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Background 

One of the important infrastructures for the development of the country is the motorable road 

network that needs to proper supervision and quality control during the construction. Similarly 

Road Networks must be repaired and maintained in a regular basis. It is anticipated that the built 

roads serve the vehicles to run smoothly and ensure the quality of motorable   roads for the design 

period and beyond. Basically, the design, construction and maintenance of Provincial Roads are 

the responsibility of the Transport Infrastructure Directorate (TID). It is realized that quality of 

work in the road sector has been compromised against the specification so the newly constructed 

roads have been badly affected resulting to the poor quality and workmanship and ever increasing 

required budget and manpower.  

Province Government has established the Transport Infrastructure Directorate with the aim to 

ensure better quality road with in province. Its major responsibility is to plan and implement 

transport infrastructure as well as to regularly monitor and evaluate the work done in road sector 

implemented through different IDos. 

To ensure quality of the roads, it is vital that the professionals who are involved in such work are 

qualified and motivated. The government’s stride towards rapid development of quality roads 

infrastructure will be meaningful and appreciative if the responsible staff show better performance 

with their enhanced professional competency. The state of the art techniques and know how on the 

subject has to be imparted to the technical staff specially working in the TID and IDOs through 

adequate trainings.  

Proper utilization of the limited financial support and qualitative construction work in time would 

provide needed service to the people. Quality control is important to provide safe and comfortable 

service to road users and reduce the need of early periodic maintenance. It is envisaged that the 

training of this type will motivate and enhance the capabilities of the technical staff and will help 

serve the purpose of TID for long term sustainability of the proposed and existing roads network. 

This report has been prepared and submitted to TID for conducting a three days training on Quality 

Control in Road Works. It is understood that the proposed and existing road network is prone to 

have more traffic loads.  In such situation more effort and professional input is necessary by the 

technical persons who are responsible for quality control.  The institutional capacity building of 
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the TID and IDOs is also important for the consistency in the quality of the roads. It is envisaged 

that this training focused on theoretical know how followed by practical experience sharing should 

definitely upgrade the professional competency of the participants representing various IDOs of 

the Province. 

Objective 

The training program has been developed with the main objective of capacity enhancement of the 

technical staff of the TID and IDOs for the quality control during road construction. . The training 

will impart the following knowledge and skill to the participants: 

 Standard Specification for Road Construction 

 Quality Assurance Plan (QAP)  

 Quality Control in Excavation   

 Quality Control during construction of Pavement : Sub base, Base and wearing course  

 Quality Control of different types Retaining Structures: Masonry Wall and Gabion Wall 

and Plum Concrete Wall 

 Quality Control of different types Drainage and Cross Drainage Structures 

 Maintenance of Road and Quality Control during Maintenance 

 Slope Protection and Bioengineering Measures 

 Provide knowledge on different type of small-scale structures used in slope protection. 

 Enhance knowledge about bioengineering techniques for erosion control.  

Methodology 

Before the start of the training, discussion was held with the trainers and the project proponent 

about the objective of the training program and the expected outcome of the training. The training 

was conducted in a very interactive manner with exchange of views and information between the 

trainer and the trainees. The training schedule was prepared based on Terms of Reference provided 
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in consultation with the experts. It was ensured that all the relevant topics were covered in the 

training and the objective of the training was clear and would be fulfilled.  

The training comprised of class room lectures with both theory and interactive sessions. The 

trainees were encouraged to raise questions and express their views. During the training, the 

trainees were familiarized with the subject matter through use of actual case studies as well as 

practical experience sharing.  Each introductory session in major technical sessions were followed 

by discussions and interaction to make the trainees familiar with the subject matter and enable 

them to understand and evaluate the importance of quality in each activity of road construction.  

The training was conducted by the resource persons who are experts in Quality Control in Road 

works. . 

Services delivered by the Training Provider: 

 Prepare training course and schedule. 

 Arrange resource person to deliver the training sessions. 

 Provide handouts of resource persons in soft copies to all corresponding email addresses  

 Submission of Training Completion report. 

Services delivered by TID  

 Approval of the training course and schedule 

 Approval of the training venue. 

 Nominated participants and ensure their participation for the training program 

 Provided training hall/venue to accommodate 22 numbers of trainees for theoretical 

classes. The hall/venue was well ventilated through Air Conditioning with sufficient 

lighting system; protections from rain, wind, direct sunlight and external noise so as to 

ensure an appropriate learning environment 

 Provided clear and comprehensive description of all services to be delivered (one 

orientation) by training provider 

 Provided breakfast, lunch and snacks to the participants. 

 Provided stationary and handouts to trainees  

 Prepared and distributed training certificates to participants by the end of the training 
program. 
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 Made payment as per agreement as approved financial claims of the training provider 

Training Venue and Time 

The finalized date for Training was 1-3 September 2021 (16- 18 Bhadra 2078) as proposed by the 

TID. The Training was conducted in the Hall of TID starting from 8:30 and ended at 17:00 of each 

day.  

Training session plan 

The training session plan is attached in Annex 1. 
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Synopsis of the training 

Day 1 

Opening Session 

The opening session started with the welcome speech by Pushkar Pokhrel, Senior Divisional 

Engineer of TID,   Firstly, he welcomed all the participants and thanked everyone for their valuable 

participation. He also presented the current practices and policies for quality control in road 

construction. After that, he requested the participants to gain the knowledge from the experienced 

resource person and implement the learnings during the construction of Roads. 

The chief guest of the training opening session was Er. Sanjib Baral- Province Secretary from 

Ministry of Physical Infrastructure Development. He explained about the importance of Training 

and believed the contents of training will address the current expectation to the participants. He 

said that he was expecting such training from beginning in province and become happy to see the 

starting of training event from TID. He expressed the hope that the training events will be 

continued frequently in Province level. He continued his speech by instructing participants to clear 

all their doubts related to Quality Control and Maintenance of Road in the training. Finally, he 

concluded his speech by wishing good luck for the successful completion of the training program. 

Dr. Sahdev Bhandari – Director of TID, delivered his opening remarks relating to the training. 

Firstly, he welcomed all the participants in the training. He mentioned that the training is basically 

envisaged to overcome the current issues related to quality in road construction. Next, he 

mentioned the publication of Survey Guide Line and Quality Control Manual just published by 

TID which would be beneficial to all engineers who are working under TID.  

Sessions delivered in Day 1    

1. Specification and Test Frequency for Quality Control in Road Construction 

2. Quality Assurance Plan 

3. Specification and Test Frequency for Quality Control in Road Construction 

4. DPR Checking, Setting out and Earthwork in Excavation 

5. Collection of Sample for Lab tests, Interpretation of Test Result 
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Resource person: Ram Babu Paudyal and Sujit Dhital  

In this session, Sujit Dhital deliver the provision under specification for quality control. He focused 

in the gap in specification and points to be noted during the road construction as per new 

specification. Then Ram Babu Paudyal started the session briefing about Quality Assurance Plan 

and the procedure to make QAP. He also shared one example QAP with participants.  Quality 

Control of Road is designed to enhance managerial and technical skills of the participants 

responsible for planning, managing and supervising road construction projects for more efficient, 

effective and high standard road construction works. It also focuses on up-to-date knowledge of 

quality standard and quality control issues of road construction as well as work processes in all 

construction phases that lead to better quality of road works. Which includes quality assurance in 

road works, contract management and inspection procedures, testing of construction materials such 

as concrete works, concrete aggregates, soil gradation, density and compaction, field 

compaction/density of subgrade, and asphalt material. Similarly current isues in DPR and 

precaution is to be taken before implementation of Road project based in DPR was discussed. In 

the fourth session, collection of samples of various activities of road construction was discussed  

 

Day 2 

Sessions delivered in Day 2  

6. Sub base base and Shoulder Construction 

7. Design and Construction Procedure of Surface Dressing  

8. Quality Control of Structures  Masonry, Gabion and Plum Concrete Retaining Wall  

9. Procedure for lab tests – Pavement 

10. Construction Procedure of Pre mix Carpeting 

Resource person: Ram Babu Paudyal and Sujit Dhital  

Ram Babu Paudyal started his session about construction procedure of Subbase base and shoulder 

as per recent Manual under quality control published by TID. In each construction activities the 

provision of testing prior to construction during construction and after construction was discussed. 

Similarly Sujit Dhital delivered the comprehensive session about detail procedure of DBSD. 

Session covering Quality Control of Structures i.e Random Rubble Masonry, Gabion and Plum 
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Concrete Retaining Wall was delivered by Ram Babu Paudyal. Real site photos and video were 

presented to make the participants more familiar about quality control of structures in this session. 

Sujit Dhital delivered the session about the procedure for different lab test. He focused in the 

suitability tests of Bitumen with detailed procedure. The procedure and quality control for laying 

the premix carpeting was the last session of the day. These sessions were very interactive as the 

participants raise various queries about the flexible pavement construction so the session was 

extended up to 18:30 of the day up on participants’ request.  

 

Day 3 

Sessions delivered in Day 3  

11. Maintenance of Road and Quality Control Works in Road Maintenance  

12. Marshal Mix Design  

13. Slope Protection works including Bioengineering Measures  

14. Construction Procedure  of Asphalt Concrete Works 

15. Quality Control Works for Rigid Pavement 

Resource person: Ram Babu Paudyal and Sujit Dhital  

In this session, Ram Babu Paudyal discussed about Quality Control of Road maintenance work 

stating that Quality Control of Road maintenance work is designed to enhance managerial and 

technical skills of the participants who are responsible for planning, managing and supervising 

road construction projects. He also focused on up-to-date knowledge of quality standard and 

quality control issues of maintenance that lead to better quality of road and road side structures. 

Similarly Sujit Dhital described the Marshal Stability Test of Bitumen in Details. He explained the 

design of Asphalt Concrete is very important as each parameters during Marshal Test are closely 

related to each other. He described in detail construction procedure, points should be noted during 

the construction of Asphalt Concrete Road. The cause of slope failure and different types of slope 

protection measures including bioengineering was covered under the session 13. Ram Babu 

Paudyal delivered the session for slope protection and bioengineering works. Similarly he also 

delivered the session about quality control of Rigid Pavement Construction. He explained the 
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failures of rigid pavement and types of maintenance to Rigid Pavement in detail with real site 

photographs.  

Closing Session 
The closing session was held on Friday 3 September 2021 (18 Bhadra 2078). The closing ceremony 

was chaired by Dr. Sahadev Bhandari- Director of TID. 

 

Hari Prasad Ojha the Moderator of the closing session welcomed all the participants and guests in 

the closing ceremony of the training program. He expressed happiness for the successful 

completion of the program and further on the behalf of training provider congratulated all the 

participants for receiving such a useful training.  

