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Road Construction



PART – II :- Construction

Roads

OBJECTIVES

· Modern methods of construction

· Current methods of construction in /Ethiopia

· Compare in with modern methods employed in Ethiopia

·  Find out problems for road constructions and give recommendations 

· Where is to be used different Equipment for road construction.

· Selection of different material for sub grade

ROAD CONSTRUCTION

CHAPTER EIGHT

ROAD CONSTRUCTION

 8:1  Types of Road

8:1:1 Earth road & Gravel road

8:1:2 Surface treatment road

8:1:3  Hot-Mix Asphalt

8:1:3 Cold mix Asphalt

8:1:1 Modern Methods of Construction for earth road & Gravel road.
* Earth road




Figure 8:1 typical cross-section of earthen road.

· Fill is necessary when formation level of the road is above ground level to fill the bottom layer by different material that have minimum C.B.R Value of 6%, and PI Value 25; the material dump on the surface and compacted but when the formation level of the road below the ground level not necessary fill by other materials we can use the surface as a sub-grade but it must be achieve the required C.B.R values. 

· Site Cleaning  

- The trees, shrubs, grass roots and other organic matter including top soil are removed before excavating the cut for construction.

* Survey, Staking, and Blue top marking

- The centre line & road edges are marked on the ground along the alignment, by driving wooden pegs. 

- The maximum gross slope of 1 in 20 is recommended to avoid erosion due to rain water and formation of gross ruts. 

· Preparation of sub-grade. 

- If the road is in a cut, the surface up to the required depth and use that as a sub-grade but it must be achieving the specified bearing Capacity other wise cut additional depth and replaced by another material.

· Compact to a specified density 

· Shaping sub grade with in the required slope. 

Table 8:1  SUITABILITY OF SOILS FOR SUBGRADES
	Unified Classification
	Suitability as Sub -grade material

	GW
	Excellent

	GP
	Excellent to good

	GM
	Excellent to good

	GC
	Good

	SW
	Good

	SP
	Good to fair

	SM
	Good to fair

	SC
	Good to fair

	ML
	Good to fair

	CL
	Good to fair

	OL
	Poor

	MH
	Poor

	CH
	Very poor

	OH
	Very poor

	pt
	Unsuitable


   See the mining of the abbreviation in chapter -One 

· In high way construction the sub grade soil 15 to 30cm in depth has to be compacted to the required density.
Compaction Equipments according to soil types
· Self – propelled, with the compacting wheel.

            - rate of vibration 1500 to 2500 cycles per minute

             * effective for most solid and granular materials.

· Vibratory Smooth drum rollers.

           - mass of the dram varies from 2-15 tones

           - can be utilized on layers 0.5 – 1.0m is depth

           -Very effective for gravel, sand, silt soil, as well as for granular base course & asphalt mixtures.

· Padded wheel or “sheep’s foot” rollers.

            - the pressure exerted by the pad can be 1000 – 5000 kpa. Depending on the size of the roller. 

            - 15-30cm in depth

       * most effective for clay and silt clay soils.

· Pneumatic fire rollers:-

           - have 2 – 12 rubber fires on each axle.

           - Asphalt coarse are initially kneaded  and compacted with this rollers.

           - Used for clay and granular soils.

           -  15cm in depth.

           - larger units of 40 – 50 tones. 

· Smooth – drum no vibrating rollers:-

· Used for finishing or sealing posses on soils and granular layers. 
· sub – base Construction
After Shaping and compacting the sub-grade the next layer will be constructed.

· Material:- can be used borrowed granular material, selection should be according to 

· Nominal maximum size of aggregate.

· Grain –size distribution requirement

· Testing values:- CBR, PI, Grading …….etc.

· If the borrow material can not achieve the required specification use crushed aggregate for sub-base. Or blend with other material.

· Dumping:-

· sub base material shall be hauled as directed according to the design, to the required thickness.

                     Systems of dumping or hauling:-

· Hauling  or damping distance can be determined by the thickness of the sub-base to be placed and width of the road.

Example:-

Supposing a layer of 20 cm of loose base material is to be constructed. 

· measure the load capacity of the dump trucks involved for the job. Say 10m3  each truck.

· Determine the width of the road, say of 7 meters. Find hauling distance or (L) value. 

TL= Lx W x T                                         Where TL = Truck Load (volume) 

10m3 = L*7 * 0.20                                             L = Length of interval 

                                                                           W= Width of road

                                                                          T= Thickness 

There fore hauling substance L =  14 meters 
· Mixing and spreading
· After sub base material has been placed, it shall be thorough up mixed with power grader or other mixing equipment. 

            -During the mixing period water should  be added in the amount necessary to provide the moisture content for compactions as specified. 

       - when uniformly mixed, the mixture shall be spread smoothly to uniform thickness. Super elevation gown, etc. Should also be observed.

