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1.0

SUMMARY

Introduction

The object of the trial was to study and find one or more
type(s) of labour intensive, low technology, low cost, semi-
pucca, all-weather road suitable for rural ERangladesh. This
was to be achieved through literature survey, investigation,
design and construction of a number of road types, each
100m 1long, and then wmanitoring their per formance under
normal traffic with the object of determining which type(s)
stand up best in terms of cost, deterioration and
maintenance.

Ten types of sections were chosen for trial falling under
three broad categories:

a) HEB Rricl Roads

Type 1: With single brick flat soling over sand sub-
base
Type 2: Over sand-soil sub-base but without the brick

flat soling

Over aggregate—-sand-soil sub-base but without
the brick flat soling

!

Type

b) MWater Bound Macadam (WBM) Roads

Type 4: Over sand sub-base and surface dressing with
asphalt emulsion and pea-gravels

Type 5S: Over sand-soil sub-base and surface painting
with asphalt emulsion

Type b: Over sand-soil sub-base and surface dressing
with asphalt emulsion and pea—gravels

€) Aggregate Stabilised Snil (ASS) Roads
Type 7: With aggregate-sand-soil base over sand-soil
sub-base and surface painting with asphalt

emul sion

Type B: Same as Type 7 except for surface dressing
with asphalt emulsion and pea-gravels

Type 9: With aggr-sand-soil base topped with brick
aggregate grafting, sand-soil sub-base and

surface painting with asphalt ernulsion

Type 10: Same as Type 9 except for surface dressing
with asphalt emulsion and pea-—gravels

(1)



2.0 HBB Brick Roads

2.1 HBB brick road Type | ie a conventional road type and widely
used in Bangladesh. Types 2 and 3 attempted to assess the
erfect of omitting the standard single brickflat saling and
the sand sub-base and using in their place a sand-€oil sub-
base in Type 2 and an agyr-sand-soil sub-base in Type 3.
Alsa, it was intended to test if by sealing the joints
between the bricks by asphalt emulsion the moisture content
of tihe sub-base can be maintained within acceptable limits.

L]
8]

It was observed that the depressions along the trackways of
Types 2 and 3 wvere more than those in Type ! and also
moisture content of the sub-base was higher. The latter wacs
caused by ineffictive sealing of the Jjoints by asphalt
emulsion resulting in ingress af rain water.

2.3 Due to this failure of joint sealing it became difficult to
draw any definitive conclusion except that perhaps, if the
sealing is effective, the single brickflat soling can be
omitted and the cheaper sand-soil or aggr~sand-soil sub-base
can be used. However, these can only be confirmed after
further trials.

3.0 WBM Roads

3.1 WBM road, Type 4, is also a conventional road type, widely
used in Rangladesh - but with bituminous carpeting which
makes it a much too expensive a proposition when considered
for use as rural roade. This trial, therefore, attempted to
assess the performance of cheaper forms of WEM roads by,
one, using cheaper forms af surface treatment and, twio, by
omitting the conventional sand sub-base with cheaper sand-

-

soil sub--base as i1n Types 5 and &.

r3

It was observed that:

(2]

a)  the pavement settlement in all three types were of
similar magnitude;

b) the moisture content of the sub-base, at the end of the
monsonn, was also similar in all three cases;

€) the surface painting treatment, in Type S, cracked
entensively and there was also moderate loss of painting
from the surfac=;

d) the swtace dressing, in Types 4 and &, exhibited
satisfactury performance as the sealing remained more
or less in tact, except far loss of pea-qravels which
remained uncoated during surface dressing.
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As a result, it can be concluded that

a) the cheaper types of sub-bases can replace the
conventional sand sub-base;

b) the cheaper surface treatment consisting of surface
dressing with asphalt emulsion and pea-gravels can
replace the conventional bituminous carpeting, but will
require regular and timely maintenance. However, further
triale are required to confirm these findings.

ASS Roads

The Aggregate Stabilised Soil (ASS) Road was an  innovative
type, not previously used in Rangladesh - though, from
literature, it appears to have been used widely in India.
The main advantage of this type is that it reduces
considerably the use of bricks which ferms the single
largest component of cost of conventional pavements. Four
variations of ASS roads were tried with varying base courses
and surface treatments as given in para 1.2 above.

Although the costs af the pavement structures of ASS roads
(i.e. excluding the surface treatment) were considerably
lower than those of tlie other two catagrories, the ASS roads
exhibited characteristics which compared favourably with
those of HBH and WEM catagories.

A1l  the ASS roads had the same pavement structure but the
performance varied from type to type for reasans explained
below:

a)  Type 7 had sur face painting which had cracked and peeled
off from scattered areas due to inconsistent quality of
the asphalt emulsion. Theee deteriorations, along with
some depressions, occurred gradually end also patch
repair  to some damaged spote were done  which prevented
sudden and severe damage from developing. A resurfacing
with bitumen and pea-gravele at the end of the monsoon
restored the surface to 1ts as-built conditian.

b} Type 8 had surface dressing with asphalt emulsion and
pea-gravels which was effective in sealing the surface.
As such, moistiure content of the sub-base remained close
to ac-built condition. Except for a few small localised
areas from where pea-gravels were lost, no other
deterioration occurred and repair/maintenance
requirement was minitmal .

c) Type 9 had surface painting which developed extensive
craciks and lost & large part of the painting in the very
first month after construction. This was due to poor
quality of the asphalt emulsiun (more about that io para

(iii)
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5.2 below). Depressions developed which, due to aimest
conplete lack of maintenance, quickly aggrevated into
extensive damages until i1n the thied month ruttings, 100
min deep, developed alang the trackways. The whole trial
csection had bto be repaired throuegh scari fying the base,
recampacting and  resurfacing  enbth bitamen and  pea-
gravels to restore it to the as-built condition. ilad
timely and effective martntenance been  undertaben  the
damages could have been avoided will resulting saviag of
EMPEOSIVEe repatr s,

d) Pypre 10 had Lhe same pavesent stractur e ae Type § eicept
for suwiace dressing with asphalt eouleion and  pea-
gravels 10 place of swrfacing parntiog. Like i the case
of lype @ a smail damaged porition, sboul 5 sqm, remained
unrepaired which, during the heavy rains of  Sep-0Oct,
1985, spread quickly over a length of  aboul  34m;.
Expensive repalro, Iitke in Type ¥y recstored 1t ta as-—
built condition. In the rest S6m of the *rial section,
except for scetlered cracks i the swrface dressing, no
other deterioration was observed and the pavement
remained 10 goud condition, like Type 8, till the end of
the siy-month monitoring period.