On Behalf of the participants, Ms Prativa Neupane and Mr. Bishnu Prasad Kafle presented their 

thoughts of the outcome and benefit of the training. They mentioned that the training was very 

useful and would greatly help the team in executing their job duties better in aspect of Quality 

Control in Road works.  

The participants were then handed over certificate and training materials by the Director of TID. 

In his closing remarks he expressed his satisfaction over the successful accomplishment of this 

training with the contribution of the expert resource persons and management supports from other 

staffs of TID. He was confident that the training was rigorous, intensive but everyone enjoyed and 

learned a lot. He urged all the participants to utilize the knowledge which they have grabbed here 

in this training and to develop the sense of responsibility which will help in making their 

understanding of quality in road works more effective. He highlighted the strengths and 

possibilities of betterment of the training. In the end he thanked to the resource persons for their 

effort to make the training effective and successful. 

Training outcome 

7.1 Training Evaluation   

After the completion of all the technical session, the participants were requested to provide a 

comprehensive evaluation of the overall training and how it met their expectation. They were also 

requested to give their feedback towards each topic covered during the training in terms of Content 
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of the Session and presentation of Trainer. The participants were requested to provide their 

feedback/rate using the options  

Fully Agree, Agree, Neutral, Disagree, Fully Disagree  

100% of the participants believed that the objective of the training was clear and contents of the 

training were appropriate to fulfil the objectives.  

70% of participants disagreed about the duration of training, the participants expressed their 

feedback that the training duration was very short to cover all the topic and they gave the feedback 

to make the training 7 days including field exposure and lab tests.   

80% of participants are fully satisfied in terms of Resource Person Skill and delivery. 

90% of participants are fully agreed in the method of presentation. Rest 10% suggested the lab 

visit, more videos and documentary during the presentation.  

100% of participants believed that the provided handout and resource material are sufficient for 

the training.  

 About the venue of the training 80% evaluated that it was excellent while 10% thought it was ok 

and 10% thought it could be improved. In reference to the food, 90% thought it was excellent while 

10% thought it was ok. 

90% of participants believed that they have suitable environment to adopt the skill learnt from 

training in their work station while 10 % disagreed stating there is no environment to work focusing 

in quality control in their work station. 

7.2 Suggestions for Improvement 

The feedback of the entire training was filled up in individual questionnaire where the participants 

were asked to comment on the logistics, training quality and time allocation. They were asked to 

give appropriate suggestions do that trainings in the future could be improved. In addition to that 

the participants were asked to suggest for topics that will be helpful in the future the major 

comments and the suggestions can be summarized as follows. 

Comments: 

 The training could have been of 7 days – Residential  

 Recreational activities could have been carried out 
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 Directory could be maintained so that the participants and the resource person can be in 

touch even after the completion of the training. 

 Additional Classes in Asphalt Concrete , Rigid Pavement and field training to 

Bioengineering should be included  

Suggestions for other topics: 

 Training in Lab Test  

 Training to all Technician of IDOs about Quality Control  

 Orientation to Site staffs about quality control prior to mobilization of site  

 Road Maintenance Planning and Implementation Training  
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S.N Name of the Trainer Contact Email 

1 Ram Babu Paudyal 9841504124 ramb.paudyal@gmail.com 

2 Sujit Dhital  9843421686 sujitdhital@gmail.com 

 

  

mailto:ramb.paudyal@gmail.com


23  
 

 

Annex 5: Sample Certificate 
 



24  
 

 



25  
 

           

        

 

 

 

  

 
 

 

 

 

 

 

 



26  
 

 

 

 

 

 

 

 

 

Annex 6: Photographs 
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Picture 1: Opening session of the training 
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Picture 2: Er. Ram Babu Paudyal taking his session 

   

 

Picture 3: Er. Ram Babu Paudyal taking his session 
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Picture 4: Sujit Dhital taking his session 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 5: closing ceremony  
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Picture 6. Interaction during tea break  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 7: Group photo of participants 
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Session 2: Quality Assurance Plan (QAP) 

Transport Infrastructure Directorate
Bagamati Province 

Training on Quality Control in Road Works 



Introduction
Key issues 

Quality of constructed work are not meeting the satisfaction of 
Employer and Engineer 

• towards contractual requirements defined by the contract 
documents mainly by drawings and specifications

Learning objectives

• Participants will be able to assure that all the steps of Quality 
control during planning, implementation and completion of 
construction activities

Points to be Discussed :

Quality Assurance Plan 



Group work 

• What type of quality control activities are being implemented in

Province Level? Please mention the types of activities to

control the quality, Current Practice, Challenges and Possible

solution in following table



Definitions 

Quality in construction is defined as “meeting or exceeding the 

requirement of client/owners i.e. specification”

Quality Assurance is ensuring that material and work meet 
certain thresholds of acceptability

Quality Assurance and Quality Control are two aspects of 
Quality Management

Quality Assurance is Not Quality Control. The QA is process 
oriented and QC is product oriented



Objectives 

• To assure that all the steps of Quality control have been
properly planned and implemented at the completion of each
activity

• To assure that the completed works meet or exceed desired
performance criteria/quality standards (specified in
Drawings & Technical Specification which are part of the
Contract Documents.)



Contents of Quality Assurance plan

• The recapitulative tests schedule and testing program
detailing

• Estimate the number of tests to be carried out, list and
number

• List of staffs assigned to the laboratory, their position and
responsibility in the quality control procedure, their
qualification and experience

• The list of sources of materials and/or manufactured article

• Quality Assurance Flow charts and Quality Assurance Work
Procedure

• Organizational Breakdown , Communications , Reports ,
Record Keeping and Instructuction , NCR



Contents of Quality Assurance plan

• The recapitulative tests schedule and testing program
detailing

• Estimate the number of tests to be carried out, list and
number

• List of staffs assigned to the laboratory, their position and
responsibility in the quality control procedure, their
qualification and experience

• The list of sources of materials and/or manufactured article

• Quality Assurance Flow charts and Quality Assurance Work
Procedure

• Organizational Breakdown , Communications , Reports ,
Record Keeping and Instructuction , NCR



QA Implementation Plan

• The Plan, staffing arrangements and procedures will be
explained to all staffs

• The contractor has to maintain test frequency of each item

• For special tests in offsite laboratory, should request in
written and get written approval to conduct proposed test

• Example of Test Frequency



QA Implementation Plan

S.
N 

Material Tests Specification 
Limit 
/Requirements 

Test 
Frequency 

BoQ
Quantity 

No 
of 
Tests 

1 Cement , 
Specification 
Clause no 
DOR 614 

Setting 
Time 

Initial – 45 
Minutes 
Final – 600 
min 

200 T or 
Part of it

1000 T 5
Sets

2 



QA Implementation Plan

• Qualified Laboratories

• Verification Sampling and Testing – Personnel : Qualified
and Competent

• Verification Sampling and Testing of Project Produced
Material :Aggregates, PCC, Mortar, Base and sub-base
materials

• Verification Sampling and Testing of Manufactured
Material:GI wires, Geotextiles, Cement, Bitumen ,
Reinforcement etc



Planning for improvements

Planning of Construction Materials to the Site

working site will be neat and clean i.e. the construction material
will not be scattered, cement and other materials in approved
manner

Weekly/Monthly Testing Schedule

prepare weekly / monthly test plan of material and works, test
schedule provides a clear picture of what to do and when to do?

Material Management Schedule

based on the project schedule



Planning for improvements

Planning of Construction Materials to the Site

working site will be neat and clean i.e. the construction material
will not be scattered, cement and other materials in approved
manner

Weekly/Monthly Testing Schedule

prepare weekly / monthly test plan of material and works, test
schedule provides a clear picture of what to do and when to do?

Material Management Schedule

based on the project schedule



Roles and Responsibilities 

Role of Sub Engineer / Assistant Sub Engineer

• Control of Quality and workmanship.

• Daily report of works, equipment, manpower and
materials status relating to quality.

• Carryout joint measurement of quality works

• Carry out construction activities in accordance Method
statement

• Inspection of materials upon receipt and reporting.

• Stop progress of work of any place that is non-complying
the quality requirements in consultation with the QC
Engineer.

•



Quality Control System

• Compliant testing for materials including laboratory trials

• Compliant testing for methods and equipment prior to
commencement of work

• Control testing during construction (process control)

• carries out all necessary tests and reports to the Engineer

• demonstrates a trial run of all construction equipment for
establishing their capability to achieve requirement



Quality Control Tests

• Materials prior to construction

• Quality of workmanship and works during construction

• Finished works after construction

Non Compliance and corrective Measures

• meet quality standard, workmanship and test frequencies for
material and works. Nonconforming works and material
shall be rejected.

Corrective Measures

• A detail list of the possible areas of non-compliance of the
test results and possible corrective measures



Quality Control Tests- Material Prior to Construction 



Quality Control Tests- Material Prior to Construction 



Quality Control Tests- Material Prior to Construction 
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Quality Control Tests

Material Testing Laboratory

• recommended to establish one Material Testing Laboratory

• Laboratory must be established and fully equipped

• Laboratory equipment must be calibrated and tested

• Test formats must be prepared

• Laboratory Technician must be employed and trained



Field Density Test



Example of QAP with Method Statements 



Case Study 

The photo given is related
to recently completed
works of Dudhouli Rural
Municipality of Sindhuli.
Now we are going to
discuss the issues
challenges and possible
solution to the quality of
works analyzing the key
feature of failure seen in
this photo.



Case Study 

Prepare Quality Assurance Plan of a project with
following activities

• Sub base Laying

• Base Laying

• Asphalt Concrete Laying

• Plum Concrete Wall work



Session 4:Current Issues on Quality 
Control, (DPR, Setting out , Excavation)

Transport Infrastructure Directorate
Bagamati Province 

Training on Quality Control in Road Works 



Introduction

• This session designed to deliver the issues and
challenges in local level

• Based on practical experience in the field, this
session will list the common deficiencies of
supervision and quality control



Key issue and Context 
• DPR and Cost Estimate , Setting out 

• Workmanship of the completed structures 

• Quality of works are not acceptable , Sub Standard 
material

• Major activities for resilience i.e compaction , 
curing , Soaking of bricks , mixing of concrete 

• Use of heavy machines for cutting in slopes, Side 
casting 

• Skipping  the structures from estimate  to keep the 
construction work within Budget 

• Tendency to accelerate the work in the last month 
of Fiscal year 



Group Exercise 
List out the major construction activities which
are not working or damaged by disaster or any
other reason in your Province level. Mention the
quality control steps were taken during the
construction. Suggest the possible intervention
to bring back it functional.