· Compacting

· Immediately after following final spread and smoothing, it shall be compacted to full width by means of smooth wheeled power roller or pneumatic typed rollers until the required density test is obtained. 

· Rolling  should progress gradually from the sides to wards the centerline of the road. 

· After finishing compaction check the sub base in situ density test by using the proctor test result. If it is below the required specification continue compaction until it reach the required density.
· Surveying
· the center line & road edges are marked on the ground along the alignment, by driving wooden pegs.

· Check elevation, & thickness

All require specifications are fulfilled than, the constructed position is ready for traffic but the compacted earth road is allowed to dry out for a few days before opening to traffic.






                                  Figure 8:2  Layers of  gravel road.
· Method of construction for graves road is the same as Earth road but for this add another layer base – course. 

· Base – Course construction

· It is a layer of very high stability and density 

· Material : Crushed aggregate, should be of hard, durable particles or fragments of stone or gravel crushed to the required size.

-Another method of construction Damping, Mixing and spreading, compacting and surveying the same as sub-base construction.

- The only difference between Earth and Gravel road is quality of material to be used for each layer and additional strong layer included in gravel road. 

Current methods of construction for Earth road & Gravel road in Ethiopia.

· the same construction methods used as a modern one.

Problems:- materials difficult to get in contract distance with the required quality.

                   Because of this contractors:-  forced to use poor quality materials

·                                                    - delay of project handover time

                      Recommendation:-

                      -Client should not specify distance for borrow site.

                      - By blending contractors can improve the soil quality.

                      - Consultants:- better to advice the contractors for construction methods.
                               8:2  Asphalt Surface Treatments 
Types:-     1) single surface treatment

                  2) Multiple surface treatment   
                   [image: image1.png]



                      Figure :- 8:3     Types of surface treatment


	Placing second course aggregate 

	Placing second course Asphalt 

	Placing first course aggregate

	Placing first course Asphalt

	Base course

	Sub-base

	Sub grade


                    Figure 8:4 Multiple surface treatments

            The constructor methods of sub grade, sub-base and base course was clearly describe on the previous types of road ,the same method can be adopted.
 New road Construction procedure


The Sequence of operations is basically the same for all types of surface treatment construction. The usual order is as follows 

1. Survey the condition of the surface to be treated 

2. patch potholes and repair damaged areas in existing pavement.

3. clean surface to be covered with power broom or other approved means

4. Spray asphalt at specified rate and proper temperature 

5. Spread cover aggregate at specified rate immediately behind the asphalt spray application (emulsion still brown in color ) to achieve maximum possible chip wetting 

6. Roll aggregate cover to seat particles in asphalt membrane.

N:B  If a double or triple surface treatment is required, steps 4 through 6 should be repeated once or twice.

Project survey

· Before any work is started, a thorough surface examination is made to determine needed repairs and to evaluate requirements for treatment. 

Road way surface preparation 

· Repairs and corrections must be made so the old surface will be in sound condition before treatment is begun. 

· Where the existing road way is a granular surface and the cross section or profile is out of shape, the road should be scarified and new material  added.

      Weather  
· The best time of year for a surface treating program is when weather conditions are most likely to be hot and dry during and after treatment. (for some weeks) 

· Many specification require the air temperature be at least 10o  C before surface treatment operation begin. Some require 20oc.

Equipment and Materials

· Before work starts, all equipment should be examined to make sure it  is in good working condition.

· Make sure that the spray bar is at the correct height above the surface and that all nozzles are set at the proper angle and are clear and spraying freely.

· The aggregate spreader should be checked to see that it is working properly.

Asphalt Spraying

· Each distributor has one or more the thermometers for checking the asphalt temperature.

· Speed of the distributor is 

S = 
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Where             S= distributor speed, m/min

                                                     Q = Spray bar out put, liter/min

                                                     W= Spray width, m

                                                      R = rate of application, litre/m2 

· Length of asphalt shot:-

L = 
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                    Where     L = length of spread, m

                                                  T = total liters (gallons) to be applied from the distributor to the surface,

                                                  W = spray width, ,m,

                                                   R = Rate of application, litres/m2 
Transverse joints

· Rough and unsightly transverse joints can be avoided by starting and stopping the asphalt and aggregate spread on building paper the papers placed across the lane to be treated so that the forward edge is at the desired joint location. 

· The distributor – traveling at the correct speed for the desired application rote-starts spraying on the paper in order that the  spray bar makes a full, uniform application when reaching the exposed surface.

· A second length of building paper is placed across the lane at the predetermined cutoff point for the distributor. This procedure gives a straight shap transverse joint.

· After the aggregate spreader has passed over it, the paper should be removed and disposed of properly. 

Longitudinal Joints 

· Full-width applications of asphalt and aggregate will eliminate Longitudinal joints. 

