Sixth Semester B.E. Degree Examination June/July 2018
Highway Engineering  (15cv63 )
1) a. Explain the various characteristics of road transport.
Ans:-The characteristics of road transport are:
1) Roads are used by various types of road vehicles, like passenger cars, buses, trucks, two and three wheeled automobiles, pedal cycles and animal drawn vehicles. But railway tracks are used only by rail locomotives and wagons, waterways are used by only ships and boats.
2)Road transport requires a relatively small investment for the government. Motor vehicles are much cheaper than other carriers like rail locomotives and wagons, water and air carriers. Construction and maintenance of roads is also cheaper than that of railway tracks, docks, harbours and airports.
3) Road transport offers complete freedom to road users to transfer the vehicle from one lane to another and from one road to another according to the need and convenience. This flexibility changes in location, direction, speed and timings of travel is not available to other modes of transport.
4) In particular for short distance travel, road transport saves time. Trains stop at junctions and main stations for comparatively longer time.
5) Speed of movement is directly related with the severity of accident. The road safety decreases with increasing dispersion in speed. Road transport is subjected to a high degree of accidents due to the flexibility of movements offered to users. Derailment of railway locomotives and air crash of air planes are also not uncommon. They are actually more disastrous.
6) Road transport is the only means of transport that offers itself to the whole community alike.
1) b. What are the significant recommendations of Jayakar committee report? Explain how it is implemented in the road development of a country.
Ans:- Jayakar committee studied the existing conditions of the roads at that time and submitted its report in the year 1928. Various important recommendations given by the committee are as follows:
1. It became beyond the capacity of the provincial (state) governments and local bodies to develop the road facilities. Hence, central government should take charge of the road development in the country considering as a national interest.
2. An extra tax should levied on petrol from the road users for developing a fund which is meant for developing road facilities across the country. This development fund is called as “Central Road Fund“.
3. A semi-official body should be formed for pooling the technical ideas and knowledge from the various parts of the country.  It acts as an advisory body on the various aspects of the roads.
4. A research organization should be established to carry out the research and discover innovative methods related to the road development in India.
Most of the recommendations were accepted by the government and the major recommendations were implemented subsequently. The Central Roads Fund was formed in the year 1929, the semi-official technical body called the Indian Roads Congress was formed in 1934 and the Central Roads Research Institute was formed in the year 1950.
The main objectives of IRC are: (a) to provide forum for regular pooling of experience and ideas on all matters that effect the planning, construction and maintenance f roads in India , and (b) to recommend standard specifications to provide a platform for the expression of professional opinion on matters relating to road engineering.
CRF:-
· Rate of additional duty was increased from 2 annas to 2.5 annas per gallon in 1931.
· Out of the actual accruals to CRF, 20% of the annual revenue is to be retained as central reserve(Ordinary reserve) from which grants are given
(a) to meet expenses on administration of the road fund
(b) road experiments and research on road and bridge projects.
· Remaining 80% is allocated to State Govt on basis of actual consumption of petrol within their territories. This ia known as CRF Allocations.
The main objectives of CRRI are: i) To carry out the basic and applied research for investigation, design, construction and maintenance of different types of roads and runways. 
· ii) To carry out research on road traffic and transportation, including traffic safety and transport economics.
·  iii) To render technical advice and consultancy services to various organizations.
·  iv) To arrange for utilization of results of research by extension unit, display centers etc.



 
2) b. The area of a district is 13400 sq.Km and there are 12 towns as per 1981 census. Determine the lengths of different categories of roads to be provided in the district in India by 2001 plan.   Assume overall density of road length is 82 Km per 100 sq. Km area. 
Ans:- 
1. NH in km = 13400/50 = 168 km 
2. SH in km 

