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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 aregular 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 theroads, 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 technigues 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 isimportant 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.

Thisreport has been prepared and submitted to TID for conducting athree 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



the TID and IDOs is aso important for the consistency in the quality of the roads. It is envisaged
that thistraining 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 devel oped 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:

e Standard Specification for Road Construction

e Quality Assurance Plan (QAP)

e Quality Control in Excavation

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

e Quality Control of different types Retaining Structures: Masonry Wall and Gabion Wall
and Plum Concrete Wall

e Quality Control of different types Drainage and Cross Drainage Structures

e Maintenance of Road and Quality Control during Maintenance
e Slope Protection and Bioengineering Measures
e Provide knowledge on different type of small-scale structures used in slope protection.

e Enhance knowledge about bioengineering techniques for erosion control.

M ethodology

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 avery 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



in consultation with the experts. It was ensured that al 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:

e Preparetraining course and schedule.
e Arrange resource person to deliver the training sessions.
¢ Provide handouts of resource persons in soft copiesto all corresponding email addresses
e Submission of Training Completion report.
Servicesdelivered by TID

e Approval of the training course and schedule

e Approva of the training venue.

e Nominated participants and ensure their participation for the training program

e Provided training hall/venue to accommodate 22 numbers of trainees for theoretical
classes. The hal/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

e Provided clear and comprehensive description of all services to be delivered (one
orientation) by training provider

e Provided breakfast, lunch and snacks to the participants.

e Provided stationary and handouts to trainees

e Prepared and distributed training certificates to participants by the end of the training
program.



e Made payment as per agreement as approved financial claims of the training provider

Training Venueand 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.



Synopsisof thetraining

Day 1

Opening Session

The opening session started with the welcome speech by Pushkar Pokhrel, Senior Divisiona
Engineer of TID, Firstly, hewelcomed 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 participantsto 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 al the participantsin 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 beneficia to all engineers who are working under TID.

Sessions delivered in Day 1

Specification and Test Frequency for Quality Control in Road Construction
Quality Assurance Plan

Specification and Test Frequency for Quality Control in Road Construction
DPR Checking, Setting out and Earthwork in Excavation

Collection of Samplefor Lab tests, Interpretation of Test Result
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Resour ce person: Ram Babu Paudyal and Sujit Dhital

Inthissession, 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 aso shared one example QAP with participants. Quality
Control of Road is designed to enhance manageria 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 processesin all
construction phases that |ead to better quality of road works. Which includes quality assurancein
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. Procedurefor lab tests — Pavement
10. Construction Procedure of Pre mix Carpeting
Resour ce 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

6




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 structuresin 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 Worksin Road Maintenance
12. Marshal Mix Design
13. Slope Protection worksincluding Bioengineering M easur es
14. Construction Procedure of Asphalt Concrete Works
15. Quality Control Worksfor Rigid Pavement
Resour ce 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 Marsha 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 aso

delivered the session about quality control of Rigid Pavement Construction. He explained the




failures of rigid pavement and types of maintenance to Rigid Pavement in detail with rea site

photographs.

Closing Session
The closing session was held on Friday 3 September 2021 (18 Bhadra2078). The closing ceremony
was chaired by Dr. Sahadev Bhandari- Director of TID.

Hari Prasad Ojhathe Moderator of the closing session welcomed all the participants and guestsin
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 alot. 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 aso

requested to give their feedback towards each topic covered during the training in terms of Content



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 beimproved. 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 thereis no environment to work focusing

in quality control in their work station.
7.2 Suggestions for I mprovement

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 maor

comments and the suggestions can be summarized as follows.
Comments:

e Thetraining could have been of 7 days — Residential

e Recreationa activities could have been carried out

9



e Directory could be maintained so that the participants and the resource person can bein
touch even after the completion of the training.
e Additional Classes in Asphalt Concrete , Rigid Pavement and field training to

Bioengineering should be included

Suggestionsfor other topics:

e TraininginLab Test
e Trainingto al Technician of IDOs about Quality Control
e Orientation to Site staffs about quality control prior to mobilization of site

e Road Maintenance Planning and Implementation Training

10



This training met your expectation

0.00%

H Fully
Agreed

H Agreed

= Neutral

There is suitable environment at your workplace to apply
the learning from this training

B Fully agreed
H Agreed

= Disagreed
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The duration of Training (3 days) was sufficient

B Fully Agreed

B Disagreed

How was the venue and food ?

M Excellent

mOK

m Could be Improved
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Annex 1. Training Schedule
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Transport Infrastructure Directorate

Bagamati Prowince

Training on: Quality Control in Road Works

Day Day 1 Diay 2 Day 3
Remarks
16 Bhadra 207&(Wed ) 17 Bhadra 2078{ Thu ) 18 Bhadra 2078(Fri )
8:00 - &:30
Registration and Breakfast
Opening Session
8:30-10:00 Pre training assessment Sub base base and Shoulder Maintenance of Road and Quality
Specification and Test Frequency for Construction Control Works in Road Maintenance
CQuality Control in Road Construction Fam Sabu Faudyal Fam Satu Faudyal
Su|it Dhital
10:00- 11:30 . Deszign and Construction Procedure i .
CQuality Assurance Plan . Marshal Mix Design
Rr?m Eabu Paudyal of Surface Dressing Sujit Dital g
Supit Dhital
11:30 - 11.45 Tea Break
. - Quality Control of Structures
- 5 = 3 ) ) ;
11.45-13.15 aﬁigcgm?rg Ini?l 2.3;. ; dF[r:e snu:nmc;ig_lr Maszonry, Gabion and Plum Slope Protection works including
Su)it Dhital - Concrete Retaining Wall Bicengineering Measures
Ram Babu Paudyal Ram Sabu Paudyal
13.15-14.00 Lunch Break
DPR Checking , Setting out and Earthwork Construction Procedure of Asphalt
14.00 —15.30 in Excavafion Procedure forsl,f]'E [ES,Q,S — Pavement | -0 erete Works
Ram Babu Paudyal Supit Dhital
15.30-17:00 Collection of Sample for Lab tests, Construction Procedure of Pre mix Quality Control Works for Rigid
Interpretation of Test Result Carpeting Pavement Closing
Ram Babu Paudyal Sujit Dhital Ram Babu Paudyal

15




Annex 2: Sample Evaluation Sheet
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Annex 3: Participant's Attendance
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Annex 4: Trainer’s Information
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S.N Nameof the Trainer Contact Email
1 Ram Babu Paudyal 9841504124 ramb.paudyal @gmail.com
2 Sujit Dhital 0843421686 sujitdhital @gmail.com
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Annex 5. Sample Certificate
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CERTIFICATE OF PARTICIPATION

This is to certify that
Mr. Birendra Kumar Chaudhary
has participated in training on
“QUALITY CONTROL IN ROAD CONSTRUCTION"
from 1% Septem! 121 to 3" September 2021,

organized by Transport li; wure Directorate, Bagamati Province.

-
4—/
W et

-

Mr Ram Babu Paudval
Acting Dyrector
Transport Infrastructure Directorate, Ministry of Physical Infrastructure Development,
Bagamati Province, Hetauda Bagamati Province, Hetauda
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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 7: Group photo of participants
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Annex 7: Handouts
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Specitication ana lest Frequancy
for Quality control in Road
Construction

Sujit Dhital
M.Sc Geotechnical Engineering

Contact : sujitdhital@gmail.com
9843421686
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Document

* Contract Agreement

* Gcc
* SCC

* BoQ
* Specification
* Drawing



Priority of the Document

The documents forming the Contract shall be interpreted in the following
order of priority:

(a) Contract Agreement,

(b) Letter of Acceptance,

(c) Letters of Technical Bid and Price Bid,

(d) Special Conditions of Contract,

(e) General Conditions of Contract,

(f) Specifications,

(g) Drawings,

(h) Bill of Quantities (or Schedules of Prices for lump sum contracts), and
(i) Any other document listed in the SCC as forming part of the Contract.



Associated works

* Maintenance of road during construction
and defect liability period

* Excavation

* Embankment filling/Back filling Test prior to construction
* Retaining Wall Breast wall Test during construction
* Drainage (Longititudial ,Cross) or Surface Test after combpletion of

/Sub surface drain ‘ P

works

* Sub Grade
* Sub Base
* Base

* Wearing course






Quality Control

* The Contractor shall provide, use and maintain on the Site, throughout the
period of execution of the contract, a laboratory with adequate laboratory
equipment operated by competent staff for carrying out tests required in
accordance with these Specifications.

* The Contractor shall provide necessary co-operation and assistance in
obtaining the samples for tests and carrying out the field tests as required
by the Engineer from time to time

* For satisfying himself about the quality of the materials and work, quality
control tests will also be conducted by the Engineer

* Unless stated otherwise, the cost of sampling and testing of various
materials proposed to be used on the works for quality control according to
the Specification requirements shall be deemed to be incidental to the
work and no extra payment shall be made for the same



* Before commencement of the work, the Contractor shall demonstrate a trial
run of all construction equipment for establishing their capability to achieve
the laid down Specifications and tolerances to the satisfaction of the
Engineer

* It shall preferably be located adjacent to the site office of the Engineer and
provided with amenities like water supply, electric supply

* Unless otherwise stated in the contract the ownership of all laboratories and
equipment shall revert to the Contractor.

* The number of tests recommended in Table 5.2 may be reduced at the
discretion of the Engineer if it is felt that consistency in the quality of
materials can still be maintained with reduced number of test.

* The Contractor shall submit Quality Assurance Plan (QAP) to the Engineer
for his approval. The Quality Assurance Plan (QAP) shall be based on the
detailed Program of the Works, and process oriented focus on defect
prevention, as per Clause 115 of these Specifications



Road Maintenance(109)

* The Contractor shall be responsible for undertaking all routine
maintenance of the existing road and all bridges on the road from the
day the road is officially handed over to the Contractor until the issue
of Defects Liability Certificate by the Engineer.

* The Contractor shall also carry out all the routine maintenance of the
completed works from the time of their substantial completion until
the Defects Liability Certificate is issued.

* The routine maintenance of the road shall include besides other,
trimming vegetation, cleaning all culverts, ditches, borrow pits, road
side drainage, drainage channels and any other obstructions including
minor landslide (up to 20 m3 at one spot, with unlimited number of
spots), cleaning road signs ------------------



* Maintenance of road in defects liability period quantified in months
shall be paid as per contract price on lump sum basis. Maintenance of
road during construction/rehabilitation period quantified in km-
months shall be paid as per contract unit rate. The contract price
and/or unit rate shall be the full and the final compensation to the
Contractor as per Clause 112.



Payment(112)

* Unless otherwise specified in the contract the unit rates and /or price
for the items as set out in the bill of quantities are full and final
compensation to the contractor for --------—-----nmeneu-

* Where the Bill of Quantities does not include the items mentioned in
Section 100, no separate payment shall be made for such works.

* The costs in connection with the execution of the works specified
herein shall be considered to be included in the related items of other
works specified in the Bill of Quantities or shall be considered to be

incidental to the works specified.



Earthwork in Cutting (905)

* When completed, the excavation slopes shall be true to the lines and
levels as shown on the Drawing or directed by the Engineer. When
completed, no point on slopes shall vary from the designated slopes
by more than 150 mm measured at right angles to the slope, except
where excavation is in rock, no point shall vary more than 300 mm
from the designated slope.



Excavation in Foundation (907/2)

* Excavation shall be taken to the length and width of the lowest step
of the footing and the sides shall be left to plumb where the nature
of soil allows it. Where the nature of soil or the depth of the trench
does not permit vertical sides, the Contractor at his own expense
shall put up necessary shoring, strutting and planking or cut slopes
to a safer to a safer angle or both with due regard to the safety of
personnel and works and to the satisfaction of the Engineer. (907/2)

* In the event of excavation having been made deeper than that
shown on the Drawing or as otherwise ordered by the Engineer, the
extra depth shall be made up with concrete or masonry of the
foundation grade at the cost of the Contractor(907/4)
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Measurement (917)

* The quantities to be measured shall be the net cubic content of the voids
formed by the removal of the materials enclosed between the bottom of
the footing and existing ground level by a surface generated by vertical
lines passing through the periphery of the bottom of the footing.

* No payment shall be made for any excavation other than the limited
excavation described above. Excavation over increased width or length,
cutting of slopes, removal of slides, shoring, shuttering and planking shall
be deemed as convenience for the Contractor in executing the work and
shall not be measured and paid for.

* Backfill to be measured shall be limited to this void only with due
consideration of the nature of the structure.



Measurement (contd.)

* |f the material obtained from road way excavation is used fully or
partially in roadway filling, the guantities for roadway excavation and
roadway filling shall be computed as below.:

* The quantities of roadway excavation and roadway filling of the distances
under reference shall be calculated separately adopting the method
described as above in this Section.

* The computed quantity of roadway filling shall be measured in roadway filling
while difference between quantities of roadway excavation and filling shall be
measured in roadway excavation.

* The same excavated material shall not be measured both in roadway
excavation and roadway filling.



Cut Slope how much ?

* Construct cut and fill slopes that are flat enough to be stable over
time and that can be revegetated.”

Appropriate 0' values range between 25° and 40° for clayey and
granular materials respectively. With low factors of safety (1.1-1.2) this
gives side slopes of between 20° and 33°.

In mountain areas, where granular soils predominate, embankment
side slopes are normally constructed to 1:1.5 (33°) assuming that the
specifications for material size, drainage and compaction can be met
(TRL Road Note 16, page 101)



General practice ?77

Generally cut slope are adopted as

Ordinary Soil 1H: 2 Vto 1H to 4V
Boulder mix soil /Hard soil 1H: 3V to 1H to 5V
Soft Rock 1H: 6V

Hard Rock 1H: 10V

Flatter slope is safer but Quantity and social issues ???7?



Backfilling

Pervious (902,908)

Unless otherwise specified in the
contract, it shall of gravel, crushed
gravel, crushed rock, natural
sands, manufactured sands or
combinations thereof. It shall
conform to the grading limits

Grading Limits of Pervious Backfill
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General Fill (902-2-11)

Material shall comprise all that is
acceptable in the accordance with the
Contract for use in the Works and which
is capable of being compacted in the
manner specified to form a stable fill
having side slopes as indicated in the
Drawing. The material used in fill
(except for rock fill) shall not contain
rock fragments with dimensions of
more than 75 mm



Unsuitable Material (902-2-I11)

* “Unsuitable Material” shall mean other than
suitable material and shall include: (a) Material
from swamp, marshes or bogs; (b) Peat, logs,
stumps, perishable material, organic clays; (c)
Material susceptible to spontaneous combustion;
(d) Material in a frozen condition; (e) Clay of
liguid limit exceeding 70 and/or plasticity index
exceeding 45




Embankment Fill(909)

* The maximum size of the coarse material in the mixture
shall not exceed 75 mm for general earth fill.

* The limits of embankment shall be built sufficiently
wider than the design dimension to facilitate in
achieving required compaction nearby outer faces of the

embankment. The surplus material shall be trimmed to
conform the specified side slopes and width of the

embankment.
Location Depth below the formation level Minimum Compaction (%MDD
Heavy Compaction
Roadway Embankment 0-300 895
Roadway Cut 0-300 95
All other roadway fills and backfill not 93
separately specified

Layers of material other than rock fill shall not exceed 150 mm compacted depth unless and until the Contractor can
demonstrate to the satisfaction of the Engineer that he can successfully Compact layers of a greater thickness.



Benching (912)

* Existing slope
Less than 1V:4 H :

existing embankment shall be scarified to a depth of not less than 100 mm to
ensure bond

More than 1V:4H

continuous horizontal benches, each at least 300 mm wide, shall be cut in
existing slopes and the widened embankment shall be built up in successive
layer of thickness 150 mm

Where the width of the widened portions is insufficient to permit the use of
heavy

rollers, compaction to the specified density shall be carried out with the help
of small vibratory roller/plate compactor/rammer or other approved
methods.



Measurement of Earth works

* All roadway excavation including side drains, filling and backfilling
compacted in place shall be measured in cubic meters by the average
end area method as computed from the original and final cross-
sections of the completed work.

* The Engineer shall compute the quantities by a volumetric method, if
in his opinion, it is the best suited method to obtain an accurate
determination.



Sub grade (1000)

* Formation Level The level of the top surface of the subgrade upon
which pavement structures is built up.

* Subgrade Up to 500 mm below formation (Lowest level of pavement
crust) level is designated as “subgrade”.

* Capping Layers Capping layers are layers of specified materials to be
laid and compacted in the subgrade and below as required, in
replacement of in-situ materials to achieve required CBR



Material Required for subgrade

* Materials for use in the subgrade shall

* not contain particles larger than 60 mm.

* have a CBR of not less than 5% measured after a 4-day soak on a laboratory
mix compacted to 95% MDD (heavy compaction),

* have a swell of less than 1%,

* have plasticity index of less than 40% and an organic matter content less than
3%



Compaction Requirement (910)

l.ocation Depth below Minimum Compaction
Formation Level (%MDD Heavy
(1mm) { ‘ompaciion
Roadway Embankment 0-300 95
Roadway Cul 0-300 95
All other roadway fills and 93
backfill not separately specificd

In cut areas, the subgrade shall be processed as necessary and compacted to the depth and
compaction requirements as given above. In the event that the Contractor is unable to
achieve the minimum compaction requirements below formation level he shall excavate and

re compact in layer as necessary.



SECTION 1 METHOD SUITABLE FOR FINE-, MEDIUM-
AND COARSE-GRAINED SOILS: LARGE
POURING CYLINDER METHOD

7. SCOPE

7.1 This method covers the determination, in-place, of the dry density
{ in g/cm® or kg/m® ) of natural or compacted soil containing stones which
make the test of Section | difficult to perform. This s an alternative
method of test wo Section | for fine- mdm.-.d:u.ugmed soils and should
be used instead of that test for layers exceeding 150 mm but not exceeding
250 mm in thickness { e Note under 1.1).

5. APPARATUS

8.1 Large Sand-Pouring Cylinder — similar in the esential details to
that shown in Fig. 1.

8.2 Tools for Excavating Holes — suitable tool, such as bent spoon,
dibber (s Fig. 3}! Imn:rmdﬁm.pﬁnﬂﬂnﬂrd about 300 mm long
5 to 10 mm dia a wooden handle.

Cylindrical Calibrating Container — with internal diameter of
mm snd an internal depth of 250 mm { we Note | under 4.2.2) of
type illustrated in Fig. 6 fitted with a flange 75 mm wide and about
mm thick sarrounding the open end. The volume of the container

should be given W an accuracy of 015 percent.

;580 §

8.5 Plane Surface —a or other wurface about 600 mm
qmudlﬂmntﬁchm R 2o

supply of sand to fill the pouring cylinder. This may be provided with
a suitable cover.

8.7 Metal Tray with Central Hole — a metal tray 450 mm square
and 50 mm deep with a 200 mm dia hole in the centre.

9. MATERIAL (SAND )

9.1 unifarmly natural sand
nwmﬁug‘nmm“mrmﬂlﬁ Sieve shall
organic matter, and shall have been oven

iod to allow it water content to reach equilibriam with atmospheric
umidity [ ier Note under 3.1 ).

IS 12720 ( Pare XXVIIL ) - 1974

SECTION | METHOD SUITABLE FOR FINE- AND MEDIUM-
GRAINED SOILS : SMALL POURING CYLINDER METHOD

1. SCOFE
l.lmmmhwinlh: the dry

of
I;h whni:hllmﬂ l-:.ll'ld- ﬂﬁm in wed The
qgiﬁhhuhm;ﬂemﬂhdﬁm{mﬂm}.

are wer, there bs & ol errory in the mesecremernt of dip denaiy By this
Tl £Freds 4FE by the 1 il'lkihﬂ'ﬁrmuﬂjm.uhﬂ
ﬂ-—,t—ﬁ.h"-mu-ni-ﬂ.-i ey,

if

2.2 Tools for Excavating Holes — suctable toohs, such as a scraper tool
simnitar to that shown in Figs I to make a level surface, bent spoon, dibber
shown in Fig. 3.

2.3 Cylindrical Calibrating Container — with an internal diameter al
100 mm and an internal depth of 150 mm {ser Note | under 4.2.2 ) of the
type ilhunirated in Fig. 4 fitied with a flange approximately 30 mum wide
and about 3 mm mmim!hlt?;nhﬂ- The volume of the
contsiner ghould be given Lo an accuracy of 071 percent.

2.4 Balance — sccurate to | g

2.5 Plane Surface: Glass or Flaje or Oiher Plans Sarface —
about 450 mis square and 9 mm or larger.

2.6 Meial Coniilners — to collect excavaled seil A convenient sige
i ome sbout 150 mm dismeter snd 700 mm decp with & removabile
COVET.

2.7 Cylindrical Steel Core-Cutter —of steel, 1274 4+ 01 mm long
and 100 mm + 01 mm imernal diameter with & wall thickness of 3 mm
bLevelled at one end. One suitable rype i illustrated in Fig. 5. The coter

sha!l be kept adequately greased.

