~,hJ~'h'litl~ 

~~mi11'lljHi~lu 

1>l(Jlnl'l1:;mh~B~1u 

mtl1~,;tlulfftl11i~ 

l1~e l'l'hfi)ji1l1UUfftl 

d " .. " li:1tlUtll'JU1U'] l'l\lriW1U1UIhu .. 
.J1U1111~li9i~ 

flU') Utlfl\llil'il~lilu 'UTI~ nl~t1 H.ru11i'·iJtln 

'iJlrtU~I1W 

w d 
1.Jfll.J~n11IJlJ~111 Ullt11J 

114-4 
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'11lJ1lJ 

1;l'U 11;1101 

1t1111111 l11J'lfJ 
fllUJ fll1:lJ.; 

fll1:lJllomo.. 
'I'l1l 

'115-1 tI,nmhUVUf1i1'W11\1l rl'U\IlilU umJi'1J ~~191~1ff'!tltHli'U 

Vl11J ~ ..i~1'UllmJW~~I~'U 9ill 'hiM ';~1lill'h.lfl1IVl'j1U 

lLtl1 fl'U\IlnU!lri~Il~lif(J ~lhl1fJti111'Vmln 

lftlJ'Im mlmoU'11,J'lf'Uhi' 

A J/ .v 

'115-2 lJinw:rl'U"HJ~H:1'1 - Itlc1111W1U'In''l. 
~ ~ ~ltlyhllll'~l'l11~ jj\Il11J l:'I'~'11tJ'U!l ff ~Vl"\Il~ 

~bl1~l'1il'l'~lll'l'lJfJfhJ "''''HlYIlll'IJ 1'U1J;1 Jw5lJU'Ul 

1ff''Ul'l1~ n1Ul'i~f1!Jun1\1l ll~iJ l1rrn. 
'" <0.1 QI )I 

nl'j\ll"91~l1:Y~l'I'::'I1i1lJ 
\!l1J!ffIJ 

4\ tu • r.i 
Hl'I'~lJ~nWINmrn 'lI~ dA "" fll'j Y1U'UiltltllJlIVHl 

N~),l\llQu,~ll'~ti"'IJ!J~n1'j 19i1l'l~1M'~~'lJ~t1'l1Jfjl.l 

l~tJ'Uff~fh~'Um 
~llmh~ Y1'111 

A "jJ
lU!J~~lfll1J1ff::Y1tJU 

I.... ,~ if 
ll\llmnlll ioN mnl\ll tN 

l~Unm~tJlIR~fi.. 

'UTH '1'hlM'~,j'lJ~ 

tJ1~~~11i'j~1~o~R~n.. 

'115-3 tm!lUtl'vhl'il~ .. im[) 11ll1'"] UOlli',l ~ ..9i'~1i:'f'!tl!l~i111 

m'l~t11,~n~nln~ 'llil,)' ~'hjl~'Ulr'Uinw 

U'Ul i ..uHfhll'l'l~fliJlJf11\1l ~ll~llYU ~tlll1fJti111'l'l~ 

1ff''UYl1~ J,~ tlmfJfi1Ul'i~ l1<1tl 

fW'Ull'jVlll11lrlll ".l'tii..
 

fl'U \Il ~ 1fJllflHl'nlN fJ
 

111:imoU'l'l tI'lf11
 

'115-4 Y;'il1~W1111 

1J'lmnm'tJ~tl'U 

1I1nW~~n~11 

1'li'U ,11n11 

~ .. 
i1'Ui'I~l1J 11'j1) 

fhll'l'l~I'W'U tl'i\ll 
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i1t1J111~ 1'l1) ~ 1n n 111'1111ln'll1.1'1 lll:'l::; oj{llll'l'14 flll 14 ~ 

'1Ul1tl 

1tl'U IfiIltv 
1UUlJlJ I1lrm" ..... ..;,

tlHIH II f1l1lJ
ilty'lll~'l'llJ 0111001 f11nJii
 

'l'llJ
 

tlIJ1J1lJ lln''hJlhll'l~1.111.1'1 

iii1,;' i')tJ14f111'1~~r1ril1 

lM>ilJl~IN 

,.ff\.nll~ Ban"jer) ~tif)rr~l~l~ min
 

l~ll.ilJl~:ul14lJ14 ml'1
 

ml~iJfhll'l'l~t1014tlil'1
 

i'1f11111l..H \l.iu~m
 

n1 h1'IJ1nW'>lJtl~tl
 
~ , ~ , , d 
~~nl:'l111nl'1'l1lJ~'lH 9l~ 

tl'lm~140141'11'1tl~1l10
 

~liitl'l15'nl,j1 i1.Jl14
 

lJ5niIJ~~miT1LfiOi
 

111j~l'l1~l'liifltl'hI11lJ
 

01 mmYilf(lJioi' 

Vl5-6 Yi~nW11tJB(J1.Itl'lmillo14m1tlllQl14 [l14m1U 

1'11111l'I'll1Vl'li11l'1lqOl im:u I'ltJ 1.h::lm1'1ltJ~fm 

'h.ilY1:Ul1m~lJ~ti14l(l~ 10~lii1Jll141 iltJ~ril.lfhI1'1111J i'1)~1'1'lf 

Lfft.l'YI1-t f)'l~liitJ'H~nl1q~H,j"l tUrn
 

1ulO11Jl\nn::;~iil'\l14'li'l
 

lm~ 1';14 101.1111]11
 

111moil'1ulY'111~I14
 

'YI5-7 1.11\.1'1 

~11:U 1l1f1fhl!l'l~fIlJ14fli" .i1J 1.Jl:'I1uil 11m" tl111J 

ll14'1 fill MI0l'1rJ1.I1'111tlUfi Hl~lfftl i'ltllHl7911l'JUll'lJ'J 11J;:)I'1'J1 

1Hin il101 (Approach tJlJ'Illl~ 

Concrete Barrier) f1l1l'l . . 
- ~,,~kllY\il 

iltJ~f11.l~llilnu 

VUm1tllhJil1tl 

flltl:IHflU1.In11'l 

q,mml'J 

mil (Approach Concrete DPU
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~ ,J y
11 UJ 111 V1 'i'llJu111 11 11 0111 II "illl11'1 lli:1:; 'IIll111\J flll \J ~
 

lUll£J
 

1'l'll
 
1'11uuu.; 

n fl11JJ fl1UJ.; 
fl1UJO llH')fll1ln~ 

flU 
~iWiml'J 

d "V15-8 III11UlJIJ 1J1UU1U'l . 
1'i~11~ll~\iI~~ 

'JSl1WlVllJmv 

tll11l'l~tlf)lJrl101 

I'1lU1111~~1ul1nJl:;'inJ

l'\1fl~1l1111\J1J l~mW. 
I,fU u'l~hlJ r-IU<;i(l ~ tll,'lflJ
 

-UU~lJ lllu:::11.i if~fi'l
 . .. 
l'I'~I11\i1111lJl1U1'11U~ '1111~ 

t.!1l1l1'HfllJUfl701lh1'l1' .. . 
fJlllll:;'ll'Ul1HI'II1.1f1 

'cilllJ'l~ ll'l1 1:; l-lhlllHfl
 

1l1flo11111111~'IIfl~ill1J
 

Y15-9 i1hl USl1flJ ~01illH'I\il tlUmlV llfi'l '11'11 \1l1Jtlllll'l~ 

\llllJ 

U1U'l 

fhll'l~f1lJ1jfl1\ll'llfl~ ~lJ fllJUfl1t1 11rl1'JlJ 

lltn llU'lU101,N<;i'llJ 

4,.0 ....'JI'
lff'\J'YIl~ 1:;01UI'll1~1:;\ilm lU z1Jlluum~1TlJ 

j11J~~ 11;jjflm~uu fll'l'lfU I~t) 'M'~.,j1J~. 
~01i;lJ l'(01UU'YIH111J ml1Jo111,1l1l.i~1u 