Hint: Please go through the example of hume pipe
culvert given below

Hyperlinked Material\Group Exercise session 1 .docx

Hyperlinked Material/Group Exercise session 1 .docx


DPR of The Project 
• Not represent the real ground situation

• Lack of essential data , Water Management Structure  
and slope protection works 

• Copy and Pasting , Just submit the document, 
missing of verification 

• Not Consistent estimate in DPR , hard to float tender 



BOQ 



Estimate of The Project 
• Comments on Estimate  – Example from field 

Action to be taken in future

Presentation and Verification of DPR , Layout must be
done by Consultant in the field



Earthwork in Excavation 
• Cut and through  

• Use of Heavy Machine 

• Side Casting 

• Not following  the Environmental Regulations 





Earthwork in Excavation 



Managing the earthwork in designated place 

Photo : Ram Babu Paudyal , ADB – EEAP  Okhaldhunga – Rumjatar Road 



Earthwork in Excavation 



• Foundation Slope is to be maintained 

• Foundation Depth of the structure 

• Compaction in foundation bed 

Earthwork in Excavation in Structure 



Earthwork in Excavation in Structure 



Earthwork in Excavation in Structure 



Workmanship

Masonry Wall 
• Lack of Dressed Stones 

• Cement Painting to cover the defects 

• Stacking stones and throwing  Mortar

• Lack of Curing 



Material 



Wall without dressed stones 



Setting Out 

• Compromise in Setting out 

• Structure are not constructed 
with in frame 

• Function of structure 

• Aesthetic appearance 

• Complain from public 



Setting Out 



Subgrade preparation 

• Missing Vertical Control 

• Tests for Subgrade Material – not giving 
importance 

• Compaction – compromised 

• Camber not maintained 

• Left a month or more after completion and waiting 
for subbase layer 



Sub base and base 

• Missing level control

• Tests for Material –Missing suitability test ,
Tendency to accept the material which is
already transported

• Compaction – compromised

• Camber not maintained

• Left a month or more after completion and
waiting for another layer

• Maintenance of the surface before laying Prime
coat



Wearing Course 

• Suitability Tests 

• Test of Binder 

• Trail Section 

• Compaction 

• Temperature control 

• Finishing surface – workmanship 



Slope Protection 

• Understanding – Bioengg is the key solution 

• Root cause of slope failure , erosion , slide or 
mass movement 

• Design of protection measures 

• Precaution to take while cutting the soil mainly 
cutting slope 

• Cutting in almost Vertical slope in soil is the 
bad practice to trigger soil erosion 

• Water management along the cut slope 



Compaction 

• Compaction , Compaction and Compaction 

• Soil will not get more strength unless we 
compact it 

• Compaction in pavement – each layer 

• Compaction in bed of foundation 

• Compaction behind the structures 



Compaction Issue 



Compaction Issue 



Compaction Issue 



Curing 

Photo : Ram Babu Paudyal , 
BK Road Bagamati



Mixing of Mortar and Concrete 



Group Discussion 

The photo given is related
to common issues of
quality control . Now we
are going to discuss the
issues challenges and
possible solution to the
quality of works analyzing
the key feature of failure
seen in these photos.



Group Discussion 



Group Discussion 



Group Discussion 



Case Study 



Group Discussion 



Group Discussion 



Group Discussion 



Summary 
• Excavation for Road – Cut and throw, - avoid the mass deposit

in valley side, Excavated soil require to deposited in safe
environmental tipping site

• Excavation for structure –Ensure proper compaction in
foundation bed, Keying to ground is essential so excavation of
ground for structure should be carried out with in proper layout

• Subgrade Preparation – Compaction and surface finishing of
sub grade is most important. Place capping layer or carry out
soil improvement if unsuitable material is found in subgrade.

• Sub base – Material should satisfy Grading envelope,
Compaction should reach 95% of MDD.



Summary 
• Base – Only used Crusher Run Base, Natural granular material

for base is not accepted.

• Compaction and field density should be as per specification

• Wearing Course – Test of Bitumen, Site trails with specified
materials and Temperature control is most important

• Structure – Layout, Material suitability and workmanship is
most important. Hammer dressed stones for RRM, Compaction
during the back fill, and use of filter material

• Gabion – Placing of tie wire and Horizontal bracing is missing,
Use of dye to the boarder wire is very bad practice, Layer wise
plan of Gabion Structure is most important

• Timing and design of bioengineering measures. Using same
measures in every types of slope is not good practice



Session 5:Collection of Sample for Lab 
tests, Interpretation of Test Result 

Transport Infrastructure Directorate
Bagamati Province 

Training on Quality Control in Road Works 



Introduction

• Collection of Representative samples is most
important for Quality Control

• Interpretation of test result also important prior and
during construction



Sampling from Pit Gravel , Sand and Soil 
• Samples taken for tests to be used in the acceptance

or rejection decisions by the client

• A 20 mm sieve with a recommended diameter of
450 mm.

• A basin approximately 500 mm in diameter

• A 70 kg sample will usually be enough but if the
material is to be tested for more than one possible
use

• bag of material and needs to be label in such a
manner as to ensure the various sample bags can be
identified



Sampling from Stockpiled Material  
• Stockpiles are normally formed in layers.

• Care should be taken when sampling due to the
inherent occurrence of segregation on stockpiled
material.

• preferably not be sampled until it is thoroughly
mixed

• Extract the material from each layer to make the
sample representative

• Remove at least three scoops from the side of the
stockpile and deposit it back on the stockpile away
from the opening.



Sampling of Cement 
• Container – Clean , Tight and have 5 kg capacity

• preferably not be sampled until it is thoroughly
mixed

• Extract the material from each layer to make the
sample representative

• Remove at least three scoops from the side of the
stockpile and deposit it back on the stockpile away
from the opening.



Sample Tag 
a. Project- ……………………..……

b. Contract Identification No…….....

c. Sample number …………………..

d. Date of sampling …………………..

e. Sampling material………………….

f. Depth ………………………….……

g. Location/Chainage …………..……

h. Sample taken by ……………….….

i. Tests to be performed ……………..



Session 4: Supervision and Quality Control 
of Road Works – Pavement



Introduction

Points to be Discussed

• Methodology and quality control methods of each major 
items in the road works

• quality of construction material, Quality control tests prior 
and  during construction of road pavement 

• Effective supervision in Road construction work, 

• Quality of work required to meet the minimum requirement 
as per specification

• Completed works must be sustainable and resilience
throughout its service life.



Group work 
• List out the activities you are practicing during laying of Asphalt

Concrete work, steps of supervision and quality control.
S.N Name of Activity Current 

Practice of 
Supervision 

Current Practice of Quality 
Control 

1 Asphalt Concrete Laying works 

a Surface 
Preparation 
Prior to 
Prime Coat 

Site visit and visual 
inspection of surface , 
approval for Prime Coat 
– Site Instruction 

Confirm Field Density i.e 98%
of MDD, Proof Rolling
Suitability Test of Bitumen
Calibration of Nozzle of
distributor
Site trial and tray test to
confirm the spray rate

2

a

b



JOINT CONSTRUCTION SURVEY

• Based on Design drawing developed during preparation of 

Detailed Project Report (DPR) & during procurement 

• Contractor shall carry out the construction survey jointly 

with the engineer – Before Commencement 

• Verify the design drawing at the field.

• Setting out of center lines and benchmarks

• Prepare the construction drawing 

• Calculate the quantity of items as per the joint survey works



Photo: Ram Babu Paudyal , BK Road , Bagmati



CLEARING AND GRUBBING 

• All the unsuitable materials should be cleared from the
roadway , cutting, trimming, removing and disposing

• All trees, stumps within the excavation and embankment
lines should be cut minimum of 500 mm below the sub-
grade level.

• The depressions below the ground level should be filled in
layers with suitable material and compacted to the specified
density

• If soil is suitable for re-use shall be transported to suitable
site and stacked for re-use



CLEARING AND GRUBBING 

• All the unsuitable materials should be cleared from the
roadway , cutting, trimming, removing and disposing

• All trees, stumps within the excavation and embankment
lines should be cut minimum of 500 mm below the sub-
grade level.

• The depressions below the ground level should be filled in
layers with suitable material and compacted to the specified
density

• If soil is suitable for re-use shall be transported to suitable
site and stacked for re-use



Photo- Source Internet and ILO



ROADWAY AND DRAIN EARTHWORK (Earthwork 
Cutting)

• Set out the line of excavation after clearance of site

• Provide reference pillars/pegs for back cutting lines 1.5 m
away from edge of formation on both hill and valley side

• The depressions below the ground level should be filled in
layers with suitable material and compacted to the specified
density

• The sides of excavated area should be trimmed

• The sub-grade prepared after cutting the formation should be
checked for field density, 95 per cent of maximum Proctor
density

• For Widening, shoulder should be removed to their full
width and up to subgrade level.



Quality Control Subgrade 

• The sub-grade is top 500 mm compacted layer in 
embankment or cutting 

• Any fill material maximum dry laboratory unit weight not 
less than 16.5 kN/ m3

• The size of coarse material in the soil not exceed 75 mm.



Field Quality Control tests during construction 

S.N Type of Test Frequency

1. Maximum Dry Density/
Optimum Moisture Content:

One test for each
1500 m3

2. Insitu Density Measurements
(Each layer)

-do-
(i) One test in
each 1000 m2

3. Thickness of subgrade layer. At random



Preparation of sub-grade with the help of grader

12



Finished Sub grade Layer 

13



Finished Sub grade Layer 

14Photo: Ram Babu Paudyal , RAP 3 Morang   



GRANULAR SUB-BASE
• If Material is from combination from different sources, mixing

shall be done mechanically at stock piled yard

• Prepared subgrade surface requires rolling with two to three
passes, Sprinkling water if necessary

• Repair/correct any defect on prepared sub-grade prior to laying
the sub-base

• Sub-base material should be spread in layers not exceeding 150
mm compacted thickness.

• Compaction should be carried out at OMC, with a tolerance limit
of ±2 %.

• Rolling shall be carried out longitudinally commencing from outer
edge towards centre

• The shoulders should be constructed simultaneously



Laying of Sub base  

Photo- Ram Babu Paudyal , RAP 3 



Laying of Sub base 

Photo- Ram Babu Paudyal , RAP 3 



Laying of Sub base 

Photo- Ram Babu Paudyal ,ADB  EEAP



Laying of Sub base 

Photo- Ram Babu Paudyal ,SEZ, Simara



CRUSHER RUN MACADAM BASE
• The aggregate should be uniformly deposited on the prepared

surface

• Cover full width of carriageway to the specified depth

• Material shall be mixed by grading to full depth.