Conclusians drawn regarding AS5 roads are as follows:

a) Given an effective surface scaling their performance can
be equally good «= the WEM roads and better than HER
roarms

b} In terms of rmitial investmenst cost, ASS roads average
about  37% cheaper than HER roads and 32% cheaper than
WM roade=. lhesze are based on cost of pavement only.

Alea,  construction of ASS roade involves a more | abour
thteensive  method  than for the  otber two catagoraies.
This, together with ()  above, was one of the
abjeztives of this trial.

n
~

d, In  terms of marntenance cost also 1t appears  that ASS
roade have advant age aover the olhior ¢ at agor ies

e) However, A3S roads would require timely and effective
maintenance otherwise deterioration is likely to  be
rapid and damaging.

f) Aleo, during 1ts construction i1l is necessary to have a

measure of quality control in order to ensure an  aqggr-
sand-501} mix» as per design.

(iv)
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General

The conclusians drawn above are bascd on a cingle trial and
are, therefore, necessarily of tentative nature -
particularly =so due to the wnprehictable behavioae of
asphalt emulcion. NMevertheless, these trials have succeeded
in throwing up some promicing lines af investigation through
further trials.

O of the marn reavone for the tentative nalure of the

concluasiong (X that the asphalt  emulsion used  were  af
vartable quality = the ball of 1t falling outerde the r ange
aof =pecirfication. thiring to 1ts high viscocity 1t had na

peoetration of fect and Timited adhesion to the bace course.
s recidted an development of crackse 1n the suwrfacing  and
lose of painting which distorted the performance of  the
different pavement types.

Sectian 15 elaborates  the findings, conclusions and
reconmendabtions 1 greater detatils.,

(v)
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b)

c)

In both Types 2 and I, the costly item of brick flat
s0ling was omitted and the joints of HREB brick
pavement were designed to be sealed with asphalt
emulsion in an attempt to make the surface pavement
water tight  and thus ta maintain the sub-base
materials more or less consistent in ity functional
praperties, It was 1o be observed and determined
during the wmonitoring phase of the project if it
resl bod in longer life expectancy and/or 1ower
maitntenance caoat.

Water Round Macadam Road

Type-4:  Water Boond Macadam (WEM) Road with sand sub-
bhase and  surface dressing with asphalt
emulsion and pea-gravels.

Type—-3:  Water lwund Macadam Road with sand—-soil sub-
base and  surface paioting with asphalt
emulsion and sand blindage.

Type-6H:  Mater  Bound Macadam Road with sand—-soil sub-
base and  surface dressing with asphalt

emulsion and pea-gravels.

Type-4  wis  to be compared with Types S and &6 in

respect to thear performance efficiencies. In Types 5
and & the cootly  dtem af pure sand sub-base wase

replaced  with a miztare of 50:50 sand-soil sub-base
which i4 less orpensive. Fuarther, inclusion of some
clayey materiale  with sand does  roduce  the voids,
vmproves the bonding 1n sub-bage materials, ensuring a
mare  compacled  macs and it was hoped that it would
demonatr abe bet b petformance ef ficiency than  the
e el oy o e beeceago,

Aggregate Stabilised Spil Roads

Type 7: Aggregate Stabilised  Soil (ASS)  Road with
sand -nall sub-base and surface painting with
acsphalt emulsion and sand bl indage.

Type-8: Aggregate Stabilised Soil Road with sand-soil
sub-base  and  surface dressing with asphalt
enulsion and pea-gravels.

Type-9: Aggregate  Stabilised Soil Road with brick
aggregate grafting and sand-snil sub-base and
surface painting with asphalt emulsion and
sand blindage.

lype-10: Nggregate Stabilised Soil Rovad with brick
aggregate grafting and sand—-soil sub-base and
surface dro.esing with asphalt emulsion and
pea-gravels.

v



All types of Aggregate Stabilised Soil Roads surfaces were
to be treated with some kinds of sealing materials.
Premixed bituminous carpetting, which is expensive, would
have been the best way of sealing the surface for the best
performance, but the basic ebjective of the project being
to develop a low-cost, low-technology, semi-pucca road,
this expensive sealing with bituminous carpetting was
altogether omitted and a low cost sealing process was
adopted as mentioned above, although this sealing would
require requl ar maintenance for its satisfactory
performance under traffic.

Cross—section of each of the above type is given in
Annexures—-2A to 2G. The cement stabilised sections were
dropped considering involvement of higher technology and
necessity of very high degree of quality cortrol which may
not be achieveable under normal construction conditions in
rural areas.

FINAL DESIGN & SELECTION OF MATERIALS
Basis of Design

The Consultants started wor k by undertaking a
reconnaissance of the project area to familiarise
themselves of the area and to identify, among others,
sources of construction materials available in the
vicinity. The trial strip, 1000m long, started 280m from
the northern end of Horai Bridge and ended 1280m towards
Rajbari. Work plan was drawn up according to which traffic
survey, topographic survey and soil investigation were
undert alen.

Since the ubjective of the Trial was to devel up low-cost
roads which can be replicated under normal rural
conditions, emphasis was placed on evolving designs which
utilised locally available materials. For this, materials
survey together with requisite testing were undertaken  to
form the basis of different relevant parameters for design
nirxes.

For pavement design the following codes/publications were
fol lowed:

a) Road Note 29 and 31 of TRRL, UK
1) IRC publications No. IRC: 28-1947
) Standard Laboratory Testing Procedures, HBRRL.

d) HS Specifications and codes.