· To prevent aggregate from building up on the longitudinal joint. The edge of the aggregate spread should coincide with the edge of the full. Thickness of applied asphalt. 

· The full thickness of applied asphalt is narrower than the total width of applied asphalt by one-half the width of coverage of the nozzles on the end of the spray bar. 

Spreading Aggregate

· All aggregate needed for the planned spread should be on hand before starting ,

· When the distributor moves forward to spray asphalt, the aggregate spreader should follow immediately behind it. 

· The asphalt must be covered with in one minute.

· Aggregate normally does not stick more than one particle thick to the asphalt.

· Excess aggregate, if placed in some areas, should be removed immediately with square end shovels. 

Rolling

· Rolling seats the aggregate in the asphalt membrane and thus promote the bond necessary to resist traffic stresses.

· Pneumatic – fired rollers give uniform pressure over the entire area  use all surface 

· Rolling begins immediately treatment jobs. After the cover material has been distributed and continues until the aggregate is properly seated in the asphalt membrane.

· As soon as the asphalt has a definite set or hardening, rolling is discontinued to prevent the bond between the surface and aggregate from being broken by the roller.

· Rolling begins at the outer edge of the treatment and proceeds in a longitudinal direction, working toward the center of the center of the road. 

· Each strip should overlap the previous trip by about one half the with of the fort wheels. 

Excess Aggregate

· Loose aggregate may be removed by lightly broom with a rotary power broom.

· The broom should be delayed until the asphalt has set and a good bond has developed. 

· A good time to do broom is during the cool of early morning.

Traffic Control

· High – speed traffic cover a fresh surface treatment displaces aggregate and produces a slick, black surface.

· Traffic should be detoured or allowed only in the lane not under construction 

· When work is completed and initial asphalt set has occurred, traffic is till maintained at less than 32 km/hr until the asphalt finally sets. 

Surface Treatment Problems
· Because of construction methods, surface treatments may develop some defects that do not occur in other types of asphalt pavement surfaces. 

      These include loss of cover aggregate and streaking. 

Loss of cover Aggregate

· Loss of cover aggregate is the whipping – off of aggregate under traffic from a surface – treated pavement. Leaving the a asphalt film exposed.

· Cause due to :- Aggregate spread after asphalt has cooled too much

                            - Aggregate too dusty or wet when spread 

                            - Aggregate not rolled or seated immediately offer  spreading 

                            - Steel- Wheel roller bridged over Low spots 

                            - Traffic allowed on new surface treatment too soon.

                           - Not enough or wrong grade of asphalt or an absorbent surface 

                           -  Over rolling particularly with a steel – wheeled roller. 
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Figure 8:5 :-  Loss of Cover Aggregate.

· Example:-   Awash melksa to sodere road. 

· Recommendation:- Hot, Coarse sand spread over the affected area may be fried to replace lost aggregate. It should be rolled immediately with a pneumatic roller so that it is seated in the asphalt

Longitudinal Streaking

· Longitudinal streaking is alternating lean and heavy lines of asphalt running parallel to the center line of the road.

· At the time of asphalt spraying, the spray pattern did not provide a uniform coverage, hence the longitudinal streaking. 

· Cause due to:- Spray bar  not set at proper height above the ground 

                        - Nozzles on spray bar not set at correct angle or are wrong size, plugged, or defective.                                             

                        - Wrong asphalt pump speed

                        - Asphalt too cold or too high in viscosity 

                       - Too low pump pressure.
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              Figure 8:6 :-Longitudinal Streaking

               Example:- Construction Bank to Alem Hotel Road in Adama Town. 

· Recommendation:- The Only satisfactory repair is to plane off the streaked surface and apply a new surface treatment. 

Transverse Streaking

· is alternating lean and heavy lines of asphalt running across the road that may result in corrugations in the pavement surface.

.Cause due to:- spurts in the asphalt spray from the distributor spray                            bar.

                                    - These spurts may be produced by pulsation of the asphalt pump due to worn or loose parts, by improper pump speed, or by a miss in the motor. 

                         - Example:- Awash melkasa to sodere road

   -Recommendation:- the only satisfactory repair is to plane off the streaked surface and  apply a new surface treatment.

Most of the time all the above problems Occurred in Ethiopia 

Eg. Surface treatment roads Adama town arterial road

· Bleeding Asphalt due to improper pump speed 

· If we use two heavy binders applications

· Aggregates stock on the edges of the pavement due to :-

Too much surfacing aggregate is used. 
                                  8:3  Hot Mix – Asphalt
Modern methods of construction for Hot – Mix Asphalt 
W – C or A-C

Tack – Coat

D.B.M

Prime coat

Base –Course

Sub –base

Sub – grade

Fill

        Figure 8:7   Layers of asphalt concrete road

· Methods of construction for fill, sub –grade, sub-base and base courses are the same as the previous road but the only difference is it requires high quality material according to the specification.