" 't:rJIl\1:;nlJl-H'ln01 tll'mJT:i1lJ 

'tiU<;i11Vllt)~,ju~lUi tm1l111l11'; ­

lUfl1l1HhiffUl1:YV1U~ iVlluU 

~~~.,j1J~(mU:;l1J~1J1j 
• ~ rl, OJ' )1 

'Il'tN'Ill~111fl llJO1\ll I'll1 

~11JUUlnmlll-0111fl 

i~l19ilj~ 1li~lJ1J!l1(J 

111t1U6tlO111VIl:; 

n!Jhi'lnflt5"lflm'~ 

Y15- J0 "h 'hi ~hU11l1~'IlJ~thul'l~ U1U'l lltfl'll11i:11Vfhll~~ 

f1lJ1jfl~01I1'JUllUUflllJ tllJUfl~fl1J7I1flJ 

i1lj>llii1J~ lM'1mf~ 
'#J .... d ....~ ~ 

1l'l'UYIl~ lJ~tll11JtHm'U1()l11l:; mv l1fl~Yiffm~n1:::1J:; 
.. .

fltmill11l,,~mu fll1lJ lJ~ 111 UlJV1~ 
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q;lflUt::t 

" 
~GIl.LtUl.l1lt-nrt 
Itt'"" 

LJW~tM.ll~~~~ 

lLLlIl~l N.m~~LLt 

llLll<llllClLttflW::::t 

" 
rm:m!.flrtkfl 

~trutHtLlnrL~~ 

()rt~lL(t~ 

~LfI(HJLrlut;a 

N.S~Cln.hllCl::::~ 

rtl WI211l!lr1~m • 

rt~::::LrtUl 

::::l2ll()t.l~fl~1 

lJm£~~~N 

tl?Ut~mt1~ll 

rtLLJtI1lll::::S 

Im::::s~lflrtkfl-

~Uj
 
:::tl1mrt~lGl~
 

~ 
fll.rtll. 

OIl 

~il 

~iJ 

t-r:l.t'll 
l" 

fUlY 

(tI, 

rttmcLl lHI!.LJlNl kt ~rt~lJt!. 

lLll LrILkOSLrtl~f(L ~LL4 

ll~lrn:u. ~L~LrrtkNl!l'~n fl1. 

ULl4 ~,~~~~'ll~~n~j::::l'LP Jtl. ~ 

rtll.tLLJ t GII.liE U\1 ul. tLll~Lll 

Llllal! GLI 

illUl~£t@ 

I rtll. IULt ~12~I.U.N!fI,t.lLllIlI.U 

flClftum I ::L~' tll1!ISLU ~ NLU:rtlIWI2ULll< 
tf p I f" nI 

~L t!ll.l~ILbl1!lltLU 

rtt~Il~'ItLLI!~!llNIl~ 

tl~lll~~rtltl:rtt~Lr 
mmnllll.lltll.LWtLW 

"" ..... p 

OQ::::JI,N\~OtL4tl.lHJLl\ 
~ I' 

::::P.ll tLLIL!;!Mll L,tL~ 

tllLSlIQLrtll.NIWI::::llll
l' 

t~Ltl\ tlklltLl~n,ttlL~4 

fJl, III rt::::t::::lILIQMNIMl 
r !".,.. 

[t1,t~ tt~~tlllU!!ll:a 

L1~ll~LM.fOt!H::::l~lwr 

flLrt::Stll!"tt.lllL\;lflln. 

tt~.f InM.Lrt,VrWll:::: trl 

(~ll rtfLIAItkl1tOll. tLIt 

t!;!Q~UrtOrt~M.~l)~L 

fll, U~Lrlllrt:::tN ~LL.l 

[1111. ~~llM.QI!~MllL\l 

II,Vhlll\'!rt 
tllU~I1l!\~llM.lll!~MI1L\;l 

~LPOOS 
mtl£rt~Llltt~lll.l\ 

rttmtLl 
UOGrllrt::::ttlllLNIMlrt . ,,...,... 

tLU LtLlllrt:::trtlt:::tltllJl,l11~ 
: t'• 

fl~lii.\~ tlll!!!11.ULl\N!~l 

!lLL4,. JtL ~J,l.Lr~!lIAitll~ Jtl, 
illIU~£L@ rtlHLU IlLn::::totlIIL~ftLfW'~ 

rtll. ~LIA~llrtf~JlQUm t~LL4 ~!lINll~ 
1:' 

rlClrtum ::::lILfl rtltl:11qtUW::::ULlJ tn~mu 
~ " 

t.lltl\WO
 
t-tl1t\l
 

UfUlY
 ~!!ltLU rtM~L"fult r fUlY 
rtrtllf1t 

~fl~!If1l t It::::\1Ij~ Ii1~f.lb hi!]j SLLJ ~ LllG1 ~fl~lrl~l\[! 

::::rt110 rt~ IIIII. ::: 1211 ~ 11llJ,!.IIt t hit LIIULl\11MLlLltrnIt ~ F' I,; 

~LlAtt~l 

" tM.'ll 

rtLhI 

Z-91A rtt, t~t 

tlL.lrt~l 
~ 

Lrtl1 

N.L~ 

1-91.4 flLt~4 

L"iblt
 

rtM
 

u, t-!!H~
r 

mll~n I n.l'!1 

IlUUI. 

.-:.. 

.,." 

--.. 

A 
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11 tUM 1~ 'I'llJ IJ1n n 11'J11IlNfl11., U<l:;;Jfl LfflJ 011U:; 

'I1lJ1tJ 

1l.'I'U lJ1/101 
MlJ'lIJ .. """ ..t 

tlHtl~ n fllUJfilm ..'I'llJ ItTtJ~ 

tlciuil11.\I111111Jl11~;jlJ HltJ~l~
 

.. ~
 J
?H (~'J A) 'HlnI1W 1 ClV'JfltJ 

~~n~l1tlhl~'Jlnq~~ 

'J"fN..lJ111 'HIVnlllJ11
 

1 O~1Ull5lJl\\I1fl~
 

i'l1l1I1'lm~~lJm~i'I~
 

ll~hjl,.nTYiIJ1~ hJij 
" 1111 \f11tJ1Jnn1mll
 

Ul1:;'i:;1.J1tJ,111lJ
 

U511\11~~n~n (.r~ 

iltlJl11 ll6-1) lil111,11 

tJlllll:;ri1lJ;r~i~ 

.. " lhij'~u;mlli'l1~l11~ l.hll::: lilntltlllll6-3 lli'ull1 ~fl1'i 
.&!\ 'JJ ~ 

ritl1111ii., 1:::mll,111u'!IUllHNlllfl'l1t1J lUil:::Vl'!l 

lJ1nwfi~min~v9il'l1l'1 

I$( 

lil iJJI'Y1tJ~l'iO l11 h1~
 
.,j1J~'hjffl1nHl
 111'i 

~ "" ff ~LIl~11lflJlffUll<l:; WlUf>J1I 

IfI~f)~'I1lJ1IJ\J11\J'j i~ Hltl~l~ 

lhm.,fltJ 

.. " 
iflllJll 

11.1 nu fl IItilll::: ~llil1T1lmn llJ 

ritl1l1'liifl ff:::l.l1~l~:::UU'IIU 

" 
fl1~'!Ilj l:::U1I1UltJ~l~ 

" llll1 n'llm'llJtl 

n~U1EJUllil1l1'l1il 

111:;«ll;fllVl itl 1111 

" 
1:;111rJ141i'hl'lHlICl:;
 

flllllii., fl11!]flflll ilJ
 

rifl'i:;lJlll,11 'l~
 

ll6-4 lr1hl ';fl~'i:::1J11JUllJlJfh 

'1111 lll~V\~lUUHlJl IllJ, 6 

UU1 U<l:::';lU'lfil1J~ iilflll 

!lhjlll~ ,rn'ijnfl'U11~f1:::Ufm 
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111-1 

'lun!J 

u;nw 
l1lJ'ltJ.. 1tJUUll 

~ 

tlHIH fll1~ fll1~.. 
fll1~Q 111\1]omOri 

flmill1fJ 

f11~I~VlIlWiJ~1\11tJ1mllm~ UliJ::: Yi'll1~\l!1lJ1\l11t111 

J ~ 
f;1~f111lJI1l'lJ1H'~1Y:;rilU mllJHl rlVhrliiVl "

J 
U1 Ill-I. U'l::;1'1l~'lJ1H:l~'I1'1~ ff1l11Ut111 iJ~ n~ 

l'llfJ2 Yilfllltil.Jl..r~n~~~ llJiifl'l1N~"~lJ1 

'Ii~!l6~luuu'm:::llfH 

" 
1)'lfli'l':::l'flWHill 

(Weaving) 1~1.1~'Il1njj
 

~:::v:::lunmtl~vu'lilJ~
 

m'll1~iu rlVh11i1~
 

f111lJl~(J~lunm~fJ1
 

'lfU~lU.,j'1~M
 . 
- ~~~~111l!l'l~11\·2 U1U'l 

flVUIl~\II~~n~ll 
" . , .. 

i)UN\II1.llUtH'Ul nlJ, n~Hf;11'1!'Iii~ti\J\lrn(J 1QY11~V . 
l1,.rn - YiI)1~W'I~~1~~ !l1l'\J!l~2 llfiH)~lffVl1,rlll,j"l'1J 

ml'l'l, 

.. 0 

ll'ltnllm~Ui1::: 

J~Olll..r~.,jlJ~ 
.. " 

'I1'lllJtl~~(i]I'Jl 

'hmilmmiJ~ 

... q I"l 
\12-] 'I11~'IJ\J lJ1nW'I1l~'lJlj~ltllJH 111 1 'lfU UTU'l 

" ~." "" .Ulll lJf11Hl~'lfi)~ 'lJN'I1l~~~nil11 

I)niJ1'li!J~'I1l~(i]I¥lV 'lJl1~ 1l1l:::f11n11t11~ 

~ " lHllJ'l\llfj'IJ N'I1l~ fmlllVl Uifl'IJllW~u~l1j !llJ'lJ1N 

(lm~1Y~1~flmln1\11) 'lfU 11'11'1'l,';1.J~n1iJ1 

l~vll.jjj,mll~~I~lJU 1l11'1fU ~~fl~TJ1'I!'I'1H 
iii''''' .,; A, 
l1r~'lJlJ'lJm'l1J 'If~ 'I1lV" "l1lJ1JIl~ 

';!l~l'm~~mil1~Q l~ l~l.JU~'lilJ~lu 
" 0(i]111Jl~l,!~ 1.J1iJl):::'I11 lJ1muii~min 

hlVf111il~';!l~lMi(i]lll1~[1'f"l~ 

\1111)1~Ull~~'~ .. .. 
lmO~l1lJ1UlJl,lHl 

'I1N 1l"::;111/Jl~!lU 

t111,,~'li'oHmli 
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" ~ ..
flHIH 'fI 

l'lU 

3tJUUU 

nmj)~ 
.. 

".lUg 
"'lU fl.1U 

l1lJ'W 

1119] 

lJ~mu 

nn'IJHlfllnl~l';O~ 

~n~llil'lflJl~'i1lJ 
..... I J 

lJ1l1l.UntllJ"U\lm~ 

iiltllJ l1lhi'~')lJ~~n~ 

tlmn;u'i1lJllJ 

'lflJ 

\h~~ 

rifil,;'!n~ 

II lJ1-lm 'I 

1;; 

" " mtlWJ1J 
~i:l jI o!lI <) 

~ltY'Ull~IHlll1lJ" 

'lilNiJ'iliJ'i hi' tl1111 

hJr:1~'II 

1Jll"UIN 

nm~. 

11"'1 mnll1~i~'IIlJWllJ il 

flTnJ!a1J~~~:afiVl 

t!1j'~l'If'l~lrlnl'ilU1J1 

'!flJM 

U2-3 

U1l1W 

fillJ''1 

'!IlJ .. 
fllOI1l1'l IU!J~lIltl nl'i'lflJ 

U1111.U~~nri11 '1hmm YilfJ 

,hiJ:; 

tilJM!ii~ 

llt~1'11~nflnJlJ 

11lo~~ncillltf 
, 

\Jll.rtJ~ 1flo1i 

~nfl'il'l~il111lJ 

tl1llJ 

ilJi:J~'II 

lllJ'IIfi~ 

..r Q '" •

'fiN'll\! lJ'il1l.Ul'lfiJlJl'l'tJU2-4 

"lIrl'l 

M 

lJ1nm 

filll 

UN 

"11111 

1111'lU'itJ1nWtl" ml~ 

"rl{~ll11'l-'IImi!" 

llJ'IJw~li';IJHmIJllil 

~t.l';tl~ "n~1'lllJil~lJ 
4 .~ 0 

HI" 'If~\ltlfl'jlJlJ1Jl1JlJl 

11l~1Mrjl~'lill~~'i lil'j 

il UlJlJ1~Ul-~'iWlljj(l~ 

.filO ritl MIn.. 

t d I • 

"llJllllJflll'-lllJll1~lJ 1~ 

lI,ti"lI~iJI,'j'l~~ llJlJl~ 

lJl11.lJ.6 lii~~"')"II~~ 

l'HllJ111~llO~ 

(Weaving Conflict) 

n:11':h~'ji1iJlmi1lJlJN 
~ ~ 'JJ I d I 

Iln1'f1iJ~I'll l'lllJ~llllJm 

N1ll'fl'1~ 5-12 Ull:;'ifl 

~llll~lJm~lH.ill~~:; 
" .

1'l11'11iJ~111~ 1-4 

rillhi'liifl 

tn'i'lflJ 

ff~iifl 

malJ 

"m1J 

lh~~ 

riVhi'lnfl 

Qll91Il1 'l 
1;; 

..: ..,. d. 
'1HJllfl'ililO~'IIlJ 

d'1l11lJ'l;lJ~ 

~'jliJ'i llJlJ711W 

~)~tlcil'J1l1lJ 

MUfi 

- ll~'1iiJ~iJ'ilinfi 

fJiJll~l11~ll~lJ1~ 

urhl,;'m aUlV11J~ 
.. . 

