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The Exam Consists of Six Questions in Four Pages.

Answer all questions and assume any missing data

Dtestion (1): (Marks = 20%) :
a-Derive a relationship to determine the minimum radius of a horizontal curve as a function
of vehlcle speed superelevanon acceleration of gravity, and coefficient of side friction: .

A horizontal curve on a two-lane highway (3.6-m lanes) has PC at station 3+765 and PT

_at station 3+940. The central angle is 34 degrees, the superelevation is 0.08, and 6.m are - ..— .
cleared (for sight distance) from the inside edge of the inner lane. Determine a-maximum ... . - -
safe speed: to the nearest 10 km/h. Assume the coefficient of longitudinal friction = 0.33

and the coefficient of side friction = 0.14.

: (Marks = 20%)
. Define following terms: ‘ 7
- Stopping Sight Distance. ) , - Passing Sight Distance

"b. A sag vertical curve connects a —2.0% grade with a +2.5% grade on a rural artcrla;

" highway. If the criterion selected for design is the minimum stopping sight distance, and
the design speed of the highway is 100 km/h, , compute the elevation of the curve at 50-m
intervals if the grades intersect at station (14 ¥ 000) at an elevation of 280 m.

uestion (3):  (Marks = 15%)
A 24-inch plate bearing test was performed on a clay subgrade soil. Two consolidation tests

were performed: The first at saturation moisture content and the second at partlally saturated
content. Results were as follows:

Load (lb) ' 2900 4600 6100 6700 7300 7960
Deformation (inch) 0.007 0.018 0.05 - 0.07 0.1 0.14
Consolidation test:
' ' ' Saturated
Stress (psi) 3 5 8 11 12 16
| Deformation (in) 0.0025 0.007 0.011 0.018 0.02 : | 0.027
Partially saturated
Stress (psi) 3 S -4 8 11 12 16
Deformation (in) 0.005 0.008 0.011 0.014 0.6165 0.022

Dctermine the design modulus of sub grade reaction. (Please draw in the graph paper)

-
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‘ :  (Marks=15%) v . :
If the acceptable range of Air voids (Vv) is from 3% to 5%, and the acceptable range of
voids filled with bitumen (VFB) is from 75% to 85%. Assume absorption of bitumen in
aggregates is zero: - o '
a) Find the acceptable range of bitumen percent by volume (Vb).
b) If the specific gravity of the mix is 2.4; find the range of theoretical specific gravity.

a B |
Question (5): (Marks =20%)

A pavement cross section was estimated to cémprise the following;: _ »
« The AC course having a thickness of 6 inch and a modulus of elasticity of 250000 psi
. _ e The base course is a crushed stone having a thickness of 12 inch and a CBR value of 80

« The bottom layer is a sandy gravel subbase with a thickriess of 16 inch-and a CBR value .

of 30

Fvaluaté the-above pavement section, whether it.is under designed or over designed. The
actual ibput parameters needed for designare: -
The effective resilient modulus of the subgrade is 12000 psi

The expected drop in the serviceability is 1.9

The estimated ESAL during the design life = 4* 10°

The reliability level proposed by the highway authorities is 90%

All drainage coefficients are equal to-one and Sp=045

If you find out that pavement is over designed; estimate how much money you could save
for a length of 1 km and a width of 1 lane (3.5 m) .If you find out that the pavement is under
designed, estimate how much money you need (per 1 km per lane) in order to assure that no
failure will occur during the entire pavement life. In estimating the cost, the following umit
rate price can be assumed: _ ' - ‘

e Cost of AC for 1 inch thick = 12 EP / m’ 0

e  Cost of base course for 1 inch thick =2.5 EP/m’

e Cost.of subbase course for 1 inch thick = 0.75 EP/m?

Question (6): (Marks = 10%) :
Draw details for the contraction and expansion joints in rigid pavement of truck parking lot
showing the function of each type. How is the maximum slab length determined?