• Bring the materials from the edge to the centre forming windrows

• Spray the windrow with water if required

• The windrow is spread back the road depositing all the material to
give the correct camber- Add Water to keep MC

• Compaction with the use of a smooth wheel roller of 80 to 100 kN
or vibratory roller to 98 % of maximum dry density

• The compacted thickness of any layer laid should not be more
than 150 mm



Quality Control Requirement  

Material : shall be crushed rock, not less than 90 percent by 
weight retained on 4.75 mm , shall have at least two fractured 
faces

IS Sieve 
Designation 
(mm)

% passing by wt.
53 mm nominal 
size

% passing by wt.
37.5 mm 
nominal size 

63 100

45 87 - 100 100

22.4 50 - 85 90- 100

5.6 25 - 45 35-55

0.71 10- 25 10-30

0.09 2-5 2-5



Crusher Run Macadam Base  

Photo- Ram Babu Paudyal , Buddhi Raj  Baral ,ADB  EEAP



Crusher Run Macadam Base  

Photo- Ram Babu Paudyal, RAP 3 Morang 



Quality Control Requirement  

Material : Physical Requirements of Aggregates

Test Value

1. LAA % Maximum 40

2. Aggregate Impact Value % Maximum 30

3. SSS % Max if water absorption > 2% 12

4. Combined Flakiness and Elongation
Index % Max

35

5. Water Absorption % Maximum 2

6. CBR % Minimum 80

7. CR % Minimum 90

8. Plasticity Index of material passing 425
micron Maximum

NP



Quality Control Requirement  

Tests Prior to Construction -Base Course 

Test Value

1. LAA % Maximum 40

2. Aggregate Impact Value % Maximum 30

3. SSS % Max if water absorption > 2% 12

4. Combined Flakiness and Elongation
Index % Max

35

5. Water Absorption % Maximum 2

6. CBR % Minimum 80

7. CR % Minimum 90

8. Plasticity Index of material passing 425
micron Maximum

NP



Quality Control Requirement  

Tests Prior to Construction - Base Course 

Type of Tests Frequency
Aggregate Impact Value Loss
Angles Abrasion value

One test on representative
sample from each source

Flakiness Index Test -do-

Water Absorption Test -do-

Soundness Test, if the water
absorption exceeds 2%

-do-

Gradation -do-

Atterberg Limits of portion of
aggregate passing 425 micron
sieve

-do-

Proctor Compaction Test (MDD,
OMC)

-do-

CBR -do-

Crushing Ratio (CR) Test -do-



Quality Control Requirement  

Tests During Construction - Base Course 

Type of Tests Frequency
Aggregate Impact Value Test,
LAA Test

Once per 200 m3 or part of it
and change of source

Flakiness Index Test -do-
Water Absorption Test -do-
Crushing Ratio (CR) Test -do-
Grading Test -do-
Atterberg Limits of portion of
aggregate passing 425 micron
sieve

-do-

Soundness Test, if the water
absorption exceeds 2%

Once per 500 m3 or part of it
and change of source

CBR As required
Proctor Compaction Test
(MDD, OMC)

Once per 1000 m3 or part of it
and change of source

Field Density test Once per 1000 m2 or part of it
and change of source



Laying of Base  

Photo- Ram Babu Paudyal 



Preparation of base for bituminous course

Preparing an existing granular surface

• Surface shall be cleaned where a granular profile corrective course
is to be provided prior to laying a bituminous course

• Should be cleaned of all loose material and dust by air jet or wire
brushes

• Correct to line, level and camber within the tolerances

• Prior to laying the bituminous course the existing surface shall be
approved by the engineer for line, level and density

• Primed with a suitable bituminous primer and a tack coat.



Preparation of base for bituminous course

Scarifying an existing bituminous surface

• Care about undue disturbance to the underlying layers

• The surface shall be cleaned and any pot holes and cracks should
be repaired

• Pothole and Patch Repairs:. Layers below the level of bituminous
construction should be replaced using material of equivalent
specification

• Crack Sealing:The fine cracks (less than 3 mm in width) should be
sealed by Fog Spray

• The wide cracks (more than 3 mm in width) should be filled with
crusher dust

• Isolated areas, with wide cracks, shall be cut and patched



PRIME COAT 
• The prime coat should be applied only on the top most Granular

/CRM base layer

• Granular base surface should be cleaned by sweeping with
mechanical brooms and/or washing or other approved means

• The primer should be sprayed uniformly, No hand spraying

• The application rate of cutback bitumen and percentage of cut
back to be used - after field trials, optimum penetration (8 - 10
mm)

• The surface should be allowed to cure preferably for 24 hours

• Spraying Temperature : 50 - 70° C



Laying of Prime Coat   

Photo- Ram Babu Paudyal 



Quality Control Requirement  

Material : Physical Requirements of Binder 

Hyperlinked Material\S No.docx

Hyperlinked Material/S No.docx


Quality Control Requirement  

Tests During Construction – Prime Coat 

S.N Type of Test Frequency

1 Temperature of Binder, when
cutback is to be used

Regularly

2 Rate of Spread of Binder At least two tests
per run

3 Percentage of cutter for
making cutback

During making
cutback



Tray Test and Dip Test  

Photo- Ram Babu Paudyal, RAP 3 Morang  



20 mm THICK PREMIX CARPET
• Apply a prime coat over the prepared base

• The tack shall be applied over primed surface prior to laying of
the carpet

• Mixing should be thorough to ensure that a homogenous mixture
is obtained

• Temperature of mixing should be in the range of 1500 C to 1630 C
and that of aggregates 1550C to 1630C

• At the time of discharge of the mixture should be between l30°C
and 160°C.

• Locate hot mix plant near the work site.

• The premixed material shall be spread on the road surface with
rakes



20 mm THICK PREMIX CARPET
• Commence rolling with 80-100 kN rollers (three-wheel or tandem

type), beginning from the edge and progressing towards the centre
longitudinally

• Each pass should have an overlap of at least one-third of the track
made in the preceding pass

• Correct any high spots or depressions noticed after the roller has
passed

In case of open graded premix surfacing

• Provide a seal coat to the surface immediately after laying the
carpet

• Ordinarily, the road may be opened to traffic after laying the seal
coat



Quality Control Requirement  

Material : Physical Requirements of Aggregates – Chips  

Test Specification

Flakiness index Max. 35 %

Aggregate Impact Value Max. 30 %

Loss Angles Abrasion
value

Max. 40%

Soundness
Sodium sulphate Max. 12 %

Water Absorption Max. 1 %

Coating and stripping of
bitumen aggregate
mixture.

Minimum
retained coating
95 %



Quality Control Requirement  

Material : Physical Requirements of Aggregates – Chips  

IS Sieve 
Designation 

(mm)

Cumulative percent by 
weight of total aggregate 

passing
Type A Type B

13.2 - 100
11.2 100 88 - 100
5.6 52 - 88 31 - 52
2.8 14 - 38 5 - 25
0.090 0 - 5 0 - 5

Type A grading is recommended for use in areas having rainfall more than 150 cm 
per year 



Quality Control Requirement  

Tests Prior to Construction

Type of Test Frequency

1 Quality of Binder (Straight-
run Bitumen)

As per Specification

2 Aggregate Impact Value Test One test per each source
identified

3 Combined Elongation and
Flakiness Index Test

-do-

4 Water Absorption -do-

5. Soundness (SSS) -do-

6 Gradation -do-

7 Bitumen Stripping of
Aggregate Test

One set of 3 specimen for
each source of supply



Quality Control Requirement  

Tests During Construction

Type of Test Frequency

1. Grading of Aggregates Once per 100 m3 or part of it

2. Combined Flakiness and
Elongation of Aggregate

- do -

3. LAA or AIV, Once per 200 m3 or part of it
or change of source

4. Quality of Binder One set of test for each 50 kl
of supply and part of it

5. Binder Content before seal
coat

At least two tests per day

6. Temperature of Binder Regular close intervals

7. Thickness of layer Regularly at close intervals



Hot Mix Plant 

Photo- Ram Babu Paudyal, RAP 3 Morang  



Temperature Control 

Photo- Ram Babu Paudyal, RAP 3 Morang  



Laying of Premix 

Photo- Ram Babu Paudyal, RAP 3 Morang  



Laying of Premix 

Photo- Ram Babu Paudyal, RAP 3 Morang  



Thickness Control in Loose  

Photo- Ram Babu Paudyal, RAP 3 Morang  



Thickness Control in Compacted Layer   

Photo- Ram Babu Paudyal, RAP 3 Morang  



Rectification 

Photo- Ram Babu Paudyal, RAP 3 Morang  



Final Inspection and Mesurement

Photo- Ram Babu Paudyal, RAP 3 Morang  



Finished Surface 

Photo- Ram Babu Paudyal, RAP 3 Morang  



Finished Surface 

Photo- Ram Babu Paudyal, RAP 3 Morang  



Asphalt Concrete / Bituminous Concrete 
• Construction in a single layer of bituminous concrete

• A single layer shall be 30 mm/40 mm/50 mm thick

Material

a) Bitumen :The bitumen shall be viscosity grade paving bitumen
complying with the Indian Standard Specification IS: 73

b) Coarse Aggregates: crushed gravel not less than 95 percent by
weight of the crushed material retained on the 4.75 mm sieve,
shall have at least two fractured faces

c) Filler :Filler shall consist of finely divided mineral matter such as
rock dust, hydrated lime or cement

d) Fine Aggregate : crushed or naturally occurring mineral material,
passing the 2.36 mm sieve and retained on the 75-micron sieve

e) Cement – if required



Quality Control Requirement  

Material : Physical Requirements of Aggregates

Test Specification
Grain size analysis Max 5% passing

0.075 mm sieve
Combined  Flakiness  and Elongation Index Max 35%

Los    Angeles    Abrasion Value or 

Aggregate Impact Value

Max 30%

Max 24%
Soundness either: Sodium Sulphate or

Magnesium Sulphate

Max 12%
Max 18%

Polished Stone Value Min 55
Water Absorption Max 2%

Coating  and  Stripping  of Bitumen Aggregate Minimum retained  
coating 95%

Retained Tensile Strength Min 80%



Quality Control Requirement  

Combined grading of the coarse and fine aggregates and filler

Grading 1 2
Nominal 
size*

19 mm 13.2 mm

Thickness 50 mm 30-40 mm
IS Sieve 
(mm)

Cumulative % by 
weight

37.5
26.5 100
19 90-100 100
13.2 59-79 90-100
9.5 52-72 70-88
4.75 35-55 53-71
2.36 28-44 42-58

1.18 20-34 34-48
0.6 15-27 26-38
0.3 10-20 18-28
0.15 5-13 12-20
0.075 2-8 4-10
Bitumen 
Content

Min 5.2 Min 5.4

Grading 1 2
Nominal 
size*

19 mm 13.2 mm

Thickness 50 mm 30-40 mm
IS Sieve 
(mm)