3.       a. By area 13400/25 = 536 km 
      b. By area and no of towns = 62.5*12 – 13400/50 = 482 km 
          Adopt 536 km 
4.  MDR in km 

a. By area 13400/12.5 = 1072 km 
b. By area and no of towns = 90*12 = 1080 km 

Adopt 1080 km 
5. Total length of road network as per 2001 per 100sqm is 

(NH+SH+MDR+ODR+VR)= 13400*(82/100) = 10988 km 
Length of NH+SH+MDR = 268 + 536 + 1080 = 1884 km 
Length of ODR & VR  = 10988 – 1884 =  9104 km                   
Primary road network = 268 km
Secondary road network SH= 536 KM & MDR = 1080 km
Tertiary system of network = 9104 km.
2) a. Briefly explain about planning surveys for a highway project.
Ans:- The planning surveys consists of economic studies, financial studies, traffic or road use studies and engineering studies.
Economic studies:- The details to be collected during economic studies are useful in estimating the requirements, cost involved for the proposed highway improvement program and economic justification. Hence it is desirable to find the service given by each road system to the population and various types of products of the area. The details collected includes the following:
(a)total population and classified distribution of the different population groups based on occupation, income etc and the area of settlement of each.
(b)trend of population growth
(c)agricultural and industrial products and their development
(d) existing facilities
(e)per capita income
Financial studies:- These are essential to understand about the sources of income, various types of revenues from duties and taxes on products, road transport, vehicle registration, court fees etc and the future trends. Details to be collected are sources of income, standard of living of different population groups, resources at local level etc.
Traffic studies:-  All the details of the existing traffic, such as classified traffic volume, growth rate of different vehicle classes, pattern of flow or O & D, characteristics, particulars of passenger trips and goods movement, existing facilities for mass transportation, trend in road accidents, accident cost etc should be collected before any improvement is planned. Data collected includes traffic flow patterns, mass transportation facilities, O & D studies, future trend and growth in traffic volume etc.
Engineering studies:-  All details of topography, soil and drainage, characteristics, alignment of the existing roads, deficiencies in drainage characteristics, deficiencies in alignment and geometrics of existing roads, requirements of essential up-gradation, identification of maintenance problems etc.

3) a. Explain with sketches the various factors controlling the alignment of a road.
Ans:- The various factors, which control the highway alignment, in general may be listed as:
Obligatory points
Traffic
Geometric design
Economics
Other considerations
1) Obligatory Points: -These control points may be divided in to two categories:
i) Points through which the alignment is to pass
ii) Points through which the alignment should not pass.
Obligatory points through which the road alignment has to pass may cause the alignment to
often deviate from the shortest (or) easiest path. In fig.1.shows how the straight alignment AB is
deviated along the hillside pass, thus avoiding a tunnel (or) heavy cutting. Fig.2.shows that the
straight alignment between stations A and B which passes across the river band is to be deviated
along the path shown in order to cross the river at a proper bridge location.
ii) Obligatory points through which the road should not pass also may make it necessary to
deviate from the proposed shortest alignment. The obligatory points, which should be avoided
while aligning a road, include religious places, very costly structures.
However if there is no alternative and the alignment has to be taken across such an area, the
construction and maintenance costs are likely to be very high.
2)Traffic: - The alignment should suit traffic requirements origin and destination study should
be carried out in the area and the desire lines be drawn showing the trend of traffic flow.
3)Geometric design: -
Geometric design factors such as gradient, radius of curve and sight distance also
would govern the final alignment of the highway.
The absolute minimum sight distance, which should invariably be available in every
section of the road, is the safe stopping distance for the fast moving vehicles.
4)Economy: -
The alignment finalized based on the above factors should also be economical.
The initial coast of construction can be decreased if high embankments and deep
cuttings are avoided and the alignment is choosing in a manner to balance the cutting and
filling.
5)Other considerations: -
Various other factors, which may govern the alignment, are drainage considerations,
hydrological factors, political considerations and monotony.
The vertical alignment is often guided by drainage considerations.
In a flat terrain it is possible to have a very long stretch of road, absolutely straight
without horizontal curves.
[image: ]
3) b. What are the objectives of preliminary survey for highway alignment? Enumerate the details to be collected and the various steps to be followed in the conventional method.