T3
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Philosophy of Design

The

ten sections selected fell under the following three

broad categories:

al

b}

c)

The

HER Brick Road (Types 1 to 3)
Water Bound Macadam Road (Types 4 to &)
Aggregate Stabilised Soil Road (Types 7 to 10)

selection of these three broad categories was made

with the following considerations:

a)

c)

HBB Brick Road

In rural road projects of the country, HBB has been
the most widely used method of road surfacing. Use of
HBB as a first stage construction on newly built
embankment has definite advantage in respect of
technicality and initial cost, when budget constraint
in road sector has been a chronic problem. When non-
availability uf adequate compacting equipments cannot
ensure requisite compaction of new embankments, +ime
consolidation hecomes a necessity. HBB pavements
provide the advantage that the moving traffic adds to
natural time consolidation. So, three types of HEB
brick Road with varying components of sub-base
materials were selected for trial.

Water Bound Macadam (WBM) Road

Water Bound Macadam Road serves better as a second

stage construction. It is expensive as a first stage
construction. Re-use of briclks fram HBE makes it
relatively less expensive for second stage

construction.

So, three types of WEM Road with different components
of sub-base materials and different types of surface
treatment were selected for construction and for
testirg their relative performance.

Aggregate Stabilised Soil (ASS) Roads

These types are more or less a new exercise in the
road construction process in Bangladesh. These are
encouragingly low-cost pavements as compared to others
and labour intensive with low-technology.- Hand-mi»ing
of different ingredients in design proportions needs
only moderate vigilance at the work site to achieve
acceptable gquality control. These types of pavements
have been successfully canstructed and widely used in
India (refer to IRC Journal 28, 1947). Thus, four
types of Aygregate Stabilised Soil Roads were selected

I/4



with similar sub-base and with slightly varying base
but different surface treatments to study their
camparative performance efficiencies.

Stress on Use of Local Materials

The main objective of the project was to design a low-cost
pavement with the best possible utilisation of locally
available construction materials but maintaining the
quality of finished job within acceptable limit, as per
design and specifications. Thus, locally availabole sands
from different sources, local soils from the box—cut areas
and the road-side borrow-pits and the bricks burnt by
local indigenous {fuel by the local manufacturers were
selected after laboratory testing and careful
investigations to meet the design criteria. Proportion of
different ingredients in each type af pavement was also
selected to achieve the maximum dry density and
serviceability with minimum cost invalvement for different
components of the pavement structure.

COSTING, TENDERING AND EXECUTIONS
Costing

In preparing the cost estimates, the Consultants adopted
the Schedule of Rates of Faridpur Zila Parishad, 1984-85
and current mar ket rates at Faridpur, September 1985. Cost
estimates were prepared for 100m strip of each type of
pavement. In order to have a comparative study, cost
estimates were prepared for both smaller and larger volume

of works, spliting up, in each case, the cost of materials
and labaour. Comparative statement of cost estimates and
assumed rates of Tabour and materials are included in thies
Report as mnnexoare-%a and 3b.

Tendering and Contract details

Tender  documents, including specification of works and
materials, were prepared by the Consul tants. In
consultation with IRWP and LGER personnel, the work was
divided into two groups with the intent being to complete
the work within a shorter time so as to achieve completion
of canstruction before the advent of monscon. Trial
sections | to 4 were included in Group-A and those fram 5
to 10 were included in Group-H. Hefore inviting tender,
sixn contractors wer e prequalified on basis of
recommendation of a committee consisting of (a) Erxecutive
Enginewr, LGER, Rajbari, (b) Executive Engineer, LGEB,
Faridpur, () Resident Fngineer, IRMIF?, Faridpur, (d) Nddl
FO, Faridpur, () Executive Engineer (FR), Dhaka and (t)
Representative of the Consultants. Among the prequalified
contractors Mr Kh. Enayet Hossain and Mr Md Akbar Ali
stood lowest for Group-A and H respectively. But their

1/5



quoted rates were 507 higher than the estimated costs.

After scrutinizing the tenders and on recommendation of

the tender committee, the works were awarded to the lowest

tenderers At 25% higher rate than the estimated costs.
Contract details are s below:

Group and Name Trial Type Contracted Actual #

of Contractor Amount Feriod Amount ~eriod

Group—-A 1 to 4 T 466,309 <90 Tk 454,494 142 days

Mr Kh. Enayet A00m days including

Hossain 15 days
for mobi-
lisation

Group-B S to 10 Tk 405,724 90 Tk 593,603 —ditto-

M- Md Akbar 600m days

Ali

# Actual construction cost and time for

completed velume of woris.

Contractor ‘s Mobilisation

Though Work Order was issued to the Contractors by the
Executive Engineer, LGEN, Rajbari on 09 Feb 1984, they
could not start the works physically until 24, Feb 1984,
During these two weeks, the Contractors mobilised 1abour,
constructed  labour sheds at site and submitted samples of
construction materials such as sand, soil and bricks from
different sources {for  testing their suitability as
required under the Contracts. For such intensive quality-
cuntrol*test~0riented—cun5truction—project, this minimum
period for mobilisation was essential and which should be
considered in future tou, while estimating time for
execution of similar projects.

Contractors’' Performances and Progress

The nature of the Road Surfacing Trial Project was
campletely new to the Contractors and they were not
clearly aware of the requirements of intensive and random
quality control tests at every stage of construction.
Contractars had no technical persons and surveyors for
checking pre-section and giving layout for stage
constructon, The worit was supervised b, non-technical
staff uf the Contractors. Due to the above, the
Contractors could not plan ahead and make programme of
works. The Consultants had to prepare schedule of works
for the Contractors. Even then the Contractors could not

1/6
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properly follow the schedule of warks prepared and
supplied by the Consultants. Programme of work versus
actual progress achieverd is included as Annexure-4a & 4b.