2.8 Metal Tray with Hole — 300 mm square and 40 mm decp with a
100 mim holbe in the centre.

s HEL 4



Test Frequencies for Embankment and Sub grade

Material Identification, MDD,OMC and CBR For each new source and in every 1500 m3 or part of
it

MC For each new source and in every 400m3 or part of it

Field Density One set(3 test ) per 1000 sgm

Each layer shall be compacted to a dry density equal to at least 95% MDD (heavy compaction).



Capping Layer (1004)

Where shown on the Drawing or where in-situ material in the subgrade in
cutting does not meet the requirements, in-situ materials shall be replaced
with selected material from cuttings or borrow pits.

* Material for use in the capping layers shall not contain particles larger
than 75 mm and their percentage passing by weight the 0.075 mm sieve
shall be less than 15%.

* The material shall have a CBR of not less than 15% measured after a 4-
day soak on a laboratory mix compacted to 95 % MDD (heavy
compaction), a swell of less than 1%, a plasticity index of less than 12%.

* Moisture content during compaction is between 95% and 100% of the
Optimum Moisture Content

* Each layer shall be compacted to a dry density equal to at least 95% MDD
(heavy compaction).



Granular Sub base(1201)

Gradings Il and IV shall preferably be
used in lower sub-base. Gradings V
and VI shall be used as sub-base cum
drainage layer. Where the sub-base is
laid in two layers as upper sub- base
and lower sub-base, the thickness of
each layer shall not be less than 150
mm. Grading to be adopted for a
project shall be as specified in the
Contract.

Grading Envelope for Granular sub base material

Sieve Sire
:;::::: Percentage passing by weight
on (mm)
hnldn: hr.nlnllmg h-rlllll'ﬂ: {rr:fl-l ht-‘nliug Grading V1
75 100 |04)
51 Rk 100 | () 10 100 B0- 100 100
26.5 55-90 79-90 5575 50-50 55-90 75100
9.5 15-65 50-80 35-65 5373
4,75 15.55 4065 | 0130 15.35 25.50 3055
2.36 20-40 30-50 10-20 1025
(.85 210
0,425 10-15 10-15 0-% 08
0.075 <5 <5 5 5 0-3




Physical Requirements for Granular Subbase

Physical Testmethod | Requirement for | Requirement for Class 1l IV
properties Class [ & 1] and maintenance work
Apgregae [opact | [S 23864 0r 1S 5640 | Mauximum 40 Muzimum 4
Vilie (AIV)
Ligad Limat 1§ 11203 mitimam 2§ maxmm 2§
Plwsboty Indes | 1527205 Mouximam 6 Muxirmum 6
CBRu% Ny | S2720 Misunum 30 unless | Minimum 23 uness specifiod m the
density { 18 spécified 1n the Contract
1720 parth) Coatrac

The compacted thickness of any layer laid, processed and
compacted at one time shall not exceed 150 mm and when a
greater compacted thickness is required, the material shall be
laid and processed in two or more layers. The minimum layer

thickness shall be 100 mm. (1204-3)

Moisture content during compaction is

between 95% and 100% of the Optimum
Moisture Content (IS: 2720 Part 8).

Material shall be compacted to a dry
density of at least 95% of MDD (IS: 2720
Part 8).

Functional Class
of Ro:ad
Class 1 (ADT =

20000 PCL)

Class 11 (ADT =
SO0 = 20y PCLT
Class 1111 {(ADT
2000-5000 PCL!
Classe IV{ADT <
20606 PCL




Test Frequencies for Sub base

Material Identification, MDD,MC,O0MC and CBR For each new source and in every 400 m3 or part of it

Field Density One set (3 test ) per 1000 sqm



Crusher Run Base and Sub base (1204)

The material to be used for the
work crushed rock. If crushed Nieve size Percentage Passing by weight
gravel/shingle is used, not less

than 90 percent by weight of
the gravel/ shingle pieces 53 ron nominalsie 37,5 mm nominalsize
retained on 4.75 mm sieve
shall have at least two 63 mm 100
fractured faces. 4 mm §7-100 100
224 my S48 0- 100
5.6 mm ARY ) 3-8
(1.7 mm () - 23 10- 30
009 mm ‘ L) 25




Physical Requirements

Tablel12.9: Physical requirement s of Coarse Aggregates for Crusher run material

425 mucron

Base
Test Test method Requirements
Loss Angeles Abrasion Value(LAA) IS: 2386 -4 40 max
1 Or
Aggrepate Impact Value ( AIV) 30 max
, Combined Flakiness and Elongation IS: 2386 -1 35 max
index
3 Water Absorption IS: 1386 -3 2 % max
4 Liguid hmit of material passing 425 15: 2720- 5 25 max
micron
5 Plasticity index of material passing I1S: 2720- 5 6 max

Note:




Test Frequencies for Crusher Run Sub Base and
Base

Material Identification, MC, Gradation, Plasticity For each new source and in every 200 m3 or part of it

index

CBR, MDD, OMC, LAA/ AlV, Crushing ratio For each new source and in every 1000 m3 or part of
it

Field density One set (3 test ) per 1000 sgm

If the water absorption is more than 2 % , soundness test shall be carried out as per IS: 2386 -5 2.

To determine combined portion, the flaky stone from a representative sample should first be
separated out. Flakiness index is weight of flaky stone metal divided by weight of stone sample.
Only the elongated particle s be separated out from the remaining (non flaky) stone metal.
Elongation index is weight of elongated particles divided by total non flaky particles. The value of
flakiness index and elongation index so found are added up.



Wet mix Macdam(1208)

This Clause covers procuring,
furnishing and placing of approved
crushed graded aggregate and
granular material, premixed with
water on top of the complete
subgrade or subbase and constructing
a subbase or base, as the case may be,
in accordance with the requirement of
this Specification. “Graded crushed
stone” shall mean crushed stone with
a smooth grading curve within a
specified envelope.

Lirndineg Eavelopes for Wel mix Macadam

Nirve v Perconiagr pauing by weaght
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Physical Requirements

FPhysical Requirement for Materials for Wet mix macadam subbase/
base

Phvsical Test method Requirement for class Requirement for class 1L, 1TV
properiies 1 & 11 ({max %a)
(Max %)

Base (B1) Sub base Base (B2) Sub base (82)
(51)

Los Angeles
Abrasion value
(LAA)Y or
Aggrecgalc
Impact Value
(AIV)

IS: 2386-4 40 45

I'S: 5640 30 35 4O+ 4"

Combined
Flakmmess and
Elongation index IS: 2386-1

15
{ Total)

* Bl B2 Sl and 52 are classes of materials

Testing frequency same as crusher run sub base and base



What to do ?

* Crushing ratio for the wet mix macadam not specified
* CBR value not specified for the both Crusher run material and wet mix macadam

* % of fine passing 75micron sieve in case of the wet mix macadam and passing 90
micron in case of the Crusher run base and sub base is insufficient .Possibility of the
segregation of the base and sub base .

* |If the thickness of single compacted layer does not exceed 100 mm, a smooth
wheel roller of 80 to 100 kN weight may be used. For a compacted single layer up
to 200 mm the compaction shall be done with the help of vibratory roller of
minimum static weight of 80 to 100 kN or equivalent capacity.

* The speed of the roller shall not exceed 5 km/h. Each layer of material shall be
compacted to not less than 98 per cent of the maximum density as determined by
IS: 2720 (Part - 8).



Table 12.1: Grading Envelope for Gravel

L . Sieve Size (mm) l‘trctmngfpnssing by
Old Specification = gk
400 70-100
200 S0-85
.o 10.0 40-75
* CBR Test : ???? Not specified 475 30-60
_ 2% 20-45
* % passing 0.09mm L18 1535
L : 0.075 4-15

Table 12.4 Grading Envelopes for Graded Crushed Stone
Table 12.3: Physical Requiremenis of Graded Crushed Stone

Sieve Size Percentage passing by weight :
(mm) Base Subbase I'ests Base Subbase
SB1* SB2* B* o Dl*
LAA Max_ % 30 35 40
63.0 ) 100 100 AlV Max. % 20 25 30
40.0 100 75-100 85-100 205 Yax % 3 s i
3.5 85-100 42-75 75-95 CBR Mm% 30 50 0
2000 62-92 25-61) 6{-87 e

CR Min. % 100 B0 30

4.75 26-55 12-37 12-32

2.36 21-53 6-2 7-21 * B, C1 and D1 are classes of materials
0.60 12-28 5-21 6-17
0.075 2-10 3-12 3-10




Bitumen

* Penetration grade (not produced now )
* Viscosity Grade

e Before any bituminous binder is delivered to the site, the Contractor shall provide
the Engineer with a certificate form the manufacturer that the material to be
supplied complies in all respects with the relevant specifications. Engineer Accept
the brand based on the provided certificate

* Brand acceptance does not mean that the bitumen to be delivar at site is approved
. Contractor have to bear the risk of the material deliver at the site. Engineer’s
approval shall not relieve the contractor from his responsibilities for compliance
with these specifications.

* Sample to be taken from the material deliver at the site and tested . Acceptance of
the deliver lot after the test . Material shall pass all the regular test as mentioned in
the specification .

* Any biiéiuminous binder delivered in leaking or deteriorated containers shall be
rejecte



Viscosity ——3

Asphalts A & B are of the
sme penetration grade.
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Viscosity ——

Asphalts C & D are of
the same viscosity grade.




Test for Bitumen

S No. Characteristics Paving Grades Method of Test
V10 Yi(=20 W30 V40 Refl to
(1) (Z) (3) (4) (5) (6) (7)
5 - -
. Penetration at 25°C, 100 g, 5 50 o0 = + MW 2212047
1) O] T (Part IITYV IS:
s, 0.1 mm, mn 1203
Abasclnts viscosity af G0°C KO- 1600 - 2400 3200- MNS: 237:2050
i) ; ' Y ) 1200 2400 36l 4 =00 (Part VIII)y 1S:
Poises
1206 -2
: ’ 3 : et 250 300 350 40 NS: 237:2050
i) l:'-‘.‘;:‘m:;:sln{. viscosily at 135°C, (Part VIITY IS
pR g - 1206-3
0 0 21 0 S: 237-2049
) Flash point (Cleveland open 48 24 ” =4 INEs A s
1v') cup). °C. Mi (Part VILIV IS:
e S 1448-69
Solubility in 99 90 99 99 NS: 221:2047
v) richloroethylene, percent, (Part IVYIS: 1216
Min
vi) Softening pomnt (R&B), “C, 40 45 47 50 NS/ 1S5: 12085.
Min
vii) Tests on ressdue from rolling
thin film oven test:
4 -3 4 4 NS: 221:2046
n) Viscosity ratio at 60°C, Max (Part I1) IS:
1206-2
. _— . 75 S0 40 25 NS: 221:2046
) Ductility at Z25°C, em. Min (Past TV IS: 1208




. . V | General Application (IRC 111-2009) Equival
Bitumen Selection G ent PG

Cr—ite ria 10 Used in spraying applications, and can  80-100
be used in

very cold regions. Also used for the

manufacture of bitumen emulsion &

modified bitumen

Lowest Daily Mean Highest Daily Mean Air Temperature, °C
Air Temperature,

O Less than 20°C | 000 30°C  More than 30°C

20 Itis used in areas of cold climate & high
altitude

More than -10°C VG-10 VG-20 VG-30
10°C or lower VG0 T Vol 30 Itis the most suitable for Indian road 60-70

condition.

40 The area with high stress concentration 30-40
like
intersections of roads, truck parking,
heavy traffic. It can be used in higher
temperatures



* Both the highest daily mean air temperature and the lowest daily
mean air temperatures mentioned above can be obtained for the

weather station nearest to the project site.

* The department of hydrology and meteorology has data on daily
mean high temperature for all 365 days in a year for all weather
stations based on historical records

* This daily mean high temperature on a specific day is the same as
daily "normal” high temperature for that day as usually reported in
some newspapers. The highest of the 365 daily mean high air
temperatures (which usually occurs on some day in May or June) is
used

* The lowest daily mean air temperature (which usually occurs on some
day in January) can also be obtained from department of hydrology

and meteorology



Which Bitumen Brand is to be used ?7?
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Cement

(614)

iv)

Compressive Strength;

Minimum average Compressive Strength of three mortar cube (N/mm’)

(a) 3 days 16 27
(b) 7 days 22 37
(e) 28 days 33 53

SN Physical Characteristics OPC/ PSC | HSPC | Test Procedure
1) Fineness, m'/kg: (by Blaine’s Air Permeahility 225 225
method)
ii) Setting Time: NS 123
(a)Minimum Inital Scthing Time{minutes) 45 45
(b)Maximum Final Setting Time({minutes) 600 600
iii) Soundness by Lechatelier Method, mm, maximum 10 10 NS: 123

Manufacture Date,
Store, Stacking
First in first out

Conservative samples for
each supply and not less
than every 200 t or part of it

Chemical and physical requirements for Ordinary Portland Cement, High Strength Portland Cement,
Portland Slag Cement and Portland Pozzolana Cement shall be in accordance with NS: 49/1S: 269, IS:
8112, 15: 122689, IS: 455, IS: 1489 respectively.

Reguirement on the Physical Characteristics of Cement

28 pars COMPRESSIVE STRENGTH OPC43
(STrenaTH vs ProoucTion Tine PERIOD)

H Old {>3menth)

43

EFresh [1 Week]

 Mormal [5 Weok|

ACCa3

Prism 43 Jaypee 43
Cement Brand

Reqd.43

Source : Jagdishwar Man Shrestha



MASONRY FOR STRUCTURES (2600)
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The stone shall not absorb water more than 5
per cent. The specific gravity of the stone shall
not be less than 2.50

Cement shall be ordinary Portland cement and
shall comply with Clause 614. The mortar used in
work shall have the strength not less than 5 N/mm?2
or 7.5 N/mm?2 at 28 days as specified.

Compressive Strength of Mortar: Every 10 cum of masonry
of part of it

In case of mortared masonry, the total volume of mortar and
spalls taken together shall not be more than 30% of the
mortared masonry

The breadth of the stone on the bed shall not be less than 150
mm nor greater than 3/4 the thickness of the wall

All stones shall be carefully set with a bond stone provided at
the rate of at least one to every 0.9 m2 of exposed face. Bond
stones shall measure not less than 150 mm x 150 mm on the
exposed face and not less than 450 mm in length or the full
thickness of the wall, whichever is the less.



Concrete Works(2000)

* Cement

* Sand (fine aggregate)
* Coarse Aggregate

* Slump value

* Strength of concrete
* Mix design

* Round or crushed aggregate which is better and when



* Cement

Cement shall comply with the requirements of Clause 614. (Ordinary
Portland Cement, High Strength Portland Cement, Portland Slag

Cement and Portland Pozzolana

The floor shall be raised above the surrounding ground level not less
than 30 cm and shall be so constructed that no moisture rises through
it.

Stack of cement bags shall not exceed 8 bags in height.

Cement which has become hardened or lumpy or fails to comply with
the Specification in any way shall be removed from the Site

Cement which is stored on site for longer than one month shall be
tested in such laboratory for every 200 tons or part thereof and at
monthly intervals thereafter.




Fine Aggregate

* Fine aggregate shall be clean hard and durable and shall be natural
sand, crushed gravel sand or crushed rock sand complying with IS 383

Grading Requirement for fine aggregate

IS sieve designation (mm) Percentage passing

10 100

4.75 90-100

2.36 75-100

1.18 55-90

0.60 35-59

0.30 8-30

0.15 0-10




Flakiness index | Ordinary concrete

Coa rse Aggregate

Coarse Aggregate

Coorse agproegate shall be clean hard and durable crushed rock, crushed gravel or

wral gravel. Coarsc aggre shall be supplicd in the o imal sixze called Gor in the T :
::::.trrm:lgmd shall be of :':r gzr:;ng o :pecirl:::zd inaTul.blt: ETE. FlﬂklﬂESS index 25 15
Table 20.2 Cermnding Reguircment for Coarse Aggregnle [Mﬁx}
.'H' Peeiverilagge F'I.l:ki:l.u T Bdngzbe Sizead Agnererils Pl i et Ly |"‘|.:|r.:-i:r||.|: o Caraslead
e ;::1 [ ] 441 = 'ZT:““."“ Iil.:l-‘lr 125 1 :I:w-.ﬂ.i!-'_‘;ﬂ-"‘;';:'j ILI‘J.:::I".’.‘l E.III-JH-...E LM {mﬂx} 45 35
ol Rt Mo e ACV (max 30 pavement 45
i [P TY 1 KR
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21— Alkali Aggregate shall comply with IS 456 when
The Contractor shall carry out routine testing of aggregate for compliance with the Reactivity tested in accordance with 15:386
Specilication dunng the penod that concrete s beny produced for the works. Part 7
Frequency test shall be as follows:
Test procedure Frequency Acceptance test : all test as mention in sub clause
Fine aggregate and Grading Silt,Clay [S: 2386 Part | | set{ 3 nos ) test for each 2002 and 2004
Contents and 10 ta 50 cum and addihional
Organic Impurities 15: 2386 Part? test for each 30 cum of
concrete
Coarse Aggregate GradingSilt, Clay [S: 2386 Part | | set { 3 nos ) test for cach
Contents and IS: 2386 Part2 25 to 125 cum and
Organic Impurities additional test for each 123
cum




Compressive Strength Test

* The test strength of the sample shall be the average of the strength of
3 cubes. The individual variation should not be more that £ 15 per
cent of the average. If variation is more, the test results of the sample
are invalid

1-5 1
5.1-15 s
15.1-30 3
30.1-50 4

More than 50 Four plus one additional set for every 50
m3 Or part thereof



Acceptance Criteria

* The concrete shall be taken as having the specified compressive
strength when both the following conditions are met:

* The mean strength determined from any group of four consecutive

non overlapping samples exceeds the specified characteristic
compressive strength by 3 MPa.

* Strength of any sample is not less than the specified characteristic
compressive strength minus 3 MPa.

* The quantity of concrete represented by the test results include the
batches from which the first and last samples were taken, together
with all intervening batches



Gabion Works (2400) >
* The specific %rauity of the stone shall be not \;Ji\f

less than 2.50 and the stones shall not absorb f i H
water more than 5 percent. / A

* Tolerance on diameter of wire shall be £ 2.5
percent. The tensile strength shall be between )

350 to 550 N/mm?2

* gabion boxes shall be placed such that vertical Table 24.1: Standard Size of Wire Mesh Gabions

joints are not continuous, but staggered e L g AL Bl AL
* The gabion boxes and gabion mattresses shall [l _ B T N
be laid in such a manner that the hinges of the [ g v | : =
lid will be on the lower side on slopes and on Ism-.- - o - o
the Duter slde In wa”sl !Lmng wire cha, mn’ SWG ol | i | 104
I
* All the gabions exposed to outer surface shall Booem: | |
. = T lal/2Wem, 2xla ]/ Mo, L3x 150 /0 ha,
be provided with bracing Typical Sizes 3318075/ 2Nox 25 | w078/ I No. 3513 05/2 2x ]
Lemgth & Width & Heghl (m) NOS/ INe, Il 03 0Mes, Jx1a03/2 Ix]lxla
Number of diaphragns [ Mo s |l 0N,

Talerances @ Size of Gabijon
5 3 (iakos boes = 18 r||f\.'h-|;‘|n:n'_"|l_' |ty %o i« o B,

Boxes




pp— Selvedge Wire: a terminal wire used to edge the cut portion of wire mesh panel
7 perpendicular to the double twist by mechanically wrapping the mesh wires around it
N (Fig 24.3).
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Fig.24.4  Mechanically Selvedging and Wi
Fig 24.5 Components of Gabions '8 echanically Selvedging and Edge Wire

Mesh wire : 2,7 /3 Selvedge wire /edge wire : 3.4/3.9,
Lacinge wire 2.2/2.4. Tolerance in box size : +/-5% (in
length breadth and height ).



TABLE 1 CROSS-SECTIONAL AREA AND MASS

(Clause 5.2)

Nominal Size Cross- Sectional Area Mass per Meter Run
(1 (2) (E]
mm m’ ke
s 126 0099
5 19.6 .14
6 8.3 0222
1 385 0302
i 0.3 0393
L0 18,6 0617
¥ 1131 0838
lb 201.2 1580
¥ 2346 2.000
20 il4.1 2470
b J80.3 2980
23 491.1 3850
2 6158 4830
12 846 6310
16 10183 71.990
4 12572 0,860

TABLE 3 MECHANICAL PROPERTIES OF HIGH STRENGTH

DEFORMED BARS AND WIRES
bl |
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TABLE 5 FREQUENCY FOR NOMINAL MASS, TENSILE, BREND AND

REREND TESTS
Crusmrity
Maminal Sige
For castsieats below For casts’heals over
V0Dt FOCH fommees
(1} (] i3
Uinder 10 rm i \..1|||!'J||_- fromm cach 25 tonnes oo | u:-mlph: fronn Each 40 winnes or
pait there of part thereol
L0 mmn o 16 | somple fromm each 35 tonnes or | samiple from cach 45 onnes or
e il usive pari thereof pari thereof
Over |6 mm | sample from each 45 lonnes or | sample from each 50 lonnes or
pan thereof part thereof

Nominal Diameter of Size — The diameter of a plain round
bar/wire having the same mass per meter length as the
deformed bar/wire

Effective Cross-Sectional Area of Deformed Bars and Wires
5.3.1 For bars/wires whose pattern of deformation is such that
by visual inspection, the cross-sectional area is substantially
area shall be the gross sectional area determined as follow,
using a bar/wire not less 0.5 m in length. Gross cross-sectional
area in mm? = w/ 0.007 85 L where, w = mass in kg weighed to
a precision of 0.5 percent, and L = length in m measured to a

precision of 0.5 percent
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Weep Hole

* . Weep holes shall be provided with 100mm dia polythene pipe for
structures in plain/reinforced concrete or brick masonry.