Spraying Prime Coat

· A prime coat is an application of low viscosity cut back or emulsified a sphalt to a granular base in preparation for a subsequent asphalt course. Spraying methods:- The rate of application 

· Speed of the distributor & length of asphalt shot must be known. 

· Spray prime coat jointly check the rate by tray test.

· The ideal rate of application is the amount that will be completely absorbed by the surface in a 24 hr period. 

· After 24 hr the next layer can continue.

Tack coat:- A tack coat is a very light sprat application of diluted asphalt emulsion. The spraying system is the same as prime coat. It is used to ensure a bond between a surface being paved and the new course.

Dense Bituminous Macadam (DBM), Wearing Course & Asphalt Concrete (A.C)

Construction Methods:-

                        The construction methods for D.B.M. W.C, or A.C are the same the only difference is quality.

Hot – Mix Asphalt paving Equipment:-

· The paving operation:-


Aggregates have been selected and combined, the mix designed the mixing facility and it’s auxiliary equipment set up, Calibrated and inspected, and the material mixed together and delivered to the pavers. 

        The pavers spreads the mix at a set width and thickness as it moves forward. In doing so, the pavers partially compacts the material, Immediately or shortly there after and white the mix is still hot, steel-wheeled, vibratory or rubber tired rollers are driven over the freshly-paved strip. Further compacting the mix.

Asphalt paving Equipment

· The basic item of paving equipment is asphalt pavers.

· Equipments used in connection with the paving operation includes:-

* asphalt distributor,             * Motor grader                   * hand tools

* Windrowing equipment      * trucks                           * other machinery and implements.

· Pavers can place a layer of less than 25mm to 250mm in thickness, width of 1.8 to 9.8m working speed 3 to 20m per minute.

Automatic Screed Controls :  - Sensor              - Control box

                                                - Pendulum        - Command panel

                                                - Motors or cylinders to change the screed tilt.

Road Way surface preparation 

Which includes adequate surface and sub surface drainage and proper compaction during construction. 

Placing Hot-Mix Asphalt 

Before Spreading operations Carefully plan the entire operation. Such as:-

1. Continuity and sequence of operations.

2. Number of pavers needed for the project

3. Number and types of rollers needed

4. Number of trucks required

5. The chain of command for giving and receiving instructions. 

6. Reasons for possible rejection of the mix. 

7. Weather and temperature requirements

8. Traffic Control.

Before the paving operation begins, the technician should make sure that all necessary inspections.

1. Base or road way surface properly prepared. 

2. plan for execution of the work. 

3. Proper balance of mix production, spreading and rolling;

4. Equipments in good condition and adjustment. 

5. Provisions for weighing the mix; and 

6. Plan for sampling and testing. 

Inspection of mix

       Close cooperation between the paving crew and the asphalt plant is essential in securing a satisfactory and uniform job.

Mix Deficiencies

      Some mix deficiencies that may justify discarding the mix include 

1. Too Hot :- Blue smoke rising from the mix usually indicates an over heated batch. The temperature should be checked immediately.  If the batch exceeds maximum specification limits, it should be discarded. 

2. Too Cold:- A generally stiff appearance, or improper coating of the larger aggregate particles If the temperature is below the specification limit should be discarded.

3.  Too Much Asphalt:- When loads have been arriving at the spreader with the material domed up or peaked and suddenly a load appears lying flat. Excessive asphalt may be detected under the screed by the way the mix slicks off.

4. Too Little Asphalt:-A mix containing too little asphalt generally can be detected immediately if the asphalt deficiency is severe. It has a lean. Granular appearance. Improper coating and lacks the typical shiny black luster. 

5. Non uniform mixing :- shows up as spots of lean, brown, or uncoated dull-appearing material with in areas having a rich, shiny appearance.

6. Excess coarse Aggregate:- A mix with excess coarse aggregate can be detected by the poor workability of the mix and by its coarse appearance when it is on the road. Otherwise it resembles on over- rich mix. 

7. Excess Fine Aggregate:- has a different texture from a properly graded mix after in has been rolled. Other wise is resembles a lean mix. 

8. Excess moisture:- it is dumped in to the hopper of the spreader indicates moisture in the mix. It may be bubbling or popping as if it were boiling.

9. Miscellaneous:- Segregation of the aggregates in the mix may occur because of improper handling and may be serious enough to warrant rejection

Placing with the pavers rate of speed

For a given width, thickness, and density, the length of pavement per unit of weight of paving mix can be determined.

                             L = 
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       Where=    L= Linear in per tone 

                                                                  A= Cross sections area (width * thickness) if-m

                                                                  W= Compacted density Kg per cum.

Some paving is placed on the weight per unit area basis. In this case for a given width of paving course the length per unit of weight. 

                                L = 
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          Where      R= spreading rate, kg per sqm,

                                                    W = width of spread, m,

The required forward speed to balance with plant production may be:- 
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           Where:-

                                          V= forward speed of pavers m per min.