Contractors engaged local labourers. to whom these works
were not at all samiliar. The Caonsultants’' staff,
therefore, had to take necessary steps to motivate the
Contractors as well as their labourers to make them
understand the works and importance of quality control
necessary for successful execution of the project. At the
initial stages the work of the Contractors were not
unsatisfactory but due to lack of technical knowledge and

mismanagement of labourers their progress was
inconsistent. Annexures Sa and Sb are histograms showing
viide fluctuation of labour employed under the two

contracts. The progress was delayed and hampered to some
extent due to rain and more so due to worsening attitude
examplified by the Contractors’ gradually increasing
disregard towards the advice and instructions of the
Consultants. However, considering the almost complete
absence of technical knowhow and resources of the
Contractors, their achievement is not inconsiderable.
Measure of performance of labour and equipments are
included in Annexures 6a and &b.

SELECTION OF MATERIALS, QUALITY CONTROL
AND SUPERVISION OF CONSTRUCTION

Quality Control of Materials

Materials 1like sand, s0il and bricks were selected by
careful investigations of all local sources. The qualities
of all these materials were controlled under randoim
sampling from site and intensive testing in the laboratory
as per programme of testing. G.e Annexure-7 for programme

of investigation and testing for quality cantrol of
materials and works.

Some problems were encountered in getting well graded sand
and bricks of specified size, shape and strength. Local
sands were not readily usable due to poor gradation. This
problem of sand was overcome by blending sands from
different sources and accepting a little lower FM and thus
it was also possible to replace the use of costly Sylhet
sand with much cheaper local sand, saving time and money.

In locating bricks from local manufacturers of Faridpur
and Rajbari, it was observed that the specified strength
requirement of 1B0O psi could not be met in 100% cases. As
such, a recommendation to revise the acceptalle strength
of bricks was made to the Froject Director, IfWP, Dhaka,
who, 1in consultation with the Executive Engineer, LGER,
Faridpur, madified the acceptable strength to 1500 psi.
Inspite of this revised strength criteria, all possible

/7
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efforts were made to select bricks of higher strength
available in the locality. In doing so, ultimately, it was
observed that in only about 10% cases, the bricks were
below 1800 psi. But, in general, the bricks were not
uniform in shape and size. However, considering the
overall conditions of locally availaole bricks, priority
was given to the strength criteria rather than to the
shape and size. As such, in the HHEB hrick pavement, the
firished surface achieved was not even.

Problems were also encountered regarding gradatian of
traditional hand broken aggregates. To overcame this
problem, caontractors were motivated by piractical
demonstration about the required size of the aggregat es
and also to prepare separate stock piles af different
sizes of aggregates. Individu.l grading of these stock
piles were frequently checked and blended as per selected
proportions to achieve the requisite combined gradation.

Mix Designs

Prior to constructing the sub-base and base-courses,
several trial mixes were done in the laboratory to fix the
mixing proportion of different ingredients to meet the
specification requirements in respoct of gradation, CBR
and compactibility af the mix. In doing sa and for best
utilization of cheaper materials and to satisfy
specification requirements, sand and soil proportion had
to be adjusted. Decails of design criteria for all types
of sub-base and base courses versus the actual field test
results are included in the Appendix-—1.

Supervision of Construction

The whole process of <construction was supervised
constantly and closely as per programme for monitoring of
construction works. The quality of works was controlled
through monitoring at every stage of the works by checking
mi»ing and laying procedures, moisture cantent prior to
compaction, taking samples from placed-layer to check
their confarmity with the design requirements and
performing field density tests and level checks after
completion of each layer. (uality control test results of
construction process are included in the repart as Summary
of Field Test Results in Appendi»-2 and the number and
types of tests performed is given in Appendix—3.

AS-BUILT CONDITIONS AT THE END OF CONSTRUCTION

Each layer of pavement structure in every type has been
constructed under careful supervision and close to
specification requirement. As-built condition of each
type, immediately after construction and before starting
of monitoring, has been described below.

I/8
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Traditional Type of HBB Road

HBB over single brick flat soling and sand sub-base in
Type—-1 is a traditional type of pavement. Inspite of
inconsistent quality of bricks in shape and size the
surface finishing, camber and levels were found not
unsatisfactory due to constant and close supervision.

New fype of HBB Brick Road

HBY brick pavement over sand-soil sub-base in Type-2 and
over aggregate-sand-soil ‘sub-base in Type-3I were
completely new types of pavement constructron. In bath
types the pavement surface, grade, camber and levels were
satisfactory. However, it was aspprehended that joint
sealing of HBB with asphalt emulsion may not function
properly as the emulsion had very little adhesion to the
bricks and there were chances for individual movement of
the bricks due to irregularities in shape and size.

WBM Road

WBM base courses over sand sub-base in Type 4 is a
traditional type of construction. But sand-soil sub-base
in Types 5 and & werd new types of pavement structure. The
as-built surface condition, camber, levels and compaction
were all quite satisfactory. In surface dressing of Types
4 and &, cover aggregates were not fully embedded and
about 507 nf the aggregates remained loose over the
surface. The surface, however, was sealed and appeared to
be functioning properly.

Surface painting in Type 5 looked apparently good at the
end of construction and was functioning well. But in both
the cases of surface painting and surface dressing, i.e.
Types 5 and &, there was very little penetration of the
asphalt emulsion into the underlying surface due to
inconsistent quality of the emulsion for which its
serviceability could not be guaranteed. See Section-7 {for
more details regarding quality of the asphalt emulsion.

Aggregate Stabilized Spoil Road

Aggregate-sand-soil stabilized road bases in Types 7 to 10
over sand-soil sub-base were completely new types of
pavement in all respects. As-built conditions of these
types were satisfactory in respect of compaction, surface
finishing, camber, grade and levels. These pavements
appeared to be stable and were behaving well under the
traffic. Surface painting in Types 7 and 9 appeared to be
functioning well but there was no penetration of the
asphalt emulsion as mentioned earlier forr which the
painting might easily be damaged.

1/9



Surface dressing in Types 8 and 10 were apparently
satisfactory except the cover aggregates which could not
be fully embedded. Had the cover aggregates heen fully
embedded, it would have made the surface more stable and
protected frum wearing and effects of rain.

Comparison of the as-built levels with those obtaining at
the end of the six-month post—-construction monitoring
period is shown graphically in Annexure 8a to B8i. Details
of changes in levels monitored month-wise are given in
Appendix-4.