  Ans:-  The main objectives of the preliminary surveys are:
· To survey the various alternate alignments proposed after the reconnaissance and to  collect all the necessary physical information and details of topography, drainage and soil.
· To compare the different proposals in view of the requirements of a good alignment.
· To estimate quantity of earthwork materials and other construction aspects and to workout the cost of alternate proposals.
· To finalise the best alignment from all considerations.
The procedure of the conventional methods of preliminary survey the given steps:
1) Primary survey: - For alternate alignments either secondary traverses (or) independent primary traverses may be necessary.
2) Topographical features: - All geographical and other man made features along the traverse and for a certain width on either side surveyed and plotted.
3) Leveling work: - Levelling work is also carried out side by side to give the centerline profiles and typical cross sections. The leveling work in the preliminary survey is kept to a minimum just
sufficient to obtain the approximate earthwork in the alternate alignments.
4) Drainage studies: -Drainage investigations and hydrological data are collected so as to estimate the type, number and approximate size of cross and drainage structures.
5) Soil survey: - The soil survey conducted at this stage helps to working out details of
earthwork, slopes, suitability of materials, subsoil and surface drainage requirements and
pavement type and the approximate thickness requirements.
6) Material survey: - The survey for naturally occurring materials like stone aggregates, soft
aggregates etc and identification of suitable quarries should be made.
7) Traffic survey: - Traffic surveys conducted in the region from basis for deciding the number of traffic lanes and roadway width, pavement design and economic analysis of highway project.

4) a. Derive an expression for finding extra widening required on horizontal curve.
Ans:- The extra widening on horizontal curves is divided into 2 parts: mechanical widening & psychological widening.
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Mehanical widening:- Refer fig above.
OA = R1 = radius of the path traversed by the outer rear wheel, m
OB = R2 = radius of the path traversed by the outer front wheel, m
R = mean radius of the curve, m
Wm = mechanical widening due to off-tracking, m
OC – OA = OB –OA = R2 – R1 = Wm
From triangle OAB, OA2 = OB2 – BA2
R12 = R22 – l2
(R2 – Wm)2 = R22 – l2
R22 – 2R2Wm + Wm2 = R22 – l2
l2 = Wm(2R2 – Wm)
Wm = l2/(2R2 – Wm)
Wm =n l2/2R
Where n = number of traffic lanes.

The psychological widening is given by the formula:
[image: ]
Total widening We = Wm + Wps
We = n l2/2R + V/ 9.5sqrtR

4) b. The speeds of overtaking and overtaken vehicles are 70 kmph and 40 kmph respectively. If the acceleration of overtaking vehicle is 0.99 m/sec^2. Calculate the safe OSD. Draw a neat sketch of overtaking zone, indicating the necessary data.
Ans:- 
[image: ]
OSD for 2 way traffic= d1 +d2+d3
V= 70 Kmph =19.4 m/s   ;  vb = 40/3.6 = 11.1 m/s  ; A= 0.99 m/s^2 ; t= 2 s
 d1 = vb *t = 22.2 m
d2 = vb *T  + 2S 
S = 0.7*vb + 6 = 13.8 m
T=Sq,rt( (14.4*S)/A) =7.47 s
  d2  = 110.5 m
 d3 = v *T = 144.9 m
OSD for 2 way traffic= d1 +d2+ d3 = 277.6 m.
OSD for 1 way traffic= d1 +d2 = 1390 m.

5) a. What are the desirable properties of sub grade soil? Enumerate the identification and classification tests of soils.
Ans:- The desirable properties of sub grade soil as a highway material are
· Stability
· Incompressibility
· Permanency of strength
· Minimum changes in volume and stability under adverse conditions of weather and ground water
· Good drainage, and
· Ease of compaction
The soil should possess adequate stability or resistance to deformation under loads and should possess resistance to weathering thus retaining the desired subgrade support. Minimum variation in volume will ensure minimum variation in differential expansion and differential strength values. Good drainage is essential to avoid excessive moisture retention and to reduce the potential frost action. Ease of compaction ensures higher dry density and strength under particular type and amount of compaction.
The soil properties on which identification and classification of soils are based are known as index properties. The index properties which are usually used are grain size distribution, liquid limit and plasticity index.
Grain size analysis:- The grain size analysis consists of two parts namely sieve analysis for separating coarse and non-cohesive fraction of soils and sedimentation analysis for the finer and cohesive fraction of soil components. The sieve analysis is a simple test consisting of sieving a measured quantity of the material through successively smaller sieves; the weight retained on each sieve is expressed as a percentage of the total weight by sample. 
Consistency limits and indices:- The consistency limits are liquid limit, plastic limit and shrinkage limit. Liquid limit is defined as the minimum water content at which the soil will start flowing under the application of very small shearing force.. Plastic limit may be defined as the minimum moisture content at which the soil remains in plastic state or can undergo non-recoverable deformation under applied load. Shrinkage limit is the maximum moisture content at which further reduction in water content does not cause reduction in volume.
                                      