* |In case of stone masonry, weep holes shall be 100 mm wide, 100 mm
high or circular with 100 mm diameter.

* Weep holes shall extend through the full width of concrete/masonry
with a slope of 1 vertical 20 horizontal towards the draining face. i

* The spacing of weep holes shall generally be 1 m in either direction or
as shown on the drawing with the lowest at about 150 mm above the
low water level or ground level whichever is higher or as directed by
the Engineer.

* Surfaces of the weep holes shall be smooth and it shall be ensured
that the water is properly driven from the backfill.

* Unless otherwise specified, Weep holes shall not be paid separately.
The contract unit rate for respective items shall be deemed to include
costs for providing such holes.




Road Marking

* Road marking shall be of ordinary road marking paint hot applied
thermoplastic compound, reflectorized paint or cold applied reflective
paint as specified in the Contract. . Ordinary paint used for road
marking shall comply with the requirements of NS 408/054 or
confirm to IS 164.

* Where retro-reflective paint is required by the contract, the retro-
reflective glass beads shall be applied by means of a suitable machine
immediately after the application of the paint in one continuous
operation. The rate of application of the beads shall be 0.8 kg/litter
paint or such other rate as is specified in the contract



Reflectorizing Glass Beads

Twvpe |1 beads are those which are constitnent of the basic thermoplastic compound as
per table 151 and Type 2 beads are those which are to be sprayed on the surface as
specilied 1n (6) applhication. The glass beads shall be transparent. colourless and free
from milkiness, dark particles and excessive air inclusions, These shall conform to the
requirements spelt out in: application Properties of Thermoplastic material™

Specific reguirements of Reflectorizing (lass beads

ia) (:radation:
The glass beads shall mect the gradation requirements for the two types as given in
Table 15.2

Table 15.2 Gradation Reguirecments for Glass Beads

Sieve size Percent Retained
Type 1 Type 2

1.18 mm Oto 3

E50D micron S tos 20 Oty S

GO0 micron - 5 to 20

425 micron 65 to 95 --

300 micron -- 30 ta 75

1 20 micron Oto 10 10 1o 30

Below 180 micron == Ot 15




Hume Pipe(701)

ominal

Ia

Barrel
hickness
(mm)

I__nad to produce
0.25 mm
crack(Kn/m)

Ultimate load(Kn/m)

300

15.5

40

23.25

600

85

28.74

43.11

900

100 43.11

64.67

Invention of precast pipe in Canada in , year
18920. It has capacity to Take load of
21300kg , but as testing machanism was
not developed | they tested like this To give
conflidence on strength of pipe . The
inventor =at inside the pipe
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W beam Crash Barrier (1511)

SN

Item

Requirement

W-beam guard rail :

Base Metal: The beam, end sections shall consist of sheet
made of open hearth, electric furnace, or basic oxygen steel
and shall meet the mechanical properties specified below.
Length ofrail --4.318 m/2.318 m

Yield stress, minimum, 310 MPa; and

Elongation, in gauge length (5.65X (sqrt of cross sectional
area)) mimmmum, 15 percent.

C-Channel post:

Length of Post — 1800 mm.
Yield stress , minimum 410 MPa;

C-Channel spacer

Length of Spacer— 330 mm.
Yield stress , minimum 410 MPa

All fittings ( Bolt , Nuts,

washer)

Confirm to IS 1364 and IS 1367




* The “W beam type safety barrier shall consist of steel post and a 3
mm thick “W” beam rail element. The steel post and blocking out
spacer shall both be channel section of 75 mm X 150 mm & 5 mm
thick. The rail shall be 70 cm above the ground level and post shall be
spaced 2 m centre- to centre.

* The “W” beam, thrie beam, the posts, spacers and fasteners for steel
barriers shall be galvanised by hot dip process (zinc coated 0.55 kg
per square metre; minimum single spot) unless otherwise specifi

> ~ 8 The most common

5, . S0 applications for 3 wave
S \ or thrie-beam
B i ‘% guardrails are bridges on
- highways , or exit and
entrance of tunnels on
highways).

THRIEBEAM W-BEAM



If you don't know how to use them,
it will never be enough.




Transport Infrastructure Directorate
Bagamati Province

Training on Quality Control in Road Works

Session 2: Quality Assurance Plan (QAP)



| ntroduction
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

L ear ning obj ectives

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

Pointsto 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/ownersi.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 Assuranceis 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/lquality  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, ther
gualification 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, ther
gualification 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 specia tests in offsite laboratory, should request in
written and get written approval to conduct proposed test

Example of Test Frequency



QA Implementation Plan

S. |Material Tests Specification Test BoQ No
N Limit Frequency |Quantity | of
/Requirements Tests
1 |Cement, Setting |Initial—45 [200Tor |[1000T |5
Specification [ Time | Minutes Part of it Sets
Clause no Final — 600
DOR 614 min




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
Materia:Gl  wires, Geotextiles, Cement, Bitumen |,
Relnforcement etc



Planning for improvements
Planning of Construction Materialsto 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 Materialsto 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.

Dailly report of works, egquipment, 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 reguirements 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
« Materialsprior to construction

« Quality of workmanship and works during construction
« Finished works after construction
Non Compliance and corrective M easures

* meet quality standard, workmanship and test frequencies for
material and works. Nonconforming works and material
shall be rgjected.

Corrective M easures

* 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

Sample +  Asphalt Concrete Coarse Aggregate
Sourse : Samari River
Test Method @ 1S:2386 (Part 1)1963 Date: 01-03-2021
IS Sicves Tested I'akiness Index Llongation Index
Passing on Retained on Passing on Retained on
mm Weight (gm)| Flakiness Guage(g) |Flakiness Guage(g)|Elongation Guage(g)| Elongation Guage(g)
40-25 - - - - -
25-20 - - - - -
20-16 780.00 195.00 585.00 355.00 230
16-12.5 661.00 165.00 496.00 395.00 101
12 5-10 616 .00 28500 331.00 255.00 76
10-6.3 509.00 180.00 329.00 274.00 535
Total 2566 825 1741 1279 462

Flakiness Index = C i > Elongation Index = (265%% l
Combined Flakiness Index & Elongation 58.69%




Quality Control Tests- Material Prior to Construction

"-\Mim'| of Nepad
@ DEPARMENT OF ROADS
Quality, Resdageh and Development Cenltre
(Labofatary Unit)

CHANUMAT, LALITPUN
Rettio 9 ne

Dute 20780100
Subject Brumen Test Result
To

Tianspont nhastucture Directorato
Hotouda Makawanpur

Comacr  Shvee Motcan | SBA JV Kathmindu
Coivact No . NRFEMWROMGTIIG

With reference to your fetter dated 2077 12 08, Ref No 077/078-748, wo are enclosing
revewth Baumer: tost results of providad sample of Bitumen.

o ‘ Nara of tosts Ut ""’m",',

Sample 1 | Standerd
Rosd & Bridge Works

¢ [Peneraton 251003801 |0l 55 a5

ren. M
2 |Sohening Pert (R and B) Mn % 22 <
s zﬂn&n‘lm % %92 (1
4 Fiash Point (Cleavei 3nd open % 08 20

oup). “CMin
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Quality Control Tests- Material Prior to Construction
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Quality Control Tests
Material Testing Laboratory

« recommended to establish one Material Testing Laboratory
L aboratory must be established and fully equipped

L aboratory equipment must be calibrated and tested

Test formats must be prepared

L aboratory Technician must be employed and trained



Field Density Test

Q"

-

Shabhrt



Example of QAP with Method Statements



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




Case Study

Prepare Quality Assurance Plan of a project with
following activities

e Sub base Laying

* Base Laying

e Asphalt Concrete Laying
* Plum Concrete Wall work



Transport Infrastructure Directorate
Bagamati Province

Training on Quality Control in Road Works

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



| ntroduction

 This session designed to deliver the issues and
challengesin 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 machinesfor cutting in slopes, Side
casting

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

Tendency to accelerate the work i1n 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
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Estimate of The Project
« Comments on Estimate — Example from field

Action to betaken 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



Earthwork in Excavation in Structure

* Foundation Slope isto be maintained
» Foundation Depth of the structure

« Compaction in foundation bed



Earthwork in Excavation in Structure




Earthwork in Excavation in Structure




Wor kmanship

Masonry Wall
» Lack of Dressed Stones
Cement Painting to cover the defects
Stacking stones and throwing Mortar
» Lack of Curing




M aterial




Wall without dressed stones




Setting Out

e Compromise in Setting out

Structure are not constructed
with in frame

Function of structure
Aesthetic appearance
Complain from public




Ing Out

Sett




Subgrade preparation

Missing Vertical Control

Tests for Subgrade Material — not giving
Importance

Compaction — compromised
Camber not maintained

L eft a month or more after completion and waiting
for subbase layer



Sub base and base

Missing level control

Tests for Materia —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
waliting 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 slopefailure, erosion, dide or
mass movement

Design of protection measures

Precaution to take while cutting the soil mainly
cutting slope

Cutting in almost Vertical slopein soil isthe
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 | ssue




Compaction | ssue




Compaction | ssue




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




ISCUSSION

Group D




Group Discussion




Case Study




ISCUSSION

Group D
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Group D
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ISCUSSION

Group D




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 isfound in subgrade.

Sub base — Materia 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



Transport Infrastructure Directorate
Bagamati Province

Training on Quality Control in Road Works

Session 5:Collection of Samplefor Lab
tests, Interpretation of Test Result



| ntroduction

* 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

Sampl es taken for tests to be used in the acceptance
or rgjection 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 M aterial

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
aProect- ...,

b. Contract Identification No...........

h. Sample taken by .......................
I. Tests to be performed .................



Session 4. Supervision and Quality Control
of Road Works— Pavement



| ntroduction
« 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.

Pointsto 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



Group WOr K
« List out the activities you are practicing during laying of Asphalt
Concrete work, steps of supervision and quality control.

SN

Name of Activity Current

Practice of
Supervision

Current Practice of Quality
Control

Asphalt Concrete Laying works

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




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 s top 500 mm compacted layer in
embankment or cutting

Any fill material maximum dry laboratory unit weight not
less than 16.5 kN/ m?3

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



Field Quality Control tests during construction

S.N Type of Test Freguency
1. Maximum Dry Density/|One test for each
Optimum Moisture Content: 1500 m?3
2. Insitu Density Measurements|-do-
(Each layer) (1) One test In
each 1000 m?
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

Photo: Ram Babu Paudyal , RAP 3 Morang 14



GRANULAR SUB-BASE

If Material is from combination from different sources, mixing
shall be done mechanically at stock piled yard

Prepared subgrade surface reqguires 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



L aying of Sub base

Photo- Ram Babu Paudyal ,ADB EEAP



L aying of Sub base




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

|S Sieve % passing by wt. | % passing by wit.
Designation 53 mm nominal 37.5mm

(mm) size 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 Hakiness and Elongation|35
Index % Max

5. Water Absorption % Maximum 2
6. CBR % Minimum 80
7. CR % Minimum 90

8. Plasticity Index of material passing 425 NP
micron Maximum




Quality Control Requirement

Tests Prior to Construction -Base Cour se

Test Value

1. LAA % Maximum 40

2. Aggregate Impact Value % Maximum |30

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

4. Combined Hakiness and Elongation|35
Index % Max

5. Water Absorption % Maximum 2

6. CBR % Minimum 80

7. CR % Minimum 90

8. Plasticity Index of material passing 425 NP

micron Maximum




Quality Control Requirement
Tests Prior to Construction - Base Course

Type of Tests Frequency

Aggregate Impact Value Loss|One test on representative
AnglesAbrasion value sample from each source
Flakiness Index Test -do-

Water Absorption Test -do-

Soundness Test, if the water|-do-

absorption exceeds 2%

Gradation -do-

Atterberg Limits of portion of |-do-
aggregate passing 425 micron

sieve
Proctor Compaction Test (MDD, | -do-
OMCQ)

CBR -do-

Crushing Ratio (CR) Test -do-




Quality Control Requirement

Tests During Construction - Base Course

Type of Tests

Frequency

Aggregate Impact Value Tedt,
LAA Test

Once per 200 m? 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 |-do-

aggregate passing 425 micron
sieve

Soundness Test, if the water

Once per 500 m? or part of it

absorption exceeds 2% and change of source

CBR Asrequired

Proctor ~ Compaction  Test|Once per 1000 m3 or part of it
(MDD, OMC) and change of source

Field Density test

Once per 1000 nm? or part of it
and change of source




Laying of Base

Photo- Ram Babu Paudyal



Preparation of base for bituminous cour se

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 al 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 ling, level and density

Primed with a suitable bituminous primer and atack coat.



Preparation of base for bituminous cour se

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

|solated 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



L aying of Prime Coat

Photo- Ram Babu Paudyal



Quality Control Requirement
Material : Physical Requirements of Binder

Hyperlinked M aterial\S No.docx



Hyperlinked Material/S No.docx

Quality Control Requirement
Tests During Construction — Prime Coat

SN

Type of Test

Freguency

1

Temperature of Binder, when

cutback isto be used

Regularly

2 |Rateof Spread of Binder At least two tests
per run

3 |Pecentage of cutter for|During making
making cutback cutback




Tray Test and Dip Test




20mm THICK PREMIX CARPET
Apply aprime 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 150° C to 163° C
and that of aggregates 155°C to 163°C

At the time of discharge of the mixture should be between [30°C
and 160°C.

L ocate hot mix plant near the work site.

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



20mm 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 %

Aqggregate Impact Value |Max. 30 %

Loss Angles Abrasion|Max. 40%
value

Soundness
Sodium sulphate Max. |12 %

Water Absorption Max. 1%

Coating and stripping of [ Minimum
bitumen aggregate|retained coating
mixture. 95 %




Quality Control Requirement

Material : Physical Requirements of Aggregates — Chips

|S Sieve Cumulative percent by
Designation weight of total aggregate
(mm) passing
TypeA TypeB

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

per year

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




Quality Control Requirement
Tests Prior to Construction

Type of Test Freguency

1 |Quality of Binder (Straight-|As per Specification
run Bitumen)

2 |Aggregate Impact Value Test |One test per each source

Identified

3 |Combined Elongation and|-do-
Flakiness Index Test

4 |Water Absorption -do-

5. | Soundness (SSS) -do-

6 |Gradation -do-

7 |Bitumen Stripping of | One set of 3 specimen for
Aqggregate Test each source of supply




Quality Control Requirement
Tests During Construction

Type of Test Frequency

1. Grading of Aggregates Once per 100 m2 or part of it

2. Combined Flakiness and|- do -

Elongation of Aggregate

3. LAA or AlV, 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 | At |east two tests per day
coat

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
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L aying of Premix

Photo- Ram Babu Paudyal, RAP 3 Morang



Thickness Control in Loose

Photo- Ram Babu Paudyal, RAP 3 Morang



Thickness Control in Compacted L ayer
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Rectification

e Lt
Wi
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Final Inspection and M esurement

Photo- Ram Babu Paudyal, RAP 3 Morang



Finished Surface

Photo- Ram Babu Paudyal, RAP 3 Morang



)
5
S

=

™

3

]
>

3

o
>

3

m

3
o)
o)

<

o

Finished Surface




Asphalt Concrete/ Bituminous Concrete
« Construction in asingle layer of bituminous concrete

« A singlelayer 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 |1S: 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 I ndex Max 35%

Los Angeles Abrasion Vaueor Max 30%

Aggregate Impact Value Max 24%

Soundness either: Sodium Sulphate or Max 12%

Magnesium Sulphate 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 coar se and fine aggregates and filler

Grading 1 2 Grading |1 2
Nominal 19 mm 13.2mm | Nomina |19 mm 13.2 mm
Size* Size*

Thickness |50 mm 30-40 mm | | Thickness |50 mm 30-40 mm
|S Sieve Cumulative % by IS Sieve |Cumulative % by
(mm) weight (mm) weight

37.5 1.18 20-34 34-48
26.5 100 0.6 15-27 26-38
19 90-100 1100 0.3 10-20 18-28
13.2 59-79 90-100 0.15 5-13 12-20
9.5 52-172 /0-88 0.075 2.8 4-10
4.75 35-35 53-71 Bitumen |Min5.2 |Min5.4
2.36 28-44 42-58 Content




Construction M ethodology

« Marshal Mix design - Asphalt Institute Manual MS-2
» Preparation of base on which Asphalt Concreteisto belaid

« 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°Cesius

Bitumen | Bitumen Aggregate |Mixed Laying Rolling
Viscosity| Temperature | Temperature | Material Temperature | Temperature
Grade 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 M ethodology

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
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Finished Surface
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Finished Surface

Concreting in hole of core cutting

Photo- Sujit Dhital



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 | Onetest per each source
3| Combined Flakiness and -do-
Elongation Index Test
4| Water Absorption -do-
5| Soundness SS Max -do-
6| Gradation -do-
Z

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 m?3 or part of it

2. Flakiness of Aggregate

- do -

3. LAA or AlV

Once per 200 m3or 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

Onetest per 700 m? 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 segparation 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.

Basic Components of Concrete Pavement

Surface smoothness Thickness Design

or rideabili ) _J
< 7
” i i

Concrete materials

Dowel bars



Basic Components of Concrete Pavement

Surface smoothness Thickness Design
or rideabilit;
Longitudinal joint

Transverse joi

Concrete materials

Dowel bars




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) Dowed Bars. Plain mild steel bars 25 mm dia, 240 N/mm? , 500
mm long and spaced 250 mm c/c

g) Pre moulded Joint Filler:



Quality Control Requirement —-JPCCP
Material

Q) Pre moulded Joint Filler: Bitumen impregnated filler

board/pre moulded synthetic joint filler board for expansion
joints
20 mm thick of afirm 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 Freguency
Cement a)Setting Time One test for 200 tonnes of cement
-do-—
b) Soundness one set for 200 tonnes of cement
c) Compressive strength (same brand and grade)
Coarse a)Gradation for PCC or One set of test for each quarry
Aggregates RCC works source
b) Flakiness index -do -
c) Deleterious constituents | If in doubt

d) Water absorption/
content

e) Aggregate Crushing
value

f) Soundness|[if water
absorption exceeds 2%
g) LAA, h)AlV

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 Freguency
Fine a) Gradation One test for each source of supply
Aggregates b) Deleterious Constituents| If in doubt, one test per source
Water Normally potable water is
good enough for making
concrete. Determination of | For large works If the quality isin
Impurities doubt Samples taken from each
- Suspended matter source and tested at an approved
- Organic test house
- Inorganic
- Sulphates
- Chlorides
Concrete Mix Design (for each Well before the commencement of

work)

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 | Straightnessof sideforms (steel | To be checked daily
4 Size, spacing, paralleling of To be checked prior to casting
Dowel barsand Jointslocation of concrete at the location.
5 Batching and Mixing of materials | Check for measurements and
proper mixing
6 Compaction equipment (Needle, | For continuous working and
Screed and Plate vibrators) stand by arrangement
7 Levelsand Alignment, width of | to be checked for each day’s

pavement, pavement thickness,
Depth of Dowel Bars

work Regularly
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Design and Construction of DBSD
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Out line of Presentation

Component of Road Pavement

Surface Dressing: What , Type and where to
use and limitation

Aggregate and bitumen : Physical properties
and test to be conducted

Prime coat

Design Procedure for the spray rate
Construction Procedure
_Photographs



Component of Road Pavement

Subgrade
Sub base
Base

Wearing course



Surfacing Option
(Flexible Pavement)

Non Structural
* Sand Seal
* (Otta Seal

« DBSD
* Premix carpet (20mm)

Structural
* Asphalt Concrete



Factors Affecting Choices

Traffic Volume

Riding Quality Required
Operational Factor

Safety

Environmental Considerations
Construction and Maintenance
Properties of Available Aggregate
Construction Cost

Required Service Life



What is Surface Dressing ?

Surface dressing comprises a thin
film binder, generally bitumen,
which is sprayed onto the road
surface and then covered with a
layer of stone chippings.



* The Bituminous binder material is applied by
a pressure distributor, followed immediately
by an application of mineral aggregate, and
finished by rolling.

* The thin film of binder acts as a waterproofing
seal preventing the entry of surface water into
the road structure.