                                          RP = rate of plant production, tones per hr.

                                          L = Linear m per tone of mix 

Constructing paving joints

Longitudinal joints


After the first lane has been placed and rolled, it is important that the adjoining lane be placed so that it uniformly overlaps the first lane by 25 to 50mm. 


The thickness of the over lap should be about one-fourth the desires compacted thickness the coarse aggregate in the material overlapping the cold joint should be carefully removed and wasted.

         When the overlap is excessive, the excess material should be trimmed by square – ended shovel.

Transverse joints

Two methods:-  1 Uses a bulkhead to form a vertical face 

                          2) Vertical face sawed into the mat

1) Bulk head to form a vertical face.

             After the last load of asphalt mix has been placed in the hopper and the material around the spread screws falls below normal, the pavers is moved off, and a lumber bulk head, having the same thickness as the compacted mat, is inserted in to a space manually shoveled from the mat. The mat is then rolled. 

2) Vertical face sawed in to the mat 

            The mat must be sawed before paving operations begin again the location of the sawed face should be at least 25 mm behind the point of tangency.

Supplemental Road way paving and Appurtenances

Road Way Widening.

    Narrow roads should be widened before they are strengthened with over lays.

Construction Systems:- Asphalt and Portland cement pavements are widened by using essentially the some procedures.

· require trenching to adequate width and depth.

· Cuts are usually made by templates or bits attacked to a motor grader 

· Walls and base are neat and true to line and grade.

· The sub grade of the trench is compacted to the required density.

· The edge of the existing pavement is painted or sprayed with an ample quality of emulsified asphalt. 

· Steel- Wheeled vibratory rollers and special trench rollers are good for this type of construction. 

Shoulders

· high lateral support that enhances the strength of the pavement structure.

· Prevent water from seeping under the travel lanes of the road way. 

	Shoulder
	Pavement
	shoulder


Construction systems:-

· Procedures are similar to regular roadway paving procedures but it has thin surfacing material. 

Asphalt Curbs and Dikes

· are often constructed at the outer edge of the paved shoulders on elevated grades to prevent slope erosion. 

Construction systems:-

· Place string or chalk guide lines over the foundation that, in most cases, is the existing pavement. 

· The out side edge of the curb or dike should be at least 50mm in from the out side  edge of the pavement on which it is placed.

· A thin coating of emulsified asphalt or rapid-curing asphalt is applied to the pavement surface to ensure that the curbing mixture is bonded to the pavement. 

Asphalt Ditches and spillways

· To prevent slopes erosions and heavy slides

Construction system

· The soil is compacted sufficiently to attain stability particularly on the side slope

· Trimmed as necessary to make it smooth and uniform

· Linings are made that a finished thickness of 40mm of asphalt concrete should be the minimum thickness specified.

· Spreader boxes paving machines and even hand placing procedures may be used

Compacting Hot mix Asphalt

The compaction of soil increase the density and produces three important effects

i.  An increase in the shear strength of the soil

ii.  A decrease in future settlement of the soil

iii.  A decrease in its permeability

Factors affecting compaction

a.  Mix properties

b.  Environment effects 

c.  Layer Thickness 

Table 8:2  Items influencing compaction

	Item
	Effect
	Corrections

	· Aggregate
	
	

	· Smooth surfaced
	Low inter particle friction
	Use light rollers and lower mix temperature

	· Rough surfaced
	High inter particle friction, breaks under steel wheeled rollers
	· Use heavy rollers

· Use sound aggregates

· Use pneumatic rollers

	· Asphalt 
	
	

	· High Viscosity
	Particle movement restricted
	· Use heavy rollers

· Increase temperature

 

	· Low viscosity
	Particles move easily during compaction
	· Use light rollers

· Decrease temperature

	· Mix 
	
	· 

	· Excess coarse aggregate
	Harsh mix – difficult to compact
	· Use heavy rollers

	· Over sanded
	Too workable- difficult to compact 
	· Reduce sand in mix 

· Use light rollers

	· Too much filler
	Stiffens mix – Difficult to compact
	· Reduce filler in mix 

· Use heavy rollers

	· Mix Temperature
	
	

	· High
	Difficult to compact 

Mix lacks cohesion
	· Decrease mixing temperature

	· Low
	Difficult to compact

Mix too stiff
	· Increase mixing temperature


Compaction Equipment

· Static steel wheeled rollers

· Two tandem rollers or three wheeled rollers 

· Weight from 2.7 to 12.7 tones or more

Pneumatic tyred rollers

· Have two to eight wheels

· Weigh 2.7 to 31.8 tones

· Ballast can be added to the machines to increase the weight

Vibratory Rollers

-One or two smooth-surfaced steel wheels 0.8 to 1.5m in diameter and 0.9 to 2.7m in width.

