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Universit-Y Of Technology
Buitdins and Construction Eng. Dept.

Final Exam 2014/2015

Subject: HighrvaY Eng.

llranch:lluilding &Const.Manage. Eng.

Examiner:. M tutl lt e r Ali

Note: Attempl Fot!! questions onl.
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3rd
3 H0u rs
816/2015

Ql:
(a)A vertical cun'e joining a (5%) and (+3%) grades in a rural highrvay has a dcsigrl

spccd of l00kph. 1'he langents intersect at a station (225i71 35) at an elevation of
2-90n. Calculate tlre ciel'ations of intennediatc points on the curve each 50rn and

detcnnine the stations and elevatious of PVC. PV]. It is impoflant to kno\\' that the

driver accelcration rate is 3tn/secl and the perceptjon & reaction time is 2 5 scconds'
(15 marks)

(b)Two tlpes of aggrcgale (A anti B) have a gradation out of specillcation limit of
producing an aspliah concrete mixturc. Sho* horv you can 

'nix 
tllcsc t\\'o t)'pes ol

aggregate to meel thc requircd specil-lcation lirnit ol'gradation shorvn belo!\':
(10 marks)

(inch)

ol, I'rssaDg br'

(nn') ] spccin'a(ion 4:g ( \)

No.200

Q2:
(a)On a scction ofan existing rural high$a1, a Icrtical alignment is used.'l-hc t\\'o grades

C4% and +2%) arc joined \vi1h a symnletrical parabolic curve of 300tn length

Dctennine the vct1ical clcarance (in mclcrs) tequircd bc(wcen llIe pavelnenl surlircc

(\\ithin the vcrtical cun'c) and a structurc above it if Iou kno\! that the design spccd

is l0Okph and the vellicles acceleration rale is 2.8tn"secrand the perccption & rcaction

tiurc is l-5 sc'conds. (10 nrarks)

(b) Accordin-s to thc AASIITOl993 guide tbr design tll'llcxiblc pavencnts, shorl if tltc
designed thicknesses ofthe dill'erenl structural la)crs are adequate to accommodiltc thc

ESAL of 5500000 appiications using tlle available ntaterials shorvn bclou and

assuming that thc drainage adustrncnt thctor (rn) 0 8. rcliabilitl lcvcl (R):90%,
standard deviation (So):0.4, and lnitial serviceabilit!:'1.5. Tenninal

I 5 nri rks)

Thickness (inch)

sen,iccability:2.0, Californiq Bcaring Ratig olsubgra{c :6 7":

. L:tver ( oclllcicttl Re.ilicttt l\lorlulrrs
l :r!er {:r) 0L) IPsi,

S t tr l-r. {)4-l li{rorrt)

L].r:< ( ',ur:c 0.lJ jur)rrr)

SuL,t , ,'r'. 0. lU I 'lRno

t/i

i9
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8!(s)

Q!(b)

B_A
a- 1-b = 0.42

44 - 9.5

69 - 9.5 = 0.58

100'?

Station 9r'x Elev.

22350 0 0 0 301.070

22400 50 0.225887 -2.5 298.796
22450 't 00 0.903546 296.974
22500 150 2.032979 -7.5 295.603
22550 200 3.614186 l0 294.684
22600 250 5.647165 -12.5 294.217
22650 300 8.131918 -15 294.202

22700 350 11.06844 -17.5 294.638
22750 400 14.4567 4 -20 295.527

22792.7 442.7 17.708 -22.135 296.643

S -0.278|V. | + --------:---:---- - 0.278. 100.25---223.4n
2s4(# Ls) 2s4(;, o.os.)

,4.s2 lr? , q,l-rr?a2
Wh"n ts < Lt,L = noit:}s.r=ffi =442.7n>223.4n ok

sta.pvc =sta.pvr != ezs rzt.zs) ^*!r" =rrrruo
L 4+42.7

Sta.PVT = Sta.PVI +Z= (225 + 71.35) + 2 =227 +92.7
/ L \ 442.7

EIev. PVC = EIev. PV r + \2* O.Os ) = 29O + ( 2 * 0.05) = 301.07rx

/ L \ 442.7
EIeV.PVT =ELev.PVr+ (r*0.03.1=290+( 2 .0.O3) = 296.64m

02 - 01 +0.03 - f-0.05)t- 
- - ,*"- = 0.0000q035464

ok

AA(a)

Sig ht Distance = (0.278 * V * t) +
zsn(*r t o)

100,
= f0.278 100 . 2.5), ------t-:---- - 230m < 300(L) - S < r254t1 0.O41

A .S' l+2 - t,4tl . 230,''r=eoo1c-rs';-300= B00G-r5 'c 2a2m

Q4(b)

Sieve
Size

Sieve
Size

% Passing by weight
4

Acg. (A) Ags. (B)

Total
Agg. (A)

Acc. (B)
(inch) Specification

limit
Agg.
(A)