* The stone chippings protect this film of binder
from damage by vehicle tyres, and form a
durable, skid-resistant and dust-free wearing
surface.



Type of Surface Dressing

Mainly Used Surface Dressing in Nepal
QOOW0000  oww

Single Surface Dressing o

[Eapape e Lt
Exising road surface

S0 S0C0 000 0000 Smaber chippings

Double Surface Dressing Bindr
| O OO o000 Chippngs

Binder

T N"__

1/ 30/ 2031 Existing road s



Surface Dressing Normally Not Used in Nepal

OO o000 Smaller chippings

Racked In OO Chpms

Bindar

Existing mad surfacs

> W A\ Chippings

. Binder
Pad Coat Plus single
(it o O T, P o OIS & s P Smaller chippings
T T e T e Binder
Existing road surface
OO0 SO00 000 0000 Smaller chippings
Sandwich idee

e

Existing road surface

1/30/2021 ‘ ~
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Where To Use

* Single Surface Dressing :

When applied as a maintenance operation to
an existing bituminous road surface a single
surface dressing can fulfill the functions
required of a maintenance re-seal, namely
waterproofing the road surface, arresting
deterioration, and restoring skid resistance



Double Surface Dressing :
* A new roadbase is surface dressed.

* Extra 'cover' is required on an existing
bituminous road surface because of its
condition (e.g. when the surface is slightly
cracked or patched).

* There is a requirement to maximise durability
and minimise the frequency of maintenance
and resealing operations.



* 'Sandwich' surface dressings are principally used
on existing binder rich surfaces and sometimes on
gradients to reduce the tendency for the binder to
flow down the slope.

* 'Pad coats' are used where the hardness of the
existing road surface allows very little embedment
of the first layer of chippings, such as on a newly
constructed cement stabilised roadbase or a
dense crushed rock base. A first layer of nominal
6mm chippings will adhere well to the hard
surface and will provide a 'key' for larger [Omm or
lAmm chippings in the second layer of the
dressing.



 Racked in Surface dressing is recommended
for use where traffic is particularly heavy or
fast



Limitation

* Surface dressing does not contribute to the
Strength of the Pavement Layer ie it has no
structural significance.

* |t can not improve the shape and riding
quality of the surface which has become
deformed specially due to fatigue.



Physical Requirement of Aggregate

 Aggregate used in Surface Dressing must be
— Clean
— Hard to resist crushing by traffic
— Angular to give good surface texture
— Of correct size to embedment

— Durable to resist surface wear.



Test to be Performed

Gradation

Combine Fl and Elongation

LAA/AIV

Durability (SSS or Magnisium soundness)
Water Absorption

Stripping Value

Polish Value



Physical Requirements

Percentage passing by weight

Nominal size

19 13 10 6
26.5 100
19.5 85-100 100
13.2 0-40 85-100 100
9.5 0-7 0-40 85-100 100
5.6 0-7 0-35 85-100
4,75 0-10
335 0-30
2.36 0-2 0-2 0-2
0.6 0-10

0.075 0-1.5 0-1.5 0-1.5 0-1.5 " S



Exercise

Percentage passing by weight

Nominal size

Sample-1  Sample -2

26.5 100 100 100
19.5 85-100 92.5 98
13.2 0-40 10

2.5 0-7 3

5.6

4,75

330

2.36 0-2 1 0
0.6

01075 0-1.5 0.5 0 LE



Recommended Nominal Max size of
Aggregate

Type of Surface Traffic intensity in Terms of No. of Vehicle per day in the lane
under consideration

1000-2000 200-1000 20-200
Very Hard 10 6 6
Hard 13 10 6
Normal 13 10 6
Soft 19 13 13
Very Soft 15 13

fan

1/30/2021 ‘
L



Property |. Test Specification / | Test

Requirement Method

Cleanlines Grain size analysis Max 1.5% IS : 2386

s ( passing (Part-1)

dust) 0.075 mm sieve

Particle = Combine Flakiness and Max 35 % IS : 2386

shape Elongation Indices (Part-1)

(Total)

Strength  LAA or AlV Max 35 .5 IS : 2386

Max 27 % (Part-4

|

1/ 30/ 2031 *
L



Property Specification | Test Method

/
Requirement
Durability = Soundness: Sodium Max12% 1S:2386
sulphate or Magnesium Max 18 %  (Part-5)
sulphate
Water Water absorption Max 1% 1S : 2386
Absorption (Part-3)

stripping of Coating and stripping of Coating and 1S: 6241

aggregate  aggregate mix stripping of
mix aggregate
mix
Polishing Polished Stone Value Min 60 BS:812-1
14

|

1./30/ 2051 .-"d



Determination of Combine Flakiness
and Elongation Index

Separate the flaky stone from the representative
sample

FI: Weight of flaky stone/Total weigth of
representative sample

Separate the elongated stone from the non flaky
sample

El: Weigth of elongated stone /Wt of Non flaky
stone

Combine Fl and El= FI+El



Bitumen

It is essential that good bonding is achieved
between the surface dressing and the existing
road surface. This means that non-bituminous
materials must be primed before surface

dressing is carried out.



| S No. Characteristics Paving Grades Method of Test |
VGI10 VG20 VG330 VG40 Ref to
(1) (2) (3) (4) (3) (6) )
=20 60 45 35 NS: 221:2047
: Penetration at 25°C, 100 g, 5
1) O (Part I11)/ 1S:
ol ¥ 1203
R00- 1600- 2400- 3200- NS: 237:2050
Absolute wvis i t 60°C,
ii) L o 1200 | 2400 | 3600 4800 (Part VIIIY IS:
3 1206 -2
; 250 300 350 400 NS: 237:2050
Kinematic viscosity at 135°C,
i) eSt. Min (Part VIV IS
s -1206-3
: 220 220 220 220 NS: 237:2049
: Flash t (Cleveland
iv) ' u?“ 1;:!_ iy (Part VII)/ IS:
M e 1448-69
Eﬂ]uhilit}r I 99 99 Q9 Qg N&S: 221:2047
V) irichloroethylene, percent, (Part IVVIS: 1216
Min
; Softening poimt (R&B), °C, 40 45 47 50 NS /IS: 1205.
vi) Min
vii) Tests on residue from rolling
thin film oven test:
4 -+ 4 4 NS: 221:2046
a) Viscosity ratio at 60°C, Max (Part ITY 1IS:
1206-2
o : 75 50 40 25 NS: 221:2046"-
b) 1/30/2 #.‘,Pul:tllﬂ}' at 25°C, cm, Mm (Part 1)/ IS:?EE-




General Application Equivalent
PG

10 Used in spraying applications, and can be usedin ~ 80-100
very cold regions. Also used for the manufacture of
bitumen emulsion & modified bitumen

20 Itis used in areas of cold climate & high altitude
30 Itis the most suitable for Indian road condition. 60-70

40 The area with high stress concentration like 30-40
intersections of roads, truck parking, heavy traffic.
It can be used in higher temperatures



Selection Criteria for VG Paving Bitumen

Based on Climatic Conditions
Lowest Daily | Highest Daily Mean Air Temperature, °C

Mean
Air

Temperatur Less than 20 to 30°C More than
e, 2070 30°C

@

More than - VG-10 VG-20 VG-30
10°C

-10°C or VG-10 VG-10 VG-20
lower

1/30/2021 N -
L



Prime coats

* A prime coat means a thin layer of low

viscosity bituminous binder applied to an
absorbent non-bituminous surface.

* Where a surface dressing is to be applied to a
previously untreated road surface it is
essential that the surface should be dry, clean
and as dust-free as possible. On granular,
stabilised surfaces a prime coat of bitumen
ensures that these conditions are met



What Prime do?

promote and maintain adhesion between the
road base and a surface dressing by pre-coating
the road base and penetrating surface voids.

seal the surface pores in the road base thus
reducing the absorption of the first spray

strengthen the road base near its surface by
binding the finer particles of aggregate together.

provides the road base with a temporary
protection against rainfall and light traffic until
the surfacing can be laid



What and How Much?

Low viscosity, medium curing cutback
bitumens such as MC-30, MC-70, or in rare
circumstances MC-250, can be used for prime
coats (Asphalt Institute, 1983).

Grade of cutback binder Permitted viscosity

range
(centistokes at 602C)
MC 250 250-500
MC 70 70-140

20-MC 30 30-60 A :



The correct viscosity and application rate are
dependent primarily on the texture and
density of the surface being primed.

Low viscosity cutbacks are necessary for dense
cement or lime stabilised surfaces, and higher

viscosity cutbacks for untreated coarse-
textured surfaces.

Low porosity- Low viscosity

High porosity- High Visocsity



DoR

Type of Type of
Surface Cutback

WMM/WB MC 30
M

Stabilized MC70
soil bases/
Crusher

Run

Macadam

0.6-0.9

0.9-1.2



TRL

* The application rate is however, likely to lie
within the range 0.3-1.1 kg/m?2

* . Low viscosity cutbacks are necessary for
dense cement or lime stabilised surfaces, and
higher viscosity cutbacks for untreated
coarse-textured surfaces.



Bitumen for Surface Dressing

Bitumen used for SD must

be capable of being sprayed
'wet' the surface of the road in a continuous film

not run off a cambered road or form pools of binder in
local depressions

'‘wet' and adhere to the chippings at road temperature

be strong enough to resist traffic forces and hold the
chippings at the highest prevailing ambient temperatures

remain flexible at the lowest ambient temperature

neither cracking nor becoming brittle enough to allow
traffic to 'pick-off' the chippings; and

resist premature weathering and hardening



MC 3000(viscosity in the range of 3000-6000
centi stroke at 60oc) grade cutback is normally
the most fluid binder used for surface
dressings. This grade of cutback is basically an
80/100 penetration grade or VG10 bitumen
blended cutter Kerosene.
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% Kerosene Used by total mix |

Cutback mix for MC 3000 grade bitumen
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/3000 Kinematic Viscosity range is 3000 to 6000 Cst
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Determination of Bitumen Spray Rate

Basic Spray Rate is determine from two parameter
* Average Least Dimension (ALD)

Method A

— Median size :The sieve size through which 50
per cent of the chippings pass
— FI
Method B: A representative sample approximately 200

chippings. The least dimension of each chipping is
measured manually and the mean value is ALD

* Overall weighing factor F
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Over all weighing factor depend on

1. Total traffic (all classes)

Very light 0-50 43

Light 50-250 +1
Medium 250-500 0

Medium- Heavy 500-1500 -1
Heavy 1500-3000 -3
Very Heavy 3000+ -5

2. Existing surface

Untreated or primed base +6
Very lean bituminous +4
Lean bituminous 0

Average bituminous -1

""Very rich bituminous -3

fan



3.Climatic conditions
Wet and cold
Tropical (wet and hot)
Temperate
Semi-arid (hot and dry)
Arid (very dry and very hot)
4 Type of chippings
Round/dusty
Cubical
Flaky

Pre-coated



* For example, if flaky chippings (factor -2) are to
be used at a road site carrying medium to heavy
traffic (factor - 1) and which has a untreated
prime (factor +6) in a wet tropical climate (factor
+1) the overall weighting factor

F=-2-1+6+1=4

. If the existing surface of the road is rough, it
should be rated as 'very lean bituminous'
even if its overall colour is dark with bitumen.

. When determining the rate of spread of
binder for the second layer of a double
surface dressing, the first layer should
also be rated 'very lean bituminous'.



* if the proportion of commercial vehicles in
the traffic stream is high (say more than 20
per cent) the traffic factor selected should be
for the next higher category of traffic than is
indicated by the simple volume count.



Determination of Basic Spray Rate

Basic rate of spread of binder.
« R=0.625+(F*0.023)+[0.0375+(F*0.0011)]ALD

Where

F = Overall weighting factor

ALD = the average least dimension of the
chippings (mm)

R = Basic rate of spread of bitumen(kg/m?2)



* The basic rate of spread of bitumen (R) is the
mass of MC3000 binder per unit area on the
road surface immediately after spraying. The
relative density of MC3000 can be assumed to

be 1.0 and the spread rate can therefore also
be expressed in |/m2



Average least dimension (ALD) of chippings (mm)




Bitumen spray rate adjustment factors

Flat terrain Down hill Uphill
moderate grades >3% | grades >3%
traffic speed High speed |,, Low
traffic speed taffic
MC3000 R R R*1.1 R*0.9
300 pen R R*0.95 R*1.05 R*0.86
80/100 pen R _ R*0.99 R*0.81
Emulsionl R R*(90/%binder R*(99/%bin R*(8l/%bin
) der) der)

% binder’ is the percentage of bitumen in the emulsion.

1/30/2021 ,-,* %
L



Adjustment factor for Increase
Durability

* For roads on flat terrain and carrying moderate to
high speed traffic it is possible to increase the
spray rates obtained by applying the factors
approximately 8 per cent.

* The heavier spray rate may result in the surface
having a 'bitumen-rich’ appearance in the wheel
paths of roads carrying appreciable volumes of
traffic.

* Additional binder should not result in bleeding
and it can still be expected that more surface
texture will be retained than is usual in an asphalt
concrete wearing course



Maximum increases in bitumen spray rate
for low volume roads

ALD of chippings
(mm)

All traffic <20 20-100 <2 20-100 <20 20-100
(vehicles/lane/day)
Increase in bitumen 15 1D 20 15 30 20

spray rate (per cent)

It is important that these increased spray rates are adjusted
on the basis of trial sections and local experience.

1./30/ 2041 ill' ~
L



Aggregate Spray Rate

* Chipping application rate (kg/m2) =1.364*ALD
for aggregate of loose density of1.35 Kg/m3

* Spray a single layer of chippings taken from the
stockpile on a tray of known area. The chippings
are then weighed, the process repeated ten times
with fresh chippings, and the mean value
calculated. An additional ten per cent is allowed
for whipoff, Storage and handling losses



Exposed binder remains after spreading the
chippings, indicating too low a rate of application
of chippings

Chippings resting on top of each other, indicating
too high an application rate.

Best results are obtained when the chippings are
tightly packed together in one layer thick

Slight excess of chippings must be applied. Some
will be moved by the traffic and will tend to fill
small areas where there are insufficient chippings.

Too great an excess of chippings will increase the
risk of whip-off and windscreen damage



Approximate Rate of application

Nominal Aggregate |Bitumen Spray Rate | Aggregate cum/sgm
Size

19 1.2 0.014-0.015
13 1 0.009-0.011
10 0.9 0.007-0.009
6 0.75 0.003-0.005

Spray rate are excluding the cutter and the Anti stripping agent

fan

1/30/2021 ‘
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Bitumen Distributor Calibration

Speed of distributor = S/(R*W)

Where S is the rate of delivery (mass) from the
spray bar in kg/s

R is the design spray rate (mass) in kg/m?2
W is the sprayed width in metres
The required speed will then be in m/s.

The calibration should then be checked
dynamically as construction work progresses



Construction Procedure
Prime coat

 The surface to be sprayed shall be checked
for line, camber and level, and the surface

corrected, made good as necessary and
approved by the Engineer

* The surface to be primed shall be thoroughly
cleaned by sweeping with mechanical brooms
or other approved means.

* All the fine particle at surface shall be
removed using compressor



Spray with water to dampen but in no case
the surface shall be made saturated.

No traffic shall be allowed on the prepared
surface.

Mark the edge of the surface to be primed
Check Nozzle to give a uniform spray

When commencing and stopping spraying,
sheets of metal at least 2m wide shall be
spread across the full width to be spread
across the full width

Check and record the Dip and temperature



Place tray in place for checking the spray rate

Inform operator about design speed and spray
rate.

Start Spraying the prime coat.

If during spraying, a nozzle becomes blocked or
develops a defect, the spraying shall be made
good with a hand spray, and the machine
repaired before further spraying is commenced.

Check the spray rate from tray and immediately
inform it to the operator if any correction in
speed is required.



* After the application of Prime allow it to
penetrate to the surface

* No traffic shall be allowed in the prime surface
for at least for one hr. If traffic need to be
open after this time sand blinding can be
done.



Surface Dressing

* Before starting Surface dressing ensure that the

depth of penetration of the prime should be
between3-I0mm

* The road is thoroughly swept and road furniture
such as manhole covers, reflective studs etc, is

masked so as to prevent contamination with
binder

* Ensure that binder is heated to required
temperature, circulated and jets are checked for
correct operation



The range of spraying Temperature for binder is
normally within the range of 140 to 170°C

Record the volume of Binder and temperature and
the surface temperature.

Inform to the distributor operator about spray rate
and design speed

Place the tipper with chips ready to follow the
distributor and roller to follow the chips spreader.

Cut-off sheets of paper or other material are placed
at the beginning and end of the spray run

Position the laboratory staff with tray and balance
for tray test.



Instruct the distributor operator for the spray
of the binder at predetermined speed.

The chip spreader, tippers and the rollers
should follow closely behind the distributor.

The chip spreader, tippers and the rollers
should follow closely behind the distributor.

Spraying should he stopped if the chipping
operation is delayed for any reason

A strip of binder 150mm wide is left un-
chipped at the edge of the lane to allow for
the overlap of the adjacent run of the
distributor.



After 6-8 pass of the PTR and back chipping

where needed traffic can be open with control
speed.

Continue the works for second lane or run

At end of day works record the dip and
temperature again.

Speed control and other traffic warning signs
are left in position along the length of the new
surface dressing.

Removing excess chippings within 24 to 48
hours of the construction of a dressing



* Care must be taken with brooming to avoid
damage to the new dressing and it is usually
best to do this work in the early morning.

* Where a second surface dressing is specified,
the first surface dressing shall be left open to
traffic for a minimum period of 21 days and
preferably a longer period before applying the
second surface dressing unless special
approval is obtained from the Engineer for
a shorter period.



Payment of Bitumen

Designed/instructed rate of application in litres
corrected to 15.6°C.

Actual rate of application measured through
tray tests computed in litres corrected to 15.6°C.

Actual consumption in the specified area sprayed
measured in litres corrected to 15.6°C by dip stick
reading of the distributor.

The lowest value of the above three methods shall
be adopted for payment

Anti-stripping agent and Cutter shall be separately
_measured in litre.

3 R



* ASTM D 4311-04

Conversion Factor

A= 1.0094684142(6.33413410744* lﬂq*T)+(1 45710416212* 10'?*T2}

Where A= volume correction factor

T ("c)= temperature of binder

T R T

166
167
168
169
170
g

0.9089
0.9083
0.9077
0.9072
0.9066
0.9060
0.9054

173
174
175
176
177
178

0.9048
0.9043
0.9037
0.9031
0.9025
0.9019
0.9014



e Calculation sheet

1/307 2021
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Thank YOU



Transport Infrastructure Directorate
Bagamati Province

Training on Quality Control in Road Works

Session 8:Quality Control of Structures



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



General Stone Masonry Wor k (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 alayer of mortar of 12 mm, M10 150 mm

Placing loosed mortar on the course and pouring water upon
It to fill the gapsis not allowed

Use of bond stones
Provide weep holes to masonry structures higher than 2 m

Size of weep hole not lessthan 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
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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 Jointsin RRM

’

Photo: Ram Babu Paudyal , BB Road , Bagmati



Stone arenot dressed, No Lineand L eve

B > 1

,’g_ > g
2%
R AV

Photo: Ram Babu Paudyal , BK Road , Bagmati



RRM : photo from FVR- RBP

Weep hole, wrongly placed,
Lack of supervision

Alignment and Spacing,

opening and size , slope
P 8 ! P Photo: Ram Babu Paudyal , BK Road , Bagmati



Quality Control — Stone Masonry

Material
e 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)




Reguirements on Physical Characteristics of Cement

S.N [Physical Characteristics OPC/PSC
1 Fineness (m?/kQ) 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

SN Material / Work Test / Check Frequency
1 |Stones a) Shape and Dimension 3 samples on receipt at
b) Water absorption/Sp .gr | site
2 | Cement Setting time of cement 1 samples of same
type and grade of
cement
3 |Sand a) Gradation 3 samples for each
b) Deleterious materials and | source of supply,
organic impurities
4 | Water If impurities are present test | If doubt Samples taken
IS necessary at each source tested
5 |Mortar for Joints a) Mix proportions for|Asrequired

(Mix Design)

different works

b) Compressive Strenath

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




Test during Construction

SN Material / Work Test / Check Frequency

1 |Bond and Plumbness | For stability and appearance| For each course
with plumb

2 |Layingin Mortar Horizontality of courses|- do -
verticality and staggering of
joint

3 |Individual Course Height of course and Joint|- do -
thickness and laying

4 |Top of coping (If|{Slopingtodrainoff water |Daily

provided)
5 |Mortar for Joints a) Mix proportions (Control | Each batch

on quantity of cement by
weight)
b) Compressive Strength

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

-
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Photo: Ram Babu Paudyal ESCLRIPADB




Proper Lineusing String




Proper Line using Wooden frame and String

Photo: Ram Babu Paudyal ESCLRIPADB



Demonstration Site




Frequent Site Monitoring for Supervision and Quality Control

Photo: Ram Babu Paudyal ESCLRIPADB



Check thefinal finishing with Site Visit

Photo: Ram Babu Paudyal ESCLRIPADB



Check thefinal finishing with Site Visit

T R “'“" o "»" %v

(A “‘""’"Y“ lv- ,»\W}‘-‘(%LW’

Photo: Ram Babu Paudyal — DRD -ADB



Rectification

Photo: Ram Babu Paudyal ESCLRIPADB



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 alayer 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 lessthan 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 /mm? (individual) - 10 N
/mm? 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 fedl tests, observations



Test Prior to Construction

SN Material / Work Test / Check Frequency
1 Bricks a) Colour and Dimensional |3 samples at random at
check source
b) Water absorption 3 samples at source
c) Compressive strength 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 3 samples for each
b) Deleterious materials and| source of supply,
organic impurities
4 | Water If impurities are present test is| If doubt Samples taken at
necessary each source tested
5 | Mortar for Joints a Mix proportions for|Asrequired

(Mix Design)

different works

I A raceeciy 7 ClRr~an~t A

6 samples of cubes for
each type of cement &

e alB Il dataY n'F (""\I"\l‘l




Test during Construction

S.N. Material / Work Test / Check Frequency

1 |Bondand Plumbness |For stability and appearance|For each course
with plumb

2 |Layingin Mortar Horizontality = of  courses|- do -
verticality and staggering of
joint

3 |Individual Course Height of course and Joint|- do-
thickness and laying

4 |Top of coping (If|Sloping to drain off water Daily

provided)
5 |Mortar for Joints a) Mix proportions (Control on | Each batch

guantity of cement by weight)
b) Compressive Strength

6 samples of cubes for
each 10 m® of work or
part of it




GABION MASONRY FOR STRUCTURES

Assembl e the gabion boxes Dress the stones of required size

Fix shape and size by stretching its al sides and fix the
diaphragms

Spread alayer 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

Thefilling is carried out by placing individual stonesinto the
gabion by hand in courses



GABION MASONRY FOR STRUCTURES

Bond stone provided at the rate of at least one to every 0.9
m? 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 alowed 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

M easure 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.