-Weight 1.4 to 15.5 tones

-Can compact any type of asphalt mixture but should not be used in the vibratory mode.

Rolling procedures

Rolling freshly placed asphalt mix is done in the following order

1.  Transverse joints -  Use steel wheeled rollers

2.  Longitudinal joints

3.  Initial or break down rolling – Use steel wheeled rollers, vibratory or static weight tandem rollers are recommended

4.  Second or intermediate rolling – Use pneumatic tyred vibratory tired rollers.

5.  Finish Rolling

Common problems in pavement construction, Roads attacked by this problem in Ethiopia , and recommendations to control this problem

1)   Cracks:  There are six types of cracks


a.  Alligator crack :  

· Are inter connected cracks forming a series of small blocks resembling an alligator’s skin or chicken wire\

· They are usually associated with a granular untreated base that has failed or with soft sub grade. 

· Caused by :  Saturated base or sub grade.
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                Figure 8:9  Alligator Cracks.

· Recommendations: - Remove the wet material and possibly      installing drainage.    

                - A short mix asphalt placed full depth provide a strong patch.

          b.Edge cracks


Are longitudinal cracks near the edge of the pavement with or with out transverse cracks branching towards the shoulder.

· Caused by - Lack of lateral or shoulder support for the asphalt pavement.


                  - Settlement or yielding of the base material underlying the                                 cracked area.
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             Figure 8:10     Edge Crack.

· Recommendation - Edge cracks may be filled out with asphalt emulsion slurry or cut back asphalt mixed with sand.

     If the edge of the pavement has settled, the surface may be brought to           grade with a hot mix asphalt patching material.

    c.joint cracks
There are two types of joint cracks

· Edge joint crack:-  which occurs between the pavement and the     shoulder surface.

· Lane joint crack:-  which occurs between the adjoining paving lanes.

· Caused by :   Wetting and drying or freezing and thawing beneath the shoulder surface 

· Weak seam or poor bond between adjoining spreads in the pavement. 
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                 Figure 8:11  Lane joint Crack.

· Recommendation: -  Drainage should first be corrected.

                                      - Cracks filled with an asphalt  - emulsion slurry.

                                      - Special asphalt compounds or heavier – bodied asphalts may be used to fill larger cracks.

 b.Reflection cracks :  

-  reflects the crack pattern in the pavement structure underneath, occurs in asphalt overlays. 

· Caused by :  Vertical or horizontal movements
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                         Figure 8:12    Reflection Crack.

· Recommendations:-  If the cracks are less than 3mm wide, it may be wise to ignore them unless water can enter and cause further damage.

                                      - Cracks wider than this filled with an asphalt  emulsion slurry or a light grade of cutback asphalt and fine sand.

e. Shrinkage Cracks :

Inter connected cracks forming a series of larger blocks usually with corners or angles

· Caused due to :-Volume change in ht asphalt mix or in the same or sub grade. Volume change of fine aggregate asphalt mixes that have a high content of low penetration asphalt.
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                 Figure 8:13   Shrinkage Cracks.

· Recommendations:-   should be sealed with an emulsion asphalt slurry followed by a surface treatment, a slurry seal or an overlay on entire surface 

f. Slippage cracks:-   are crescent shaped cracks resulting from horizontal forces induced by traffic.

· Caused due to :-  A lack of  bond between the surface layer and the course beneath. Lack of  bond may be due to dust, dirt, oil, or the absence of a tack coat.
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                  Figure 8:14     Slippage Cracks.

· Recommendations:- Remove the surface layer around the crack to the point where there is good bond between the layers, then the area is patched with a hot mix asphalt.

2) Distortions 

· Pavement distortion is the result of sub grade weakness where additional compaction or movement of the sub grade soil has taken place, or where base compaction has occurred.

a.   Depressions   

· Localized areas of limited size that may or may not be accompanied by cracking. Water collects in depressions, which then becomes not only a source of pavement deterioration but also a hazard to motorists.

· Caused due to :   Traffic heavier than that for which the pavement  was designed and by consolidation or movement 3with in the sub grade.
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Figure 8:15   Depression. The Depressed area is Denoted by water Lying on the pavement.

· Recommendations: -  Depressions should be filled with hot mix asphalt and compacted to restore the area to the same grade as the surrounding pavement.

    b,upheaval

· The localized upward displacement of a pavement due to swelling of the sub grade or some portion of the pavement structure.

· Caused due to :  Ice expansion in the granular courses beneath the pavement or in the sub grade .  And the swelling effect of moisture on expansive soils.
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           Figure 8:16   Upheaval.

· Recommendations:-  If drainage is not successful, complete pavement removal and reconstruction may be the only solution.

3) Disintegration  

· Is the breaking up of a pavement in to a small loose fragments

a.  Pot holes:- Are bowl shaped holes of various sizes in the pavement structure resulting from localized disintegration under traffic. 