Cumulative % by 
weight



Construction Methodology  
• Marshall Mix design - Asphalt Institute Manual MS-2

• Preparation of base on which Asphalt Concrete is to be laid

• The tack shall be applied over primed surface prior to laying of
the carpet

• Mixing should be thorough to ensure that a homogenous mixture
is obtained

• Temperature of bitumen at the time of mixing should be in 0 Celsius

Bitumen 
Viscosity
Grade

Bitumen 
Temperature

Aggregate 
Temperature

Mixed 
Material 
Temperature

Laying 
Temperature

Rolling 
Temperature

VG-30 150-165 150-170 150-165 140 Min 90 Min
VG-10 140-160 140-165 140-160 130 Min 80 Min



Construction Methodology  
• The mixed material should be transported quickly to the site of

work and laid uniformly by suitable means

• The premixed material shall be spread on the road surface with
Paver

• Commence rolling, beginning from the edge and progressing
towards the centre longitudinally

• Continue rolling operations till a smooth uniform surface is
achieved , overlap of at least one-third of the track

• Prevent adhesion of the mixture to the rollers, Keep wheel Moist

• Correct any high spots or depressions noticed after the roller has
passed over , removing and adding mix and compact



Asphalt Concrete Plant 

Photo- Ram Babu Paudyal, BK Road 



Control Room of Asphalt Concrete Plant 

Photo- Ram Babu Paudyal, BK Road 



Temperature Control in Field 

Photo- Ram Babu Paudyal, RAP 3 Morang  



Laying by Paver 

Photo- Sujit Dhital



Finished Surface 

Photo- Gmali , PDRF , Syangja



Finished Surface 

Photo- Sujit Dhital

Concreting in hole of core cutting 



Quality Control Requirement  

Tests Prior to Construction

Type of Test Frequency

1 Quality of Binder (Straight-
run Bitumen)

One set of test for each 50,000 
litre of supply and part of it

2 Aggregate Impact Value Test One test per each source 

3 Combined Flakiness and 
Elongation Index Test 

-do-

4 Water Absorption -do-

5 Soundness SS Max -do-
6 Gradation -do-

7 Bitumen Stripping of 
Aggregate Test 

One set of 3 specimen for each 
source of supply



Quality Control Requirement  

Tests During Construction

Type of Test Frequency
1. Grading of Aggregates Once per 100 m3 or part of it
2. Flakiness of Aggregate - do -
3. LAA or AIV Once per 200 m3 or part of it or 

change of source
4. Quality of Binder One set of test for each 50000 

liters supply and part of it
5. Binder Content At least two tests per day
6. Temperature of Binder Regular close intervals
7. Thickness of layer Regularly at close intervals
8. Density of compacted layer One test per 700 m2 area 



JOINT PLAIN CEMENT CONCRETE PAVEMENT
• JPCP is the most common type of rigid pavement

• Tie bars and dowel bars are provided for the transfer of wheel load
from one to the neighboring concrete slabs

• Dowel bars are placed along the longitudinal direction

• Tie bars are placed along the transverse direction

• Approval of materials, plant, equipment and construction method

• Mix design based on laboratory trial mixes, 30 days Prior

• Minimum M 25 grade concrete is recommended

• Prepare the Sub-grade to the specified grades and cross-sections
and compact to the design strength

• Lay granular Subbase or WBM of the specified type and thickness



JOINT PLAIN CEMENT CONCRETE PAVEMENT
• Provide a separation membrane (125 micron thick plastic

sheet/geo-textile) between sub-base/base and concrete slab

• Mark location and type of the joints on either side of the surface
of the sub-base/base

• All side forms shall be of mild steel channels or fabricated plates
with adjustable jacks , depth equal to the thickness of pavement

• Pavement concrete shall be produced near the site

• Readymade concrete conforming to the specified properties of
strength and workability may also be used

• Check the slump of concrete. should be 30 mm ±10 mm

• Concrete shall be placed between the side forms and shall be
leveled with rakes and shovels



JOINT PLAIN CEMENT CONCRETE PAVEMENT
• Compact concrete by a vibrator

• After completion , pavement shall be covered with wet Hessian
cloth, or jute mats.

• After 24 hours , the slab shall be thoroughly wetted and then cured
by pounding or sprinklers of water.





Quality Control Requirement –JPCCP 

Material

a) Cement : OPC ,

b) Admixtures: to improve workability and strength

c) Coarse Aggregates: LAA not more than 35%, ACV < 30%

Max size- < 20 mm,

d) Fine Aggregate : crushed or naturally occurring mineral material,
passing the 2.36 mm sieve and retained on the 75-micron sieve

e) Water – clean and free from injurious amount of oil, salt, acid,
vegetable matter

f) Dowel Bars: Plain mild steel bars 25 mm dia , 240 N/mm2 , 500
mm long and spaced 250 mm c/c

g) Pre moulded Joint Filler:



Quality Control Requirement –JPCCP 

Material

g) Pre moulded Joint Filler: Bitumen impregnated filler
board/pre moulded synthetic joint filler board for expansion
joints

20 mm thick of a firm compressible material

h) Joint Sealing Compound: Joint sealing compound shall be hot
poured sealing compound type having flexibility, resistance to
age hardening and durability.



Quality Control Requirement  

Tests Prior to Construction – JPCCP 

Material Test / Check Frequency

Cement a)Setting Time 

b) Soundness 
c) Compressive strength

One test for 200 tonnes of cement
- do –
one set for 200 tonnes of cement  
(same brand and grade)

Coarse 
Aggregates

a)Gradation for PCC or 
RCC works 
b) Flakiness index 
c) Deleterious constituents 
d) Water absorption / 
content 
e) Aggregate Crushing 
value 
f) Soundness [if water 
absorption exceeds 2%]
g) LAA , h) AIV

One set of test for each quarry 
source
-do -
If in doubt
Once for each source of supply
One test per source of supply
- do –

-do-



Quality Control Requirement  

Tests Prior to Construction – JPCCP 

Material Test / Check Frequency

Fine 
Aggregates

a) Gradation 
b) Deleterious Constituents 

One test for each source of supply
If in doubt, one test per source

Water Normally potable water is 
good enough for making 
concrete. Determination of 
Impurities
- Suspended matter 
- Organic 
- Inorganic 
- Sulphates
- Chlorides 

For large works If the quality is in 
doubt Samples taken from each 
source and tested at an approved 
test house

Concrete Mix Design (for each 
work)

Well before the commencement of 
work and approved by Engineer



Quality Control Requirement  

Tests During Construction - JPCCP

S. N Tests / Check Frequency
1 Concrete workability One test per 3 cum of concrete 

2 Strength of Concrete Minimum 6 cubes (3 each for
7 day & 28 day strength)

3 Straightness of side forms (steel To be checked daily

4 Size, spacing, paralleling of 
Dowel bars and Joints location 

To be checked prior to casting 
of concrete at the location.

5 Batching and Mixing of materials Check for measurements and 
proper mixing

6 Compaction equipment (Needle, 
Screed and Plate vibrators)

For continuous working and 
stand by arrangement

7 Levels and Alignment, width of 
pavement, pavement thickness , 
Depth of Dowel Bars

to be checked for each day’s 

work  Regularly



Finished Surface 

Photo- Ram Babu Paudyal 



Finished Surface 

Photo- Ram Babu Paudyal 



Final Inspection  

Photo- Ram Babu Paudyal 



Finished Surface 

Photo- Ram Babu Paudyal 



Expressway – Rigid Pavement 

Photo- Ram Babu Paudyal 

























































































































































Session 8:Quality Control of Structures

Transport Infrastructure Directorate
Bagamati Province 

Training on Quality Control in Road Works 



Session 5: Supervision and Quality Control 
of Road Works – Structure



General Stone Masonry Work (Random Rubble Masonry)

• Check the cross slope & check the foundation level

• Dress the stones of required size 

• Hack the top surface of the foundation block

• Spread a layer of mortar of 12 mm, M10 150 mm  

• Placing loosed mortar on the course and pouring water upon 
it to fill the gaps is not allowed

• Use of bond stones 

• Provide weep holes to masonry structures higher than 2 m 

• Size of weep hole  not less than 80 x 150 , Staggered 1 m 
slope 1:20



General Stone Masonry Work (Random Rubble masonry)

• Weep hole Position  lowest one at about 150 mm above the 

low water level or bed level whichever is higher

• Provide concrete coping of 150 mm thickness over the 

masonry 

• Commence curing as soon as the mortar or   pointing/ 

plastering has hardened sufficiently, Min 7 Days 



Photos from the construction Site – Common Issues 

Unacceptable – RRM :  photo from FVR- RBP 

Cement Painting, lack of 
dressed stone , line level out  

Vertical Joint Undressed 
stone, Non uniform Mortar 
Thickness,   Photo: Ram Babu Paudyal , BK Road , Bagmati



Vertical Joints in RRM 

Photo: Ram Babu Paudyal , BB Road , Bagmati



Stone are not dressed, No Line and Level 

Photo: Ram Babu Paudyal , BK Road , Bagmati



Real Photos from the construction Site – Common Issues 

RRM :  photo from FVR- RBP 

Weep hole, wrongly placed , 
Lack of supervision 

Alignment and Spacing, 
opening and size , slope 

Photo: Ram Babu Paudyal , BK Road , Bagmati



Quality Control – Stone Masonry 

Material 

• Stone  -LD 150 mm , L= 3*LD or Wall Width , H = 300 
mm, WA =5%, , Sp Gravity= 2.5 

• Sand- Clean , free from Organic Material, not more than 5% 
of clay silt or fine dust , Gradation 4.75 mm – 0.15mm (25-1)

• Cement – OPC, hand feel tests , observations 

Manufacture Date 



Requirements on Physical Characteristics of Cement

S.N Physical Characteristics OPC/PSC
1 Fineness (m2/kg) 225
2 Initial setting Time (Minutes) minimum 45
3 Final setting Time (Minutes) maximum 600
4 Soundness (mm) 10
5 Compressive Strength: Minimum