Unacceptable Gabion Works

Photo: Ram Babu Paudyal — Sindhuli



Photos from the construction Site— Common | ssues

Unacceptable Gabion Works

Photo: Samar Khanal



Photos from the construction Site— Common | ssues

’ - N

Unacceptable Gabion Works

Photo: Samar Khanal



Photos from the construction Site— Common | ssues

Unacceptable Gabion Works
Photo: Samar Khanal



Position and Method of Horizontal Bracing

diaphragm trusses
—_— AN [ \
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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 , Tolerancesin Size 5%



Gabion Boxes
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Test Prior to Construction

SN [Material / Work Test / Check Freguency
Stones a) Shape and| 3 samples,

Dimension Once for each
b) Water absorption | stock

2 |Gabionwire Diameter, Tensile As per
Strength, Mass, specification
Uniformity and Page 24-11
adhesion of TS— 350 -550 mpa
Zinc coating

2 |Gabion crates Size and mesh size Before

Procurement

after fabrication




=

RetNo. —T A b
Date: 18-11-2078

To

Quality

Lab Test Report of Gabion Wires

Government'of Nepal

DEPARMENT.-OF ROADS

&

; Researot;_@ndgegfi/qlopment Centre
aboratory Unit) e
hakupal. Laltpur

Subject: G.l.Wire Test Result.

Project Implementation Unit (PIU)

Lafitpur
tract No. DOLlDARIRClPNVorksINCB-09/2074/075

Conl
Contractor: Shanxi-Ashish JV

With reference to your letter dated 12/11/207!

Rural Connectivity Improvement Project (RCIP)

G.1. wire test results of provided 14 samples.

Phone No. : 015260696

6, Ref. No. 269-076/077, we are enclosing herewith

Remarks |

-7, TestResulls.
i Leb | Original | Mass of | Adhensio | Tensile N :
A Diameter| Zine | Testof | Stengh -u'“f"go'.‘:i’i’ n°"""°
-~ Te e | Ahomdafr - e e
1)1 937N\ 1.71 j\N off| 460.94 | Copper depasition not seca.
2 | 1590 | 3.933 ]| 228.62 off| 461.88 | Copperdeposition not seca.
3 | 15 947/ |\230.00 off| 458.61 | Copper depesition not seen.
4 | 15 e off| 449.36 | Copper deposition not seen.
5 [ 1599 | 3.233 | 281.70 | No flake off 454.10 | Copper deposition not seen.
6 | 1600 | 3.233 | 276.14 | Nofiske off 454.10 | Copper deposition not seen.
71 1601 | 3.237 | 292.44 | Noflake off 4352.98 | Copper deposition not seen.
s | 1602 | 3.233 | 278.29 | Noflake off 454.10 | Copper deposition not seen.
9 | 1603 | 3.237 | 279.77 | No flake off 45298 | Copper deposition not seea.
0] 1604 233 | 36 o fiake off| 454.10 | Copper deposition not seea.
1605 /3 265.33 | fio flake off| 455.79 | Copper deposition not seen.
. [12] 1606 | 2.730 14 No flake off| 457.53 | Copperdeposition not seea,
> 1131807 | 2717 | 419.46 | No fiake off 461.92 | Copper depesition not seen.
141 1608 72.727 | 441.27 | Noflake off 458.53 | Copper deposition not seen. i
%if/b
L 1
e 3 Babu Ram Sapkota
Ledoiaiony Incha
(NN B (QMM ) \ S DE_

Photo: Ram Babu Paudyal — DOR



Test during Construction

S. |Material/ Test / Check Frequency/ Stage
N. [Work
1 |Assembling of [Size of Crate, Lacing as per|During laying

Gabion Crate | specification,
2 |Flling of crate |For stability and appearance|While laying each
with stone with plumb bob and bracing as| course
specified
3 |SecuringLids |Lacing and binding the of|While closing the led

of gabion crate

panels, filling of stone

after completion of
stone filling

Gabion wire

Diameter, Tenslle 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 ,
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Photo: Ram Babu Paudyal , RPN Lamjung ,



bion WaII ith River Boulder
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Photo: Samar Khanal - Sindhuli




Demo Block of Gabion for Quality Control

Photo: Ram Babu Paudyal , EEAPADB, Gorkha



Photo: Ram Babu Paudyal ,Samar Khanal




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

Please write emall for reference material



Plum Concrete Wall

 Pleasewrite emall for reference material



Cross Drainage Structures - Pipe Culvert

« Width of pipe bed iscut 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
e The minimum bed slope for pipe bed shall be 1:20
Bedding

* M15 Concrete—if height of fill ismore than4 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 withl:2 cement

cover the joint with wet jute to make the joint damp at |east
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 pipein
M 10 concrete of specified thickness not |ess than 200 mm



Test Prior to Construction

Material / Work

Test / Check

Frequency

Concrete Pipe

- Dimensions

- Manufacturing defects
- Tolerances

- Three edge bearing test

At factory
before delivery
Manufacturer’s
certificate




Test During Construction

SN (Material / Test / Check Frequency
Work
1 |Bedding « Materials (As per Spec) Whilelaying
« Length, width and
thickness
« Top and bottom levels
2 |Laying and * Invertlevel Before back
Jointing of pipe | Longitudina gradient filling
« Spacing
« Jointing of pipes Before laying
« Damage to pipe during pipe

laying




Test During Construction

SN (Material / Test / Check Frequency
Work
3 | Backfill Filling of trench on both sides| During filling
(ssmultaneoudly) earth /
Tamping around pipe granular

material
around pipe
after laying

4 | Cushionover |Thickness Whilefilling

pipes




Photo: Ram Babu Paudyal, RAP, RAIDP
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Material Testing Proceduke

By
Sujit Dhital




1.Maximum Dry Density and

Optimum Moisture Content
+ AIM:To determine the maximum dry
density and the optimum moisture

content of soil using heavy compaction
as per IS: 2720(Part 8) -
1983.(Modified Proctor)

Principle :Increase in density of soil due
to compaction depend upon

ﬁmm 2




- moisture contain of soil
- Compaction effort
The increase in moisture contain will
increase the dry density first and the
decrease with further increase in
moisture contain.

The M/C at which the soil attain the max;
dry density is called the optimum
moisture contain(OMC) and the densit
is called Maximum dry density(MDD)

ﬁfﬂm 3




Apparatus

* Cylindrical metal mould - 100mm
dia.and 1000cc volume or 150mm dia.
and 2250cc volume (height-127.3mm)

* Balances - 20Kkg capacity, sensitive to
1g and the other of 500g capacity,
sensitive to 0.01g

* Rammer :5cmDia circular face,weigth-
4.89 kg,drop 45cm

ﬁﬁﬂﬂ 4




* Oven -capable to maintain 105 -110 ¢
» Steel straightedge - 30cm long

- IS Sieves of sizes - 4.75mm, 19mm
Choice of Mould

If the material retained on 4.75 mm
sieve is less than 20%, use 100 mm
diameter mould and if the material
retained on 4.75 mm sieve is more than
20%, use the mould of 150 mm

laneter
9/4/2021 5]



Preparation of Sample

+ Take the air dried sample of soil of
about 20 kg for 1000 cc mould or 45
kg for 2250 cc mould.

+ Sieve this soil sample through 20 mm
and 4.75 mm sieves.

+ Calculate the percentage retained on
20 mm and passing from 4.75 mm
sieve.

ﬁmml 6



* Mix the both the soil sample retaine
on and passing from 4.75 mm sieve
thoroughly obtained homogenous
mixture.

* For Heavy Compaction take about 2.8
kg for the 1000 cc mould or 6.5 kg
2250 cc mould.

* Mix the soil sample with so that the
moisture content to about 2% for
coarse-grained sand and 4 % for fine-

ined soils.
9/4/2021 7



Test Procedure

» Clean, dry and grease lightly the moul
and base plate. Weigh the mould with
base pate(wl)

* Fit the extension collar and place the
mould on a solid base.

+ Compact the wet soils in 5 equal layers
with rammer of 4.89 kg with 25 blows
in each layer blows for 100 mm ¢ mould

@ 56 blows for 150 mm ¢ mould.
1.



* Trim sample evenly at the top edge
mould using the straight edge flushin
with the top of the mould. Fill the void
in the surface of compacted sample
with loose soil collected from around
the base plate.

- Weigh the mould with soil and base
plate (w2)

- Obtain a representative soil sample
from the bottom, middle and top for

er content determination(w)
9/4/2021 9



* Break up the remainder of the samp
Add the broken up sample to the
remainder of the sample being used fo
the test.

- Add water to the sample to increase
the overall moisture content by about
2-3% Continue compacting samples
with moisture contents increasing by
roughly 2-37% until there is a drop or no
change in the calculated wet density.

ﬁmma 10



+ Enter all records (observations) in
Work Sheet.

* Calculate the wet/dry density as

(Wo-wy) 100* y
y: -------------- yd: --------------
V 100+w
* Plot yyvsw forall test and obtain
MDD &OMC

test format.xlsx

@fﬂm 11




6. Field Density
(Sand Replacement Method)

Aim: To determine the in situ density of soil
by sand replacement method

Apparatus:

* Sand-pouring cylinder lu
» Cylindrical calibrating container ' |

+ Bent spoon,Hammer Chiseal,

* Glass plate - 450mm square and 9mm thick

ﬁmm 12



Containers

*  Metal tray - 300mm square and
40mm deep with a 100mm hole in the
centre

- Balance
* Moisture Meter

» Sand passing through lmmand retain
in 0.6mm -

13




Procedure
Calibration of apparatus

» Fill the pouring cylinder with sand upto
about 10mm of the top. Weigh it (W1) and
maintain it through out the test.

» Allow the volume of sand equivalent to that
of the excavated hole in the soil (or equal
to that of the calibrating container) run
out of the cylinder under gravity.

ﬁﬁﬂﬂ 14




* Close the shutter of the pouring
cylinder

» Placed the cylinder on a plain surface,
such as a glass plate.

* Open the shutter of the pouring cylinder

- Close the shutter When no further
movement of sand takes place

* Remove the cylinder carefully
- Collect the sand left on the plain

urface and weight to nearest gram(W2)




* Repeat the process thrice and the
mean weight (W2) taken.

+ Determine the internal volume (V) in
ml of the calibrating container by
measuring the internal dimension.

Fill the pouring cylinder to constant
weight (wl)

- Place the cylinder concentrically on
the top of the calibrating container

ﬁmma 16




* Opened the shutter and allow the
sand to run out.

- Close the shutter when no further
movement of sand takes place

* Weight the pouring cylinder to the
nearest gram.

* Repeat the process thrice and the
mean weight (W3) taken.

ﬁmma 17



* Weight of sand (Wa) , required to fill
the calibrating container

Wa = Wl - W3 - WZ
» The bulk density of the sand ( v,) is
calculated as

Vo oo
V

ﬁfﬂm 18



Determination of Soil den
» Place the metal tray with centre hol

on the plat surface

* Dig the hole to the depth of 15cm
and take out all the material from
the hole and weight it

+ Sieve the sample from 19mm sieve
+ Weight the material retain.

+ Determine the moisture contain by
using rapid moisture meter.

ﬁmma 19




* Place the pouring cylinder with sand
(Total weight W1) in such a way that
base of the cylinder covers the hole
concentrically

» Open the shutter of the cylinder dnd
allow the sand to flow.

* No vibration is allowed in and around
the area during the pouring of sand.

- Close the shutter when no further
movement of sand take palce

ﬁmma 20



* Remove the cylinder take the weight
(W4)

* Fill the data in the calculation sheet
and determine the dry density as
mentioned

* test format snrip.xlsx

ﬁﬁﬂﬂ 21




2.Aggregate Impact Value(AYRY)

AIM:To determine the aggregate
impact value of coarse aggregates
as per IS: 2386 I

(Part IV) - 1963.
Apparatus
Impact testing machine

Sieves o - 12.5mm, 10mm and
2.36mm

ﬁmm 22




IS : 2386 (FPaxt IV) - 1963

LOCKING PIN FOR RELEASE

MECHANISM

ADJUSTABLE STOP
FOR RELEASE

LIFTING

1 HANDLE

RELEASE CL Awf

TUP(WEIGHT

3B0O:5

\

RACHET COUNTER
(TO COUNT NUMBER
OF BLOWS)

.-"’"".F Z2mm CHAMFER

xusE-HAnnEuEn
SURFACE

/TLIF" GUIDE BAR

CYLINDRICAL STEEL
/cup INNER SURFACES
CASE-HARDENED

\(’,,.r— CIRCULAR BASE
1

All dimmensions in millimetres.
Fic. 2 AccREOATE IMPacT TeEsT MACHINE



* A cylindrical metal measure of 75mm
dia. and 50mm depth

* A tamping rod of 10mm circular cross
section and 230mm length, rounded
at one end

« QOven

ﬁfﬂml 24



Preparation of Sample

* The test sample should Passing

through 12.5mm and Retention on
10mm Sieve

* The sample should be oven-dried for
4hrs. at a temperature of 100 to
1100C and cooled to room temp.

ﬁmma 25




Procedure

* Fill the measure in three equal layer
by giving 25 strokes by the tamping
rod.

* Determine t weight of the aggregates
in the measure to the nearest gram
(Weight "'A").

* The cup of the impact testing machine
should be fixed firmly in position on
the base of the machine

ﬁmma 26



* Place whole of the test sample in cup
of Machine and compact by 25 strokes
of the tamping rod.

* Raise the Hammer to 380 + 5 mm
above the upper surface of the
aggregates in the cup and allowed to
fallfreely onto the aggregates.

* Provide 15 such blows, each being
delivered at an interval of not less than

second.
9/4/2021 27



* Remove the sample and sieved
through a 2.36mm IS Sieve.

* Weight the fraction retain(B) and
Passing through the sieve('C).

+ If (B+C) is less than (A) by more than
onegram, the result should be
discarded and a fresh test done.

ﬁmma 28




Calculation of ALV

(A-B)
AIV = e YA
A
OR
C
AIV = - o

%ﬁzma 29



3.Aggregate CrushingValu
(ACV)

- To determine the aggregate crushing
value of coarse aggregates

* as per IS: 2386 (Part IV) - 1963.
- APPARATUS

+ Steel Cylinder .t
» Cylindrical measure and plunger —_
- Compression testing machine

.. Sieves of sizes - 12.5mm, 10mm and
.36mm
9/4/2021

|



Sample Preparation

» The aggregates passing through
12.5mm and retained on 10mm IS
Sieve are oven-dried at temperature
of 100 t01100C for 3 to 4hrs.

+ About 6.5 kg of sample is required

» Fill the cylindrical measure in 3
layers, each layer tamped with 25
strokes of a tamping rod.

L]
\')
9/4/2021 31




*+ The weight of aggregates is
measured (Weight A").

* Place the cylinder of the test
apparatus in base plate

* Place the weighted sample in three
layer each layer tampped 25 time
with tamping rod

+ Level the surface of the aggregates
and the insert the Plunger.
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* Placed the apparatus in the
compression testing machine

» Apply the load at a uniform rate so
as to achieve 40t load in 10 minutes

+ After applying load released the load

- Sieve the sample through a 2.36mm
Sieve

- Weight the fraction retain in the
sieve (Weight'B") and passing
through sieve (Weight "C")
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+ Weight passing the sieve is
expressed as the % of originals
sample

» Conduct two tests and report the
average value as ACV

(A-B)
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4 Specific Gravity and Wate
Absorption

Aim: to determine the Sp. Gravity and
Water absorption of the aggregate

Principal: Sp. Gravity/Water
absorption ars also consider to be a
measure for the strength of the agg.

Sp gmvi’ryﬁ Strength 1/
Water absorption?| Strength:’
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Apparatus

- Hook Balance

» Oven

« Wire basket

- Container

* Tray and Absorbent Cloth
Procedure

+ Take two kg of Sample.
Wash remove the fine and drain the

er
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» Keep the sample in wire basket and
immerge in water(5cm above the top
of basket) at temp22-32°c

- Lift the basket 25 mm above the
base of tank and drop.

» Continue Lifting and dropping for 25
@1 drop per sec.

- Keep the basket and agg immerse in
water for 24 hr.
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+ After 24 weight the basket and
sample in water (wl)

* Place the agg. in an absorbent sheet
and make it surface dry. Do not
expose in direct sun light.

+ Weight the empty basket in water
after jolting in water for 25 times(w2)

* Weight the surface dry aggregate(w3)

+ Dry the agg. Keeping it in oven for 24
hr. and take the wegth (w4)
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Calculation

Specific Gravity=

Water absorption= = ----—-—---- *100 %
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5. LAA

Sieve Size (mm) Mass of Indicated Sizes (g)
&rading

Passing  Retained on A B € D E

80.00 BED o MR 2500*

R R N R O | N .

63.00 50.00 PR = e 2500*

50,00 000 2 cmmmeemmemee- g s OO0 B5000* o

40.00 25.00 1250 A | s o 5000  5000*
25.00 20,00 1 e e e = 7 50000
20,00 12,50 1250 RO | e we e | e
12,50 10.00 1250 2500 - o - -
10,00 %1 D N « A

6.30 475 e : PEO0 e R 5 =

475 05 ocmne : B T - .

10000+20 10000+20
Total 5000 5000 5000 5000 10000200 0 0

Mo of Spheres 12 11 8 ] 12 12 12

* Tolerance of + 2% permitted
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Weight in

; grams
; No. of Weight after Mean
Specime Grad No.of Before 8
Charg : test /o wear Wear
n No e Revolution Test Bage
e (am) assing (%)

9 Retainedon 1.7 1.7 mm

mm seive seive
1 A 12 500 5000 3485 1515 30.30 3043

2 A 12 500 5000 3472 1528 3056
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6. CBR test

The ratio expressed in percentage

of force per unit area required to
penetrate a soil mass with a circular
plunger of 50 mm diameter at the
rate of 125 mm/min to that required
for. corresponding penetration in a
standard material.
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The ratio is usually determined for
penetration of 2.5 and 5 mm.
Where the ratioat 5 mm is
consistently higher than that at 25
mm, the ratio at b mm

IS used.

ﬁmm
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Apparatus: Moulds with Base Plate, y

Rod and Wing Nut, Collar 3.3 Spacer
Disc Metal Rammer Expansion Measuring
Apparatus adjustable stem with
perforated plates and tripod,Weights

Loading Machine - With a capacity of
at least 5 000 kg and equipped with a
movable head or base which enables the
plunger to penetrate into the specimen
at a deformation rate of 1.25 mm/min-
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The machine shall be equipped wit
a load machine device that can rea
to suitable accuracy

Penetration Plunger,Dial Gauges -
Two dial gauges reading to 0'01 mm.