Agg
(B)

tt, 37.5 100 r00 l{J0 58 100

25 90 100 90 95 37.8 55-1 92.9

19 '16-90 60 25.2 55.1 80.3

12.5 56-80 2{) 85 4.4 49.3 51.7

9.5 48-74 l5 6.3 45.24 5.L54

No, ,l 4.75 29-59 9.5 69 3.99 40.o2 44.O),

No. 8 2.36 t9-45 5 55 2.1 31.9

No. 50 300mm 5-t7 2.3 22 0.966 12.16 1,3.726

No. 200 75mm 2,8 0 t2 0 6.96 6.96

114



SN3 = 3.82, SN2 = 3.25, SN1 = 2 55

Sra/1 = a1* d1 -4=0.44+DIaDl=5.8inch, use

asNl'=0.44*6=2.64
SN2 = Sw1' f (e2. m2 * d2) + 3.25 = 2.64 + (o 14 * o A0 * Dz)
use DZ = 6 tnch
: SNz' = 3.312
SN3=SNz+(o3*m3, D3) ) 3.82 = 3.312 + (0.11* 0.80 * D3)

use D3 = I irach
: The design is not adequate in surface layer and subbas€ layer.

@(a)

D7 = 6 inch

) D3 = 6.4 inch,

rmd€mity (M*. aow)

Frce l]ow spe€d (Vf): Is the rheorcrical sp€ed oftafiic a density

Jm densiry (Dj): Is the n*imm value of d€nsity when the tlow
must be equal to ze.o.

Los (B): sbble flow.
Los (c) = sltll srable flow.
Los (D) = approximate Estable.
Los (E) = Unstabb floe.
LOS (F) : coneesred or forced fiow.

@(b)

a4

FHV = 300+470+200 = 970 m3
OHV = 330 rn3
LEH = 500 + 300 = 800 m
Borrow Vol. = 100 + 100:200 m3

- Structural performance, (load carrying capaciq/ & distresses)
- Functional performance, (dding comfort)
- Saf€ty, (sliding (skid) resistance)

5



r- Asphalt viscosily.
2- Asphalt film asphalt.
3- Nature of aggregate.
,t APPlied stresses

+ Environmental & drainage conditions.
6- Mineral filler, anti-st.ipping additives

(c) Rl :550m, R2 = 350n, R3 = 700m
L1 = 22'50'32=22.842', A2=19'3645 = 19.6125',L3 = 30"25'00" = 30 4167"

A1 22'50'32" A1R1
T1= RItanZ = 

''Otan 2 = 111.11m,L1= E73 = 21925m

T2 = 60.50n, L2 : 119.50m
T3 = 190.30n, L3 = 37L58n

T1+ T2Z1 . zl '85.33n
srnaz sln Irdu - la-r + az,
22 zl

-- 185.15n
sr'nd3 = sr''r (Is0 - (41+A2 - " =

Ta:71+21+23=381.60n
Sta. PC= (50 + 0 0) - (3 + I 1. 60) = 4 6 + 1 8.40
sta. pccl= stz. Pc2= (46+1s.40)+(2+19.25) :48+3265
sta. PCC2=Sta. PC3= (48+37.65)+(1+19.80) = 49+57.45
Sta PT= (49+57.45)+(3+71.58) = 53+29.03

Wd-Ww

4l+ 5l+ 6

2.60 2.71 2.69

- vya = g6-dbulk* Pa

BulkGa

'/oAlrVO|OS=-+lUU

wd

Bulk Density
9/oVMA %Air voids

2.429 2.429 12.32 5.47

2.442 2.442 12.33 4.23

2.449 2.449 12.55 3.22

2.444 2.444 13.16 2.61

2.43-5 2.435 r3.95 2.20

Plotting the % asphalt content by we;ght oftotalmix against (bulk density, stability, flow, % air voids, & %VMA)

Ma6hal Stability (kN)

10

9.8

9.6

9.4

9.2

Marshal Flow (mm)

5

2

0

Bulk Density (gm/cm3)

2.45O

2.445

2.440

2.435

2.430

2.425

% VMA

14.50

14.00

13.50

13.00

12.50

12.OO



% Air Voids

5.00

4,00

"2bo

0.00

s5.55

- The asphalt contEnt al the 4ax. bulk density = 5.5%.
- The asphalt coDtent at the max. stability = 5.5%.
- The asphalt

The opdmum asphalt content is tleiermined as the average.

Therefore fhe optimum asphalt content = 5.1olo

The properti€s oflho paving mixture containing the optimum ssphalt (5.170) content should now be delemined ald
compded with the given specifoations:

@ s.loloof.sphdt cont€ot the stability = 9.87 > 8

@ 5.1%of asphalt content rhe flow = 3.6 (between 24lnm)
@ 5.1%of asphalt conteft tlrc 7o Air void6 = 3.1% (between 3-570)

@ s.l%ofasphslt coft$t the %oVMA = 12.6 > 10.0

OK
OK
OK
OK
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