111N'lfiJ~iJ'jl~'j 

l-r7mwro llJ'JlJ 

'II'tJ~~~')fl1l6~ 

- ~~nl.Ul 
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lUnlJ 

1i1'U ll11lW
 
1t.1Ullll
 l'I}J'W" ... ...;,

flHIH 'l1 f111)J f111)J 
Omnfl 

'I'lll 

mllJl~fHl'Ut"m!~ln 1.FllJ lWnWI1:;n 11 

1f'U';1'U,j'1~·1.)' \ll~';lW~1Jfi 1 

r,hlJm~ 1~{)J:1" 
I rd I I 

'lI'Nltll.lfllfnU 

IT)~1J1~'U1-

ihh~-l't1:; l'J'IH 
A 

ll'ttJM','j:;U:;~fl 

, ,. 
,j~lU~~ (lY;lJ~ljli 

11.1 011 loU'lilUi:'llIJ 

A 
ltlH)~111J1t:1\ln\l1 

1l1'ih.j1/111 t11'iloU1 

h}I~ll1U~l'ttl 
.oi Q d I 

I1W1JU mr:lWllWIJ1JYllll1~U.H ;;YlIl1~lh~JI;;O'U1111.1'U 1H 'l 

lL111UHJ1J'UClt1 'Infl '1m M~Il!l:;llJ(liN mn~ 

.<!l, III j1~Q,.I d 
1j11tr~ (Chevron)t1l1IflU'U Il'Irj1J1J1J 1Jl1~ 

m11J'I11~ 1fi'~1:h~mr1 ~l.1Jli1n 

'N ~.ll~l1tlJl'i~n!inl1JlJ t1l1 

U'WlU -i~ M~Il\Jl~~ tnmllJ 

(Vertical) Lltl:; Ifr~ l()lJIh~ 

U'Uln1J (Horizontal)'Uon 

\l4-1 l11~;j'U f)1'jtlf1JtJl~~"H)~1\l1 

IN l'111l1'1:;~llfl1nJjr~ OtJ lM\n~. 
'" q I

1Hl1W 'I'l'UN1IJ11IJlll91IWIH tnllfjlJ tl1j9111'l~ 

';11-1., n'U lIoiiliiinm91tJlJ 1()tlIh~ i~ .
dI 00.'\0 ....

M~;jtl~m1tJ 1()~ 1JmJ,,!iu1ll-l'Yf1:i l't\JFlllJnIJ1'11i!~ nm'1. 

1'l.ir.;U1J·litJ~;l1l\l1tJ 1IJ U91fW;'~n'W 

lflYlfl1'H!1Ul'I\)ni~ 'lflj 

Ifl(ll\ll't1:;tlV1~li~lH 
I ~ '"
 

'l11~11J:11t1J:1'~fl\JllH)
 

lii'1U1ffu'11i~ 
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lUJ1V 

It'l'll u'kull 
l111'W 

fllUJ fllUI.. 
fllUJU Il1IlJ 

d " \15-1 ~~m1U iiflVlH'lJINHlliDVn lMllHltJ Yimw1lJi'ulJp 

~11~'U \lln~~miml1ij O1"~I'I';tN\lnIJ1 

.... I '" I 

"1111~ nmfltJ1 lpj~llf~ hI1J~l1w~~m:i1J 

'lilJ~m~11j;)flYl11l1'lii~ 

<1n],jW:::l'j~I'I11il 

'l1U 'l~ 11111 li4lJ1Jllm 

lli1:::: ItlU~I'I,jI'lIl~~~:::Wjl~ t11~'lfU ff'mi'ufm fl~U 
.. 

1Jl,rr~n 1ft'ti'H"0-3i1fflll~ Hlhi'il'll\JU 111flYI1tJ"
.. 

~'\J l'H)non:::tJ:::lHH11J1flUU \J'Inm~2 . 
l~tJl'IJ1l~11.1y!n'l1~01Hl1ut)ll 

.. ...
O1~IJnIJ~w:djfjuYi lJl::::111l1 I'I'Wi1I'1~1'I 

'litJ~Y1WU\l1i1111qjYll 

M~'liu~ijmn htllli 

Il:::1~t111lJ!~ 'J 

,hIJ:::: -tJmiinnnH\15-2 ~~nj;)u 'Ivum~u~I1W 

~m,hlJ 'liMm~nijUJ()~n rluhi'lii\., 'I!JUm~lJl:::lflVl 

um~H 11VOUulJ1l1'ltillUlJlJ 'lU~llf\'l ~l~mil'l W ~" 

1~ miml11 lli1::: rt~1J'1 'M (Scmi­ min .. 
UNl'ld Mountable.) WJnIJ10 - YiIJl1Ul1~vwi'~ 

2 'hj('f1lm(),'jO~tiu i('f~l~ll~n,[~ll11 

ItlU!lUAJ Wl~ll 

m~'l~m;'-l iJ~V1\JYi1 

1111l1'n1lH1VllllJ!l1l1f1 

riWlU,1lIU1'IJIJU 

V1'l~Ui;1::::1~lmlu 

WlUfJlJ~()vci1~ 

'l1'~'lilJ~lihJt)n 

1111l1''l()'lflJ01J 

lJmJ~ii'tJl~ 

d "11,;):;\15-3 Y11fl'l111 t1::: tJ11'1 r.hij[fllJ~lJ ~U !l~lJ\l mOlHW 

m~11111\ll 

"1U1~ ~1\lllJll10 lUlJ~I1W 

ifu ihil11lmlJu 011 rluhi'liil'l 

~~flJ.i11ildN 

~l'Ifl~m() ~~1Jl'Ilj~ 

mUt)ll 'l,j~Il1~ 

HHJ(h~ 'l~ ruimrllV 

lJi:lVl'lfitJ1~'JIJ~l'ilmi1:::: 
... 

lmV~11111tJll~ l'il~1JU fl11liltJ1. 
ihm~ lltlfl'illnUU
 

l,dmnl'lfhll'lOlJ::::Y111l1'
 

ln~lllu lfH:1U
 

OV MliiI'lVUi1~ WUO
 

HI 11, [Il\1l'l "1::::
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'tUJltl 

d ~i1 tlJl1111 YlIJ IJ In n 11"11IJ 'Nfl 1J'111~ :;'1 Il Ll'I'U IlllU:; 

1fl f11l'1' n111ii~ IIU~ 111 'lll11:; tl'lllJ I~IH 

li.'I'Il 

fl1.J 

1.J;nW 

1t1U1.J1.J 

"mn~ 

qmll'tll'j 

.. 
fll11JQ 

fll11J fll11J 
l1lflO 

IlW} 

J 
lJlfl1JU 

\15-4 

1.JHVl~ 

2 

~ ~.:: 
d "U1IJ:; fj'ill'i\U1Yl'il\l1~~jlJ1JtHthlVl~ t11:i'llU 111f1UOO 

noMliifl 1(l''ltitHtiu~1~t1tlUn1~llii"I~U~" 

~ " lnuii'umlvtlU~11V1JWI11~ 

..\ " ,,~ 
nHN'illntl~ ""mJ 

lIUllll~~~'Jtl~:itl'U 

~~m;1.J1tl ntllM'liiYl 

!)u~mVmhtlYitll'il 

lUom;m.jj'11tJ~IJ 

1:l5-5 
, d ~ 

lIHWl1llmJUHTYlH U1IJ:; 
d ~ 

IllnUfl1J ri IJ 11 \U 19ifJ1JU'l51J 

1~f)1J1if)iu'l'l'Ul1 f)'IIJ . nn fitlil1'Lfi~ 
, d.-\ 

lIHUI1HHll~f)1J 

'11.Jl~ 
oro "" , 3~ ,,, rot m,wU Yl110Vltlf;j1J1.J'U tn1.JrjlJ ,i~n~n1,rn 

'iil~mlmwuVI'.l' Hlt1l.h~ l'l'nml'l'lJ\j'iW 

1h'lO 'J ij'o 

1,15-6 ~~m;1J 

lil.ilU 

2 

hJjjtlnIL~~IPilJUi,r~ Iil\):; ~fl~~l'lOl~flll 

"U~lJ\m¥Ull1~mtr11M' nflil1'lnfl frH111JlJ\1 

" ~ 
Il:l'U111~l111n U11:;nmilo. ~UAIl1I'J 

m:;Ul'l'IJ111l1IJlfl,fl .y;'il'll\U'I~fli~,'j,ll.I 
mlmll~~iJ1tli\l(l'~ 

'IlU 1.i' 

, ~ 

~\):; tlllil1Jl,nmUU 
l1N1JTI 

,rtl~l1N~'UYi NoWlflllM 
Y1W 

LlniVUHJ,iu\16-1 U1U'l 

ll~nw 

.il11 

UHll'l'l 

t1UVl11V1.J~l'lIlJ. 
1.JNUH111fl fllJYlWU1.l 1tlnLffIJ 

d ,
111~i11i'llllh:;~u l!'U~U'i~lJ'lnfl11 

UYln.ll~t'i'U1Jlfl 011 n'l1Vl, 

I1tJ~ilu'j lllilffOlili'n 

" ~ ~fl'W111nUtlUI'I'i 10 

(Guardrail) tJl\l\l:;hi 
.~ .J '., 
lVHHVlfJYIII:;1tJ~1mo 

'IlU 1'Jhlqj'l9i' l'lill 

'iillJ"i'il1 tll1QtJ:imJ'(l' 