3.10

Sieves - 475 mm IS Sieve and 19
mm IS 3.11 Miscellaneous Apparatus
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Stand Mould No. -11

Penetra| ard Test Load Correct
tion |Load, Dial ed |CB
(mm) | kg/c . kg LLoad, R %

m2 | &au ge(Div.) ke/cm2

- 0.0 0 0.0 0.00

(.5 14 79.2 4.03

1.0 31 1753 | 8.93

1.5 43 2432 12.39
I 20 | _ 52 _ 2941 | 14.99 |
2.5 70 67 379.0 19.31 2;'5
3.0 | 74 4185 2133

3.5 59 5034 25.65

4.0 102 576.9 29.40
50 | 105 143 B0&. 8 41.21 319;*2

950.2 45.42

1148.2 58.51

1210.4 61.68




Penetration
Depth
)
m
)3
)|

T

Unit Standard Total Standard
Load Load
(2 ()
g ko
l 310
105 053

ﬁﬁﬂﬂ
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Penatration 1m mm
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2.2
22
2.2
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2.2
2.2
2
2.2
2.2
2.1
2.1
2.1
2.1
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7. Test of Bitumen

- Test required
- Penetfration at 25°c
- Absolute viscosity at 60°c
- Kinamtic Viscosity at 135°c
- Flash point
- Solubility in trichloroethylene

- Test on residue from rolling thin oven
test

» Viscosity ratio at 60oc

+ Ductility at 25 oc
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Penetration Test

Penetration test of
Bitumen determines the hardness or
softness of bitumen by measuring
the depth in millimeter to which a
standard loaded needle will penetrate
vertically in five seconds

while the femperature of the bitumen
sample is maintained at 25 0OC
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- Apparatus Required

Penetometer,Penetration
Needle,Sample cup,Water bath
,Thermometer, Heater

> 9/4/2021
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* Penetration value is the average of
penetration value which do not diffe
by more than the following

Penetration value 0-49 50-149 150-249 25-350

Max difference 2 4 6 8
between highest
and lowest value
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Viscometer Tube

&\  9/4/2021 54



Viscometer Bath
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Pour sample through tube N
just above filling mark G, allow N
to flow freely through capillary taklng t:ara
that the liquid column remains unbroken
until the lower mark H and then arrest its
flow by closing the timing tube with a cork
or rubber stopperintube L.Add more liquid,
if necessary to bring the upper meniscus
slightly above mark G. After allowing the
sample to attain bath temperature and any
air bubble to rise to the surface (usually
about 20-30 min is required), gently
loosen the stopper allowing the sample to
flow until it is approximately at the lower
filling mark H and press back the stopper
to arrest flow. Remove the excess sample
above filling mark G by inserting the
special pipette until its cork rests on top of
the tube N and apply gentle suction until
air is drawn through. The upper meniscus
shall coincide with mark G.

26
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oY
Allow the viscometer to regiﬁ“

the constant temperature bath for
a sufficient time to ensure that
the sample reaches temperature
equilibrium. It takes 25 minutes
100°C and 30 minutes at 135°C.
Remove the stopper in the tube N
and L respectively and allow the
sample to flow by gravity.
Measure to the nearest 0.1 s the
time required for the leading edge
of the meniscus to pass from
timing mark E to timing mark F. If
this efflux time is less than 60 s
select a viscometer of smaller
capillary diameter and repeat the

operation

ol

— \-..-—-__._
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- Sample temperature : less than 90
and more than softening point

- Weight of sample = 20 gram
* Kinematic viscosity ¢St= Ct

Where C: Calibration constant of the
viscometer ¢St

t: efflux time in sec
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Absolute Viscosity

» Cannon-ManningVacuums Viscometer
» AsphaltInstituteVacuum Viscometer
* Modified Koppers Vacuum Viscometer

* Apperatus
- Temperature bath

- Pressure system (30+0.05 cm of
mercury)

ermometer and timing device
9/4/2021 29
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Viscometer Approximate Calibration Factor Viscosity Range

Size No. 30 cm Hg Vacuum Poises per & Poises
Bulb B Bulb C
10 2.0 0.6 36 to 800
11 6.0 20 120 to 2 400
12 20.0 6.0 360 o 8 000
13 60.0 20.0 1200 to 24000
14 200.0 60.0 3600 to 80 000

For all viscometer sizes the volume of measuring bulb C 18 approxi-
mately three times that of bulb B. The viscosity ranges correspond to a
filling time of 60 and 400 s for both measuring bulbs.

ViscosityPoises=K,t,+K_ t.

where
K=selected calibration factor,in poise per second;

and
t =flow time, in seconds.
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Flash Point

+ Temperature where the flash appear
at any point on the surface of bitumen.

* The flash point measures the tendency
to form a flammable mixture with air
while the fire point indicates the
tendency of sustained burning.

» Corrected flash point : FP+0.03(760-
atmospheric pressure) and report it to
negrest 29¢c
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Solubility in Trichloroetylene

2gm of bitumen and
100 ml of
trichloroethylene
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Softening Point (Ring and Ball

R
L B :
- e - || T

inahn £ ij o

T

LU of Tede S doeeed 66 ped badaa Suenadid T |
End Faint

Birariing Poin

A steel ball is placed upon the bitumen sample and the liquid
medium is heated at a rate of 5°C per minute. Temperature is
noted when the softened bitumen touches the metal plate which is
25mm below.

Generally, higher softening point indicates lower temperature
susceptibility and is preferred in the hot climate.
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Viscosity ratio
Viscosity Ratio — It is the ratio of viscosity

residue from rolling thin film oven test to una
bitumen, both measured at 60°C.

Rolling Thin Film Oven (RTFO) Test measures the
effect of heat and air on a moving film of hot
mix asphalt binder, simulating short-term aging
that occurs during production and paving
operations.

This is important for investigating and predictin

early age HMA pavement behavior and distress.
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How to Do RTFOT

* Place the bitumen in glass bottle , and
blasced them in specially designed oven

* Rack slowly rotate the bottle maintaining
the test temperature of 323°C

- Air is blown to the bottle for few second
In every rotation

- Test is continued for 75 min
* Loss of bitumen is determined
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* Bitumen and heated and poured in
another tin for further testing

- Viscosity ratio and ductility

* High percentage loss indicate that
binder might be prove to age
hardening, shrinkage and cracking
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Ductility

» Ductility Test Apparatus conducts
ductility tests of bituminous
materials to measure the elongation
of a binder specimen before
failure.

* The ends of a molded specimen are
pulled apart in a liquid-filled trough
at speed of 5 cm per minute

Temperature of liquid shall be 25 °c

L 1
ﬁmma 69




9/4/2021



\

THANK YOU

ﬁ EEEEE



Construction Procedure of
Premix Carpet

Sujit Dhital
Contact: 9843421686
Date : 2 Sept.2021



Premix Carpet

* Premix Carpet (PMC) is a type of bituminous mix which is commonly
used as overlay on urban section and as a surface course on low
volume road

* Type of Premix Carpet
* OPEN-GRADED PREMIX SURFACING

* CLOSE-GRADED PREMIX SURFACING/MIXED SEAL SURFACING
* Type A
* [ype B



* Open graded premix carpet is similar to open graded asphalt friction
course (OGFC) used (in western countries) to over bituminous
concrete to provide skid resistance

* Sand seal coat is usually provided over PMC (open graded ) to prevent
entry of water (India and Nepal)

* Close graded premix carpet have low permeability than the open
graded premix carpet with sand seal.

* Type A. grading is recommended for use in areas having rainfall more
than 150 cm per year. In other areas Type B grading may be used.

* Close graded premix is also known as Mixed Seal Surfacing



Material for Premix Carpet

* Binder

* Aggregate
* Coarse aggregate ( Open graded premix carpet)
* Coarse and fine aggregate ( close graded premix carpet)



Binder

The binder shall be viscosity grade bitumen of a
suitable grade as specified in the Contract, or as
directed by the Engineer, and satisfying the
requirements of IS: 73. For selection of grade of
bitumen guidance may be taken from Table below .



SO I02]

| S Neo. Characteristics Faving Grades Method of Test |
VGO VG20 | VG330 VG40 Ref to
(1) (Z) (3) (4) (3) (6) (7)
20 60 45 a5 N&: 221:2047
: Penetration at 25°C, 100 g, 5
1) . 0.1 Ao (Part I11)/ 1S:
Hide 1203
R00- 1 600- 2400- 3200- NS: 237:2050
Absolute wvi i t 60°C,
i) e 11 1200 | 2400 | 3600 4800 (Part VIII)/ IS:
E 1206 -2
e , 250 300 350 400 NS: 237:2050
Kmematic viscosity at 135°C,
i) St Min (Part VIITV IS
e :1206-3
220 220 220 220 NS: 237:2049
z Flash point (Cleveland
iv) -y f l:r AR (Part VITY/ 1S:
Ll 1448-69
Solubility mn 949 Q9 99 99 NS: 221:2047
V) trichloroethylene, percent, (Part IVYIS: 1216
Min
vi) Softening poimt (R&B), °C, 40 45 47 S0 NS /IS: 1205.
Min
Vi) Tests on residue from rolling
thin film oven test:
4 4 4 4 NS: 221:2046
a) Viscosity ratio at 60°C, Max (Part 11/ IS:
1206-2
75 50 40 25 NS: 221:2046
i Sas -
b) Ductility at 25°C, cm, Min (Part Ty 1S: 1208




General Application Equivalent PG

10

20

30

Used in spraying applications, and can be used in 80-100
very cold regions. Also used for the manufacture of bitumen
emulsion & modified bitumen

It is used in areas of cold climate & high altitude

It is the most suitable for Indian road condition. 60-70

The area with high stress concentration like 30-40
intersections of roads, truck parking, heavy traffic. It can be used in
higher temperatures



Selection Criteria for VG Paving Bitumen Based on
Climatic Conditions

Lowest Daily Highest Daily Mean Air Temperature, °C

Mean

Air
Temperature,
B

Less than 20°C 20 to 30°C More than 30°C

More than -10°C VG-10 VG-20 VG-30

-10°C or lower  VG-10 VG-10 VG-20

SO I02] 8



Physical Requirements of Coarse Aggregate(CPMC)

Cleanliness  Grain size analysis Max 5% passing [S:2386 Part |
(dust) 0.075 mm sieve
Strength LAAor AIV Max 30% IS:2386 Part IV
Max 24%
Durability Soundness either: Max 12% IS:2386 Part V
SodiumSulphate or Max 18%
Magnesium Sulphate

Polishing Polished Stone Value Min 55 BS:812-114



Water Absorption Water Absorption ~ Max 1% 1S:2386.Part 111
Stripping Coating and Minimum IS: 6241
Stripping of retained coating
Bitumen Aggregate 95%
Mix
Water Retained Tensile Min 80% AASHTO 283
Sensitivity Strength™

* If the minimum retained tensile test strength falls below 80
percent, use of anti stripping agent is recommended to meet the
requirement
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Fine aggregate

* Fine Aggregates The fine aggregates shall consist of crushed rock, or
natural sand or a mixture of both. These shall be clean, hard, durable,
un-coated, mineral particles, dry; and free from injurious, soft or flaky
particles and organic or deleterious substance

* The coarse and fine aggregates shall be so graded or combined as to
conform following gradation for the close graded premix carpet
(cpmc)



Combine Gradation of Aggregate(CPMC)

[S Sieve Designation |  Cumulative Percent by Weight of
(mm) Total Aggregate Passing
Type A Type B
13.2 - 100
1.2 100 88-100
5.6 52-88 31-32
28 14-38 A
0.090 -3 (-3

Proportioning of Materials
The total quantity of aggregates used
for Type A or B close-graded premix
surfacing shall be 0.27 cubic meter per
square meter area.



Aggregate Requirement for the Open graded
premix

Property Test Requirement Test method
Cleanliness Gramn size analysts | Max. 5% passmg | 1S:2386 Part |
(0TS micron
Particle shape Combmed Flakiness | Max, 35% 15:23%6 Part |
and Elongation
Indices
Strength Los Angeles | Max. 40% |5:23%6 Pant IV
Abrasion Value or
Aggregate  [mpoct | Max, 30% 1S:2386 Pant IV
Value
Durabulity Soundness (Sodium | 5 eycles
or Magnesium)
Sodium  Sulphate | Max. 12% 15:2386 Part V
Magnesium Sulphate | Max, |8% 18:23%6 Pant V
Water absorption | Water absorption | Max, 2% [S:2386 Part 1ll
Stripping Coating and | Min. Retained | [5:624]
Stripping of Bitumen | Coating 95%
Water sensitivity Remined  Tensile | Min. 80% AASHTO 283

strength®

Water absorption shall be limited to a
maximum of 1 percent. The Polished Stone
Value, shall not be less than 55, when tested as
per BS: 812-114.

Nominal Stone size 13.2 mm (passing 22.4 mm
sieve and retained on 11.2 mm sieve) 0.18 m?

Nominal Stone size 11.2 mm (passing 13.2 mm
sieve and retained on 5.6 mm sieve) 0.09 m3



Bitumen Requirement

Type of Surface Type of Cuthack Rate of Spray
(kg/sg.m)
* Prime coat — WMM/WBM MC 30 0.6-0.9
Stabihized soil bases/ Crusher Run MC 70 0.9-1.2
Macadam
Type of Surface | Rate of Spray (kg/sq.m)
. TEICk coat — Bituminous surfaces - 0.40-0.60
Granular surfaces 0.50- 0.60
treated with prnimer
Cement concrete 0.60-0.70
pavement

* Bitumen for premix 22.0 kg and 19.0 kg per 10 square meter area of 20mm
thickness for Type A and Type B surfacing respectively.

* For open graded premix carpet bitumen requirement is 14.6 kg for 10
square meter area of 20mm thickness



Weather Limitation

Laying shall be suspended when

* Water is present at surface

* Rain is imminent ,during the rain, fog, dust storm

* W

nent

nent
esst

nen t

he base/binder course is damp;

ne air temperature on the surface where the material is to aid
nan 10°c

he wind speed measured 2 m above the surface is more than

40 Km/hr



Mixing, Laying and Rolling Temperature for Bituminous mix

Bitumen Aggregate Laying Rolling
Temp. Temp. Temp temp

VG40 160-170 160-175 160-170 150 min 100 min
VG30 150-165 150-170 150-165 140 min 90 min
VG20 145-165 145-170 145-165 135 min 85min

VG10 140-160 140-165 140-160 130 min 80 min
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Surface Preparation

* The underlying surface on which the bituminous surfacing is to be laid
shall be prepared, shaped and conditioned to the specified lines,
grade

* Before prime coat is applied the dust layer in the surface shall be
removed out.

* While using mechanical broom and compressor care shall be taken
such that the base aggregate shall not dislodged

* After brooming out slight water to suppress the dust will be beneficial

* No traffic shall be allowed in the prepared surface .



* Mark the edge for the priming
* The prime or tack coat shall be sprayed on to it at the specified rate.

* If during spraying, a nozzle becomes blocked or develops a defect, the
spraying shall be made good with a hand spray, and the machine
repaired before further spraying is commenced.

» After the application of Prime allow it to penetrate to the surface

* No traffic shall be allowed in the prime surface for at least for one hr.
If traffic need to be open after this time sand blinding can be done.

* Depth of penetration of the prime should be between3-I0mm

* On the day of premix carpet tack coat is applied on the surface with
the appropriate equipment



Preparation of Premix

* Hot mix plant of appropriate capacity and type shall be used for the
preparation of the mix material

* The difference in temperature between the binder and aggregate
shall at no time exceed 14°C

* Mixing shall be thorough to ensure all particles of the aggregates are
coated uniformly.

* The mix shall be immediately transported from the mixer to the point
of use in suitable vehicles or hand barrows



Laying and Compaction

* The pre mixed material shall be spread on a previously prepared surface by
a paver unless specified otherwise in the Contract to the desired thickness,
grades and cross fall (camber).

* Excessive use of blades or rakes shall be avoid

* Rolling shall begin at the edge and progress towards the centre
longitudinally

* On super elevated and uni-directional cambered portions, it shall progress
from the lower to upper edge parallel to the centre line of the pavement.

* When the roller has passed over the whole area once, any high spots or
depressions, which become apparent, shall be corrected by removing or

adding premixed materials



Laying and Compaction (contd.)

* Rolling shall then be continued until the entire surface has been rolled and
till the roller marks eliminated

* In each pass of the roller the preceding track shall be overlapped uniformly
by at least one third width

. Thehroller wheels shall be kept damp to prevent the premix from adhering
to the w

* No fuel/

* Ro

* Ro
fal

lers s

neels.
ubricating oil be used

hall not stand on newly laid material

ling operations shall be completed before the temperature of the mix

s below the rolling temperature(80 for VG10 and 100 for VG 40)

* Sand seal shall be applied immediately after the finishing of compaction of
open graded premix carpet



Opening to Traffic

* For Close-graded premix surfacing, Type A or B Traffic may be allowed
after completion of the final rolling when the mix has cooled down to
the surrounding temperature. Speed restrictions may be imposed at
initial stages.

* In case of the Open graded premix carpet the traffic shall be allowed
in the following day after the application of seal coat.



Some Facts

» \Water is number one enemy of bitumen.
» Water-trapping mixes fail prematurely especially during monsoons.
* This is simple common sense and not rocket science

* PMC is prone to intrusion of water which may further lead to pore
pressure under traffic

* Due to moisture induced distress pothole and stripping of the
aggregate take place.

* Sand seal over PMC prevent the entry of the water to some extent

* Non uniformity of sand seal due to manual method may not able to
seal the surface completely
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Finding of Research in India by Rajan
Choudhary and team

* Permeability of PMC with no seal coat was found to be 25 time the
MSS and 15 time after the seal coat application

* Critical permeability of 125*10>cm/sec for dense graded hot mix
asphalt ( US standard)

MI N VOIS | A | o - .
e mg;;:; s ‘“fﬁfﬂ;’f:? v Seal coat application (%) | Permeability (<107 cm/s)
)
PHC 18,1 24150 100 10967
(without seal coat) 3 12972
M3SA 126 7ol 20 14889
M55 136 07 0 22200
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Failure or Success




“American roads are good not because America is rich, but America is
rich because American roads are good.” - John F. Kennedy



Transport Infrastructure Directorate
Bagamati Province

Training on Quality Control in Road Works

Session 11: Quality Control in Road
M aintenance



| ntroduction

Current Practice

Focused in New Construction and improvement
Low Priority to Maintenance
|nsufficient 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 1.e accident in road



Common problem in Roads




Sessions

Session |: Objective of Mantenance, Improvement and New Construction,
Road Maintenance

Session |1 Maintenance Planning
Session |11 Implementation of Maintenance Activities— Road
Session |1 V: Repair, Maintenance and Up-gradation of Building

Session V: Maintenance of Community Infrastructure — Irrigation Canal, Trall
Bridge and Water Supply Scheme



Session 11 a: Objective of Maintenance,

|mprovement and New Construction,
Types of Road Maintenance



Session 1. Objective of Maintenance, | mprovement and New

Construction, Type of Road M aintenance
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



Group exercise: understanding of Maintenance, | mprovement or
New Construction

S. | Nameof the Construction activities | Maintenance, | Remarks
| mprovement
or New
Construction
Re- gravelling works in Road Section Maintenance | Example

O|loo|N[O|O P W[IN|EF=
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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:
a Aimed at slowing down the rate of deterioration
0 E.g. continuous water management
“*Correction:
Q Repair after the road has deteriorated

Q Bring the asset back close to its original
condition

a Results in lower travel times & costs
Qa E.g. patching potholes in gravel road



M aintenance 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




Activitiesunder Routine M aintenance
Clearing of small landslides (<bm3)
Clearing of drains
Clearing of culverts
Clearing under bridges
Cutting and clearing of vegetation
Cleaning of traffic signs and road furniture
Cleaning of weep holesin retaining walls
Maintenance of bioengineering features



| mplementation of Routine Maintenance
Timing
* carried out throughout the year

* Most work isrequired just before and during the rainy
Season.