Average Compressive Strength of 3
mortar cubes (N/mm2)
3 days
7 days
28 days

16
22
33



Test Prior to Construction 

S.N. Material / Work Test / Check Frequency

1 Stones a) Shape and Dimension
b) Water absorption/Sp .gr

3 samples on receipt at
site

2 Cement Setting time of cement 1 samples of same
type and grade of
cement

3 Sand a) Gradation
b) Deleterious materials and
organic impurities

3 samples for each
source of supply,

4 Water If impurities are present test
is necessary

If doubt Samples taken
at each source tested

5 Mortar for Joints          
(Mix Design)

a) Mix proportions for
different works

b) Compressive Strength

As required
6 samples of cubes for
each type of cement &
source of sand



Test during Construction 

S.N. Material / Work Test / Check Frequency

1 Bond and Plumbness For stability and appearance
with plumb

For each course

2 Laying in Mortar Horizontality of courses
verticality and staggering of
joint

- do -

3 Individual Course Height of course and Joint
thickness and laying

- do -

4 Top of coping (If
provided)

Sloping to drain off water Daily

5 Mortar for Joints a) Mix proportions (Control
on quantity of cement by
weight)
b) Compressive Strength

Each batch
6 samples of cubes for
each 10 m3 of work or
part of it



Wall with Dressed Stone

Photo: Ram Babu Paudyal , EEAP - OKH 



Wall with Dressed Stone 

Photo: Ram Babu Paudyal ESCLRIP ADB 



Proper Line using String 



Proper Line using Wooden frame and String  

Photo: Ram Babu Paudyal ESCLRIP ADB 



Demonstration Site 



Frequent Site Monitoring for Supervision and Quality Control

Photo: Ram Babu Paudyal ESCLRIP ADB 



Check the final finishing with Site Visit

Photo: Ram Babu Paudyal ESCLRIP ADB 



Check the final finishing with Site Visit

Photo: Ram Babu Paudyal – DRD -ADB  



Rectification

Photo: Ram Babu Paudyal ESCLRIP ADB 



Brickwork For Structures

• Check the cross slope & check the foundation level

• Soak all bricks Min 1 hour , skin dry before actual laying

• Hack the top surface of the foundation block

• Spread a layer of mortar of 12 mm, 

• Lay all brickwork in English bond, with frogs up

• Use of bond stones 

• Provide weep holes to masonry structures higher than 2 m 

• Size of weep hole  not less than 80 x 150 , Staggered 1 m 
slope 1:20



Brickwork For Structures

• Weep hole Position  lowest one at about 150 mm above the 

low water level or bed level whichever is higher

• Provide concrete coping of 150 mm thickness over the 

masonry 

• Commence curing as soon as the mortar or  pointing/ 

plastering has hardened sufficiently, Min 7 Days 



Quality Control – Brick Masonry 

Material 

• Brick   -Size : 230*110*50 mm – Preferred ,  Burnt Clay 
Bricks , Min Comp Strength – 8 N /mm2 (individual) - 10 N 
/mm2 for Average of 5 ,WA =20%, , 

• Sand- Clean , free from Organic Material, not more than 5% 
of clay silt or fine dust , Gradation 4.75 mm – 0.15mm (25-1)

• Cement – OPC, hand feel tests , observations 



Test Prior to Construction 

S.N. Material / Work Test / Check Frequency
1 Bricks a) Colour and Dimensional

check
b) Water absorption
c) Compressive strength

3 samples at random at
source
3 samples at source
5 samples at random at
source

2 Cement Setting time of cement 1 samples of same type
and grade of cement

3 Sand a) Gradation
b) Deleterious materials and
organic impurities

3 samples for each
source of supply,

4 Water If impurities are present test is
necessary

If doubt Samples taken at
each source tested

5 Mortar for Joints          
(Mix Design)

a) Mix proportions for
different works

b) Compressive Strength

As required
6 samples of cubes for
each type of cement &
source of sand



Test during Construction 

S.N. Material / Work Test / Check Frequency
1 Bond and Plumbness For stability and appearance

with plumb
For each course

2 Laying in Mortar Horizontality of courses
verticality and staggering of
joint

- do -

3 Individual Course Height of course and Joint
thickness and laying

- do -

4 Top of coping (If
provided)

Sloping to drain off water Daily

5 Mortar for Joints a) Mix proportions (Control on
quantity of cement by weight)
b) Compressive Strength

Each batch
6 samples of cubes for
each 10 m3 of work or
part of it



GABION MASONRY FOR STRUCTURES

• Assemble the gabion boxes Dress the stones of required size

• Fix shape and size by stretching its all sides and fix the
diaphragms

• Spread a layer of mortar of 12 mm, M10 150 mm

• Lay the gabion boxes as required in header bond by tying to
adjacent

• Lay the Geo-textile at the back of the gabion boxes to cover
the length and height including footing of the wall.

• Fill the gabion boxes with stones with proper bonding in
three equal layers

• The filling is carried out by placing individual stones into the 
gabion by hand in courses



GABION MASONRY FOR STRUCTURES

• Bond stone provided at the rate of at least one to every 0.9
m2 of exposed face

• Bond stone -not less than 150 mm x 150 mm on the exposed
face; and not less than 450 mm in length

• Lay the gabion boxes as required in header bond by tying to
adjacent

• No loose stones is allowed to tipped,

• Filling the interior with un laid stones shall not be permitted

• Horizontal bracing wires :at 330 mm



GABION MASONRY FOR STRUCTURES

• Cover the upper faces (Lid) and tie by gabion wires by
looping the wires on the selvedge wires of adjacent panels

• Measure the dimensions of the filled boxes

• Take the level of the top of the wall

• Cover the entire wall by the Geo-textile already provided
covering the footing

• Backfilling with suitable materials. Compact the backfilling
in layers not exceeding 150 mm of compacted thickness

• Achieve 95% MDD of the backfill from bottom to top.



Photos from the construction Site – Common Issues 

Unacceptable Gabion Works 
Photo: Ram Babu Paudyal – Sindhuli



Photos from the construction Site – Common Issues 

Unacceptable Gabion Works 
Photo: Samar Khanal



Photos from the construction Site – Common Issues 

Unacceptable Gabion Works 
Photo: Samar Khanal



Photos from the construction Site – Common Issues 

Unacceptable Gabion Works 
Photo: Samar Khanal



Position and Method of Horizontal Bracing 

Photo: ILO     



Quality Control – Gabion Masonry 

Material 

• Stone  -hard, sound, free from cracks, decay, and 
weathering, Do not use stones with round surface, LD 150 
mm , L= 3*LD or Wall Width , H = 300 mm, WA =5%, , Sp
Gravity= 2.5 

• Gabion Wire – Heavy coated, Hexagonal Mesh, Selvedge 
wire – 2 gauge heavier than mesh wire, Mesh – 2.7 mm, 
Selvedge – 3.4 mm, lacing 2.2 mm , Tolerances in Size 5% 



Gabion Boxes 

Photo: ILO



Test Prior to Construction 

S.N Material / Work Test / Check Frequency

1 Stones a) Shape and
Dimension
b) Water absorption

3 samples,
Once for each 
stock 

2 Gabion wire Diameter, Tensile 
Strength, Mass,
Uniformity and 
adhesion of
Zinc coating

As per 
specification 
Page 24-11
TS – 350 -550 mpa

2 Gabion crates Size and mesh size Before
Procurement
after fabrication



Lab Test Report of Gabion Wires  

Photo: Ram Babu Paudyal – DOR 



Test during Construction 
S.
N.

Material/
Work

Test / Check Frequency/ Stage

1 Assembling of 
Gabion Crate

Size of Crate, Lacing as per
specification,

During laying

2 Filling of crate 
with stone 

For stability and appearance
with plumb bob and bracing as
specified

While laying each
course

3 Securing Lids 
of gabion crate

Lacing and binding the of
panels, filling of stone

While closing the led
after completion of
stone filling

4 Gabion wire Diameter, Tensile Strength,
Mass, Uniformity Zinc coating

Each lot of gabion
received at site



Photos from Construction Sites 

Photo: Ram Babu Paudyal , RDSPL Lamjung , EEAP Gorkha



Photos from Construction Sites 

Photo: Ram Babu Paudyal , RPN Lamjung , 



Photos from Construction Sites 

Photo: Ram Babu Paudyal , RPN Lamjung , 



Gabion Wall with River Boulder 

Photo: Samar Khanal - Sindhuli



Demo Block of Gabion for Quality Control 

Photo: Ram Babu Paudyal , EEAP ADB, Gorkha



Photo:  Ram Babu Paudyal ,Samar Khanal



Layer wise Plan and Section of Gabion is most essential before layout 



Layer wise Plan and Section of Gabion is most essential before layout 



Bracing in Gabion Wall 

Please write email for reference material 



Plum Concrete Wall 

• Please write email for reference material 



Cross Drainage Structures - Pipe Culvert 

• Width of pipe bed is cut minimum of 150mm on either side 
of pipe not exceeding one-third the diameter of pipe and 
should be as vertical as possible

• Replace unsuitable material of foundation  

• In Rocky areas , Excavate only 200 mm below the bottom 

• The minimum bed slope for pipe bed shall be 1:20

Bedding 

• M15 Concrete –if height of fill is more than 4 m 

• continuous layer of well compacted sand, or approved
granular material, passing 4.75 mm sieve if height of fill less
than 4 m – thickness minimum 75 mm , 450 mm for
expansive soil



Cross Drainage Structures , Pipe Culvert , Slab Culvert 
and Causeways)

• Lay the pipes on the prepared foundation, commencing from 
outlet and proceed towards the inlet. 

• Fill the jointing space with1:2 cement

• cover the joint with wet jute to make the joint damp at least 
for four days.

• Back fill trenches, On top of pipe up to 300 mm, thoroughly 
ram, tamp or vibrate the soil in two layers

• Provide minimum cushion of 600 mm or the diameter of 
pipe whichever is greater 

• In case of Cushion Can not be Provided, enclose the pipe in 
M 10 concrete of specified thickness not less than 200 mm



Test Prior to Construction 

S.N Material / Work Test / Check Frequency
1 Concrete Pipe - Dimensions

- Manufacturing defects
- Tolerances
- Three edge bearing test

At factory 
before delivery
Manufacturer’s 

certificate



Test During Construction 

S.N Material / 
Work

Test / Check Frequency

1 Bedding • Materials (As per Spec)
• Length, width and 

thickness
• Top and bottom levels

While laying

2 Laying and 
Jointing of pipe

• Invert level 
• Longitudinal gradient
• Spacing 
• Jointing of pipes
• Damage to pipe during 

laying

Before back 
filling

Before laying 
pipe



Test During Construction 

S.N Material / 
Work

Test / Check Frequency

3 Backfill Filling of trench on both sides 
(simultaneously) 

Tamping around pipe 

During filling 
earth / 
granular 
material 
around pipe 
after laying

4 Cushion over 
pipes

Thickness While filling



Photo: Ram Babu Paudyal, RAP , RAIDP 

















































































































































































































Session 11: Quality Control in Road 
Maintenance  

Transport Infrastructure Directorate
Bagamati Province 

Training on Quality Control in Road Works 



Introduction
Current Practice 

• Focused in New Construction and improvement 

• Low Priority to Maintenance 

• Insufficient budget allocation to operation and Maintenance 

Effect 

• Life and service of infrastructure is deteriorated

• Accessibility to service centers and Agricultural land became  
limited

• Transportation, O & M cost increases 

• Unsafe, mostly during disaster i.e accident in road



Common problem in Roads 



Sessions

Session I: Objective of Maintenance, Improvement and New Construction,
Road Maintenance