5) b. Design a flexible pavement for a two lane undivided carriage way using the following data: Design CBR value of sub grade = 5%, initial traffic on completion of construction is 300 C.V/day, Average growth rate is 6% per year, Design life is 10 years, VDF value is 2.5, Lane distribution factor is 0.75.
[image: Image result for CBR design chart for determination of total pavement thickness for traffic with CSA 1 to 10 msa]

Ans:- r=5% = 0.05, N = 300 cv/day, F = 2.5, n = 10 years, D = 0.75
CSA = 365*[NFD(1+r)n – 1]/ r
On substituting, CSA = 2.7 msa or 3 msa.
Using the design chart for CBR = 5% and CSA = 3,
Total thickness = 530 mm
Composition of pavement components are GSB = 230 mm, GB = 250 mm, BM =50mm, PC =20 mm.
               
6) a. What are the desirable properties of road aggregates? What tests are conducted for judging the desirable properties? Mention the significance of each test.
Ans:- The desirable properties of road aggregates are:
 Strength 
· The aggregates should be strong to withstand the stresses due to traffic wheel load. 
· Aggregates used in top layers of pavements I.e. wearing course have to be capable of withstanding high stresses in addition to wear and tear hence should posses resistance to crushing. 

Hardness 
· The aggregate used in surface course are subjected to constant rubbing or abrasion due to moving traffic. 
· They should be hard enough the wear due to abrasive action of traffic. 
· Heavy wheel loads can also cause deformation on some types of pavements. 
Toughness 
· Aggregates in pavements are subjected to impact due to moving wheel loads. 
· Severe impact like hammering is seen when heavily loaded steel tyred vehicles move on WBM roads. 
· Jumping of steel tyred wheels from one stone to another cause severe impact. 
Durability 
· They should be durable and should resist disintegration due to action of weather. 
· The property of the stones to withstand adverse action of weather is called soundness. 

· The aggregates are subjected to physical and chemical action of rain and ground weather and hence road stones should be sound enough to withstand weathering action. 
Shape of aggregates 
· Flaky and elongated aggregates will have less strength compared with cubical, angular or rounded particles. Rounded aggregates are preferred in cement concrete mix due to better workability where as these materials are not preferred in granular base course, water bound macadam and bitumen construction. In such cases angular particles are used. 
· Highly angular flaky and elongated aggregates have more voids in comparison with rounded aggregates. 

Adhesion with Bitumen The aggregates used in bituminous pavements should have less affinity with water or else bituminous coating on the aggregate will be stripped off in presence of water.
Test for Road Aggregates:-
1. Polished stone value test or accelerated polishing test :- Conducted to test the resistance of the aggregates used in pavement surface from getting polished or smooth rapidly under traffic movement.
2. Los Angeles Abrasion test :- Carried out in order to test the suitability of road stones to resist the abrading action due to traffic.
3. Impact test :- Carried out to evaluate the resistance to impact of aggregates to fracture under repeated impacts.
4. Soundness test :- To study the resistance of aggregates to weathering action. 
5. Shape test :-The shape of aggregate is determined by the percentage of flaky and elongated particles contained in it. Presence of flaky and elongated particles are considered undesirable for base and surface courses and desirable for granular base course.
6. Specific gravity and water absorption test :- Specific gravity of a stone aggregate is considered to be a measure of strength or quality of material and hence helps in identification of the stone. Water absorption is an indicator for the strength of the rock.
7. Bitumen adhesion test :- Bituminous binders should adhere well to all types of aggregates and should have less affinity with water.
8. Aggregate crushing test :- The strength of the aggregates is assessed by aggregate crushing test.