DPU



117 

/ 

'I11J1£1 

"O1JlJO~1HWll'l~ 

J:::[/~Uill1lJnu 

fllJ'l1U 

mno 
f111lJ.. f111lJ 

f111lJO 
l'lWH 

"llli'illll'J 

'" 'il7-t 1J~nw'Ii'milJ1~'Wil~nWlJU ~"91'~'mi)lJ 

m~'1Hm~~ttllJlll1~ 

U1U'1 

'elWJmlll1~CJ t1111J 

.J 
n111'l'l~fwtlflj~ 

"hWi'uHI~ll1mil(J 

m~1l1H'I'~l'nU'I1~fll"> 

lJ1J1l1H 

lJNl'l~ mlml'lmJfln.,j'ml'l~ .. ~ ,~ 
'lf~1J111W~Nmll1 HI 

trill Ht11'11J111\1~1l1fl 

fllJMlihJll1fl'l1N 

VilfflJ rhhro1;lln~ 

Ql1~ll1f>J ,.;­

Li;1flWWUS-1 " " nil ni)I1~11Jl~10U11J'1 

mll~ 'lll~~i~lu 

.'\1 lIl11j~ ller1iJ lHl 

UtJ~Ll1U'M"U>llilU 
• 'J/ I 

l1'Nl1lJ11'l114 
, 

~~~~lJ'kJW 

ff:::'I'lltlmll~U 

oil1U 11'1lJ.,i'tl 

i;1~ 

[ilflU lJlI'tl9-\ ihnlntJ lmJ"] " "
.. 'd'\'ill fli;11~ tl1l1'U0'l1tJ~If11Jm 

I d I I 

lJ11.1W 01UlfllJmH1Um~ r~lU'I1'l~l1ll1jWllJ 

,hu"1 ~>li~'lJjl'illl~tJ~ um: Ul1::: 'l1,Hllm ~ 011 

'IIl11.{i hjfftJIH1~f)~nlJtm \'il)l~uluou1M1 

'1l11U>I';INIl11Ilj 111 lilJlm~tu~1 1m 
, 

1jli/<6o' d "'" 
'IJ'J1~ n\lni)I1Ii1~Ili'~ltrj1l1J'lltlM1J 

NlJi'I'tl ul:1:::millii" ..Qo' IV"" "'" .-:!( 

lllJlJfl11J tl'Wll1Jm 1tJUfllj'U1J'U'lnlJ 'lfU 

t11Jil1nv n1111J0'lif)~111~i~1«11111l~llfil1~~ 114 'lA' 
, . 

I'ilH1U nmiWlll 11Ul1~ 

~ " 1>1141111 Ll'J1H11HWltn1U 

fflJ'i'I'Uil1tlt1U 

nl~OWIU1'11N~~ 

tiO(J'l 
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/ 

ih.1.J l11 ~ 'I'llJ 111 fl fl1 ~ >I ~ 111iHllJ.,1H:'I:;;;I) l'il'U tlllU:; 

'IUJ1rJ 

1'1'11 

" ~ tlH1N 

U9-2 

lfinO! 

..
1I 

'l'llJ 

,N 

, " ,
111l1W 1'1111f)lJ lli:l:; >11111fl1J fl1 

, . 
I	 4." 'J/

~lU" H1U'I1 NI1H! fI1Jl:l1l'lll 

'lIi:lli1 hn'Jrfu~l1~nl~ 1)111 

ntl hl'tii~lnm\itrl'JIu 

l UIIlJU 

nmotl 

qii'iil119J 

U1U'l 

fllUl 

d " !i.1flUI'l1J 

fllUl 

l.hu 

l1lJ'l1J 

1M\'] 

...... \I	 • 

- ml'llJ\)1l!ll1U~ 

'I'11~l~U~~m;n 

J d 
tll'lfl111fl'l'l1l1l 

-lH'lJt11~1t111'lJ'lJ 

ml'~m'JJ't"i1 

Ul1lnlH'li'1'hJ'tu 

\l9-3 

IN 

lJil1w	 l1l~J111Jm'l'l tl1l1'il'n~" 

~lU'" '111lJti'1J'il'uM~,j'lJ~ 

'lfi.n.(~ 'l~ 

'A9-4 11'H;J'J 'YI'l-Hl~'Htl-.1~l'J'lft'l'J~iJ 

i:l~ ~>lfl~'lJ10 lli'1::1l1'~o 

'lJinw	 1;;1';'llJf1l1iJ~1\1~'~ 

lu'liI)~'IITnjl) Iwi'll,.l 

fml9ilJ1JM~,j1J~ 

m'l'lJiJ~W~ml11J 

~1~lfU'11>1IJl\n'l1::; 

lJth~~~'lJ1mll~~T1~"l 

t1'lllm~MIU1J ~~~tl 

ff1lmo HrmlJI~1~~ 

illilniJMliil'lfl1 llJ 

1~1J~luflmill'l 
COI.....d ~l " 

~'lJ~l11"lYl~um~ ~ 

U111:; " "fIl~'lfU l"flUI'l1J 1JfHi1flilWl1~ll1~ 

r;iJ1l1'ln>I ~i~mi11 

~lr;(l11~ 

i%i" 

I,;' 

'lfU 

lIW"
fil'i4}flJ U111'1 

R~o>l 

" ..'II'm 'I'11~~mJ'II'nlJl'l 

-1i~fll~l1~ll1~ 

imjl,,1Jllri'i'll'lfU 

" " fll~'lfU lffUlllJ~'II1N 

mIl l1~ll1~llj1J'Jl'lClfl"
'jI .ol!l .d 

m~911mJt) I rill 

ml'lJl1~fl~l'lfl<i'lJ 

~o.J'~min 
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?1 d " 
lJI.1Jllll1Wl.JiJlflmJi'1J1IJiHJl.J"ll~:;~IIlL'O'UUllU:; 

III n 1'0'III1Irh'l tj1i~ III~I l~:; t1 ~JllJ IEl'J~ 

1t1l1lJU HlJ'lU 
~lllI'O''UOllU:::tl111J fl111J "

flU 

Uqjll1 

n9-5 f1H;f'U 111iJ:::fl'n:jJ'O'11~uiI1W~"1 

ll~m()~~flliYliU titlh¥lni'l lUi,.)' lHl.JlJ~~ IlHh 
1.J111W li'lCHYHl 1mJlnWl::: W"~-N -h~lJil1W'lJl1~ llljiillf~ 

mJl~U1 '1,,)'~lU" mh~~~l'U';ll~m~ ~~fllil11l¥ 

Il~UH1~Il~M 'Il''U
 

hn ~'O'~UI1 NfiltltJ
 

'I11hr~;r1J~lu'liClHm
 "mu 

'I1~ntJ1flnIJ:; 

", , 
l'lJn1lJ'Il'V~iJll'ill 

li'1(JlnWl:;mh~~no 
.. , 

'lJ1J1i'l1~1fl1'll''U 

lmimcnuu'U.l lflu
 

flU
 

n9-6 

"
liliJ::: UtllJ11J lWfr~lfltl11 

'hii,.)' ~i'1trniJJ-l\JltiClhYliii'l 

U;rlill llllfliJlfllJ::;f'ii'l'lJ1N 1.1;mU~~m;11 

~1'U" fln'illlIJJIWJ1:;~i'1 lllUli11lJ,i'O n9-4 

'Il'm.{i i~Clg'u'liCl~\ll 1iJ, lmjm)'-) r111 

H/h m:i~i'li~~i:J ~i'1i~'j''O'''l~i:J 

~m~ll~\J:;tlt) lM'lni'l lfl1l!j'llflllm~1'l 

r11TlJlffVlf1Vutiml1 l~tJ~ii'tjJm.J'U 

11-I'illi1ull~m~l"hhll r~1l'l11~'1~fl;;hn'il 

li'lCJl1t1m,i'l1,1111 

l.J1mll~"1tHl'1JJ() 

"fll'UllUl 

.. " Il9-7 11111::: lf1gCl'U~lUl11U 

~~ ff1'l1fmmiU li'llgfl~i'1 

IM'UtJU 

titJl,¥lnfl'I1U i~fllil1 hJ1ii'1i~ 
t ,_ .r 

l.J111W ~Hll~ml1illfl1~'lJU ml'1l''U l.J1I1WtiOU 

~11j" m~fjlt'lll '111 hYm "YllU l1NCl!Jfl'litmlN 

'Il'i.1'4~ II ern llillhr~;r'J~ 
.. 

:i ()'lJ1I1flli.1fl111 1l.J". 
.. oS 
llJU~ tJ II fl iJ -lfl fI1 ~~J U 1l~:::Hi.im~U~1111 

'11 Nfjlt'lJ.Ji,.)' 1~'I11~ fjlflJ.J 'l$('l1'U 

Ii'lCJlf~fl 

.; 
mmHJ1 
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l1JJlV 

li.'l'U U1nW 

l UlIUU m.rw 
f\11:lJfllUJ 

llW)nmofl .. 
l1U Il.TV.:I 

flimmfJ 
ifqJlll 

~ .. d >'
1J,\}:;n9-8 l11~~U U:H-J\Ulll~'UU11U f1l~'lIU mfl'IJtlfJ - tI:llJtll~~~l 

~lffHij,~m,mi1 iu nuhrlflfl fl1'l\}~l\J'llJ1l1\1l 

11111\U 'li'tl~'lJl1iirJ U'ij,l1~fm fl 11InfJ1 fi~flcin lflfJllti'i'IJ 
'jJ o!t ... 

.i1U<' 1~!JuiM~'I'u~ml11 OJIU llYU'il'll\J'lI'l't!JI'l'W 

I..... I ... 

mm'll~I\JlHnmUl ,;O~ rfll1:lumlu 
~ ..... I I ..... 

~tl1"lU!\"l'Vn:; 

M~!LU1~~ (Vertical) 

'lI~'l~"'~ ml1'J!l~ll"~ 

- ~~i~"hlJfl;,lU 
, >',,~ ,.;

lh:;f1outiU'l;O~ HI !M~'lJ1J'lJmlU . . 
'lJl1ii'tl&IJH1~H lVim~UlJlJ 111~;jlJ 

t111lJl~llJ~ trill '.l.hiU 
..... ..... ';j/ 1:.\ 

1:; 'N~f1t111l1U111 

.;'tl~fI11mimfi 1"h1M
 

iji'111lJl~fJ~ ill fl11ln~
 

Qlj~ll1~'l~
 

1J l\}:;n9-9 1111'l11J 1Ji'UlJ~~14tJ~ 

flDiMlnfi ti1I1tu.r~ncin 

U11111J h1fJU11111J~IlI\tHHJfl 'lJl1~ 

,H ll;,lmolilmn:;11lJ ff"nlll 
imj l~lJtm~llJ 

.ilW1 i'iihU'I'W"ltl'IJrl1flnfl lJi:lJlffU nlUl'Ntl!JlJ111 fl 

'lJTHlIU-Jl11~1~tl~ fin H'l:;tli'm:;'lu 

~tJih'lM(1IJlJtI~:;flOlJtiul'ulJ'IJ\J1fl i'nlJf~1J. 
l~fnJ~r)W'U()1JYI'l,rutJ 'jtnHh~
 

lJl\}lhhrHI~li1IJt11'l
 

r111JfJ:lJ\Jlfl1l4U 

~~m;ll*'lI'lJ1J<l11J
 

tiHl'l't~tlmHl'i~ i~
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¥ilJ 

<l~ 

1JJDW 

.ilu 

'II<l'I~ 

. , 
~Ul1mhJ'Hliif1'IJ11~ 

ll1nll1~~~ mCJrn<1'~ 

~[l~:::l.ul i,hil1J19fU 'l~ 

1f1IJl\ll'n:;(JvNt~lu 
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O1~lnfl 

~lli11111'J 

~(llllffU 
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flllll 

lllll~~ 
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l1lJ'lU 

Ii lMlJ f11l1.n l'1N1~ 

1M'~;rlJ1imllJ 

11l1::ii\llHlll~f1~~ 

1rHiu61Hl~-1V 

Mi ty'l1Hp'!I) ~ IilJ 
._ A 
611fI TIU l't'w 

iJtl~lim(l~tm 

INIJll11m'il ilhlJ 

-~f1.f~ hlVllUff~ 

ffiNiuU1l'll1l 

~~m;l1 
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illflN'U1fl ,. 
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>I ' 

1. im~fl1'j~~~~ Crash Cushion 

1. fl1nh~lih"H~ illfJtTJ'jllml~".ja~~ 