Granular Shoulder

Granular shoulder, 2°'-4" wide on either rides, were
constructed and appeared to be functioning well. It had
added to the stability to the edge of the pavement. But it
was felt that if wider granular shoulder was provided, and
in thicker layer, it could have served the purpose better.

Embankment Side Slope and Turfing

Compaction and trimming of side slopes had not been done
satisfactorily. Earth on side slope appeared loose and
slope uneven. Turfing also had not been done properly. In
fact, it was found that it was very difficult to achieve
satisfactory compaction on embankment side slopes by hand
tampering. The situation might improve by using small
vibratory roller (plate vibrator) for this purpose. Plate
vibrator is widely used in many countries for compacting
embankment side slopes and back-fill of bridges. Plate
vibrator is not a costly equipment particularly in view of
its benefits.

ASFHALT EMULSION

The asphalt emulsion was very much inconsistcent in
quality. The first sample supplied by the Contracltors from
the manutacturer (M/s Zakir Industries) was of iacceptable
quality as tested in Central Testing Laboratory, Tejgaon,
Dhaka, see fAnnexure-9a for test results. 1t will be noted
that viscosity at 20°'C was &.41 against an acceptable
limit of 6 to 9. On the basis af this sample test, the
contractor was allowed to carry the bulk quantity af
emulsion of similar quality to the work site. New
samplings were done from those quantities brought to site
and tested again in the same Laboratory. In this case, out
of seven samples tested in two lots, only one sample was
found to have viscosity within the specified range (even
that at the extreme edge aof limit) while the ather siy
samples had viscosity outside the specified range, see
Annexures 9b  and 9c¢ for test results. The emulsion was
found to be highly viscous and so it had no penetration
and thus the performance of surface treatment spemed to be
very doubtful.
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Even though the emulsion was out of specification, the
Contractors were allowed to use the same under instruction
of IRWP officials ppssibly considering:

a) that time was running out as monsoon had already set
in and so the surface needed immediate treatment.

b) that it was highly unlikely to settle the case o7
unspecified emulsion material between the Contractors
and the supplier within a reasonable time.

It may therefore be concluded that it would not be proper
to use this emulsion again unless the manufacturer can
give guarantee about the specified quality of his product.

COMMENTS ON POSSIBILITIES OF CONSTRUCTING LOW-COST ROAD

Road Surfacing Trial Project was constructed under Local
Government Engineering Bureau (LGEB) with the objective to
study, design and construct low-cost, low-technolaogy,
labour-intensive, all-weather, semi-pucca road pavements
for rural areas of Bangladesh. Considering the acute

problem and backwardness in communication of rural areas’

and high cost invulvement for road construction, this
attempt by LGEB to find a low-cost semi—-pucca road was a
note-worthy undertaking and its success will be of
national interest and can open a new horizen in the
construction of low-cost rural roads in the country.
Throughout the canstruction period, Consultants’ staff
exerted their efforts to get the works done as per
specification and, accordingly, the works were completed
successfully. The assistance from IRWP and LGER personnel
were also considerable and is hereby acknowleadqged.

This project being the first of its kind there are reasons
for not being optimistic about its complete success and it
may be difficult to draw a definitive conclusion about the
best type of pavement. Some more trials, with other
possibilities of pavement structures, are essential to
achieve the objective.

It may, however, be concluded that such innovative type of
work are possible with local contractors using locally
available construction materials and local labourers, both
male and female, nominal equipments like small vibratory
rollers and some limited use of big rollers (B-10 ton) but
under strict supervision by personnels having sound
technical knowledge, specialised in materials engineering,
able to fi» design criteria through laboratory testing and
monitoring the construction activities through intensive
field testing for qQuality control.
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POST-CONSTRUCTION MONITORING PROGRAMME

The post-construction monitoring was aimed at closely
observing the performance of the different types of +trial
sections. For this the Consultants chalked out a si)x-month
monitoring programme which, after discussion with the
Client, was epproved.

The monitoring programme consisted of six» once—a-month
inspection visits by the Consultants - usually in the last
werk of each month, starting Jul 1986 throuch to Dec 1986.
During th2 monitoring visits the following observations
and recordings were made:

a) Traffic Count

A traffic count was made during Aug 1986 (same month
as the pre-construction count). The count was taken
for 16 hours on five days - two days on market (haat)
days and the rest on non-market days. The purpose of
the count was to determine the growth in traffic
resulting from improvement of the pavement - see
Table-1 and Appendi»-é&.

b) Level Survey

€ross-sectional spot levels at 25m interval were taken
every month to compare with the as-built elevations
and to see the rate of change of road profile. See
Annexure 8 and Appendix 4.

c) Pavement Deterioration

Types of deterioration to be observed was agreed upon
and recorded  ponthly on the proforma given in
Appendl -, suppor ted by photographs, where
appropriate.

d)} Shoulder Deterioration

Observations were made once every month and recorded
in the same format as that for pavement deterioration.

e) Slope Deterioration

Observations were made once every month and recorded
in a format similar to that for pavement deteriocration
except that the following types of deterioration were
abserved:

raincut

sliding

rat holes

fo»x holes

any other lypes

G 000O
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g)

Moisture Content (MC)

At the end of monsoon, during late Sep 1984, muisture
contents where checked in sub-base and base couwrses,
in the granular shoulders and =and drains to compai-e
with as-built moisture conten:s in order to see the
effectiveness of design and construction of different
compaonents of the pavements - see Table-5.

Flood Level and Ground Water Table

These levels were recorded daily by observation of the
rlood level gauges and the GI standpipes sunk ailong
the shoulders ouf the road. The comparison gave the
differerntial elevation between flood water and ground
water table which gave an measure of the apparent and
actual free board.

Monthly Monitoring Feports (MMR) were prepared every
month and submitted to the Client. Summarised general
comments extracted from the si»x MMRs are given as
Appendix»-8.