6)b. A plate load test was conducted on a soaked sub grade during monsoon using a plate diameter of 30 cm. The load values corresponding to the mean settlement dial readings are given below. Determine the modulus of sub grade reaction for the standard plate.
	Mean settlement values, mm
	0
	0.24
	0.52
	0.76
	1.02
	1.23
	1.53
	1.76

	Load values, Kg
	0
	460
	900
	1180
	1360
	1480
	1590
	1640



Ans:-  
[image: ]
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7)a. What are the desirable properties of bituminous mixes? Discuss briefly.
Ans:-  The desirable properties of bituminous mixes are:
· Adequate stability of the mix to withstand stresses and deformations due to its repeated application of wheel loads. 
· Adequate flexibility to withstand fatigue effects (development of cracks) during service life of the pavement. 
· Adequate resistance to permanent deformation such as rutting due to movement of heavy wheel loads during hot weather 
· Possess adequate resistance to low temperature cracking under traffic movement 
· Durability to sustain the adverse weather and repeated traffic loads. 
· Possess sufficient air voids to prevent bleeding of the binder 
· Possess adequate resistance against moisture induced damages 
· Should possess adequate skid resistance even after continued traffic movements 
· Hot mix asphalt should have adequate workability of the mix 


7)b. What are the essential requirements of soil properties suitable for the construction of highway sub grade? Explain the method of construction of highway sub grade.
Ans:-  
Compaction Requirements of Embankment & Sub grade
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Preparation of Sub grade: Construction Procedure

Setting out – After the site has been cleared, the work should be set out. The limits of embankment are marked by fixing batter pegs on both sides at regular intervals. The sub grade should be wider than the design dimension so that surplus material may be trimmed.
Dewatering – If the foundation of the embankment is in area with stagnant water, it is feasible to remove it by bailing out or pumping.
Stripping & Storing top soil – In localities where most of the available embankment materials are not conductive to plant growth, the top soil from all areas of cutting shall be stripped to specified depths not exceeding 150mm & stored in stock piles of height not exceeding 2m for covering embankment slopes.
Compacting ground supporting embankment / sub grade – where necessary, the original ground shall be leveled to facilitate placement of first layer of embankment, scarified, mixed with water and then compacted by rolling so as to achieve minimum dry density as given in table. In case difference in sub grade level and ground level is less than 0.5m & the ground does not have 97% relative compaction, the ground shall be loosened upto a level 0.5m below the sub grade level, watered & compacted in layers to not less than 97% of dry density.
Spreading material in layers & bringing to appropriate moisture content –
a. The embankment & sub grade material shall be spread in layers of uniform thickness not
exceeding 200mm compacted thickness over the entire width of embankment by mechanical means, finished by a motor grader & compacted.
b. Moisture content of the material shall be checked at this site of placement prior to commencement of compaction, water shall be sprinkled from a water tanker filled with sprinkler
capable of applying water uniformly.
c. Moisture content of each layer should be checked in accordance with IS – 2720.
d. Clods or hard lumps of earth shall be broken to have max size of 75mm when placed in embankment & max size of 50 mm when placed in sub grade.
e. Embankments & other areas of unsupported fills shall not be constructed with steeper side
slopes, or to greater widths.
f. Whenever fills is to be deposited against the face of a natural slope, steeper than 1 vertical on 4
horizontal, such faces shall be benched.
Compaction
a. Smooth wheeled, vibratory, pneumatic tyred, sheep foot or pad foot rollers of suitable size and
capacity should be used for different types & grades of materials.
b. Mostly compaction will be done with vibratory roller of 80 to 100KN static weight or heavy
pneumatic tyred roller.
c. Each layer of the material shall be thoroughly compacted to the densities subsequent layers
should be laid only after the finished layer has been tested.
d. The measurement of field dry density is recorded by nuclear moisture / density gauge.
e. When density measurement revel any soft areas in embankment, further compaction is carried
out.
Drainage – The surface of embankment at all times during construction shall be
maintained at such across fall as will shed water and prevent pending.
Repairing of damages caused by rain / spillage of water –
a. The soil in the affected portion shall be removed in such areas before next layer is laid & refilled in layers & compacted using small vibratory roller, plate compactor or power rammer to
achieve the required density.
b. Tests shall be carried out to ascertain the density requirements of the repaired area.
Finishing operations –
a. It shall include the work of shaping & dressing the shoulders / verge / road bed & side slopes
to conform to alignment, levels, cross sections & dimensions.
b. Both the upper & lower ends of side slopes shall be rounded off & to merge the embankment
with adjacent terrain to improve appearances
c. The top soil, removed & conserved earlier shall spread over the fill slopes, before spreading
the slopes should be roughened and moistened slightly to provide bond and is provided t a depth
of 75mm to 150mm for plant growth.
d. When earthwork is completed, the road area shall be cleared of all debris & ugly scars.
 