tiUUfrl'jHti'i'lJ '" l1~~fl1'jUfl"'~l 'lI 

1J 2545 1J 2546 1J 2547 1J 2548 

I ~lU1UQU~111~ ('jlfJ) 9 6 2 1 

NPar Tests 

Chi-Square Test 

Frequencies 

Accident 

Observed N Expected N Residual 
Before 15 11.0 4.0 
After 3 7.0 -4.0 
Total 1B 

Test Statistics 

Accident 
Chi-Squarea 3.678 
df 1 
Asymp. Sig. .055 

a. 0 cells (.0%) have expected frequencies less than 
5. The minimum expected cell frequency is 7.0. 

>I 
Q.J Q.J ~

ll'lflm'jl~~ 3.3 ''U1J'vl~ 3 fnllJl-hll~liJ'U~hl1fmh X 2 3.678 1l~'U'U mmfl1nJ 

lh~iY'YInml~'j~~1JmllJ~'U'll 95% 

• 
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1I1ml1Tl'l~ 3.4 'h.Ju'YI~ 3 fhlflJ~1,rtilfll'H"UJlff£J!~tl'l1l1flfll~Hn~mj~Il1\1l11~tl~ 
" u q" 

.c!t .:::::t.:::::l.e.:.. oCll. d QI d d 'j) Q.I ~e:::...:::::t "s 0 ....

U'j~ltl'YI 'i'HlllHJ'll'l~ l'Hl1'j Ul~lllU~llfff Ul~lllUltlmHW lltl~'YIn'W~Ul~(Jlf'HJ C]$'l~llfm'Ufl]'j 

Q 0' ~ ~ gJ dlJl iJ lJ) 'lJ) <jJ 11131 I d ~ d d tjJ ~ VI fj/ 0 ,.e.l"=l Q.J 

1Im1~lfflHU~(l\ll'tltl1;jtl'YI !~1l1 !1I !~'j~'4 !111Ul~lIU~llf~lfHJ1J1~I'iJUltlfl'Utl(J1I'l !~U1m'tltJ'l 

d	 QJ dd'j) dQJ
fl1'j U1~ 111 U~llf ~ll ,,~U 1~ 111 U1tl flU tl mJ 11U" flflU 

"	 , 
ffllffu l~lHfll'j~~~'l Crash Cushion !~~'jU.,j'tllltl~il~fll'jln~tlU~llf\lll~tllfl 

q	 'U "q 

,.	 " 
film ~fl'tl tl'lfll'j ~UJlffmi1tl'l1l1tlfll'jln~mj~llfl'l~m1fl M~'lU 

tlJ u	 q q 

6,190,590 6,190,590 

d 
Ul~lllU 6 194;056 1,164,336 

8 127,693 127,693 

'j111 15 8,376,470 

= 8,376,470/ 15 

= 558,431 Ul'YI~f)'j'HJ 

2.2 fll'J lfltilH~lfllU1fl'j 'lfll'jfll'jl~tl'lnU fluln~tlU~llf~ .. 
fll'jlfl'i'h'~~lfl'UflUufuUH!ln'!'IJ'lJtl'l fl'YI'VL Vilfll'j~~~'l Crash Cushion lfffl. 

I '1 ~ '1 '~"'I '"Ifl1 'll'1I1fl Ufll'jfltl~'j1'llt Ul'lU 550.000 Ul'tl 

nllfU~'l,rfilH~lfl'U flU~1ll1uflUll"~fll'jU1Hfml1~tliJ (Annual Costs) lltl~fil. 
C]$lfl~llfi1tlmi'llfll~tJlflfll'j' '*'llU (Tenllinal value) i1~ll~U f1'U 61~ tl',rfluufuUH ,Q}jtl1(J'~ 

q	 tlJ q q 

'llU 10 iJ 

2.3 fll'Jl1m1~lfllltlfll'jufUU1'l ..	 , 
'"	 '" 2.3.1	 tlm1~tlfllUfl '" "" (Interest rate) ,Ufll'j11m1~lf"', 'll'~ 12 % 1I1fl~1'j1'l'n 3,7 

2.3.2	 fll'jlf'l~l Equivalent Unifonn Annual Benefits (EUAB) 

EUAB = 24 ( 15 /24 - 3 /24) (558,431)
 

= 6,701,176 U'lVI
 

2.3.3	 fll'jlf1~l Equivalent Unifonn Arumal Cost (EUAC)
 

CR ~ = Capital Recovery Factor for 10 year at 12 %
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= 0.17698 

SF:, = Sinking Fund Factor for 10 years at 12 % 

= 0.05698 

T = 550,000 

K =0 

T =0 

EUAC = 0.17698 x 550,000 

= 97,339 1Jl11 

2.3.4 m'jl1'H"H'lnl''HYl1il~tliJ (Net Annual Benefits) , 

Net Annual Benefits = EUAB - EUAC 

= 6,701,176 - 97,339 

= 6,603,837 'Ul11 

2.3.5 '''' , J 1 ... "" 
m'jl11'fnfJ~'jlff1lH'Hll 'j~ fJ'lflA~m'llH'l'l'I'J'U (Benefits - Cost Ratio; B/C) 

BIC = EUAB I EUAC 

= 6,701,176/97,339 

= 68.84 
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2. 
" . " 

1m'lfn1~~~'lihtll~tlu!la~!fl1{N11lJ1t1UtJVllJ'Vll'l 

1. onlh~liJtJ~a 1~tlfn111ml~11~('j~ 

ntltJfnmnl'IJ 
"' ~,

11Gl'lfn1UO 'lJ 

I ~ltJ1tJ{;pl~l11~ (11t1) 

1'12547 

5 

1'12548 

3 

1'12549 

1 

1'J2550 

1 

NPar Tests 

Chi-Square Test 

Frequencies 

Accident 

Observed N Expected N Residual 
Before 8 5.9 2.1 
After 2 4.1 -2.1 
Total 10 

Test Statistics 

Accident 
·Chi-Squarea 1.785 
df 1 
Asymp.Sig. .182 

a. 1 cells (50.0%) have expected frequencies less than 
5. The minimum expected cell frequency is 4,1. 

. ". 
1110'fl111'l113.3 fl11)J'tJ111~!lIlJrl111i'mh X 2 = 1.785 ~'lirtJ )J1mfn1ihh~iYYln~al1 

"' ..,
1~~lJfl11'lJ'lJlJ '1 11 82 % 
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'11f)I'lT:iN~ 3.4 hn.J'Yl~ 3 till1'U'fI'M'fhf1l'J~tyliYm~tI~'11f)f1l'Hn'fl~U~I'lHJU~tl~ 
olI:!I .d,d.o::::rt. .A:\ d Q.I d d ~ Q.I (/~ do ~ 0 Q.I '1

Ih~lfJ'Yl fltI IfftJ'Jj'11'l 'I'lfl'l'J 1Jl'fll'l1Jffll1ff 1J'l'fll'l1Jltlf)'UVtJ ml~m'l'ltJff'Ul'fftJl1'W C)f~ffll1'J1J 'Ufl'l'J 

~ <I ~ e:f '=l-=l ~ dlrJ it'	 lI] 1\1] Ij) lI] Ij} I d QJ.-!t d d ~ .J 1II 'JJ 0 , 

11ml~11f1H'Ufffll'l'lJtlJ,j"'Yl l'fIlIl 111 1'fI'J~'4 11111Jl~'11Jffll1ffl1'Jn1Jlf1I'11JI"f)'UtltJ'I~ 1'fI'U lf11'lJn~ 

d	 QJ ddg) .JQ.I 
f1l 'J 1J l'fll '11J ffll1 ffU tl~ 1J l~ I '11Jl tl f)'U tI tJlJlI 'il tl tJf)'U 

:tI I !II 

rill1 i'1J1m	 ~ f1l 'J ~ 'fI~~ ihm$ltl 'U lltl~ Ifl ~ tI~l1lJltJ1J 'U ~'U 'Yll~ "I ~ff'Ju,j'mJtl ffG ~ tll'J In'fl .	 .. 
I	 " )I 

Qir~/,l1"ll~ tll1lft1m~ tJ'lJtI~ f1l 'J ~t1JliY tili1t1~ '11f)tll'J In'fl QU~ /,l1 ~~tJ'j 1tJ "I ~~~U 

Q 
1Jl'fl 1'1 1J 194,056 194,056 

7 127,693 893,851 

'J111 8 1,087,907 

. . 
ftl'1~~lm'il~mi1t1~'11f)QU~/,l1~	 = 1,087,907/8 

= 135,988 1Jl'Yl~tI'JltJ 

" . 
tll'Jl1li'il'~~'W''U f1l'Jui'1JU~ ~llfi"l 'lJ'lJrN f)'Yl'l'l. Yllf1l'J~'fI~~iJlm$ltJlm"~lfl1tJ~1111'W 

1J'U,f'U'Yll~ liYtJftl'~~ltJ''Uf)l'Jritlff~l~lll'Ul~'U 45,000 1Jl'Yl 

filml 'fI' l1'ftl '1 ~~ ltJ '1ll f1l'J ¢ill'ihlf1T:illtl~f1l'JtiT:i.~i'fl'I:ll~tltJ (Annual Costs) ll"~ 
. . .

" 
ftlC)flf)li/,l1iltlmi~l1l1'f1tJltJf1l'J '1 ~~1'U (Terminal value) lift 111l'U ff'U61 'fItJ '1M'f1l'JUi'tIUHiHjtJltJ

II	 q,J II II 

'~~1'U 2U 

2.3	 f1l'Jl1fl'Jl~MNtlf1l'JUi'tIU~~
 

., d
" '1" "',31 d

.
 
2.3.1	 tll'l'Jl'fltlf1l1W (Interest rate) 'Uf1l'J11ml~11 'Jj' 12 % '11f)1'l1'Jl~'Yl 3.7 

2.3.2	 f)'l'Jl1lftl Equivalent Uniform Annual Benefits (EUAB) 

EUAB = 24 ( 8/24 - 1 /24) (135,988)
 

= 815,930 1Jl'Yl
 

2.3.3	 f1l'Jl1lftl Equivalent Unifonn Annual Cost (EUAC) 

CR:,	 = Capital Recovery Factor for 10 year at 12 % 

= 0.59170 
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SF ~ = Sinking Fund Factor for 10 years at 12 % 

=0.47170 

= 45,000 

K =0 

T =0 

EUAC = 0.59170 x 45,000 

= 26,627 1J1'1'1 

2.3.4 f)l'jlflH(;lfil ''j,,!'I'1n~tJlj (Net Annual Benefits) 

Net Annual Benefits = EUAB - EUAC
 

= 815,930 - 26,627
 

= 789,304 1J'l'I'1
 

2.3.5 fl1'jlflrht1I'l'jl~1'WYH'lh~ ltl'lf,r~tJl~lHl~'t1'W (Benefits - Cost Ratio: B/C) 

RIC = EUAB I EUAC
 

= 815,930 I 26,627
 

= 30.64
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.. . 
3. 1m \Inl'.i ui'm ~'fi''lJVlu~b'J'.i1'J'.i1M'iifl11:IJ~tl!i1t)\1 

1. nl'.iuntiJur·m l'fltlnl'.iitml~..1~G~ 

, j/\/l
flt)Ufll'.iUfl '\J ., !>il'11(,\\Inl'.iUfl '\J 

tJ 2547 112548 112549 ~IJ , 2550 

I ~luluflll'~m'fJ ('.ilt1) 7 22 3 2 

+ NPar Tests 

Chi-Square Test 

Freq uencies 

Accident 

Observed N Expected N Residual 
Before 29 18.6 10.4 
After 5 15.4 -10.4 
Total 34 