Session II: Maintenance Planning

Session III: Implementation of Maintenance Activities – Road

Session IV: Repair, Maintenance and Up-gradation of Building

Session V: Maintenance of Community Infrastructure – Irrigation Canal, Trail
Bridge and Water Supply Scheme



Session 11 a: Objective of Maintenance, 

Improvement and New Construction,
Types of Road Maintenance 



Session Objective:

• Enhance the knowledge about Importance and types of
Maintenance ,

Session Time: 90 Minutes 

Discussion Points:

• Objective of Maintenance

• Difference among Maintenance , Improvement and New
Construction

• Introduction to Road Maintenance

Session 1: Objective of Maintenance, Improvement and New 
Construction, Type of Road Maintenance



Group exercise: understanding of Maintenance, Improvement or 
New Construction

S.
N 

Name of the Construction activities Maintenance , 
Improvement 

or New 
Construction 

Remarks 

1 Re- gravelling works in Road Section Maintenance Example 
2

3

4

5

6

7

8

9

10

11



General Definitions

MAINTENANCE: ‘the process of preserving
the original condition or function of an asset’

IMPROVEMENT: ‘addition or change that 
makes something better than it was before’

NEW CONSTRUCTION: ‘the work of building’



Maintenance Objectives
Prevention:

Aimed at slowing down the rate of deterioration
E.g. continuous water management

Correction:
Repair after the road has deteriorated
Bring the asset back close to its original 

condition
Results in lower travel times & costs
E.g. patching potholes in gravel road



Maintenance Definitions 1
Emergency - works that are to be carried out due to 

unexpected and sudden blockage of roads that stop 
vehicular movement due to natural disasters



Routine - small maintenance works to be carried out in all 
seasons on all roads on a regular basis



Activities under Routine Maintenance 
• Clearing of small landslides (<5m3)

• Clearing of drains

• Clearing of culverts

• Clearing under bridges

• Cutting and clearing of vegetation

• Cleaning of traffic signs and road furniture

• Cleaning of weep holes in retaining walls

• Maintenance of bioengineering features



Implementation of Routine Maintenance 
Timing

• carried out throughout the year

• Most work is required just before and during the rainy 
season.

Cost estimation

• fixed amount per kilometer per year 

Implementation
• No skilled labour is required 

• RMG or UC , Performance Based Contract 



Recurrent - small maintenance works that are carried 
out a few times a year in all roads to repair minor 
damage resulting from traffic and rainfall



Activities under Recurrent Maintenance 
• Repairs of rills/gullies in the road surface

• Repairs of ruts in the road surface

• Repairs of potholes in the road surface

• Repairs of corrugation of the road surface

• Repairs of backfills over culverts

• Creation of diagonal water bars across the road surface to avoid 
water flowing over the road

• Repairs of minor damage to retaining walls (e.g. replacing 
stones, fixing gabion wire)

• Repairs or replacement of traffic signs and road furniture



Implementation of Recurrent Maintenance 
Timing

• Repeated a few times a year in different road sections, 
depending on need

• Most work is carried out in the dry season

Cost estimation

• Average quantities of work are largely predictable 

• fixed amount per kilometer per year 

Implementation

• No skilled labour is required 

• RMG or UC , Performance Based Contract 



Specific - spot treatments and improvements and repairs that 
do not occur every year or in every road, and which are very 
specific in nature and location

Specific -Specific -



Activities under Specific Maintenance 
• Dry stone pitching of short section

• Gravelling of short section 

• Sealing of short section 

• Blacktopping of short section 

• Creation or large repairs to dry-stone retaining wall

• Raising of embankment over short section 

• Shoulder improvement

• Slope stabilization and bio-engineering

• Removal of hanging cliff/rocks



Implementation of Specific Maintenance 
Timing

• carried as needed out in a few road sections in different 
parts 

• Most work is carried out in the dry season

Cost estimation

• Rapid Condition Survey to determine the volume of 
specific maintenance 

• unit rates and the corresponding work volumes

Implementation

• Skilled labour is required 

• Small Contractor or Users Committees



Periodic- Maintenance works to be carried out in intervals of 
years and of large-scale



Activities under Periodic Maintenance 
• Repairing corrugations by dragging

• Repairing corrugations and loss of camber by grading

• Re-gravelling of road surface and shoulder (in existing gravel 
road)

• Resealing (in existing blacktop road)

• Surface dressing (in existing blacktop road)

• Placing an overlay (in existing blacktop road)

• Placing road markings

• Re- gravelling of road shoulder

• Painting of steel parts



Implementation of Periodic Maintenance 
Timing

• repeated in a road every few years, depending largely 
on the surface type and traffic volume

• Work is carried out in the dry season

Cost estimation

• Rapid Condition Survey to determine the Length and 
volume of maintenance 

• unit rates and the corresponding work volumes

Implementation

• Skilled labour is required 

• Small or Medium Contractors



Improvement- road works in existing roads aimed at introducing 
significant and extensive changes to a road





Activities under Improvement
• Rehabilitation

• Widening

• Gravelling

• Blacktopping

• Bridge ,Slab culvert, Pipe Culvert, Cause Way  construction

• Masonry/ Gabion wall construction

• Lined drain construction

• Raising of embankment

• Realignment of short section (e.g. in case of steep gradient)



Implementation of Improvement Activities
Timing

• Carried out as needed, improvement needs are 
identified every 5 years as part of (MTMP)

Cost estimation
• MTMP Survey of the full Municipality Roads 

• The MTMP Report defines the different improvement 
works 

• Based on MTMP work volumes, the estimated costs 
will be determined using current unit rates.
Implementation

• Contract, mobilizing equipment and skilled labour



New Construction - the construction of new roads linking up the 
settlement, service centers and other important places that are currently without 
road access







Activities under New Construction
• Opening up (earthen standard)

• Gravelling

• Bridge construction



Implementation of New Construction Activities
Timing
• Dry Season ,

• first constructed to an earthen standard, and later 
improved to a gravel or blacktop standard

• Cost estimation

• MTMP Report defines the new construction works 

• Based on MTMP work volumes, the estimated costs 
will be determined using current unit rates.
Implementation

• Contract, mobilizing equipment and skilled labour , 
Unskilled Labour for track opening (LEP Approach)



Case Study 



Individual Exercise or Questionnaire

1. What are the Specific objectives of Maintenance 
a) Improvement 
b) Prevention 
c) Correction 
d) All of the above 

2. Routine Maintenance activities are carried out 
a) Once in the year 
b) Before Rain Start 
c) After Monsoon 
d) Throughout the year



Individual Exercise or Questionnaire

3. Gravelling of short section of a road falls under 
a) Emergency Maintenance 
b) Specific Maintenance 
c) Improvement 
d) Recurrent Maintenance 

4. Cost Estimation of Periodic Maintenance is carried out by 

a) fixed amount per kilometer per year

b) the volume of quantity and Corresponding rates

c) Length of Road Section and rate from MTMP 

d) Lump Sum basis 



Individual Exercise or Questionnaire

5. Initial Environment Examination may not require for 
a) Specific Maintenance 
b) Routine and Recurrent Maintenance 
c) Emergency Maintenance 
d) Improvement and New Construction 



Effectiveness of Maintenance 
• Most effective/cost effective when applied to 

roads already in good condition

• For a small investment keep the good roads 

good

• Diverting funds from good to bad roads will 

result in more good roads becoming bad

• Put new roads under immediate maintenance



Session 11 b: Maintenance Planning 



Importance of planning in relation to the preparation of PTMP



MTMP – Municipal Transport Master Plan 

 a prioritized list of interventions for the Municipal 

Roads 

 estimated budget for the 5-year MTMP period

Adjustment of  the plan according to the actual 

budget and requirements



ARAMP –Annual Road Asset management  Plan 
 annual implementation plan for the Provincial Roads

maintenance requirements are defined in greater detail

 estimated budget for every year period

 provides a prioritized list of interventions 



What does ARAMP do?
Details the annual plan from PTMP

Combines maintenance, improvements and new 
construction in a single Plan

Refines maintenance needs, uses; survey (emergency, 
specific & periodic), averages (routine & recurrent)

 Predicts the fund balance available for any 
Improvements & new Construction – allocates as per 
PTMP



Road inventory
Carry out for all roads in the Municipality

Record basic information of each road 

 surface type (earthen, gravel, blacktop, other)

Road Condition :

• Good/Fair - Road is passable by normal car

• Poor - Road is only passable by 4x4, bus, truck or tractor

• Bad/Impassable - Road is not passable to 4-wheeled motorized 

vehicles



Rapid Condition Survey 
 Each year after monsoon, update preliminary cost 

estimate of only Emergency, Specific and Periodic 

maintenance 

 feed data to prepare ARAMP

Routine & Recurrent not required to assess (directly use 

average rate)



Rapid Condition Survey 
Use as a basis to propose treatments for defects.