10.G ANALYSIS OF RESULTS OBSERVED DURING MONITORING
10.14 Traffic Count
The Table-1 below gives a comparative statement of traffic
data collected in Aug, 1985 {(pre—design) and Aug, 1984
(post-constructian):
Table-1: Comparative Statement of Traffic Data
"""""""""""" Average Daily Traffic(ADT) Design Rate of
Descriptiron Commercial All HMotor ADT growth KRemarks
Veh (No) Vehh (Na) (CVD) (Com Veh)
Initial Truck =18 Com Veh =40 40»1.33 87 Design
Traffic Data bus =22 Car,Jeep= 3 = 33 growth
in Aug’'B5 Total =40 Total =43 rate
fraffic Truck =12 Com Veh =49 22.5% Observed
Data in Hus =37 Car ,Jeep= 2 growth
Aug ‘86 Total =49 Total =51 rate
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From the traffic survey during the off-peak season in  Aug
1985 the initial traffic was 40 CVD. For design purposes,
334 increase in commercial vehicles was considered during
the peal perind of winter season. Thus, design ADT =
40»1.33 = 53 CVD with an assumed 8% growth rate, whereas
the actual rate of growth of commercial vehiclecs during
one year nas been found 22.5% during the count  taken in
Aug 1984. Even thie increased ADT of 49 CV after one year
was less than the design ADT of 53 CV. Thus design ADT was
adequat =.

Suminary of the five-day traffic count taken cduring
monitoring period (Aug’84) i= presented in Appendi»—a.

Level Survey

Variation of moni tored elevatians from as-built
elevations, at every 25m interval, is given graphically in
Annexure—-8 and in a tabular form in Appendix-4,

Table~-? below gives a general trend of settlement of the
whole pavement cross-scection for each of the pavement
types. It will be noticed that setilements are more along
the pavement edges than along the centre line. lhis is due
to the fact that the road being single lane the trackways
fall nearer the edyes of the pavement thean the centre.

Table-2: Settlement of Pavement Cross-section

at end of Monitoring Period

FPave - Level variaticne i mm along Jverall
ment Centee Tine fuges of pavement Settle-
Type  Mosiaeun Fuovmun S0 taed Macoimiur Mircomm /04 ad gz
AV ET ilye Frw el etier
1 e ir “f £ & L I
2 HEDC D4 i 7 : o 7 14
3 o4 1= 22 4 10 s
) ot 11 1@ ST & 23
O b Ly 1i o d1 20 L=l
& ) 1é o0 41 14 o
7 Aggr L4 1 15 72 2 2 33
3 Stab av i 20 HE Y A o3
Y Swrl 34 g 14 4y 5 I3 27
1Q T A 1o 0 o A Y
¥ Highea than as-bur bt elevatyon.
These  vettlerente qlong Yhe cendre bine of the 20r eaat &
R S S LS I S P e Uheany e < [ T I

et edid sl aght by mGe e e Yo fo PG birted orad. Bt ,
«long the adges, Lhiesr:  selllements f-oar “#gyr egate
statinbreed wral rOad are ciaght Ty hagher than thoue  for
WL 5 et cund a1 eeats ) ol ghize thicns tar HBKH G road.
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10.3

These settlenents in HBR brick roads are due to the
settlement/consolidation of sub-base, while in WBM road,
this ie mainly due to the settlement/consolidation of sub-
base and aonly partly due to the embedment of WAM base into
the sub-base. In aggregale stabilised soil road this was
due to the settlement/cancsolidation of both the sub-base
(sand—-s0il) and base-course ({(aggregate-sand-soil mi). So,
the relative settlement is higher for tihe latter category,
but the differences are not remarkable between WOM  and
aggregate stabilised soil road.

It is 1mportant to note that the settlement for pavement
crass-sectior. in the different types within each of the
three categories were consitslient. This caonsistent
settlement of the entire pavement cross-section for whole
length in each type is not an i1ndicatian of pavement
failure as the relative performances of the pavement
remained unaffected.

Therefore, the aggregate stabilised soil road, which had
almost similar degree of settlement as WBM road, is
expected to pertorm equally satisfactorily as the WBM
road.

Pavement Deterioration

Pavement deterioration occured wmainly in the faorm  of
depression and ruttings. Table-3 below summarises the
extent - o/ deterioration in each type while Appendisx-5
presents the information 10 more detail:

Table-3: Pavement Deterioration (Summary)

i;;é>hvﬁd{{;ﬂaé;6éﬂ;;55ions 10 n Remarﬂs
Mas 1 mun it mun
1 25 15 Depression along track-
way owver 137 of length
HEGE
2 road 2% 15 " 807 of length
3 20 15 " 707 of length
4 Negligible local
9 WEM depressions aonly
6 road
7 Aggr 15 10 l.ocal depressions alang
Stab edging
8 Soil 20 15 " " !
9 road 100 50 Rutting along trachkway
and localised depres-

10 73 S50 sions
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In HBB brick roads (Types 1. 2 and 3) depressions
measuring 15 to 25mn deep occurred along the trackways.

In WBM roads (Types 4, S and &) only negligible 1local
depressions occurred.

In full length of the aggregate ctabilised soil (ASS) road
Type 9 and 34m of Type 10 werr damaged for reasons
explained belaouw. However, ASS roads Types 7 and 8
exhibited only a few local depressions of between 10 and
20mm depth leading, tentatively, to the conclusion that
resistance of ASS roads against surface deteriaoration
under traffic is about the same as WBM roads and hetter
than HEN brick roads.

In Type 10, at the end of the section, a small weak spongy
area of about I sqm was noticed in the first month after
the completion of the construction. This weak spot, under
traffic, spread to an area of about 12mxim, causing cracks
and depressions as observed during the second monitoring
visit in Aug 1986. It warranted immediate repair to arrest
further spreading of the damage, but as the repair works
were not taken up in time, these damages, during the
unusuai two-week heavy rains in Sep/Oct 1984, spread upto
34m along the trackways causing deep ruts. {(For details
please refer to the third Monthly Monitoring Report).