Cost estimation

 fixed amount per kilometer per year

| mplementation

* No skilled labour isrequired

« RMG or UC, Pearformance 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




Activitiesunder Recurrent M aintenance

Repairs of rills/gulliesin the road surface
Repairs of ruts in the road surface
Repairs of potholesin 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



| mplementation of Recurrent Maintenance
Timing
* Repeated afew times ayear 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
| mplementation
* No skilled labour isrequired
* RMGor UC, Parformance Based Contract



’t’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




Activitiesunder Specific Maintenance
Dry stone pitching of short section
Gravelling of short section
Sealing of short section
Blacktopping of short section
Creation or large repairsto dry-stone retaining wall
Raising of embankment over short section
Shoulder improvement
Slope stabilization and bio-engineering
Removal of hanging cliff/rocks



| mplementation of Specific Maintenance
Timing
* carried as needed out in afew 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
| mplementation

« Skilled labour isrequired

e Small Contractor or Users Committees



Periodic- Maintenance worksto be carried out in intervals of
year s and of |arge-scale




Activitiesunder Periodic M aintenance
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



| mplementation of Periodic Maintenance
Timing
* repeated in aroad every few years, depending largely
on the surface type and traffic volume
» Work iscarried 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
| mplementation

« Skilled labour isrequired

e Small or Medium Contractors



| mprovement- road worksin existing roads aimed at introducing
significant and extensive changesto aroad
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Activitiesunder | mprovement
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)



| mplementation of | mprovement 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 definesthe different improvement
works

« Based on MTMP work volumes, the estimated costs
will be determined using current unit rates.
| mplementation

« Contract, mobilizing equipment and skilled labour



New Construction - the construction of new roadslinking up the

settlement, service centersand other important placesthat are currently without
road access










Activitiesunder New Construction
* Opening up (earthen standard)
« Gravelling
 Bridge construction




| mplementation of New Construction Activities
Timing
* Dry Season,

first constructed to an earthen standard, and later
Improved to agravel 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.
| mplementation

* Contract, mobilizing equipment and skilled labour ,
Unskilled Labour for track opening (L EP Approach)



Pavement Condition Index (PCT)

Seal
(59,000,

T ——— . — — -

Al and Fill
($97.500)

0 10 20 30

Shurry Ses
($9.000)

AMill and
(S9™_S00)

Reconstiuction Reconstiuction
(5436.400) ($436.400)
40 S0 60 0 S0

Years Bevond Initial Construction

NO MAINTENANCE
Total cost = $S872,800 per block
- ===~ Average PCI = 57

MAINTENANCE
Total cost = $240,600 per block
- === Average PCI = 84



Individual Exercise or Questionnaire

1. What arethe Specific objectives of Maintenance
a) |mprovement
D) Prevention

C) Correction
d)  All of theabove

2. Routine Maintenance activities are carried out
a) Oncein the year
D) Before Rain Start
C) After Monsoon
d) Throughout the year



Individual Exercise or Questionnaire

3. Gravelling of short section of aroad fallsunder
a) Emergency Maintenance
b) Specific Maintenance
C) |mprovement
d) Recurrent Malntenance

4. Cost Estimation of Periodic Maintenanceiscarried out by
a) fixed amount per kilometer per year

D) the volume of quantity and Corresponding rates
C) L ength 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) |mprovement and New Construction



Effectiveness of Maintenance
Most effective/cost effective when applied to

roads already in good condition

For asmall 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 mal ntenance



Session 11 b: Maintenance Planning



| mportance of planning in relation to the preparation of PTMP
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MTMP — Municipal Transport Master Plan

Q a prioritized list of interventions for the Municipal

Roads

0 estimated budget for the 5-year MTMP period

Q Adjustment of the plan according to the actual

budget and requirements



ARAMP - Annual Road Asset management Plan

a annual implementation plan for the Provincial Roads
QO maintenance requirements are defined in greater detail
0 estimated budget for every year period

Q providesaprioritized list of interventions



What doesARAMP do?
a Details the annual plan from PTMP

0 Combines maintenance, improvements and new
construction inasingle Plan

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

Q Predicts the fund balance available for any
mprovements & new Construction — allocates as per
PTMP




Road inventory
Q Carry out for all roads in the Municipality

Q Record basic information of each road
Q surface type (earthen, gravel, blacktop, other)

0 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

0 Each year after monsoon, update preliminary cost
estimate of only Emergency, Specific and Periodic

maintenance
0 feed datato prepare ARAMP

0 Routine & Recurrent not required to assess (directly use

average rate)



Rapid Condition Survey

0 Use as abasis to propose treatments for defects.

0 Record traffic datato prioritize conservation activities

on ‘cost/vehicle’
Q First priority will be given to budget for conservation
(routine, recurrent, specific, & periodic)

2 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 Preliminary Priority Priority
Condition Cost Ranking of Ranking of
Survey Estimation Roads Maintenance
Activities

\ 4

Priority Cost

ARAMP to meet the
Available

Budget




Asset Management Intervention & Priorities

Category/ Rank

Intervention

Remarks

1. Maintenance /
Conservation

Emergency Maintenance

Immediate Reopening

Routine / Recurrent Maint.

Continuous Care

Specific Maintenance

‘Spot works’ at critical
sections

Periodic Maintenance

Extensive renewal e.g. re-
gravelling

2. Improvements

Rehabilitation / Upgrading

Mainly earthen to gravel

3. New Construction

Brand new or completing
partially built road

To reach unconnected
VDCs




Summary
Prepare and update PTMP
PTMPis 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 ¢ Implementation of
Maintenance Activities— Road



| ntroduction

Current Practice

« Maintenance activities are not implemented in planned way

« Lack of Supervision to maintenance activities

* Negligencein quality control specifically for maintenance
activities

Effect

« Assetsis 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









Representative situation of road to most of the Municipalities
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Causes of Deterioration of Roads

e Landslides

e 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 .

e 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

e Recurrent Maintenance
and specific
Maintenance




Causes of Deterioration of Roads

e 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
A Climatic and Environmental Effects

 Poor Drainage M anagement

_ack of Routine Repair and Maintenance
mproper Use of Vehicles

i Ny

_ack 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 ,<5cm

* |local restoration —deep
rutting




Rut and Depression

Before




Restoration of Rain Cuts

Location

e Shoulder and even in
pavement of earthen road

Main Causes

* Inappropriate side slope
and lack of compaction

Remedies

* Clear loose soil and refill

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



Maintenance of Slopes and Drains

Location
* Cutslope 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
* |n Road Surface
Main Causes

e Gradation, compaction and
sub surface flow

* Remedies

e Cut and remove the
material from defective
portion

* Fill with proper material
and compaction



Pot holes

g Before




e After Maintenance

* Before 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




inous Surface Treatment
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Flexible Pavement Maintenance — Periodic




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 alighment
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

e 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 | P
works Y O :



* 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

e 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



Transport Infrastructure Directorate
Bagamati Province

Training on Quality Control in Road Works

Session 12: Slope Protection and
Bioengineering Works



Causes of Slope Fallure

Surface water Ground water Addition of debris to slope

Undercutting of slope Weathering




Mechanisms of Slope Failure

Erosion Shear failure Plane failure

N

Differential weathering

Disintegration
===

_‘3)




Mechanisms of Slope Failure Contd.

Failure

Landslide without Zone of Transport

Landslide Zone



Table 2.1: General Features of Slope Failure

FATLURE
TYPE o SCHEMATIC
Characteristics e e
- Collapsing matenals are residual soils and
highly weathered or jointed rocks.
1. Collapse - Prone to occur onsteep slopes.
(CL) - Mostly nggered by ramfall mfiltration
- Similar to shump failure in some cases.
- Size is generally less than1,006n °
- Free fall or rolling down of hard rocks and boulders
2.Rock Fall | -Occur on steep slope and chif.
(RF) - Falls occur due to gravity andg'njms fa;il11.re.|
- Size 15 penerally less than 3
- Matenals are hard jointed rocks.
3. Rock Mass - Failure modes mclude wedge shde, plane shide and
Failure toppling.
(EM) - Size is generally more than 5,000 m*
- Matenals may be soils. debns and or ughly
weathered rocks.
4. Fandadide }L-Iarkfd by gentle and deformed topographic
(1LS) eatures

-Mamly mfluenced by increased pore-water pressure
by mfilration
-Size is generally more than 5,000 or".




- Rapid flow of boulder, gravel, sand, silt and clay

3. Debns Flow | muxed wath large quantity of water.
(DB) - Occurs m a conmbutory area that contams
collapsible slopes
6 Embankment | Shump or collapse of embankment slope,
Failure
(EB) - Settlement of road surface

- Scourng of toe part




Table 2.2: Countermeasures for Slope Failures

Category

Group

Control Measures

Earthworks: Cutting and Filling,

Bio-Engineering: Various methods of vegetation and
small scale engineering work in the slope and its
vicinity,

Water Management: Surface and Sub-surface drainage

Restraint Measures

Slope Work: Stone pitching, Frame work,

Anchoring: Rock bolt. Nailing and Ground anchor,
Walls and Resisting Structures: Gabion, Stone
masonry. Frame wall etc.,

Protection work: Rock Fall Wire-net, Check Dam.
Piling Work: Steel pipe, Pile Shaft work

Alternative Works

Re-alignment of Road: Route relocation or
Re-alignmentby Bridge or Tunnel




BIO-ENGINEERING



Definition

“*Blo-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



Functions of Bio-Engineering

Structures

“*Catch: Stop material falling or sliding down
a slope

s 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

10



Engineering Functions of

11



Types of Vegetative Structures

“*Fascines

“*Shrub planting

“*Tree planting

“*Bamboo planting
“*Horizontal grass planting
“*Diagonal grass planting
“*Grass Seeding

“*Brush Layering

12



Design Aspects of Vegetative
Structures 1

System Functions Method of Operation Applications and
Site Requirements

Fascines Catch, support, Woody bundle, dense stems, Consolidated debris

drain porous, can drain soil if laid  slopes, <45
down slope

Shrub Planting Catch, armour,  Bunchy leaves, multiple Any slopes < 45
reinforce, stems, lateral roots, root
anchor, support cylinder, tap roots

Tree Planting  Armour, Lateral and near vertical Any debris slopes
reinforce, rooting systems, root <45, gully side
anchor, support cylinder slopes

Bamboo Catch, armour,  Dense poles, massive Slope <35, base of

Planting reinforce, rooting systems, dense slope, erodible
support leaves, grows all year slopes, preferably

wet places



Design Aspects of Vegetative
Structures 2

System Functions Method of Operation | Applications and Site
Requirements

Horizontal Catch, reinforce, Dense line retards Dry, slope <45,

grass planting  support surface water flow erodible, cut slope

Diagonal grass Catch, reinforce, Dense line guides water Wet, permeable, fine,

planting support along the line cut slopes

Grass seeding Catch, reinforce, Dense grass, mat, Consolidated debris
support rooting system slopes <45

Brush layering Catch, reinforce, Dense line, strong buried Slope <45, dry, erodible
support branches retard surface  and consolidated debris
and shallow ground
water flow



Grass Plantin




Grass Planting 2




Grass Seeding 1




Grass Seeding 2
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Brush Laverin




Fascines

Fascines

Bundle of
cutting

21



Bamboo Plantin




Shrub Planting

23












Krishnavir Landslide after
Bioengineering
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Krishnavir Landslide before
Bioengineering



Example of a large bio-engineering site:
Dhankuta, Nepal. 1987, before treatment




Example of a large bio-engineering site:
Dhankuta, Nepal, 1987, after treatmen
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Design of Bioengg structures

ANNEX-3

HIDGE BUSH LAYER
AND TREE PLANTATION __
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Construction steps of Hedge-brushlayers: d

mng

soil cover

lay of plant material,

terrace, in







Trimming of slope for Bio-Engineering Purpose
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Fencing to Protect plant from Grazing
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Prevention to erosion on slope by using bioengineering in
conjunction with Bamboo Wattle Fence.
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Plantation of Grass Slips




ite protected from grazing

Bioengg s




Bio engineering work along down hill side of road section to
prevent probable erosion on slope.
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m Broadcasting

® Direct sowing in holes
= Suitable for sandy site

= for armouring and
reinforcing




Seedling

m Tree and shrub planting
m Slope up to 30 degree.

m Spacing Im * 1m

m FEngineering function ey R
= Support, anchor and RAET, A ;"3
reinforce - | , ' ‘
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1. Horizontal line of grass planting

B Spacing:
m Line to line
= 100 cm —if the slope angle of the slope is<30"
= 50 cm —if the slope angle of the slope is30" —45"
= 30 cm —if the slope angle of the slope is>45"
Plant to plant 10 cm

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



Horizontal line of grass plantation




Grass planting continued

m Vertical line of grass planting
B Spacing:
m [ine 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.
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Grass planting continued

m Diagonal line of grass planting
B Spacing:
®m Line to line 50 cm

= Plant to plant 10 cm

= function : surface drainage, reduce infiltration and
armout, catch

= On slopes up to 65 degree, damp sites.
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Grass planting continued

m Chevron and herringbone pattern ot grass
planting
m Widely used in new gully and ridge
B Spacing:
m Line to line 50 cm

= Plant to plant 10 cm

B Function: drain and armout.



Herringbone pattern of grass plantation




Grass planting continued

m Random grass planting
m Spacing : 10 cm * 10 cm

® On slopes between 45 to 60 degree and 15 m slope
length.

® Function: armour and reinforce.












VEGETATIVE SYSTEMS
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Brush layering
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"To reduce slope angle”

= L)
o Plant shrubs and trees
o 9 Tl throughout slope face
.
o= 59
AN S T S
= B U L M S Brushlayer
. -1 I U 47 .
= - (4" to 6" diameter)
e ‘
L' = Stake
= — =)

Brushlayer with log terrace



VEGETATIVE SYSTEMS

Palisade






VEGETATIVE SYSTEMS

Fascines




Fascines

Live facine

Wood stake

A Spacing averages
5to7’
ace measurement

Live stake

8" to 10"
diameter

==

- 4'to 8' length =

Untreated Twine Ties

not to scale




Fascines

Spacing averages

Stems
1/4" to 2"
diameter
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Asphalt Concrete

Sujit Dhital
V.Sc Geotechnical Engineering
Contact : sujitdhital@gmail.com
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Arrangement of Presentation

* General
* Design (Marshal Mix Design)

* Construction Procedure
— Production
— Laying
— Testing



General

* |t is the mixture of carefully proportioned
coarse aggregate fine aggregate, mineral filler
and bitumen

* Some time called as Bitumenous Concrete

* |tis the highest quality of surface in the group
of flexible pavement



Steps Involved in Mix Design Process

Selection of aggregates
Selection of aggregate gradation

Proportioning of aggregates to meet the required
gradation

Selection of bitumen binder and its grade
Preparation of Marshall specimens

Testing of the specimens (Density, Stability and Flow)
Density - Voids Analysis

Determination of Optimum Bitumen Content (OBC)



Ingredient

Bitumen

Coarse Aggregate
Fine Aggregate
Mineral filler



Requirement of Bitumen

* The bitumen shall be viscosity grade
paving bitumen complying with the Indian
Standard Specification IS: 73, modified
bitumen complying with IS: 15462 or as
otherwise specified in the Contract.



5 No. Characteristies Paving Grades Method of Test
ViG10 VG20 VGio VG40 Ref to
(1) (2) (3) (4) (5) (6) (7)
. " .
. Penetration at 25°C, 100 g, 5 o o0 . 33 A )
i) S Y (Part TITY 15:
B i 1203
x . 2 00- 1 (- 2400- 3200- NS: 237:2050
ii) ?:E}"E viscosity at 60°C. | 1200 | 2400 | 2600 4800 (Part VIH)/ 1S:
” 1206 -2
250 300 350 400 NS: 237:2050
Kinematic viscosity at 135°C,
ini) cSt. Min (Part VIIT)/ IS
:1206-3
. 220 220 220 220 NS: 237:2049
. Flash t (Cleveland
iv) :5] ik e ope (Part VII)/ IS:
i 1448-69
Solubility in 99 99 99 99 NS: 221:2047
V) trichloroethylene, percemt, (Part IV)/1S: 1216
Min
. Softening poimt (R&B), °C, 40 45 47 50 NS 7 I8: 1205.
b Min
vii Tests on residue from rolling
1 thin film oven test:
-+ 4 4 4 NS: 221:2046
a) Viscosily ratio at 60°C, Max (Part 1T}/ 1S:
1206-2
75 50 40 25 NS: 221:2046
e " :
b)Y .1y 004 Puctility at 25°C, cm, Min it dhital (Part 1)/ IS: 1208




General Application Equivalent
PG

10

20

30

40

Used in spraying applications, and can be used in ~ 80-100
very cold regions. Also used for the manufacture of
bitumen emulsion & modified bitumen

It is used in areas of cold climate & high altitude

It is the most suitable for Indian road condition. 60-70

The area with high stress concentration like 30-40
intersections of roads, truck parking, heavy traffic.
It can be used in higher temperatures



Selection Criteria for VG Paving Bitumen
Based on Climatic Conditions

Highest Daily Mean Air Temperature, °C

Lowest Daily

Mean

Air

Temperatur Less than 20 to 30°C More than
e, 20°C 30°C

°C

More than- VG-10 VG-20 VG-30
10°C

-10°C or VG-10 VG-10 VG-20

lower

S Wil Sujit Dhital



Aggregate

The coarse aggregates shall consist of
crushed rock, crushed gravel or other
hard material retained on: 2.36 mm sieve.

It shall be clean, hard, durable and cubical
shape, free from dust and soft organic and
other deleterious substances.



L

Cleanliness Grain size analysis

(dust)

Strength

Durability

Polishing

0.075 mm sieve

LAAor AIV Max 30%
Max 24%

Soundness  either: Max 12%
SodiumSulphate or Max 18%
Magnesium Sulphate

Polished Stone Value Min 55

Max 5% passing [S:2386 Part [

1S:2386 Part IV

1S:2386 Part V

BS:812-114



Water Water Max 2% 1S:2386.Part Il
Absorption Absorption

Stripping Coating and Minimum IS: 6241
Stripping of  retained
Bitumen coating

Aggregate Mix 95%

Water Retained Min 80% AASHTO 283
Sensitivity Tensile
Strength*

* If the minimum retained tensile test strength falls below 80

percent, use of anti stripping agent is recommended to meet the
f_éq.ﬂlrement Sl Dhital



Fine Aggregates

Fine aggregates consist of crushed or naturally
occurring mineral material, or a combination of
the two, passing the 2.36 mm sieve and retained
on the 75-micron sieve.

These shall be clean, hard, durable, dry and free
from dust, and soft or friable matter, organic or
other deleterious matter.

Pl shall not exceed 4



Filler

* Filler consist of finely divided mineral matter
such as rock dust, hydrated lime or cement
approved by the Engineer.

IS sieve (mm) Cumulative % Passing

0.6 100
0.3 98-100
0.075 85-100

2/3, 2001



Grading 11 2

Nominal
aggregate

size*

Layer thickness
IS Sieve!(mm)

45
37T
26.5
19
13.2
9.5
4.75
236

19 mm 13.2 mm

50 mm 30-40 mm
Cumulative % by weight of total

aggregate passing

100

90-100 100
59-79 90-100
52-72 70-88
35-55 53-71
28-44 o 42-58



i 2034 2448

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%*
% by

mass of total mix



lssues

* Minimum thickness for the single lift of dense
graded asphalt mixture is

— 4* NMAS for the Coarse graded aggregate
— 3* NMAS for the fine aggregate

NMAS: one size larger than the first sieve to retain more than 10% of the material{Asphalt mix
design : MS-2 Seventh Edition)

Maximum aggregate size : One size larger than the NMAS

Minimum thickness when 19 mm aggregate is used
4*19=76 mm for the coarse gradation
3*19=57 mm for the fine gradation

Minimum thickness when 13.2 mm aggregate is used
4%13.2 =52.8 mm for the coarse gradation
3%13.2=38.6 mm for the fine gradation



* How to define Coarse and Fine Gradation

Primary control Sieve Define the Coarse and fine
Gradation

375 9.5

25,19 4.75
12.5,9.5 2.36
4.75 1.18

If 50% or more of the individual aggregate
gradation passes the primary control sieve of
the combine blend it will be consider as fine

aggregate .



* Specification
19 mm NMAS — thickness is 50 mm
13.2 mm NMAS thickness is 30-40 mm

If you go for the fine gradation the thickness some
how is near to the above relation but can not
match in case of coarse aggregate

Hence recommended for the fine gradation in
both case



Design of Asphalt concrete

The design of asphalt concrete mixes primarily
consists of three basic steps these includes

» Selection of aggregates
» Selection of binder and
» Determination of optimum binder content



Requirements of Bituminous Mixtures

Must be workable at application temperature
Be able to resist permanent deformation
Be able to resist Cracking

Impermeable to ingress of water to lower
layers

Durable under prevailing traffic and
environment

Contribute to pavement strength
Resistant to skidding in wert condition
Use local materials

~Cost effective



Properties Considered in Mix Design

Stability
Durability
Impermeability
Workability
Flexibility
Fatigue

Skid resistance



Stability

It is the ability of mix to resist deformation under
sustained loads

A stable pavement maintain the shape and
smoothness under repeated loading

Stability of mix depend on internal friction and
Cohesion

Angular agg. with rough surface — High stability
Stability requirements should be high enough to

C

nandle projected traffic adequately
‘00 high a stability value produces a pavement

that is too stiff , may crack and therefore less

urable than desired.



Causes and Effects of Low Stability

Excess bitumen in mix Corrugations, rutting and
flushing /bleeding

Excess medium size sand  Tenderness during rolling
in mixture and for period after
construction,
difficulty in compacting.

Rounded aggregate, little  Rutting
or no crushed surfaces



Durability

Durability is the ability to resist factor such as change
in asphalt due to polymerization/ oxidation,
disintegration of aggregate and stripping of
aggregate due to weather ,traffic or combination

Durability can be increase by

» using maximum bitumen content

» using a dense gradation of stripping-resistant
aggregates

» designing and compacting the mixture for low
permeability



Causes and Effects of Poor Durability

Low asphalt content Dry Surface or raveling

High void content through Early hardening of bitumen

design or lack of followed by cracking or
compaction Disintegration
Water susceptible Films of bitumen strip from

(hydrophilic) aggregate in  aggregate leaving an
mixtures abraded, raveled



Impermiability
It is the resistance of pavement to the passage of air and
water into or through it.