Test Statistics 

Accident 
Chi·Squarea 12.756 
df 1 
Asymp. Sig. .000 

a. a cells (.0%) have expected frequencies less than 
5. The minimum expected cell frequency is 15.4. 

d. I d 0 QJ'"] Q.I :; .e:I..e:t. .e:t. 

'Jlfl\?l1'.il\111 3.3 fI11:IJU1"~tilll~1'I1'.i1Jfll X - = 12.756 'fl\lllU :IJ11'1'.inl'.i:IJ,J'.i~~'VIli~'l 

~'.i~'fi'1JflTl:IJii'ul'J 100% 
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.
 
, ..::::i. 4 O':ll. QJO':ll. 

2. 1 fll 1 '111 fI1 fll 1 ff 0.1 !ff til 'U tl 'l ~ 1fl fll 1 IfWH.l Uf1 m f1 
'U U '4" 

\I) fllll1 '1'l ~ 3.4 1m./'Y1 ~ 3 fil11 'U~ i 11'ftl f.111 ~iYl fftll i1tl'l 'illflfll1 In~ tpj'~111 f111~ fl ~ 
oI!I .d..c::::i-C::lo .e. d QJ d d fj} QJ o'ttet. d .J 0 QJ 9

lh~Ul'Y1 'tH.lltY£J'l51f1 V'lfll1 m~I'\lUffl11tY U'l~!~Umfl'Ut.l£J ml~mV'l£JtY'Ul1.1£J11'W 9f'lffTtnU l'Ufln 

~llm l~ ..1fl f'l 11ff{i~.,jmqjfl~ ly;j1J11,jly;j1~lJ Hilm~~'IJffll1ff115tlm~1 ~ulgmr t1£J~'lIy;j1l1ft11nN 
d	 QJ ddj,J dQJ

fl11 Ul~ I'ilU ffl11 ffll tl::: Ul~l 'ilUIfl fl 'U tl £JJ..rHUfl £Jfl 'U 

ff1'l11U1m 'l rl11 U1m~~m~f''U~1~1l~ 1 i ..rlim nJ~tlli1tl'l i~ff~ U.,jtllJtlff()~fl11 ln~ 
'"	 )1

~u~ml9J lrltl11 lftlm~£J'\JtI'lfll1~l.1J!ffmiitl'l'illflfll1 lfi~'Qu~l'I1l9J~tl11£J tl~~'lU 

.
 
o "''''' '\Il'U1'U tlU f1l'11l'1. . , GI 'j) I I!!t QI-C::Io 

'fnl'l5~ltll'Utl'l~lfl t1U 1'11111'1. . 
d 

m~I\lU 9 194,056 1,746,504 

20 127,693 2,553,860 

111J 29 4,300,364 

fhl~~l£JlU~tIli1tl'l~lfl'QU~l'I1l9J = 4,300,364 / 29 

= 148,288 m'YI~t111£J 

, 1~. '1 • I '" • I ~lIJ o. I '" "'..." "" i ~"" fr!111lfl1 'l5~rw l'Ufll1u1Uu~'lllfll'\J'\JtJ'lfl'Y1V'l, 'YI1fll1u1U1~~UV'l'UWJ'\I1'1'\11 111J 

ml1J~tJli1tl'llff£JftlH~l£Ji'Ufll1titlff~l'l!rJ'UI~'U 1,750,000 m'Y1 

n1'l1ll~ i..rftll~~1£JhlfllHl1l11'U fllllltl~fll11h~ 'l1fl'1:ll~tJ1J (Annual Costs) lll;l~ 
,	 " 

ftl9flfl'l1m ~tl11tl·m1J~H.ll£Jfll1H'll'U (Terminal value) lifillrJ'U i'l''U61~£Ji ..rfll1U1UUHUiitll £J 
"	 'U q" 

'~'l1'U 5 U 

2,3 fll11Iml~..1~J;lfll1U1UUH. 
QJ.:!	 ~ tI'j) .d 

2.3.1	 tJf11l~t1fllU£J (Interest rate) i'Ufll11Iml:::111'l5 12 % '\Ilrll'll1N'Y1 3.7 

2.3.2	 fll1'111ftl Equivalent Uniform AIIDual Benefits (EUAB) 

EUAB = 24 ( 29 / 12 - 5 / 24 ) (148,288 )
 

= 3,558,922 U'l'YI
 

2.3.3	 fll'J'I11ftl Equivalent Unifonn Annual Cost (EUAC) 

CR:,	 = Capital Recovery Factor for 10 year at 12 %
 

= 0.27741
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SF ~	 = Sinking Fund Factor for 10 years at 12 %
 

= 0.15747
 

= 1,750,000
 

K =0
 

T =0
 

EUAC = 0.27741 x J,750,OOO
 

= 485,468 UTYI
 

2.3.4	 nl'n11~Hlf)1tHl'YIlil'itllJ (Net Annual Benetits) . 
Net Annual Benefits = EUAB - EUAC
 

= 3,558,922 - 485,468
 

= 3,073,454 lJl'YI
 

2.3.5	 nl'Jll1rhtil9l'Jl-ffTtHHnh:::: lfJ')j',rl'itll~'UM'¥J'U(Benefits - Cost Ratio; B/C) 

B/C = EUAB / EUAC
 

= 3,558,922 /485,468
 

= 7.33
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" 4. lf1'Ht1ll~~~~ihUl9lt)'u / ihu~lti~f111lH~1 

1. t1llun:dhJ~" 1~Ut1ll1Iml:::l'1l:"()~ 

nfl'Utlllllnl'IJ ~ lnl~tll'Jllfl"1'IJ 

11 2547 112548 11 2549 ,112550 

I ~1'U1'U'Ql!~111~ ('J1U) 20 23 19 10 

NPar Tests 

Chi-Square Test 

Frequencies 

Accident 

Observed N Expected N Residual 
Before 43 42.7 ,3 
After 2£1 29.3 -,3 
Total 72 

Test. Statistics 

Accident 
Chi·Squarea ,007 
df 1 
Asymp, Sig, .934 

a, 0 cells (,0%) have expected frequencies less than 
5, The minimum expected cell frequency is 29.3. 

'i11t1l'Il'Jl~~ 3.3 f11111tll'i1:::11~lmil11~hJt11 X 2 = 0.007 ~~,fllll1Wllt1lln'th:::R'YIt~];l~ 

n~1H'rJ111J'U'l'i1 7 % 
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, d. ~ ~ QJ~ 

2.1 f11'.il11mf11'H"U1I{YrJllH)\I~lflf11'.i Itl~tlU~l'H~cu u q q 

~ltl~1'.i·l\l~ 3.4 h!U'YI~ 3 n1'l1u~,,rfhm'.i{YUllffm~tl\l~lflfll'Hn~mj~l'H\9lII~tl~ 
. ~ u q q 

.4!1 ~ ~o£:lo ~ d Q.I d d j) Q.I ,(e. d do 0 1QJ

U'.i~lml 'i'ltlln'rJ'Il'l\9l 'V'lfll';j UWII~Uffl'Hn' Ul~I~Ull;H1UtlrJ Inl~'YI'.i'V'lrJ{YUI{YrJlrw "If\l{YTH'.iU um';j 

11m l~l1fi\Iii'{Yii~'Ii'tll,!tl~1fi':IJ 11~1fi'';j~'l.J 1 ~i1Ul~~U{Y1,:r{Y'HimJ1~1 ~ul~mr tlrJ~\llfi'l11fiTtltl\l 
d QJ dd9J dQ.l

fl1';j U 1~1 ~U{Y1'H {Ylltl~ U1~1 ~u ltl flU tl rJ:IJ11 \11;1 rJflU 

ri1'H i'u1flH fll';j ~ ~;\1111 m$itl iJ / iJ 1rJ ~ 1n~m 11J I~ 1 H'{Y';j U oU' tJ).J tl{Yii~ tll';j In~. .. 
~U~l'H~ IVltll11fhm ~rJ'\Itl\lf11';j~f.1Jlffm~tl\l~lflfl1';jlfi~~u~l'HI'J~{)';jlrJ lJi'~\lii 

oj 

194,056 4,269,232Ul~I~U 22 

21 .127,693 2,681,553 

43 6,950,785 

= 161,646 Ul'YI~tl';j1rJ 

2.2 f11';j'Hwh 1~~ 1(11 '\.11fl';j \lf11';j f11';jiJtl\lnll f11';j In~mJ~l'H\9l. . 
. JI 

f11'.il11f)l'~~·w'Ufr]';jui'uuHllti'l'\1'\1tl\l fl'YI'V'l. Vi'lfln~~~\lihm$itlu! 11"W~lfifl 

fI11:tJl~1IffrJfil'~~lrJIUf11';jfitl{Y!l\1lilui~u 30,000 Ul'YI 

tl1'l1ll~ ,,rfh1~~lrJ1l1f11';j~ll'UlJf11';jll1;1~f11'.iih~\Ii'ml1~tl1J (Annual Costs) 111;1~ 
• JI 

fi1"lf1flfil'H~tl'H ~\I'H1J~tJ1rJf11';j H\l1U (Terminal value) llfl111l Ufl'U61~rJ',rf11';j ui'uuHiHjtJ1rJ 
q q'U" 

i~\l1U 2t1 

2.3 f11';j1Im1~l1f·mfl1'.iui'uU~\I 
Q.I ~ 9 ~ G'GJ j) .d

2.3.1 tl~';j1f1tlflllW (Interest rate) bUf11';j1Im1~111'll' 12 (Yo ~"ltl~1';j1\1'Y1 3.7 

2.3.2 fll';j'H"lfl1 Equivalent Unifonn Annual Benefits (EUAB) 

EUAB = 24 (43/24 - 29 / 2 4) (191,171)
 

= 2,263,046 U"l'YI
 

2.3.3 f11'Jl11fl1 Equivalent Unifonn Annual Cost (EUAC) 

CR :, = Capital Recovery Factor for I°year at 12 % 

= 0.59170 
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SF;,	 = Sinking FWld Factor for 10 years at 12 % 

= 0.47170 

= 30,000 

K	 =0 

T	 =0 

EUAC = 0.59170 x 30,000 

= 17,751 Ul'l1 

2.3.4	 f11'j111~·H'lfh''j''llln~tJiJ (Net Annual Benefits) 

Net Annual Benefits = EUAB - EUAC 

=2,263,046-17,751 

= 2,245,295 U"lll 

2.3.5	 f11'j111ril'Ol9Inci1'U~Hllh~ltJ'l$tf~m~'U"..:jll'U (Benefits - Cost Ratio;. B/C). 
RIC = EUAR I EUAC
 

= 2.263,046 - 17,751
 

= 127.49
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=
 

.. 
5. im~fll'J91f1~·rlh£Jn'U~um1'tnn.:j 

1. fll1Unl1'JW·nl if1£Jfll11tml~MtYi191 

, V\llflfl'Ufll'JUfl 'IJ 
"' jill

1'n;1~ fll'JUfl 'lJ 

'i'J 2547 11 2548 11 2549 11 2550 

I ~1'U1'U~1J~mllJ ('Jl£J) 22 21 18 16 

NPar Tests 

Chi-Square Test 

Frequencies 

Accident 

Observed N Expected N Residual 
Before 43 40.6 2.4 
After 34 36.4 -2.4 
Total 77 

Test Statistics 

Accident 
Chi-Squarea .293 
df 1 
Asymp.Sig. ,S88 . 

.;I. 0 cells (.0%) have expected frequencies less than 
5. The minimum expected cell frequency is 36.4. 