The initial damage of 3 sgm at the last stretch of Type 10
was caused due to the presence of excess moisture (beyond
optimum moisture content) in the base course, which fact
was confirmed during the repair activities of the damaged
area 10 Oct/Nov 1986 when the sub-base was found in good
condition and did nat require any rectificatican. It may
also be stated that this last stretch of 10m of Type 10
was 11 a shaded portion under trees.

During the third monitoring visit in Sep 1986 deep
ruttings, upto 100mm in depth, were observed along the
trackways tu ASS road Type 9. Possibly these ruttings
started al the beginning of Sep 1986 but no repair works
were undertaken during the month. Since the monitoring
visiles tool place in the lasl weelk of every month  the
actual start of the damage and its course could not be
established. It is, perbaps, therefore necessary that in
ruture trials more intensive monitoring of damage and
investigation of remedial measures be taken in hand more
expeditiously and on more scientific basis.

Reports on  the damages in Types 9 and 10 are given in

Appendin -5, Record aof Observation, as also 1n General
Comments from Monthly Monitoring Reports (Appendix—8).

1/16



10.4

10.5

It is important to note here that Types 7, 8, ? and 10 had
identical pavement structuwres with varying surface
treatments with asphalt emulsion. Type 8 and &&m aof Type
1¢ performed well under traffic. Also Type 7 performed
quite satisfactorily with only a few local depressions
which developed dwing the two-weel: unsewsonal heavy rain
in Sep/0Oct 1984.

Thus, if an effective surface treatment can be pravided,
aggregate stabilised soil roads may be equally good as WEM
roads  and  better than HEB roads but will need timely
maintenance for efficient performance.

The Granular Shoulder

The 2'-6" wide granular shoulder constructed on both sides
of the pavement provided the following advantages to the
traffic:

al An  additional width of S'-0" (2x2°'-6") o©of sub-base
standard

b) A stronger support to the pavement edges increasing
its stability and resistance against deteriaration by
breaking at edges

c) Facilities of easier maneuvering for passing and/or
overtaking traffic

Shoulder Deterioration

The extent of deteriorations observed to the granular
shoul der and earthen shoulder during the si»x—month
monitoring period are summarised below in the Table-~4a.

Table-4: Deteriorations to Shoulders

Type of

Shouwlder lype of Deterioration Remarks

Gr anul ar Aggregates exposed by Surtace sealing

shoul der washing away of sand and may be provided
s0il by rain water

Earthen Depression, localised and Rregutl ar mainten—

shoulder in long stretches ,obser- ance strongly

ved, accumulating rain recommended
water during welbt weather

For granular shoulder, no other remarkable deteriorations
than mentioned abave was observed. If this granular
shoulder can be sealed wibkl simple surface painting, such
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10.6

10.7

loss af sand and soil from the granular materials can be
reduced with better performance of the granular shoulder.

Embankment Slopes

The embaniiment side slopes were treated with grass turf to
protect against raincuts and erosions during the wet
weather. Turfing was found quite effective except in a few
location where raincuts were deep and sliding of earth
from side slopes occured in a place or two. These happened
mainly due to the fact that the extra earth works done on
the side slopes were not compacted properly. Although it
is difficult to properly compact the side slopes, it is
quite possible to improve the degree of compaction by hand
ramming with better co-operation from the construction
contractor.

It is also possible to improve the degree of compaction by
using a small plate vibrator which would be held on the
slope by one person and be pulled up the slope by another
two persons from the road shaulder. But it is preferred to
use local labour Afor such compaction to make the
constructiaon process labour-intensive.

Turfing 1s very cheap and effective i€ the compaction in
earth worl 15 proper. It was found that the grass sods
placed on the side slopes at noliceable gaps spread around
within  a month or two during the monsoon cevering all the
gaps. OGrass was tound covering even the entire earthen
shoulder after the Virst monsoon even though there was no
turfing placed during construction. Jute mesh may be tried
far slape protection, but it would be considerably more
expenstve than grase turfing.

It 1s thus recomended Lhal:

a) Particular attention be given to attain the requisite
level of campaction af the earthfill on side slopes
using labowr 1otensive hand ramming process.

b) Turfing be used on cowmpacted side slopes for slope
protectioun.

c) Intensive wmaintenance be taken up at least once a
year, afler the monsoon, to restore the side slopes to
original conditions.

Moisture Content

The moisture contents 1n base, sub-base, granular
shoulders and sand drains were checked during 27 Sep to 09
flct 1486, a period which experienced  unseasonal  heavy
rain. Table-5 gives a statement showing monitored moisture
content versus design OMC and as-built mpisture content:
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Table-5: Statement Showing Monitored Moisture Content,
Design OMC and As-built Moisture Content
Pave- . ESG;EE;EE_MC in % As-built Design Difference
ment Lavyer Normal Damaged MS in % OMC in  (3-95) or
Type spot spot taverage) 7% {4-5)
1 2 3 ] & 7
1 Sand 13.59 12,63 13.75 +0.96
sub-base
Gr shoulder 16.76 LHS 14.4%5 14,09 +3.37 (av)
18.89 RHS
Sand drain 18.89 & 12.63 13.75 +6.42(av)
19.5t LHS
19.43 &
18.37 RHS
2 Sand-soil 15.05 11.21 11.50 +3.84
sub-base
Gr shoulder 15.51 LHS 13.04 14.09 +3.20(av)
16.96 RHS
Sand drain 18.28 & 12.43 13.75 +7.15Cav)
20.83 LHS
21.42 &
18.58 RHS
3 Aggr —sand- 14.85 13.11 14,09 +1.74
501l -—-sub-
base
Gr shoulder 14.08 LHS 13.51 14. Q% +2.82av)
16.58 RHS
Sand drain 20.15 & 12.63 13.75 +6.37 (av)
12.72 LHS
17.07 &
19.07 RHS
4 Sand 10.79 13,15 14.40 -2.34
sub-base
Gr shoulder 15.05 LHS 14,71 14.09 +1.84 (av)
18.05 RHS
Sand drain 19.77 & 13.15 14.40 +6.19(av)
192.460 LHS
17.79 &
20.20 RHS
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3 Sand-soil 10.76 11.52 12.08 -Q.756
sub-base
6Gr shoulder 19.72 LHS 15.146 14,09 +3.71 (av)
17.94 RHS
Sand drain 18.92 & 13,15 14.40 +6.81 (av)
17.68 LHS :
21.58 &
21.867 RHS
6 Sand-soil 12.02 12.20 12.08 -0.18
s'tb-bage
Gr shoulder 20.10 LHS 15.4%5 14.09 +5.05(av)
20.91 RHS
Sand drain 20.50 & 3.15 14.40 +6.98(av)
19.80 LHS
20.11 &
20.11 RHS
7 Aggr-sand-— 14,41 12.22 13.08 +2.19
spil-base 21.24 12,22 +9.02
Sand-soil 14.60 12.82 12.20 +1.78
sub-base 20,00 12.82 +7.18
Gr shoulder 20.20 LHS 16.80 14.09 +3.02(av)
12.43 RHS
Sand dratn 21,02 % 13.15 t4.40 +7.11 (av)
20,52 LHS
18.61 &
20.88 RHS
8 Aggr -sand- 12,13 13.26 13.50 -1.13
soil base
Sand-soil 12.75 12.25 11.93 +0.50
sub—-base
Gr shoulder 18.82 LHS 16.64 14,09 +2.31Cav)
19.07 RHS
Sand drain 20.46 % 13.15 14.40 +4.45(av)
17.84 |LHS
20.60 &
192.50 RHS
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DObservations and Findings
of Moisture Content Check

