
 
 
ANSWER ALL QUESTIONS & ASSUME ANY MISSING DATA  
QUESTION 1: (15 Mark) 
a) Given the following information, calculate the G.I., and classify, describe each of these soils into 

the proper subdivision of the AASHTO classification system. 
Sieve analysis (Percent passing) Characteristics of soil binder 

Sample No.   No.10    No.40     No.200    L.L             P.I 
1                      100        73.1          5.5 
2                     77.2        37.1         28.2   

    20.1            NP 
    33.1            6.8 

b) Classify the soils in problem (a) under the unified soil classification system, the following 
additional data are available. 

Soil No.1     Cu= D60/D10 = 3.5 
Soil No.2     Passing No.4 sieve =86.2%  & Passing No.3/8 in. =100% 

 QUESTION 2: (15 Mark) 
a) The following data were taken during a CBR test: 
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 What is the CBR of this soil? (5mark) b) A  mix contains 5% air voids and contains course aggregate (Gs = 2.69 ) , fine aggregate  (Gs 

=2.91) and filler (Gs =2.94 ) in proportions  65 : 25 : 10  by weight , these aggregates mixed with 
asphalt cement (Gs =1.01) and compacted to a unit weight of 2.2 gm/cm3. Calculate how much 
asphalt content used? (10mark) 

 QUESTION 3:(20 Mark) 
a) Using the method of equal stress, calculate the ESWL according to the following data:(5mark) 
-Single axle with dual tires; 
-Total gear load =20,000 Ib 

-Tire pressure   =100 psi;                 - Depth= 40 inch 
-Dual spacing =34 in. 

b) Find the maximum number of ESAL for the initial year using AASHTO (post 1986) for a minor 
highway of a pavement as shown:(15mark) 

Knowing that:  
R = 1.5, Reliability =90% 
Good and fair drainage for base and subbase 
respectively, saturated during 5%,9% respectively 
Annual growth rate 3 % during 20 years design 
period,  
Terminal serviceability=2.0     
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QUESTION 4: (15 Mark)  
a) Define the following terms or give an appropriate formula: 
 Design Speed (according to AASHO 2001) 
 Braking Distance (in the case of SSD) 
 "K" values (used in the design of vertical curves) 

 Decision Sight Distance 
 Degree of Curve 
 Superelevation Runoff  

b) Mention five of the design controls and criteria associated with highway geometric design. 
c) Explain with illustrations the passing sight distance and the factors used in its derivation. 
d) Derive the Superelevation formula, ( )(127

2

fse
VR  ). 

e) When and why pavement widening be introduced in horizontal curves? 
f) Explain the factors that should be considered in the design of vertical curves. 
g) List the main cross-sectional elements of the roadway and describe the function of shoulders. 

  QUESTION 5: (15 Mark) 
  

 

The figure shows two centerlines and the 
pavement edges of a two-lane, two-way 
highway. Also it shows the layout of an 
existing building at a distance "D" from 
the Point of Intersection (P.I.).  
A horizontal curve is used to connect the 
two centerlines and the pavement edges. 
The curve has a maximum superelevation 
rate of 6%. 
 Find the minimum distance "D" if the maximum speed on this curve is 100km/h.  
  Find the minimum spiral length required for this curve and draw to a reasonable scale the 

profile of the cross section of this highway from normal cross section of 2% to the maximum 
superelevation (Rotation of pavement edges is attained around outside edge). 

 Draw two cross sections for this highway at 30% & 80% of the spiral length. 
N.B. (Amin=180m, fs (side friction factor) = 0.13, f (coefficient of friction) = 0.30). 

QUESTION 6: (10 Mark) 
A +2% grade intersects with a -4% grade at a station of 15+00 and an elevation of (25.00). A 
vertical curve with a length of 240.00m is used to connect the two grades. Find the safe operating 
speed on this curve. Calculate the elevation on the centerline of the curve every 30m. What is the 
elevation of the highest point on the curve? 
                                                        With my best wishes                                    Dr. Talaat A. Ahmed 