• 21', 

\llfl'ill';jl~'ii 3.3 t'111lJ111\l~I1J'Uril'Hi'mh Xl = 0.293 fl',nJ'U lJl'i1'JfY1'JiJU'J~~'¥1~r'HI'~ 

'J~f1'UmllJl1'Ui\l41 % 
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I d, t:!!l ~ Q,I'-::I. 

2.1	 f11 'j '\1lfIllll 'j i'l' OJ l"tHHll tl ~ 11 1fl tl1 'j IfWItl U~ l'H ~ 
tU tI	 q q 

11 lfll'll 'n~~ 3.4 haJ'YI~ 3 nl'\1ll fl 'I l1'filf11'j i'l'OJ Iffmit tl ~ 11 lfl f11'j In~Hnj91l'H19I11.~ fl~ 
'U tI	 .. q 

t:!!l .:::t ~~ Clt. d Q,I d d 'jJ Q,I .,,~ do .J 0 Q,I til
'l.h~I.fl'YI 'i'ltlli'l'tI'lf1~ VHTn Ulfll11Ui'l'l'\1i'1' tl'lfll'iltlmfllltltlllfl~'YIn'Wi'l'llli'l'tI'\1lV "lf~i'l'l'\1'jU Illfl'n 

,s 'JJ I	 I 

11m l~ Mfti'~i1 i'l'(i91.,rmJflYi'~lJllli'$\'j~ 'l.J 11'1lUlfl ~Ui'l'll1i'l''\1 ~flUlfll ~ulamr tltJ~~ l~u lfil'1J fl~ 
Q	 QJ ddiJ .JQJ

fl'l'j Ulfll 'ilU i'l'1'\1 i'l'llfl~ Ulfll11 UIflflll fl m.nl 'I} t'HJflll 
~ ., 

11mi'U1f1 l' ~ tll'j 91 fl~~ihtlllll ~U 1l1~1l 'YIl~ I~i'l'1u,j'mqjfli'l'(i91f11'j Infl QU~l'HIII IVltl'\1l ,. ~ 

fill 'I} ~tI'1Jfl~f11'ji'l'OJlffmi1fl~11lflf11'j Infl flU91l'H~Wlfl'jltJ l~~~u cu u	 q q 

d 
Ulfll11U 17 194,056 3,320,018 

26 127,693 3,298,0189 

nlJ 43 6,618,970 

= 153,930 Ul'YI~fl'jlV 

fi'I'li'~ltl'lllf11'jnfli'l'~l~I~W~ll 112,000 Ul'YI 

nmllfl' ,fih 'li'~ltJhlf11HhI11llf11'jllfl~f11'jlh~~fn1:l1~fliJ (Annual Costs) llfl~ .	 ~ 

fil"lflflYil'Hiifl'\1 ~~'\1lJflfll~f11'j H~lll (Terminal value) i:ifill~ lli;11161fl tJ'I lff11nH'uu ~ ~UiitllQ 

'Ii'~lll 10 iJ 

2.3	 f11'j1lml~M~flf11'jufuu~~ 
Q,I e1 9 ~ a"9 j} ad 

2.3.1	 flfl'jlflflf1!1JtI (Interest rate) Illfllnlml~'\1I'1f 12 'Yo 11lfll'll'jl~'Y1 3.7 

2.3.2	 f11'j'\1'lfil Equivalent Uniform Annual Benefits (EUAB) 

EUAB = 24 ( 43/24 - 34 / 24 ) 053,930 )
 

= 1,385,366 Ul'YI
 

2.3.3	 fll'mltll Equivalent Unifonn Annual Cost (EUAC) 

CR:,	 = Capital Recovery Factor for 10 year at 12 % 

=0.17698 
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SF ~ = Sinking Fund Factor for 10 years at 12 % 

= 0.05698 

= 112,000 

K =0 

T =0 

EUAC = 0.17698 x 112,000 

= 19,822 1J111 

2.3.4 m'j111J:-H'1filh~l1n~{)lJ (Net Annual Benefits) 

Net Annual Benefits = EUAB - EUAC 

= 1,385,366 - 19,822 

= 1,365,544 Ull1 

'Q,.I I ... 1 1 ." I '" 2.3.5 m'jl11f11tll9l'jlil1'UJ:-H'1u'j~ £J'lf'Ul9ltll'l'U~'1l1'U (Benefits - Cost Ratio; B/C),
 

SIC = EUAB I EUAC
 

= 1,385,366 ! 19,822
 

= 69.83
 

DPU



138 

, ~l "' ~1'I1C\~nTHltl .'\1ml'U nT.iUn 'tI 

11 2547 112548 11 2549 112550 

16 13 12 7I ~llJ1lJ~U~l'I1~ (1'W) 

NParTests 

Chi-Square Test 

Frequencies 

Accident 

Observed N Expected N Residual 
Before 29 25.3 3.7 
After 19 22.7 -3.7 
Total 48 

Test Statistics 

Accident 
Chi-Squarea 1.128 
df 1 
Asymp. Sig. .288 

a. 0 cells (.0%) have expected frequencies less than 
5. The minimum expected cell frequency is 22.7. 

. '" 
'JlnllT:il~fi 3.3 ml}j'l11'iJ~I~lJril'11f1JfhX 2 = 1.128 ~~UlJ lJ1l1'jm'jihh~iY'I'Ilh'Hll1 

'j~~1Jf111}jJlJh 71 % 

~. 
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J ..::.1. J:9. t::I. QJ4 

2.1	 m'.i11lfllm'.i~qj!~tJl'UfJ..J'il1tlfll'.iltl~~1W1I11~ 

'il1tl\9ll'.i·1..J~ 3.4 imJ'YI~ 3 ii111'U~'h1'fhm'.i~ty!~tHclfJ..J'il1tlm'.iln~~,j~111'flUI9i'fl~ 
... 1	 ~.et,ete::>. ~ d QJ d d " Q.I o'tt::::I. do .,J 0 iQJ 

u'.i~!fl'YI flt! ItHJ'Il'l\9l rml'.i 'I.n~I'il'IJ~1111:1' mm'il'IJI'fltl'UtlU m'~'YI'.irW1:l''UI~U11lU C)f..J~TI1'.i'IJ 'Ufll'.i 

11m l~,.rflf..Jrl~a~,j'fJ3,!~~i~3,J111.ii~'.i~'I.J1111'IJ l~~'IJ~ll1~l1~fJ'IJl~!~'IJI~fllj'fJU~..J i~u l~l'\Jt)..J 
d	 QJ ddljJ dQ.l

tl 1'.i'IJ 1~! 'il'IJ 1:1'111 ~u 'fl~ 'IJl~! 'il 'IJ! ~ fl'U fJU:l-nl ~ 'fl Utl'U 

1l111i''IJ i flHt1l'.iUi''IJUHIff''U 'il'.i 1'il'.ihl1.i t~~'.iu,rfJ:I-J~~a~ tll'.iln~fJiT~ml'l !~fJ11l 
II "'\I 'II 'I 

•• >I 

~1Il1 ~U'UfJ..J m'.i ~UJ I~UI'U fJ..J 111 nm'.i In~ fJ1j~! 111'l19ifJ'.i 1U i ~f1..Ji1 
qj U	 1II q, 

cj 

'IJl~ 1'il'IJ 16 194,056 3,104,896 

13 127,693 1,660,009 

'.i1:lJ 29 4,764,905 

v,'i ~ 
. 

~ 
. 

QJ~
fl1 'Il''il1Um~tJl'UfJ..J'il1tlq'IJ\9l11119J	 = 4,764.905/29 

= 164,307 'IJl'YIl9ifJ'.i1U 

2.2 m'.i11l~1'1i'~lU'1 'U1fIJ ..Jm'.i m'.i'l.~fJ..Ji1'U m'.i In~tpml11lJl 

tl1 '.il1"ll'i"l 1 ~~ 1U '1 'U fl1'.i ui''IJU '.i ..J!!nt 'U'UfJ..J tl'YI'Vi .. 
"" '1"" 1 '''?l oCt11:I'Ufil 'Il''il1U 'Ut11'.itlfJ~'.i1..Jlu'Ul..J'U 14,800 'IJl'YI 

n1mJ~1,rfhH~lUhlm'.i11l1'Ullm'.i1l~~m'.iU1Hi'mJll9ifJ1I (Annual Costs) Il~~. 
~1C)f1tl~l11ilfJml..J11)J~fJ1~m'.i 1i'..J1'U (Terminal value) ii~ll~'U t;l'U61~u i ,rtll'.iui''IJU~ -J rliifJ1Q 

1i'..J1'U 211 

2.3	 m'.iilfl'n~,.rfo.l~m'.iui''IJUH. 
... d' 1 tt::::I. <"Gt 9J d

2.3.1	 fJ\9l"j1~fJtlt'l.W (Interest rate) 'Um"j1!fl"j1~111'll' 12 'Yo 'il1tl\9ll'.iN'YI 3.7 

2.3.2	 m"jl11fh Equivalent UnifOlID Annual Benefits (EUAS) 

EUAR = 24 (29/24 - 19/24) (164,307)
 

= 1,643,071 'IJ"1'YI
 

2.3.3	 tl1'j11lfh Equivalent Unifonn Annual Cost (EUAC) 

CR;,	 = Capital Recovery Factor for 10 year at 12 %
 

= 0.59170
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SF~	 = Sinking Fund Factor for 10 years at 12 %
 

=0.47170
 

= 14,800
 

K =0
 

T =0
 

EUAC = 0.59170 x 14,800
 

= 8,757 Ul'Yl 

2.3.4	 f)l'i''I11~~rll 'h-J:r'Ylnl'io'lJ (Net Annual Benefits) , 

Net Annual Benefits = EUAB - EUAC
 

= 1,643,071 - 8,757
 

= 1,634,314 m'Yl
 

2.3.5	 fl1'i'111~lti~'i'1-d"n..l~mh:: llJ"lnr9iOI~W~·nl'U (Benefits - Cost Ratio; B/C), 

BIC = EUAB I EUAC
 

= 1,643,071 18,757
 

= 187.63
 

.~ 
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~ 

7. lf1Hf)l'J~f1I'1,:.r)~I'.!~:::l1'tllm1H / 'Vl11:1~:::l1'Olm~\1 

ntluf)THlfll'U "' ~1lHl\lf)l'Jl!f)'U 

,'J 2547 ,~ 2548 1'J 2549 1'J2550 

I ~lU1UQU~111~ ('jlfJ) 8 4 6 2 

NPar Tests 

Chi-Square Test 

Frequencies 

Accident 

Observed N Expected N Residual 
Before 12 11.8 .2 
After 8 8,2 -.2 
Total 20 

Test Statistics 

Accident 
Chi-Squarea ,005 

df 1 
Asymp,Sig, .945 

a. 0 cells (.00(0) have expected frequencies lessthan 
5, The minimum expected cell frequency is 8.2. 

. ~. 

1l1f)~1'Jl\1113.3 f111mllll:::11JutYTl1fmh Xl '= 0.005 ~\IlrU 1J1~'Hl1'jihh:::i1'11~IiHlli 

'J:::~m)T1lJJu11l 6 % 

I 
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1l1n~1'j'1~~ 3.4 hnJ'YI~ 3 nTI1u~'11'fhm'HYUJliYmiitl~1l1nm'jln~tl1J~1l1~l!.\Pil;l~ 
'U u .... 

... 1 .dt..::t..::t~ 4l:lt. d QJ d d 'j/ QJ o'tt:::!:J. d .:k 0 ~QJ 

u'j~lfl'YI tltJ I~HJ'lf1~ YHln Uly;111l1H1'11HY Ul~lllUIl;lf)UtlfJ lll;l~'YI'jYW~Ul~WmfJ "lf~~l'l1'jU ~Ufll'j 