                                        
8)a. Explain the method of construction of water bound macadam base.
Ans:-  Preparation of Foundation for Receiving the WBM course:-  The foundation for receiving the new layer of WBM may be either the sub grade ors ub-base or base course. This foundation layer is prepared to the required grade and camber and the dust and either loose materials are cleaned. On existing road surface, the depressions and pot-holes are filled and the corrugations are removed by scarifying and reshaping the surface to the required grade and camber as necessary.
 Provision of Lateral confinement :-Lateral confinement is to be provided before starting WBM construction. This may be done by constructing the shoulders to advance, to a thickness equal to that of the compacted WBM layer and by trimming the inner sides vertically
 Spreading of Coarse Aggregates :- The coarse aggregates are spread uniformly to proper profile to even thickness upon the prepared foundation and checked by templates. The WBM course is normally constructed to compacted thickness of 7.5 cm except in the case of WBM sub-base course using coarse aggregate grading no.1 which is of 10.0 cm compacted thickness. 
Rolling :-After spreading the coarse aggregates properly, compaction is done by a three wheeled power roller of capacity 6 to 10 tons or alternatively by an equivalent vibratoryroI1q the weight of the roller depends on the type of coarse aggregates. 
Application of Screenings :- After the coarse aggregates are rolled adequately, the dry screenings are gradually over the surface to fill the interstices in three or more applications. Dry rolling is continued as the screenings are being spread and brooming carried out. 
Sprinkling and Grouting :- After the application of screenings, the surface is sprinkled with water, swept rolled. Wet screenings are swept into the voids using hand brooms. Ad• screenings are applied and rolled till the coarse aggregates are well bonded and firmly set. 
Application of Binding Material :- After the application of screening and rolling, binding material is applied at a uniform and slow rate at two or more successive thin layers. After each application of binding material, the surface is copiously sprinkled with water and wet slurry swept with brooms to fill the voids.
Setting and Drying :- After final compaction, the WBM course is allowed to set over-night. On the next day the ‘hungry’ spots are located and are filled with screenings or binding material, lightly sprinkled with water if necessary and rolled. No traffic is allowed till the WBM layer sets and dries out.
8)b. What are the functions of granular sub base? Explain the construction method of granular sub base.
Ans:-  
Function:- Sub bases serve a variety of purposes, including reducing the stress applied to the sub grade and providing drainage for the pavement structure. The granular sub base acts as a load bearing layer, and strengthens the pavement structure directly below the pavement surface, providing drainage for the pavement structure on the lowest layer of the pavement system.

Materials:- 
Materials used are: (1) crushed stone aggregates  (2) gravel  (3) coarse sand  (4) selected soils with less fines and plasticity. The required properties of materials are:
(a)passing 0.425 mm sieve having LL < 25% and PI < 6 %.
(b) fines passing 0.075 mm sieve < 10%
©CBR value not less than 30% for heavy traffic highways and not less than 20 % in others.
Construction Steps:-
1)  The sub base materials is spread to uniform thickness and specified cross slope using motor grader.
2) The moisture content of the materials is checked and additional quantity of water required is sprinkled using a truck mounted sprinkler.
3) The watered material is mixed properly using machinery.
4) The mixed material is spread to the desired thickness, grade and camber using a motor grader.
5) The loose GSB is compacted by rolling. An ordinary smooth wheeled roller is used if compacted thickness is 100 mm or lesser and a vibratory roller is used when the compacted thickness is up to 225 mm.
6) Rolling is done from lower edge and proceeded towards the center of the undivided carriageway with a minimum one-third overlap between each run of the roller.
7) Rolling is continued till 98% of MDD of the material is achieved.