· Caused due to :-   Weakness in the pavement resulting from a weak sub grade or base course, too little asphalt, too thin an asphalt surface, too many fines, too few fines or poor drainage.
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                      Figure 8:17   Pot Hole.

· Recommendations:-   Cleaning out the hole and filling it with a pre mixed asphalt patching material for temporary repair.

Permanent repair is made by constructing  a deep patch with hot mix.

            b. Raveling

· The progressive loss of surface material by weathering and or traffic abrasion

· Caused due to :   Poor construction methods, inferior aggregates or poor mix design

[image: image18.jpg]



        Figure 8:18  Raveling

· Recommendations : Dry and weathered surfaces usually require a surface treatment 

· Emergency measures include a fog seal applied over the road way surface 

· Surface treatments include slurry seal, Sand seal, or asphalt aggregate treatment depending on the surface condition and traffic

4)  Slippery surfaces :   

a) Excess asphalt

· Bleeding or flushing is the presence of excess asphalt or a film of asphalt on the pavement surface

· Caused due to :   Improperly constructed seal coats or too heavy a prime or tack coat

· Heavy traffic loads can force or flush the asphalt to the surface of the pavement in hot weather.

· If hydrophilic aggregates are used in the hot mix asphalt, unfavorable moisture conditions may cause stripping with subsequent migration of the asphalt to the pavement surface.
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                 Figure 8:19   Bleeding Asphalt

· Example : Adama arterial asphalt road

· Recommendations:  repeated application of hot sand, rock screenings or coarse aggregate to blow up the excess asphalt. When this technique is employed the aggregates used should be twice the diameter of the asphalt film thickness.

· after the aggregates are applied, it should be rolled to the asphalt film.

· If the bleeding is light a hot mix asphalt friction course or  an aggregate seal coat using abortive aggregate might be used.

· A pavement planning machine either cold or hot may be used to remove excess asphalt or to remove the entire layer.

b) Polished aggregates: 

Aggregate particles in the surface of a pavement may be worn smooth under the abrasive action of traffic.

· Caused due to :  Naturally smooth uncrushed gravels and crushed rocks that wears quickly under the action of traffic.

-  some types of gravel are naturally polished, and if they are used in the pavement surface without crushing they become skid hazard.
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                  Figure 8:20   Polished aggregate in pavement surfaces

· Recommendations:  The only effective way to repair a pavement with polished     aggregate is to cover the surface with a skid resistant treatment.

· a hot asphalt mixed thin overlay friction course, a sand seal, or an aggregate seal should be applied.

· The aggregates should be hard and angular

 8:4 Cold mix asphalt                                                               
The construction methods of sub grade, sub base and base course clearly described at the previous asphalt type.

Construction methods

Road bed preparation 

The road bed on which mixed  material is placed must be shaped and compacted

· The surface must be swept with a power boom

· Depending up on the condition or type of the base or sub grade, a prime coat of mc 30 may be necessary.

· When applied the prime coat is allowed to cure and after 24 hrs any excess asphalt remaining on the surface is blotted with sand.

Windrows

· Necessary to place the aggregates in to windrows

· Usually loose material on the road surface is in two small quantity and is not uniform enough for use in the road mix.  In such cases the material is blended on to the shoulders.

· If it is practical to use the material from the road way, it is blended in to a windrow and measured. Additional aggregate may be added as necessary to improve the gradation or to provide the required volume.

· If two or more materials are combined on the area being surfaced, each is placed in its sized windrow. These windrows are then thoroughly mixed before asphalt is added

· Before the correct amount of asphalt is to be applied can be determined it is necessary to determine the quantity of aggregate in the windrows. Measurements to be made on a sized or uniform window. The quantities are determined by the following formula.

V= (A+B)C / 2

Where V= volume of the windrows square meter per linear meter


A,B,C = Dimensions of the windrow

Wf = W1V

Where Wf = quantity of aggregate in kg per linear meter


W1= Loose weight of dry aggregate in kg per cubic meter

                                              B
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Figure 8:21  Measurements for Determining windrow quantities

Adding Asphalt

Asphalt is either applied with a pressure distributor ahead of the mixing process or in, the case of gravel mixers, during the mixing process.