r.:lI 0' ~ t:.f ~Q 31 dll1 jI 111 1\I1'j/ \I) 311 d QJ ~ d d 'jJ dl 1I1 0jI , 

1Im1~'I1flHU~f:l~'lJtl'1Jl;l'YI !~lJ1!lJ ~n1.J n11Ul~llU~1'I1~'I1H)Ul~lllUICln'UtlfJll~ !~'U lfl1'lJtl~ 

;J 

a1'l11U 1m~tll'j~~\9l~l~~~~l1'tl'UII~\1/ 'YIliY~~'ti'tl'UIl~~ 1~~~U.,j'tl'1Jl;l~il~ fll'j In~ 
I" iJ 

mJ&ll'I1 ~ IVI tlmti1m~ fJ'Utl ~ tll'j ~f:lJliYm i'1 tl~ 1l1n tll'j ln~ mJ&l1'I1 ~ \Pi tJ'j 1fJ ~1 ~fi~ii 
.. .. 'U U .. '1 

7 194,056 1,358,392 

5 127,693 638,465 

'j1lJ 12 1,996,857 

'GI'j/i ~.d QJr.:::to

fl1 ~'If'lllmflMIUtl~1l1nQU~I'I1~ = 1,996,857/12
 

= 166,405 Ul'YI\Pitl'j1fJ
 

2.2 tll'j 111ti1H;~lfJ'U1m~fll'jtll'jiltl~nl!tll'jlfim~u~l'I1~ .. 
fll'jmi'l']'~~lfJ''U fll'j U1UU ~ ~II fi'1 'lJ'lJtl~ f)'YIYt 1'11fll'j~~\9l~1~~~~'ti'tl'UlI ~ ~ / 'YIliY 

~~'ti'tlUIl~~ liYfJti1'~~lfJl'Ununtl~fNI~ui~u 6,500 Ul'YI 

n1'l1u~ 111'ti11~~lfJh! fll'j~lI'ih! fll'j!ll;l~fll'jllu ~i'flln\PitlU (Annual Costs) 1Il;l~. . .. 
ti1"lf1n.yj1l1~tll1~~l1lJ~tl1~tll'j H~l'U (Terminal value) ]jti 11~ufJu61 ~fJl 11'nu U1UU~~ii]j tJl~ 

'~~lU 2 U 

2.3 tll'j1Im1~11P-ll;lfll'jU1UU~~ 
QJ d ~ o''jJ d 

2.3.1 tlm1f1tlfllUfJ (Interest rate) 'Ufll'j11f1'j1~11' 'If 12 %,'i)ltlm'j'l~'Y1 3.7 

2.3.2 nnmti'l Equivalent Unifoml Annual Benefits (EUAB) 

EUAB = 24 ( 12/24 - 8 / 24 ) (166,405 )
 

= 665,619 U'l'YI
 

2.3.3 fll'jmti-I Equivalent Unifonn Annual Cost (EUAC) 

CR :, = Capital Recovery Factor for 10 year at 12 % 

= 0.59170 
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SF ~ = Sinking Fund Factor for 10 years at 12 % 

=0.47170 

= 6,500 

K =0 

T =0 

EUAC = 0.59170 x 6,500 

= 3,8461J1'1'l 

2.3.4 fll'j'l11~HlfilhJ;1''I'l1i~tliJ (Net Annual Benefits) . 
Net Annual Benefits = EUAB - EUAC 

= 665,619 - 3,846 

= 661,773 1Jl'1'l 

2.3.5 fll'j'l11~15~'jlthu~'tn.h:::1£J'1fU~tll~'\.HNll'U (Benefits - Cost Ratio; B/C) 

RIC = EUAB I EUAC 

= 665,619/3,846 

= 173.07 

' ­-


= 
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8. lf1'j~fil'j~1Jl'HllllJ1I9l'jf1l'HWlfl11lJl~1IilA fil'j~I't¥U'lf~~HJfI11lJl~1 

1. fil'jlh~liJW-H;'l1I9ltJtll'j1Ifl'jl~,.,ytri)&l 

, ~l '" iI'lfHlUfilmf) 'IJ 'HMfil1Uf) .'lJ 

iJ 2547 iJ 2548 iJ 2549 il2550 

I ~lU1U~U~l'H'fJ ('jltJ) 8 63 2 

NPar Tests 

Chi-Square Test 

Frequencies 

Accident 

DbservedN Expected N Residual 
Before 11 8,7 2,3 
After 8 10,3 -2,3 
Total 19 

Test Statistics 

Accident 
'Chi-Squarea 1.133 
df 1 
Asymp, Sig, ,287 

a, ocells (.0%) have expected frequencies less than 
5, The minimum expected cell frequency is 8,7. 

I • sJ , 

1Jlf)I9l1'jl~ii 3.3 f1TllJU11J~I~Uri'l'Hi"JrilX 2 = 1.133 ~~,ru lJ119l'jfil'jijlh~ff'YJ1j~Hlii 

'j~~Ufl11lJtui1J 71 % 

DPU



145 

, 
t d ~ ~ Q,J~ 

2.1	 f11'J 111f11f11'J ~lIJl~HJ! 'UtJ'I1l1rlrll'Hrl~t:.!U~l'H'fJ 

1l1rl~1'J'1'l~ 3.4 illU'Yl~ 3 ihl1'U~hrri1rlnn'ruliYtIl~tJ'l1l1rlf11'Jlnfltl1j~l'H~1l~~~ 
" U	 'II q 

... 1 .:!to -=S d.o=:lo ~ d QJ d d j} QJ tI~ d .J 0 QJ i 
u'J~lll'Yl r"HJ In'tI'Il'1~ Vim'J m~lllUn'l'.H" m~lllUI~n'UtJtI ll~~'Yl'JVitln''UIn'tll1ltl ~'ln'll1'JU 'Ufll'J 

~ rI ~ d '='~ j} d\l] j) \I] 1\1] j} lJI fj/ I d QJ o'!t d d 'jI .ek \I] j} 0 , 

11fl'jl~11f1H'Un'(l~'\JtJ1;J~'Yl !~:IJ1 !:IJ !~'J~'4 n11m~llUn'111n'11'JtJm~lllUl~rl'UtJtlll'l !~'UlfIl'\Jf.]'1 

d	 QJ dd!iJ dQl 
f11'J m~lll Un'111 n'll~~ Ul ~11l Ul~ tl 'U tJ tI:IJ11U~ tlrl'U 

o .,	 1 "" d' "" 'Ji d \I]'Ji .1
n'111'J U	 m 'I f11'J Vi1l1'Jfl.! 1:IJ1~ 'J f11'J ~~'fl11:IJ1 'J 1 1'll''U tll'J ~l n''U 'Il'~ ~tJfI11W'J 1 !~n'~ u 
"I	 jI 

.,rtJ1;J~ n'il~tll'J In~t:.!u~ 111 fJ I~tJl1lri 11il~tI'U 'fJ'I tll'J ~ty IiYml1tJ'I1l1fltll'J Ifi~ t:.!1r~ l'H~~ f)'J 1tI '1 ~~'1 i1 

'ij}, dl QJ.o=:lo m 'Il'1l1m'UtJ'I1l1fltJU~l'H~. . 
d 

UWllllU 194,056 582,1683 

8 127,693 1,021,544 

II 1,603,712'J1:IJ 

ri1i~~lt1lU~tII~tJ'I1l1rlt:.!U~l'HfJ = 1,603,712/11 

= 145,792 Ul'Yl~tJ'J1t1 

d I .::::I j} d .::::I 19 311 i I j) :'1 ~ 
fI11:IJ1'J11'll''U f11'J~In''U'Il'~~tJfl11:IJ1'J11n'tI'fllI'll'1l1t1 'Uf11'JrltJn''J1'llu'Ul'l'U 25,000 Ul'Yl 

t11l1l1 ~ i,rrili~~1t1hI f11'J ~11iJ'U f11'J II ~~ f11'J,j 1~ '1ftl1:l1~ tJ'lJ (Annual Costs) lli:'l~ 
. •	 'J/ 

ri1~lrlVil'Hi'itJl1 ~'111:IJ~tJ1~f11'J i ~'11'U (Terminal value) iJri11~'U T;1'U 61fltl i 'I1f11'J,j fu,j~ '1i1iJtJ1~ 

i~'11'U 2'lJ 

2.3	 f11'Jl1fl'j1~'l1~mrln,jru,j~'1 
"	 .. 

., '" "I "" "i'il '" 2.3.1	 t)~'J1fltJf1l11tJ (Interest rate) !'Utll'J11fl'j1~lf 'Il' 12 % 1l1flm'J'l'l'Yl 3.7 

2.3.2	 tll':imri1 Equivalent Uniform Annual Benefits (EUAB) 

EUAB = 24 ( 11 124 - 8 124 ) (145,792 )
 

= 437,376 Ul'Yl
 

2.3.3	 f11'Jmri1 Equivalent Uniform Annual Cost (EUAC) 

CR:,	 = Capital Recovery Factor for 10 year at 12 % 

= 0.59170 
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SF ~ = Sinking Fund Factor for 10 years at 12 % 

=0.47170 

= 25,000 

K =0 

T =0 

..... 
EUAC = 0.59170 x 25,000 

= 14,793 1Jl11 

2.3.4 flll11lf'lr.lfll hffl1n~tliJ (Net Annual Benefits) • 
Net Annual Benefits = EUAB - EUAC 

= 437,376 -14,793 

= 422,584 Ull1 

2.3.5 I QI I ... 1 1 ". '" nl'.i11lfllfl'fll1ff1'Uf'ltlul:: tI'If'U'fItll~'Utl~l1'U(Benefits - Cost Ratio; B/C) 

B/C = EUAB I EUAC 

= 437,376 114,793 

= 29.57 
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" . . 
nl'l1'U~f11rl1,'Ilhl1'Uf) 1,rfl1fl11lJlffthlll'hfiU 0.3 fhmllJii 1l1'lf)1J 0.3 llJ:l~f11rnllJ 

1Q1 dllJ~l: Ql4),J 
~'UllH 11'l1flU 0.4 CJi.,'J !~fl1'Ulli'Uf) ~.,'J'U 

. " 
m'il.,'Jn 1 f11ri1.,'J1.hmrfllWl(l~lJ~l1tu 

31 ..
'l1lnt1ltl'IJtJl.,'JtJ.,'J 

" (U1I1W n~'j1~l'lU f111.'hm!fl 

ihyl11) 
1,---------+-----------1 

1'I1-1 3.3 

1'I1-2 3.3 

1'I 1 - 3 3.3 

1'I ] - 4 3.3 

2.61'I 1 - 7 

3.3'YI 2 - 1 

'YI 2-2 2.6 

1'I2-3 2.0 

'YI2-5 2.6 

'YI2-7 2.0 

1'I2-8 2.0 

1'I2-9 2.0 

1'I2-10 2.6 

'YI 2 - 11 3.3 

'YI2-12 2.0 

31 .. 
lilJ1 fIl(l'IJ tll.,'JtJ.,'J 

. .. ~ il
(lJ'H1tu'YI~'j1\1'rlU tyl11) 

" f1l'U ll1'Ufl 

'YI2-13 2.6 

'YI 2 -14 3.3 

1'I2-19 2.6 

'YI3-3 3.3 

1'I3-4 3.3 

'YI5-2 2.7 

1'I5-4 2.7 

II 1 - 1 2.6 

U3-1 2.0 

115-2 2.6 

U5-6 2.6 

'il9-4 2.7 

U9-8 2.6 

U 9 - 9 2.6 

U 9-10 2.6 
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l	 1ff1m 6 f11'JYI1~VllffllIlM~lh:::ll1ffl YWI ' 

.-l 
']ffl-U llH'I'flrl	 'lilJ1'U ll'il'iJCJJ 

lh:::1~nTj~m,n	 lff1m:i'iJffll'l'\91'JiTwcVi\91 (lff1mnJ l£l'Ii']) 

l'I'miT'Ul'VlfllU lrlV'Jl']f'iJ~flrl 'W.ff.2539 

I 

." 
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