Even though void content is an indication for the potential
for passage of air and water through a pavement, the
character of these voids is more important than th number

of voids.
The degree of impermeability is determined by the size

of the voids, whether or not the voids are interconnected,
and the access of the voids to the surface of the pavement.

Virtually all bituminous mixtures used in road
construction are permeable to some degree



Causes and Effects of Permeability

Low bitumen content This bitumen films will cause
early aging and raveling

High voids content in  Water and air can easily enter

design mix pavement causing oxidation and
disintegration

Inadequate Will result in high voids in
compaction pavement leading to water

infiltration and low strength

8/3/2021



Workability

Workability describe the ease with which a paving
mix can be placed and compacted.

Can be improved by changing the mix design
parameter, aggregate source and/or gradation

Harsh mixtures (mixtures containing a high
percentage of coarse aggregates) have a tendency
to segregate during handling and also may be
difficult to compact.

Too high a filler content can also affect workability .
It can cause the mix to become gummy, making it
difficult to compact.



Mixture that can be too easily worked or
shoved are referred as tender mix.

Tender mix are too unsuitable to place and
compact

too low a temperature will make a mix
unworkable, too high temperature may make
it tender.

Bitumen contain and grade also affect the
workability



Causes and Effects of Poor Workability

Large maximum-sized Rough surface, difficult to
particles place

Excessive coarse aggregates May be hard to compact

Too low a mix temperature  Uncoated aggregate, not
durable, rough surface, hard

to compact
Too much medium-sized Mix shoves under roller,
sand remains tender

Low mineral filler content Tender mix, highly permeable

High mineral filler content ~ Mix may be dry or tender,
i “"hard to handle, not durable



Flexibility

* |tis the ability of an a bituminous pavement
to adjust to gradual settlements and
movements in the subgrade without cracking.

* An open-graded mix with high bitumen
content is generally more flexible than a
dense-graded, low bitumen content mix.

* Need for the more flexibility may conflict with
the stability requirements



Fatigue Resistance

It is the resistance to repeated loading under wheel
loads.

Air voids and bitumen viscosity have a significant
effect on fatigue resistance.

As the percentage of air voids increases, pavement
fatigue life is drastically shortened.

A pavement containing bitumen that has aged and
hardened significantly has reduced resistance to
fatigue.

Thick, well supported pavements do not bend as much
under loading as thin or poorly supported pavements
do.



Causes and Effects of Poor Fatigue Resistance

Low asphalt content Fatigue cracking
High design voids Early aging of asphalt
followed by fatigue cracking

Lack of compaction Early aging of bitumen
followed by fatigue cracking

Inadequate pavement Excessive bending followed
thickness by fatigue cracking



Skid Resistance

It is the ability of and bituminous surface to minimize
skidding or slipping of vehicle tires, particularly when
wet.

For good skid resistance, tire tread must be able to
maintain contact with the aggregate particles instead
of riding on a film of water on the pavement surface

(hydroplaning).
Best skid resistance is obtained with rough-textured
aggregate in a relatively open-graded mixture.

Besides, having a rough surface the aggregates must
resist polishing (smoothing) under traffic.

Unstable mixtures that tend to rut or bleed present
serious skid resistance problems.



Causes and Effects of Poor Skid Resistance

Excess asphalt Bleeding, low skid resistance

Poorly textured or graded Smooth pavement, potential
aggregate for hydroplaning

Polishing aggregate in Low skid resistance leading to
mixture accidents on wet surface






Mix Design Methods

Hubbard Field (1920s)
Hveem (1930s)
Marshall (1940s)
Super Pave (1990s)



History of Marshal Test

* Concept was Develop by Bruce Marshal
former Bituminous Engineer associated with
Mississippi State High way

* Marshal test in present form was originated in
1943 by US Army crops of Engineers.



Apparatus

» Mould Assembly : Cylindrical moulds(6.4 cm(2.5
inch) height and 10.2 cm (4 inch) diameter )
consisting of base plate and collar

» Compaction Pedestal and Hammer : 4.54 kg
weight and a free fall of 45.7 cm

» Braking Head : inside radius of curvature of 5 cm
» Sample Extuder

» Loading Machine

» Flow Meter



CYLINDRICAL MOULD RAMMER

4.54 Kg
(Weight)




Preparation of Specimen

The coarse aggregates, fine aggregates and

the filler material should be proportioned and
mixed as per the dry mix design

The required quantity of the dry mix is taken
50 as to produce a compacted bituminous mix
specimen of thickness 63.5 mm approximately

Approximately 1100 g of aggregates and filler
is taken to get a standard specimen

Minimum three specimen per binder content



The dry mix of aggregates and filler is heated
to a temperature of 150 to 160°C

The compacted mold assembly and rammer
are cleaned and kept preheated to a
temperature of 100 to 140°C

The bitumen is heated to a temperature of
150°C to165°C

Samples are prepared with the first trial
percentage of bitumen

The mixing temperature of the VG 10 ,VG 20 &
VG 30grade is about 160,165°C & 170" C



Compaction of the Specimen

The mix is placed in the mold and compacted by a
rammer with about 75 blows on each side

The weight of hammer is 4.54 kg and height of
fall is 457 mm

The compacting temperature may be about 130 C
for VG 10,135°C for VG 20 140 C for VG 30 grade
bitumen

The compacted specimen should have a thickness
0f63.5£1.3 mm



Sample Extraction

The compacted specimens are extracted using a
Sample Extractor after the curing time

Sample extractor is designed for fast extrusion of
samples from compaction mounds

At least three specimens should be prepared at
each trial bitumen content which may be varied
at 0.5% increments

As soon as the specimen cool to room
temperature bulk specific gravity of specimen is
determined.



Loading and Testing

The specimens to be tested are kept immersed in
water in a thermostatically controlled water bath
at 60 + 1 °C for 30 to 40 minutes.

Take out the specimen from the water bath and
place it in the breaking head

Place the breaking head in Marshall testing
machine

Load is applied on the breaking head by the

loading machine at the rate of 5 cm per minute at
60" C



Stability and Flow value

Stability value is the load taken by the specimen at
the failure

Flow value is the deformation of the specimen at
failure

Record stability either by proving ring or load cell
display unit

Record the flow by the dial gauge or displacement
cell attached to the breaking head



Correction to Stability value

Volume of Approximate
specimen in Thickness of Carrection
cm? Specimen in mm Factors

457-470 57.1 1.19
471-482 58.7 1.14
483-495 60.3 1.09
496-508 61.9 1.04
509-522 63.5 1.00
523-535 65.1 0.96
536-546 66.7 0.93
547-559 68.3 0.89
260-573 69.9 0.86

When the specimen
height is not exactly
63.5 the stability
value need to be
corrected with the
correction factor



Weights and Volumes in a Compacted Specimen

1.""‘mf

% Volumes

0

Py

o

F'fﬂ-

Aggregate
Mineral

Filler P s
% Weights

Gl‘l‘lf

Specific
Gravities
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A
v,
A
Voo
vl'l'l
A
Volume of effective asphall binder
Effective asphall content, percent by volume
Volume of absorbed asphalt binder

Absorbed asphalt binder, percent by total mix volume

Volume of voids in minaral agaregate

Voids in mineral aggregate, percent by volume

Volume of aggregate, bulk (including all permeable surface pores)
Volume of asphalt binder, total

Total asphalt binder content, percent by volume

Volume of aggregate, effective (excluding surface pares filled with asphalt)
Volume of air voids

Air void content, volume percent

Volume of aggregate and asphalt

Volume of specimen, total!! Uhital



Density Void Analysis

Bulk density of compacted mixture (Gmb)
Bulk specific gravity of aggregate (Ga)
Theoretical maximum specific gravity (Gt)
Percent air voids in the final mix (Vv)

Percent air voids in mineral aggregates (VMA)

Percent aggregate voids filled with bitumen
(VFB)



*

Bulk specific gravity of compacted
mixture

By weighing in air and water : if the specimen has impermeable
surface(ASTM D 2726)

Gmb= W/(W-Ww)
Where, W & Ww= weight of the specimen in air and water

By weighing paraffin coated specimen in air and water : if the
specimen has open impermeable surface (ASTM D 1188)

W

Gmh =

(w'-w)
Gp

WI_W'W_

W' = weight of coated specimen in air
W’'w= weight of coated specimen in water
Gp= specific gravity of paraffin coating at 25 0C



Bulk specific gravity (Ga) of aggregate

Pcu'l'Pfa +me

a7 P 4 + Pmf
Gc'ﬂ Efu. Gmf

P_fn

P = percentages by weight of aggregates
G = Bulk specific gravities of aggregates

Theoretical Maximum Specific Gravity (Gt) of the mix

Gt—Pca_l_Pfﬂ . Pmr | Pp

Gea Gfﬂ, Gmf | Gp
(G.t = Gmb)
Gy

Voids in Final Mix V, = 100 =



* Void in Mineral Aggregate G, P,
VMA = 100 — c
« Aggregate void filled with Bitumen :
P, =Py +Pro+ Py
(VMA — V)
VMA

Gmm(Gt)=A/(A+D-E)

VFB = 100 =

Where :Gmm: Theoretical maximum specific gravity
A= Mass of oven dry specimen in air
D= Mass of container filled with water at 250c

E=Mass of container with specimen filled with water at
250cC



Air Voids

Air voids,” when applied to
asphalt concrete, means small
pockets of air that exist within
the asphalt binder and between
aggregate particles. Air void

content does not include
pockets of air within individual
aggregate particles, or air

contained in microscopic surface Ktk
voids or capillaries on the FRESEULOINN O NN R IR A

Only te st e arsinuded n theai v cotentof apha
surface of the aggregate conet s
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Void in Mineral Aggregate(VMA)

Voids in the mineral aggregate
(VMA) refers to the space between
aggregate particles in an asphalt \
concrete mixture. VMA is also often [’}
used to characterize loose
aggregate, but its meaning is
exactly the same—the volume
percentage of space between

aggregate particles. VMA is Figure 54, vmrnmwm Dark and ight |

- : : qray areas represent aggregate particles, black area asphalt
numericda "Y equ al to thE air voi d binder and white areas air voids; voids in mineral aggregate

content plus the effective binder VAL o o oD LB B
and Wiite areas

SPAZRRE DY ol S




Void filled with Bitumen/Asphalt
(VFB/VFA)

* Voids filled with asphalt (VFA) is the
percentage of VMA filled with asphalt
binder—the balance is air voids.

* VFA is calculated by dividing the effective

binder content by the VMA and multiplying by
100%.



Effective Binder Content

* The term “effective binder content,”
abbreviated as Vbe, is used to describe the
amount of asphalt binder in a mixture not
including that absorbed by the aggregate.

* For example, if the total asphalt content of a
mixture is 5.3% by weight, and the aggregate
absorbs 0.4% binder by total mix weight, the
effective binder content of this mixture is 5.3
-0.4 =4.9%.



OPTIMUM BITUMEN CONTENT (OBC)

Following are plotted

* Unit weight vs. bitumen content

* Marshall stability vs. bitumen content

* Percent voids in mix vs. bitumen content

* Percent aggregate voids filled with bitumen
vs. bitumen content

* Flow values vs. bitumen content



Unit weight vs. Bitumen content

| Bitumen | Unit
| content | Weight

- 2.2

4.5 2.33

5 2.35

9.9 2.36

6 2.3/

8 5021 2.36

4.5

I |

9 2.9

Bitumen content

6.5




Stability vs. Bitumen content

Bitumen
Content | Stability
4 622432
4.5 643.955
5 746.205
5.5 928.704
- 884.22
6.5 780.458

Stability

1000

2

600 -
400 -

=







45 5 55 6
Bitumen Content (%)




Flow value vs. Bitumen content

Bitumen | Flow
Content | Value
4 2.33
45 2.48
5 2.72
5.5 3.27
6 4.01
4.82

6.5

Flow Value

RN W &~ O
1 1

1

3.5

T

4

I | |

45 5 55
Bitumen Content (%)

I

6

6.5




Required Parameters

Property Requirement Minimum Stability (kN at
60°C) 9.0

Marshall Flow 2-4 mm

Compaction Level (No. of Blows) -75 blows on
each of the two faces of the specimen

Percent Air Voids 3-5
Percent Voids Filled With Bitumen (VFB) 65— 75
Coating of aggregate: 95%

Tensile strength ratio: 80% minimum



* Void in mineral aggregate

Nominal Minimum VMA % related to design %
Maximum | air void

particle size

26.5 11 12 13

37.5 10 11 12

63520219 Sijit Ohital
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Optimum Bitumen Content

* Determine the bitumen content at 4% air void

* |f the calculated and measured properties at
this bitumen content meet the mix design
criteria then the binder content at 4% air void is
the optimum binder content for the mix design



Design Adjustment

Low void and low stability Add coarse aggregate and reduce
the asphalt content if possible

Low void and satisfactory stability Increase the aggregate

High void and satisfactory Increase the mineral dust
stability

Satisfactory void but low stability Improve the aggregate quality

High void but low stability Improve the quality of aggregate
with increase mineral filler



Tensile strength Ratio

» Tensile Strength (st): 2000%p/(pi*t*d)
where

St: tensile strength in kpa
P : maximum load in N
T: specimen thickness
D: specimen diameter
Tensile strength Ratio(TSR)=52/51
Where

S2=average tensile strength after moisture
and freeze thaw conditioning

S1=average tensile strength  specimens measuring 4 inches (100

in dry condition. mm) in diameter and 2.56 inches
(65.0 mm) in height. specimens are
loaded until failure at a rate of 2 inches
per. minute (50.8 mm per minute)




Conditioning of Sample

Saturate the sample to 70-80
%saturation level by applying vacuum

Freezing and thawing of sample by
placing the sample at -18 °c for 16
hour

Place the sample in water bath for 24
hr at 60°C

Place the sample in water bath for 2
hrin 25°c




Production and Quality Control



Asphalt Plant

* Asphalt Plant is an assembly of mechanical
and electronic equipment where get blended,
heated, dried and mixed with bitumen to

produce asphalt mix meeting specific
requirements

Plants can be categorized as
» Batch plant
» Drum mix plant
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Batch Mix Plant

T S

Production In Batch

Suitable for producers who work for

several clients at the same time, because
the specifications can be easily changed,
while maintaining a high level of quality.

Weight of aggregate after drying

Presence of screen for better control in
aggregate gradation

Bitumen is metered by weight through
load cells in the weigh hopper calculated
on the basis of the specifications and the
actual weight of the aggregates.

Vixing time can be varied depending

upon type of material Sujlt

Continuous Production

Suitable for single type of production as
there is no interruption in the production
cycle as the rhythm of production is not
broken into batches.

Wt befare drying and provision of manual
moisture correction.

Initial control in gradation before feeding
into drum

metering is generally volumetric through
a litre-counter subsequent to the feed

pump.

Mixing time is constant irrespective of

Jimnaterial produced



Pre- works

* Job mix formula : contractor need to submit the job mix
formula at least 21 days before the start of works

* Plant Trials: Once the Job mix formula is approved plant
trials is carried out in order to ensure that plant can
produce the uniform mix conforming to the approved Job
mix formula. Certain variation is permitted depending
upon the specification.

 Site trial: After plant trail is successful the site trial is
carried out in section of minimum 100 sgm out of the
construction area . Contractor will demonstrate that his
working method shall be adequate to achieve the design
requirements



Weather Limitation

Asphalt concrete laying shall be suspended
when

Water is present at surface

Rain is imminent ,during the rain, fog, dust
storm

When the air temperature on the surface
where the asphalt is to aid is less than 10°c

When the wind spped measured 2 m above
the surface is more than 40 Km/hr



Laving and Compaction

Cleaning of underlying layer by air compressor before
the commencement of asphalt concrete laying
activities.

Preparation of necessary equipment at laying site.

Transportation of the AC mix by tipper. Mix is covered
for the preservation of temperature and
contamination.

Application of tack coat before laying asphalt concrete
mix.

Delivery of AC mix on the hopper of the mechanical
paver to start asphalt concrete laying.



* Checking of temperature of mix before
delivering, during laying and before

compaction.
Aggregate | Mixed Rolling
Temp. Material temp
Temp.
VG40 160-170 160-175 160-170 150 min 100 min
VG30 150-165 150-170 150-165 140 min 90 min
VG20 145-165 145-170 145-165  135min 85min

VG10 140-160 140-165 140-160 130 min 80 min
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During the laying of the asphalt concrete mix, a good
coordination between the equipment and labors shall
be maintained.

Checking of laid loose thickness manually and adjust
immediately the thickness if necessary.

Follow up level corrections by skilled labors.

Perfect finishing of the asphalt concrete layer before
compaction by skilled and unskilled labor team for the
level corrections at joints while laying on next lane

Initial compaction of the asphalt concrete layer by steel
roller(less than 5 Km/hr) as close as possible to the
paver



Follow up compaction by pneumatic roller. The rolling shall be
continued until the voids measured in the completed layer are
within the appropriate range.

Final rolling by the steel wheel roller to eliminate the marks
from previous rolling

The minimum temperature of the mixture at the time of
completion of rolling shall be not less than 800C.

Average density after compaction shall not be less than 92 % of
average theoretical maximum specific gravity Gmm

Cutting the edge of previously laid mix with edge cutter for
laying the mix on next lane or to continue laying on same lane
on next day. The edge cut should be perfectly vertical.

Core sample of the previously laid mix is taken out with the
help of core cutter for further necessary laboratory tests



Segregation

Premature Distress Weaker Aggregate Structure and
* Raveling Gradation
* Frost Damage
* Potholes Weaker Mix

Higher Voids




Segregation

Mix design. The key mix design parameters in determining segregation
susceptibility are gradation and asphalt content. Specifically, open-graded mixes
and low asphalt binder content mixes are particularly prone to segregation.

Stockpiling. If aggregate is loaded on top of a conical stockpile then larger
aggregate sizes are more likely to roll to the outside and bottom.

Asphalt plants. Key portions of the plant generally concerned are
— Cold feed bins. Bins may not feed uniformly,
— Batch plant hot bins. Dust may collect on the wall and discharge in large concentrated slugs.

—  Drum mixers, Large particles will generally flow through a drum mixer more guickly than
smaller particles.

— Surge and storage bins. Situations such as an off-set discharge chute, angled material flow
from the discharge chute, and excessively large bin openings can lead to segregation.
Truck loading and unloading. Loading trucks in one large dump may cause the
larger aggregate sizes to roll to the outside and bottom.

The asphalt paver. Segregation occurs as a result of hopper operation, auger
speed, and disruptions in paver movement.




Truck Loading Segregation — how
does it happen?

* Dribbling the material
= Single drop

Truck Loading Segregation — how
is it prevented?

* No dribbling, no topping off
* Multiple Drops
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Figure 12, DUMP AGGREGATES MAKE PILES S0 THEY STAY

IN PILES NOT LARGER IN PLACE AND DO NOT ROLL
Lise Numerous Small Piles. THAN A TRUCKLOAD DOWN SLOPES

Figure 13,
Build Stockpiles in Layers,

BUILD PROGRESSIVE
HORIZONTAL LAYERS

NOT GREATER

: DO NOT DUMP
THAN 3:1 SLOPE DOWN SLOPE

0/3/2021 BULLDOZER WITH TRUGK:



Transverse joint Good Transverse Joint Starting Point

v II

- Straight edge
tells the story

« Too high — more
rolling may help

* Too low - hand
work needed to
fill in




Longitudinal joint

Roll on the hot side about 6 inches away
from the joint as . With this method the
roller can be operated in the vibratory
mode. The next pass would roll down the 6-
in. wide mound that is left between the
surface that is rolled and the cold side. Care
has to be taken with this process to ensure
that when the 6-in. strip is rolled no cracks
develop. If not done correctly there is a
tendency to develop a crack on either side
of the 6-in. strip.



* A second method is to place the
roller on the cold mat and overlap
approximately 6 in. on the hot side.
With this method the roller must
operate in the static mode to ensure
that no damage is done to the cooled
HMA. This method applies a large
amount of pressure to the material
in the 6 in. overlap, resulting in
improved density at the joint



* A third method is to roll on the hot side and
overlap about 6 in. on the cold side. The
vibrator can be on during this process







Testing Frequencies

_

Quality of Binder as per
IS73( paving bitumen)

AIV/LAA, Flakiness and Elongation
index,
Soundness test (S55),

Sand equivalent, Plasticity Index,
Polished stone value

Mix grading, for individual
constituent and mixed
aggregate from dryer

Stability and void analysis of mix
including theoretical max specific
gravity of loose mix ,flow, void, density,
binder content

230 A2

Certificates from suppliers.
One set of tests for each 50,000 litres
of supply or part of it

Once per 500 cum and change in
source.

Once test for each source and
change in source.

One set consisting of three for each 400
ton of mix subject to minimum of two
test per day per plant



Testing Frequencies

Density of Compacted One test per 700
layer sqm area
Control temperature of As required

binder in boiler, aggregate
in the dryer, mix at the
time of laying and roll

B/3/2021 Suijit Drkital
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