1
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Formulas
Stopping Sight Dzstance (SS. __2
SSD =0. 278vt +
254% (ia +G)
Vertical Curve
-y =Ax"/200L
Horizontal Curve
2
u 908
- Rpin =——— - Rl l-cos—
min = 197+ £,) "= [ : ﬂR}
Tables and Charts
K Factors to Provide StoppmgSlght Dlstance on Sag Vertlcal Curve —
Design Speed (km/h) Rate of Vertical Curvature (k)
30 : 6
40 9
50 13
60 18—
70 23~
80 - 30_, e e
90 38
100 50~
110 . 55
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fions.in three pages

Closed Book
- This exam consists of 6 (six) queSfions in 3 (three) pages B _
- students are asked to answer all questions, any missing data can be reasonably assumed.

A1 At S5 4 aasdl 0831 G Jige JS Al ‘,\J_m By, Rl Je

_ A- Geometric Design S U R S ST

rizontal curve as-a-function

Derive-a rolationship-to defermitietheé minimu radiisofa
of vehi¢le speed, ‘superclevationizacceleration B gravity,

initial-grade 1s 3.5%:
point; PVT,

and TicFnalprade 1s -6.5%. Deterninie-the elevationand station:of th
e

A-teraporary diversion has been comstiticted on a highway of +4 percent gradient due to major
 repairs that. are..'.__’t,).e;ingvqlqdel'tz@keﬁ"5hfﬁz{'b"rﬂic'fg';_észﬁé:fhai(ffﬁﬁ‘rﬁ speed allowedon thediversion is ~ =
10 mph.. Determine the rainimum distance from the divérsion that a road sign should be located
informing drivers of the temporary chiange on the highway. SRR A
- Maximum allowable speed on highway = 70 mph
- Letter height of road sign = 4 in.
_ Coefficient of friction between tires and pavement = 0.2,
- Perception-reaction time = 2.5 sec. ' '

Assume that a driver can read a road sign within his or Tier area of vision at a distance of 40 ft
for each inch of letter height. S o '

SSD () = 1.47 Puo+ (u ~uf)/ [30(=G)] .+~ - ‘
- Xy=g1*L/A ’ P T
Question 3: . )
¥ a) Define all the ways to overcome the conflict points of road intersections.
« b) Explain the concept of lane balance. ¢

¢) What are the design factors o be considered to increase the degree of awareness in road
design.
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B- Road construction materials

ucstion 4:
The qpec1ﬁc gravities. and weight proportlons for aggregate d,lld bitumen are as under for the
preparation of Marshall Mix design. Assuming: absorptlon of t b1tumen in aggregate is zero.

ITEM | Coarse | Fine Aggregate | FILLERS | BITUMEN -

o Aggregate T 8
Wt (gm) 2040 . 310 - L300 105 e -
SPECIFIC |+ 725577 | = = 245 7 g g Ul o gy T T
GRAVITY B B | -

Given that the weight in water.was 1440 gm, Fmd Vy, Vy,VMA and VFB.. - e

uestlon 5:
A repeated load triaxial test is f‘ondhctcd on a soﬂ spemmen 4 (m) d1ameter 8 (1n) helght a
triaxial lab equipment, clamps of (LVDT) where placed .1 (in) from. each_base. of the
specimen. The total & deviator stresses where 16 (psi) and 10 (psi) respectively.

After 400 load repetition the relation between time & strain was measured to be: R
Time (sec) ' 0 0.45 09 - |- 1 1.45

.
o

l strain 0 55*10" | 933%10% | 933*10° | 6*10”
B Time (sec) 1.9 2 245 2.9 3
strain 1.433%10" | 1.433*10° | 6.8*10" | 2.233*10" | 2.233*10"

Determine the resilient modules.