9)a. Discuss the importance of  highway drainage.
Ans:-  Highway drainage is important because of the following reasons:
1) Excess moisture in soil sub grade causes considerable lowering of its stability the pavement is likely to fail due to sub grade failure. 
2) Increase in moisture cause reduction in strength of many pavement materials like stabilized soil and water bound macadam. 
3) In some clayey soils variation in moisture content causes considerable variation in flume of sub grade. This sometimes contributes to pavement failure. 
4) One of the most important causes of pavement failure by the formation of waves and corrugations in flexible pavements is due to poor drainage. 
5) Sustained contact of water with bituminous pavements causes failures due to stripping of bitumen from aggregates like loosening or detachment of some of the bituminous pavement layers and formation of pot holes. 
6) The prime cause of failures in rigid pavements by mud pumping is due to the presence of water in fine sub grade soil.
 7) Excess water on shoulders and pavement edge causes considerable damage. 
8) Excess moisture causes increase in weight and thus increase in stress and simultaneous reduction in strength of the soil mass. This is one of the main reasons of failure of earth slopes and embankment foundations. 
9) In places where freezing temperatures are prevalent in winter, the presence of water in the sub grade and a continuous supply of water from the ground water can cause considerable damage to the pavement due in frost action. 
10) Erosion of soil from top of un surfaced roads and slopes of embankment, cut and hill side is also due to surface water.

9)b. The maximum quantity of water expected in one of the open longitudinal drains on the clayey soil is 0.9 m3/sec. design the cross section and longitudinal slope of trapezoidal drain assuming the bottom width of trapezoidal section to be 1.0 m & cross slope to be 1V:1.5H. The allowable velocity of flow in the drain is 1.2 m/sec & n= 0.02.
Ans:- 
Cross section design:-
Given, Q = 0.9 m3/sec, V=  1.2 m/sec.
Cross sectional area of the drain, A = Q/V = 0.75 m2 	
Let “d” be the depth of flow in trapezoidal drain. 
Top width of the drain = 1.5d + 1 + 1.5d = 1 + 3d
Cross sectional area of the drain = d + 1.5d2
On equating both cross sectional areas, we get, d = 0.45 m.
Allowing a free board of 0.15 m, depth of side drain = 0.45 + 0.15 = 0.60 m.
Longitudinal slope:-
V = (1/n)*(R 2/3)*(S 1/2)
R = 0.75 / (2.62) = 0.286 m.
S = [(0.8 * 0.02) / (0.286 2/3)] 2 = 0.0031 OR 1 in 322.5
Provide a longitudinal slope of 1 in 320.

10)a. Discuss the various components of quantifiable and non-quantifiable benefits to the road users due to highway development project.
Ans:- Quantifiable or Tangible benefits:- Various benefits which can be quantified include benefits to road user such as
· Reduction in vehicle operation cost:- Saving in vehicle operation cost is due to reduction in fuel and oil consumption and reduction in wear and tear of tyres and other maintenance costs.
· Reduction in travel time:- Saving in travel time is of direct consequence to commercial vehicles due to possible increase in their trip length and earning per unit time.
· Value assigning due to reduction in travel time:- A part of the time saved may be used for some useful purpose and thus a value can be assigned for it.
· Reduction in accident rates:- This causes considerable benefits to the road users in the form of  cost of damages to vehicles and other properties, injuries and loss of human life, delays to vehicles and passengers etc.
· Enhancement in land value
· Increase in employment opportunities
· Related economic uplift. 
Non-Quantifiable benefits/intangible benefits:-
· Reduction in fatigue & discomfort during travel.
· Increase in comfort and conveniences.
· Improvement in general ameneties, social and educational aspects.
· Development of recreational & medical services.
· Improved mobility of essential services, defense forces.
· Reduced suffering and pain of those involved in highway accidents.
10)b. Calculate the annual cost of a stretch of highway from the following particulars:
	Item
	Total cost, lakhs
	Estimated life, years
	Rate of interest, %

	Land
	35
	100
	6

	Earthwork
	40
	40
	8

	Bridges, culverts, drainage
	50
	60
	8

	Pavement
	100
	15
	10

	Traffic signs and road appurtenance
	15
	5
	10


The average cost of maintenance is Rs.1.5 lakhs per year.
Ans:-  
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