Record traffic data to prioritize conservation activities 

on ‘cost/vehicle’ 

 First priority will be given to budget for conservation 

(routine, recurrent, specific, & periodic)

Remaining budget will be used for Imp & new road 

based on ‘cost/pop



Road inventory and Rapid condition survey forms 
Write email for Forms and Format for Rapid Condition 

Survey 



Overview of Maintenance Planning 
Rapid 

Condition 
Survey

Preliminary 
Cost 

Estimation

Priority 
Ranking of 

Roads

Priority 
Ranking of 

Maintenance 
Activities

Priority Cost 
to meet the 
Available 
Budget

ARAMPImplementation 
Plan

46



Asset Management Intervention & Priorities



Summary 
• Prepare and update PTMP 

• PTMP is most essential for effective Maintenance 

• Carryout Rapid Condition Survey after the Monsoon 
before starting to estimate of maintenance activities

• Prepare ARAMP with reference to PTMP with in 
allocated budget for Maintenance 



Session 11 c: Implementation of 
Maintenance Activities – Road 



Introduction
Current Practice 

• Maintenance activities are not implemented in planned way 

• Lack of Supervision to maintenance activities

• Negligence in quality control specifically for maintenance 
activities

Effect 

• Assets is not functioning well even after maintenance 

• Waste of Money and time , loss of credibility 

• Burden to Municipality 

• Suffering to get access, comfort and timely service 



Introduction





Representative situation of road to most of the Municipalities 



Improved and Maintained Section of Ghumti – Jyamire Road , Syangja



Causes of Deterioration of Roads

• Landslides 

• Clear Landslide 

• Emergency or Routine 
Maintenance 



Causes of Deterioration of Roads

• Defects due to lack of 
Water Management 

• Manage water 

• Routine and Recurrent 
Maintenance 



Causes of Deterioration of Roads

• Defects due to lack of 
Water Management 

• Manage water , create 
drain , Catch and divert 
surface run off 

• Routine and Recurrent 
Maintenance 



Causes of Deterioration of Rural Roads

• Absence of 
Structure 

• Place gabion or 
Masonry Structures 

• Specific and 
Emergency 
Maintenance  



Causes of Deterioration of Roads

• Defects due to lack of 
Water Management , 
Ruts forming , subgrade 
Material and 
Compaction 

• Manage water , create 
drain , Fill the ruts, 
maintain camber  

• Recurrent Maintenance 
and specific 
Maintenance  



Causes of Deterioration of Roads

• Defects due to lack of 
Water Management , 
Ruts forming , subgrade 
Material and Compaction 

• Manage water , create 
drain , Fill the ruts, 
maintain camber  

• Recurrent Maintenance,  
specific Maintenance and 
improvement 



Causes of Deterioration of Municipal Roads

Climatic and Environmental Effects

Poor Drainage Management

Lack of Routine Repair and Maintenance

 Improper Use of Vehicles

Lack of necessary quality standards in design,
construction and repair/maintenance work



Ruts and Depressions 

Location
• wheel tracks of vehicles 

• local areas (depressions)

Main Causes
• Insufficient foundation or 

pavement strength 

• Inadequate stability of the 
bituminous surface

Remedies
• filling in to the ruts and 

depressions ,< 5 cm

• local restoration –deep 
rutting



Rut and Depression  

After Before 



Restoration of Rain Cuts

Location

• Shoulder and even in 
pavement of earthen road  

Main Causes

• Inappropriate side slope 
and lack of compaction 

Remedies

• Clear loose soil and refill 

• Carryout layer wise 
compaction, Armor the 
slope by Bioengg or turfing



Maintenance of Slopes and Drains

Location

• Cut slope  and drains  

Main Causes

• Improper cut slope , 
absence of headwall and 
erosion towards the drain 

Remedies

• Clear, reshape and re-grade 

• Stabilize the slope  

• Proper Level to the drain 
bed 



Pot holes 

Location

• In Road Surface 

Main Causes

• Gradation, compaction and 
sub surface flow 

• Remedies

• Cut and remove the 
material from defective 
portion   

• Fill with proper material 
and compaction 



Pot holes 

• After • Before 



Pot holes

• Before Maintenance 

• After Maintenance 



Flexible Pavement Maintenance 

Surface defects 

fatty surfaces, smooth surfaces, streaking 
and hungry surfaces 

Cracks

hair-line cracks, alligator cracks, 
longitudinal cracks, edge cracks, shrinkage 
cracks and reflection cracks

Deformation-

slippage, rutting, corrugation, shoving, 
shallow depressions, settlements and 
upheavals

Disintegration  

stripping, loss of aggregates, raveling, pot-
holes and edge breaking



Single Bituminous Surface Treatment 



Flexible Pavement Maintenance – Periodic  

Premix  Carpeting 



Rigid Pavement Maintenance 

Transverse Crack 

Causes: 

Slab curl 

Curing 

Cures 

Crack Seal 

Full depth rigid repair 

Retrofit the Dowel Bar 



Rigid Pavement Maintenance 

Longitudinal Crack 

Causes: 

Waiting too long to cut center 
joint 

Sub Soil Settlement 

Cures 

Joint Sealing 

Full depth replacement 

Sub surface Stabilization 



Rigid Pavement Maintenance 

Pumping 
Causes: 

Water , Fines 

Lack of Load Transfer 

Cures 

Under Sealing 

Full depth rigid repair

Concrete Pavement Grinding 



Rigid Pavement Maintenance 

Transverse Joint 
Spalling
Causes: 

Improper dowel alignment

Lack of joint seal

Incompressibles in joint

Cures 

Crack & Joint Seal

Bonded Patching

Full-depth patching



Rigid Pavement Maintenance 

Scaling

Causes

• Improper finishing 
technique

Cures 

• Grinding

• Asphalt overlay

• Bonded resurfacing

• Partial depth patch



Rigid Pavement Maintenance 

Shallow Reinforcing
Causes

• Reinforcing Steel too close 
to surface

Cures 

• Asphalt overlay or patch

• Replacing steel & partial or 
full depth repair



Maintenance of Cause Ways 

Check for adequacy of 
waterway 

Examine major damages

Check the approaches for 
erosion/wash out 

Check any damages to 
downstream protection 
works 



Maintenance of Road  Signs 

• should be inspected at least 
four times a year both in 
day and night

• proper position and kept 
clean 

• Tree branches, plantations, 
weeds shall not be allowed 
to obscure 



Maintenance of Road  Signs 

• Should be inspected , here 
is  wrong direction 



Summary 

• Supervision and quality control arrangement for
maintenance should be same as the implementation of
new construction or rehabilitation.

• Maintenance activities should be implementing after 
analyzing causes of defects with appropriate methods 
of maintenance 



Session 12: Slope Protection and 
Bioengineering Works 

Transport Infrastructure Directorate
Bagamati Province 

Training on Quality Control in Road Works 



Causes of Slope Failure
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Mechanisms of Slope Failure
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Mechanisms of Slope Failure Contd.

4

Landslide Zone Landslide without Zone of Transport
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BIO-ENGINEERING 

8



Definition

Bio-engineering is the use of living 
vegetation, either alone or in conjunction 
with civil engineering structures and non-
living plant material, to reduce shallow-
seated instability and erosion on slopes
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Functions of Bio-Engineering 
Structures

Catch: Stop material falling or sliding down 
a slope

Armour: Protect surface from erosion
Reinforce: Hold particles together and 

reduce risk of shallow seated movement
Anchor: Reduce risk of deeper-seated 

movement
Support: Hold material on slope
Drain: Remove excess water
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Engineering Functions of 
Vegetation
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Types of Vegetative Structures
Fascines
Shrub planting
Tree planting
Bamboo planting
Horizontal grass planting
Diagonal grass planting
Grass Seeding
Brush Layering
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Design Aspects of Vegetative 
Structures 1

System Functions Method of Operation Applications and 
Site Requirements

Fascines Catch, support, 
drain

Woody bundle, dense stems, 
porous, can drain soil if laid 
down slope

Consolidated debris 
slopes, <45

Shrub Planting Catch, armour, 
reinforce, 
anchor, support

Bunchy leaves, multiple 
stems, lateral roots, root 
cylinder, tap roots

Any slopes < 45

Tree Planting Armour, 
reinforce, 
anchor, support

Lateral and near vertical 
rooting systems, root 
cylinder

Any debris slopes 
<45, gully side 
slopes

Bamboo 
Planting

Catch, armour, 
reinforce, 
support

Dense poles, massive 
rooting systems, dense 
leaves, grows all year

Slope <35, base of 
slope, erodible 
slopes, preferably 
wet places
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Design Aspects of Vegetative 
Structures 2

System Functions Method of Operation Applications and Site 
Requirements

Horizontal 
grass planting

Catch, reinforce, 
support

Dense line retards 
surface water flow

Dry, slope <45, 
erodible, cut slope

Diagonal grass 
planting 

Catch, reinforce, 
support

Dense line guides water 
along the line

Wet, permeable, fine, 
cut slopes

Grass seeding Catch, reinforce, 
support

Dense grass, mat, 
rooting system

Consolidated debris 
slopes <45

Brush layering Catch, reinforce, 
support

Dense line, strong buried 
branches retard surface 
and shallow ground 
water flow

Slope <45, dry, erodible 
and consolidated debris
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Grass Planting 1
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Grass Planting 2
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Grass Seeding 1

17



Grass Seeding 2
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Brush Layering 1
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Brush Layering 2
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Fascines
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Bamboo Planting
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Shrub Planting
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Krishnavir Landslide before 
Bioengineering

Krishnavir Landslide after 
Bioengineering







Sketch of Landslide 
after mapping



Design of  Bioengg structures 



Construction steps of  Hedge-brushlayers: digging of  

terrace, inlay of  plant material, soil covering



Grass plantation  to armour the slope



Trimming of  slope for Bio-Engineering Purpose



Preparation of  Grass slip for plantation



Plantation of  Khar as Bio-Engineering



Fencing to Protect plant from Grazing



Prevention to erosion on slope by using bioengineering in 

conjunction with Bamboo Wattle Fence.



Plantation of  Grass Slips



Bioengg site protected from grazing 



Bio engineering work along down hill side of  road section to 

prevent probable erosion on slope.



Seed

 Broadcasting 

 Direct sowing in holes

 Suitable for sandy site

 for armouring and 

reinforcing



Seedling

 Tree and shrub planting

 Slope up to 30 degree.

 Spacing 1m * 1m

 Engineering function

 Support, anchor and 

reinforce



Grass planting

1. Horizontal line of  grass planting 

 Spacing:

 Line to line

= 100 cm –if  the slope angle of  the slope is<300

= 50 cm –if  the slope angle of  the slope is300 –450

= 30 cm –if  the slope angle of  the slope is>450

Plant to plant 10 cm 

 main function : catch, armoring and reduce surface 
run off  



Horizontal line of  grass plantation



Grass planting continued

 Vertical line of  grass planting

 Spacing:

 Line to line 50 cm

 Plant to plant 10 cm

 function : surface drainage, reduce infiltration and 

armour

 On slopes up to 65 degree, clay type soil.

 Limitation: likely to develop rills.



Down Slope Grass Plantation



Grass planting continued

 Diagonal line of  grass planting

 Spacing:

 Line to line 50 cm

 Plant to plant 10 cm

 function : surface drainage, reduce infiltration and 

armour, catch 

 On slopes up to 65 degree, damp sites.



Diagonal Line of  Grass 

Plantation



Diagonal Line of  Grass Plantation



Grass planting continued

 Chevron and herringbone pattern of   grass 

planting

 Widely used in new gully and ridge

 Spacing: 

 Line to line 50 cm

 Plant to plant 10 cm

 Function: drain and armour.



Herringbone pattern of  grass plantation



Grass planting continued

 Random grass planting

 Spacing : 10 cm * 10 cm

 On slopes between 45 to 60 degree and 15 m slope 

length.

 Function: armour and reinforce.





Vegetative systems using cuttings





VEGETATIVE SYSTEMS

Brush Layering

1-2m











Brush layering





VEGETATIVE SYSTEMS

Palisade



Brush layering

Palisade



VEGETATIVE SYSTEMS

Fascines

Bundle of cutting



Fascines



Fascines



Vegetative systems using rhizome





Bamboo plantation 

















END
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