In any case close control over the application rate and viscosity is necessary for proper mixing. The rate of application for asphalt along the windrow is determined by 

A = Wf P

                                                                     100G

Where:

A =  application rate of asphalt, liter per linear meter

Wf = quantity of aggregate in kg per linear meter

G = Weight of asphalt approximately 1kg/litre

· Proper viscosity is essential for the asphalt must be filled enough to flow easily through the spray nozzles and to adequately coat the aggregate particles

· Mixing and spraying temperatures for emulsified and cut back asphalts a guide temperatures as follows:-

Table 8:2   Typical asphalt temperature for cold mixed construction

	Type of guide
	Asphalt temperature when the asphalt is metered through a mixing plant
	Asphalt temperature when the asphalt is applied to a windrow prior to mixing

	MS-1, MS-2, MS-2h, HFMS-1, HFMS-2, HFMS-2h, HFMS-2s, SS-1, SS-1h
	10-70 centigrade
	20-70 centigrade

	Cationic

CMS-2, CMS-2h, CSS-1, CSS-1h
	10-70 centigrade
	20-70 centigrade

	Cut back asphalts

MC,SC Asphalts

250

800

3000
	55-80

75-100

80-115
	40 centigrade

55 centigrade


Methods of preparing mixes

There are four techniques for preparing paving mixtures for cold-laid pavements

1.  Blade mixing

2.  Rotary mixing

3.  Travel plant mixing and

4.  Stationary mixing facilities

· all but stationary plant mixing are considered mixed in place techniques. The principal advantages of this type of construction is that it utilizes aggregates already in the site, or available from the near by source. The aggregates and the asphalts can be mixed in place with a minimum of equipment.

· The in place mixing systems provide low cost techniques for production of cold mixes. However, generally it is not possible to achieve 100% asphalt coating of the aggregate.

Blade mixing

· Blade mixing is usually accompanied by the use of motor grades

· The aggregate is first air dried by manipulating it across the road way with the grader to expose it to the sun and air.

· After the moisture content has been reduced to 3% or less, the windrow is flattened or spread uniformly over about half the road way. Asphalt is then applied form the asphalt distributor in about two or three spraying passes. Immediately following each application, the asphalt and aggregates are partially mixed to leave as littlie free asphalt as possible on the surface and to prevent pools of asphalt from forming.

· Partially mixed material up on receiving the full predetermined amount of asphalt is formed back in to a windrow. It is then worked back and forth across the road way with the blade until the aggregate particles are coated and the mix has a uniform aggregate.

          Rotary Mixing

· A rotary type mixer consists of a mobile mixing chamber mounted on a self propelled machine. The chamber is open at the bottom and has widths varying from 1.8 to 3 meter.

· Inside the chamber there may be one or more transverse rotating drums that contain attached carbide cutting teeth. This type of equipment is particularly useful for mixed in place cold recycling where old hot or cold mix surfaces are to be incorporated in to the mix.

· The blades or cutting teeth serve a two fold purpose, cutting the in place material to a specified depth and mixing with asphalt.

· As the machine moves forward it strikes off the freshly mixed material to predetermined level. The asphalt can be introduced in either of two ways. In some mixers it comes through spray bar that extends across the mixing chamber, the amount sprayed being governed byu th forward speed of 4the unit. With the second method an asphalt distributor sprays the asphalt on the aggregate ahead of the mobile mixer, the materials are drawn in to the mixing chamber as the machine moves forward.

Travel plant mixing

Travel plants are self propelled pug mill plants that mix the aggregates with asphalt, applied at a controlled rate, as they move along the road. One type of travel plant has an aggregate receiving hopper, an asphalt storage tank, pug mill mixer and a floating screed. Either recycled material, virgin aggregates or a blend of the two can be fed in to the plant for mixing with asphalt. The completed mixture is discharged at the rear and the thickness can be adjusted to any desired depth.

Travel plants should be capable of proportioning and thoroughly mixing asphalt and aggregates uniformly dispersing the asphalt and adequately coating the aggregate particles.

The mixing Machine moves along the windrow adding the asphalt and mixing it in to the windrow as it moves forward. The rate of flow per minute at which the asphalts pump is adjusted may determined by :\

E = AS

Where 

E = Discharge rate of asphalt liters per minute

A = Amount of asphalt liters per linear meter

S = Forward travel speed meters per minute

Stationary mixing facilities

Mixing using emulsified and cut back asphalts prepared at a stationary mixing facility offer certain advantages over road mixing methods.

Weather conditions are not as much a factor in facility mixing operations. Aggregates may be heated and dried just prior to mixing. Mixing is accomplished in a few minutes that would otherwise possibly require hours of windrow manipulation.

The stationary mixing facility provides good control over both the proportions of materials in the mix and the mixing time. Uniformity of mixes is practically assured. Where the aggregates have been heated prior to mixing, a more viscous asphalt may be used. Often enough spreading has been accomplished in the mixing operation, dumping spreading mix in the road way to permit immediate compaction with rolling equipment.

Table 8:3   Types of rollers suitable for the compaction of cold mix asphalt bases

	Type of cold mix asphalt base
	Stage of compaction

	
	Break down rolling
	Intermediate rolling
	Finish rolling

	Dense graded
	Steel wheeled pneumatic tired vibratory
	Steel wheeled pneumatic tired vibratory 
	Steel wheeled

	Open graded
	Steel wheeled 
	Steel wheeled vibratory pneumatic tired
	Steel wheeled
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