" C- Pavement design

v’ Question 6:

A flexible pa vement is constructed with 5 Of hot mix asphalt wearing surface (a;= 0.42), 9" of . .
granular base (a; = 0.12 and resilient modulus = 25,000 psi), and 10" of a granular subbase
(a3=0.10 and resilient modulus = 13,500 psi). The subgrade has a resilient modulus of 10,000
psi. The drainage coefficients are 0.9 and 0.8 for the base and subbase respectively. The
reliability factor = 99 %, the overall standard deviation = 0.5, p; = 4.5, and pr=2.5. Determine

the maximum 18-kips ESAL applications that can be carried safely by this pavement structure
according to the AASHTO design method.

n
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Question 5:

A repeated load triaxial test is conducted on a soil specimen 4 (in) diameter 8 (in) h
triaxial lab equipment, clamps of (LVDT) where placed 1 (in) from each base
specimen. The total & deviator stresses where 16 (psi) and 10 (psi) respectively.
After 400 load repetition the relation between time & strain was measured to be:

' Time (sec) 0 0.45 0.9 1 1-45
strain 0 5.5%107 | 9337107 | 9.33*10° 6% 1 !
Time (sec) 1.9 2 245 2. 32
strain [433%107 | 1433%10° | 68107 | 2233107 | 2037 plo |
Determine the resilient modules.
fAvacn
1

Nig

Fit 2

Precv: Stvmie = 5 5% 10 - 9.33 % 107 = 4.567 * 10°
RecevShvmiv g =6 % 10 - 1.433* 10 = 4.567 * 10™
Re cexSIraing=g g% 10 - 2.233* 10 = 4.567 * 10
(Lvot picr pm) - <
Max vegovered strain = max of (Fecovstia 1,2, )
4. 567 xio"

Deviator stress = Total stress - Confining Stress = 16 -10 = 6 psi

SArain o\ Bes)

Max recovered strain =

M — Deviator stress . 6
T

Max recovered strain _l/, S(f P '(-;yljl 37’7’ pSi




Queston £+ (s S )

q('we,m 5

W ' .
mi o9, ms e S e wes

1 so0'l < 3
9 qq )ﬂﬁﬁf,aoc _-n///p, L /Lzz,'

Rz 99 Se =9 5 .

= T 10" |U3z0:1, HR = %50, Sukb
Po= 45 Pf, =% 7 ;/wap_yu//.& e,
wajrrwﬁ'\

2o Ef/ﬂ' [ = x4 ME 2 loy00e Thfin™
G g i by St atse oS st )) @shs Lo
i W w0 fg o sy 2 e D)
e reooe \ .
' c}’)Ai’/?»b/&})" LA g{;jo/ﬂﬁ«v&

J/‘/bqk; M, 4 f/'/ = | porl2 »5 = 2 9 /'{ﬂ bele = 2.5,60¢° Thhweh™ |

ApsT= . g~ 25z 2 4.}050.54,2_;0*9)
\ ESAL, = o.zswo{\ ”W)\/(A;))C(C/nM+) el

—~

B S

SN swhhede = M,%{, +‘r"\1/—(l’L '(':7—': | yoruzZ x5 -+ 0;9 fo'l’LJ—j

= 3.7 ﬁﬂﬂ;w,tﬂk = (3 Soo Ib/laet, = |

T{)’Atz e o35 *l(o é\-
gohrE TR 7

'jl‘rs;bﬂrulh = Miady At

toe = | Forqr#S +9° 9 ForlT k]
= lo 000

+,.8 Fo| #lo = 3 '8?/ /{ﬂj"éjrm(, 'Dol(‘hfb

/——/—T
§
1 E5ALs z e w3 #10

|

o Moy £5pL s The min A S LU




N SHAMS UNIVERSITY
FACULTY OF ENGINEERING
PUBLIC WORKS DEPARTMENT

3" Civil'Engineefing January 201 1

Notes:

« The exam consists of §ix questions in four pages.

Equations and charts are grovided in page 4.

Answer all questions and assume any missing data.

e Answer each question as pne part and do not overlap answers from different questions.

/Question 1 L - [20]

The figure below shows a horizontal curve that is located on a-twdélane; highway and has -
a curve radius of 450 m. A 3-m-height fence is aiso located at a distance of 5 m from the
inside road edge. The accident records on this road sezuor shiowed a higher accident rate
than normal. Considering a speed of 100 km/h, you were asked to: o _
ba./ check if the stopping sight distance is adequately provided and, if required, list all
/ ossible actions supported by numbers to satisty the-stopping sight distance.
. check the suitnb_i-l-i_fy of the existing .4-.%-._su=p_'¢r¢.l:eya;§i<}‘m_;'o.n.--t'nis curve and, if required,
list all-possible actions to satisfy the vehicle balance. '

(4ssume a lane width of 3.6 m, longitudinal friction coeﬁicient-of‘0;29,.'(‘md side friction
- coefficient of 0.12) P LT

Fénce: h =3m

—{ 2lanes 25 m

o :mbA:m:n Jttlin]

Cross Section A—A

"-Pagelof4d
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( Juestion 3 -
oL X d. The methods cf avoiding the con
_ lﬁ,giuestion 4

‘ /b; A CBR. test was performed on ‘a subgrade

Que'stionl . I' : _ o ' 115}
' e highway. The

% grade with a -1 % grade on a‘two-lan

_ the station of VT is §+270.50. the grades of the curve
 intersect at an elevation of 200 m, compute and display in 2 tabular format the station and .
at a 25-m interval. In the same table, sh

. A vertical curve connects é-frZ
station-of VPCis 8+110.80-and

“elevation of the curve ow the station and elevation

~ of VPC, VPI, VPT, and the highest point.
- [20)

Define the following using sketches:-

A oa  Recovery distance
x b. Speed profile 7
X ¢ Consistency of alignment

fict points in intersectiohs

- 15}
_a. Discuss the main purpose of soi! _c-lassiﬁcatibn andexplalnh;\vfoclas'51fy the soil
according to the AASHTO method. -
soil. & the following.:results were

Sutained: ‘ - v

‘ Penetratibn- (inch)
Load before -
-soaking (1b)
Load after
- soaking (1b)

Determine the design C.B.R. value for this soil.
/{, _ The results of Marshall test for five specimens-gire given below. Fin’é tﬁg:- optimumn

* bitumen gbntént of the mix. .
| Bulk specific |
avity (Gm)

Fomamse



/5 Juestion 5 ' ’ - [15)
A 30-inch plate bearing test was performed on a cohesive subgrade soil and the results o : ' ‘

were as follows:

Load (Ib) 172874 1 4565 | 6085 | 6676 7293 | 7851 |
Deformation (m) | 0.008 | 0.019 [ 0.039 | 0.064 | 0092 0.1397

To determine the saturation correction, two consolldatron tests were performed in the
laboratory, the first at saturation: moisture- content and the second at natural moisture
- content. The results were as follows:

Saturated sample ) -
Stress-(psi) 13 5 8 11 12 16 :
Deformation (in) | -0.0025 | 0.007 0.011 | 0.018 | 0.02 0.027 : :
e ~ Sample at natural moisture content : : L Fe
Stress (psi) 3 5 8 | 11 12 - 16

[ Deformation Gm | 0003 ] 0005 | 0011 |0.014 ] 0017 - 0.021.

Determine the deslgn modulus of subgrade reaction (K)

w/ * Question 6 : _ ' [2__5]

-~ Q
Vou have been asked to do the structural design for a new road. The road w1l‘ have 3 L ﬂ
ldnes in.each direction. Based on current trafﬁc estrmates the one-way trafﬁc volume

during the first year of opération will be as, f{)ll%ws ' L * o
Esfl e \2Vo . 36 £ < DU

. Smgle _unit trucks = 1872 /cEi_y o Tp =19 (D 7— Jff’o

o Double-unit tmcks = 1"62 fday; . TF=3.1

. L y/))

+ Truck trains = 247 /day ; Te=4.6 O “/J/

Based on historical averages,- the traffic is expected to grow by 4% per' year for the -
foreseeable future: Assume a design life of 30 years and des1gn for a termmal
serviceability level of 3.0. The basic pavement desrgn w1ll be as follows:

. Surface course: l2 5-mm dense-graded HMA mix with E = 440,000 psi (l" minimum)
o Binder-course: 25-mm dense-graded HMA mix with E = 440 000 psi (3" 'immmum)
- » Base course: Crushed stone aggregate with ESB 28, 000 psi-(6" mmrmum)

The average CBR of existing subgrade soil is 8. Assume the pavement has excellent ‘
. drainage and stays saturated for less than 1% of the time.

" Design the p_aveme_m for arel_rablhty level of 90%. -
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