a)l Increase

9 Aggr-sand-— 15.03% 14.05 13.346 +0.98
soil-base 22.64 14,05 +8.59
Sand-soil 15.63% 13.51 +2.12
sub-base 20.45 13.51 12.04 +6.94
Gr shoulder 20.21 LHS 17.05 14,09 +3.73(av)

21.35 RHS
Sand drain 20.71 & 13,1 14.40 +6.35 (av)
18.52 LHS
18.90 &
20.66 RHS

10 Aggr-sand- 15.37#% 14.05 13.25 +1.32
soil -base 22.31 14_05 +8. 246
Sand-soil 15.463% 12.88 12,235 +2.73
sub-base 19.75 12.88 +6.87
Gr shoulder 17.46 LHS 16.00 14.09 +3.03 (av)

20.60 RHS
Sand drain 19.61 & 13.00 13.15 14.40 +8.02(av)
21.70 LHS
21.83 &
21.55 RHS
¥ There were small cracks in the test locations.

in moisture content of sand sub-base of Type

1 is not noticeable. It is an HBB brick pavement aver
brick seling. Increase in moisture content of sand-
soil sub-base of Type 2 is more noticeable as compared
to Type 1 and slightly higher than the acceptable
range whereas for Type I, the increase in moisture
content of aggr-sand-soil sub-base is alsa noticeable
but within the acceptable range. It may be stated that
both Type 2 and Type 3 are HBE brick pavements without
brick soling, so the increase in moisture content of
sub-base for both the types should have heen similar.

However, it was noticed that 3007 af the joint sealing

by asphalt emulsion for Type 2 had cracked and opened
up whereas for Type 3 such deterioration had been
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b)

c)

about  75%. This differential performance of joint
sealing (due to inconsistent quality of asphalt
emilsion) had caused differential rate of in€tiltration
of rain water to the sub-base and thus the increase in
moisture content of sub-base for Type 2 is greater
than that for Type 3.

Perhaps it can, therefore, be concluded that the
performances of sand-soil and aggregate-sand-soil sub-
base wunder HBB brick pavement, without brick soling,
may be assured within the design criteria if effective
sealing to the HBB brick joints can be provided. This,
however, needs further investigation.

fi general trend in decrease in moisture content of
sub-bases of all the three types of WBM (Types 4, 5
and &) had been observed. The decrease in MC in sand
sub-base of Type 4 is relatively much higher than
those for Types 5 and & having sand-soil sub-base. As
moisture retaining capacity within sand materials is
less than that of sand-soil mi» (due to lesser voids
and thus lesser permeability of sand-soil) such
reduction in MC is logical. So, the as-built moisture
in the sand sub-base had been loosing moisture to the
sub-grade and surrounding soil at a greater rate than
that for sand-snil sub~bace. Further, as the WEM is a
denser base course having surface treatment with
surface painting and sur face dressing, there had not
been appreciable infiltration of rain water into the
sub-base through this dense base, although there had
deveioped some cracks in curface painting of Type S
and loss of coated pea-gravels +from surface dressing
of Type 4 and lype & in very small scattered areas.
the  reduction o M of cub bases in Types 5 amel & is
very negligible and remained almost near to  as-built
ML whereas that for lype 4 is remarkable for being
less than the lower limit of allawable range.

S0 again, perbaps, it may be concluded that the
performance efficiency of sand-spil sub-base is
satisfactory and better than sand sub-base under WEM
base.

Types 7 and B have similar base courses with varying
surtace treatment. Increased MC was noticed far Type 7
having surface painting with asphalt emulsion. This

sur face painting had developed cracks (due to
inconsistant quality of asphalt emulsion) through
which rain water had infiltrated and thus increased
the HMC. Due to the same reason increased MC had  been

observed in Lhe sand--sail sub-base also, whereas the
base course for Type 8 having surface treatment with
pea-gravels and asphalt emulsion showed a reduction in
moisture content. It is likely that the surface
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d)

e)

treatment was effective that prevented the
infiltration of rain water into the bas=; but a
certain part of the moisture from the aggr-sand—-spil
base (which is a permeable mix) had been loosing
moisture to the sub-base, reducing the MC in the base
and increasing the MC in the sand-spil sub-base. It
may be noted that such increase in MC in the sand-soil
sub-base is negligible and the MC is very near to the
as-built conditions.

From the above findings of Types 7 and 8, it may be
concluded that, if the surface of the pavement
structure can be treated effectively against
infiltration of rain water, it is expected that the
pavement structure with aggr-sand-soil base and sand-
soil sub-base will function satisfactorily.

Types 9 and 10 have similar pavement structure {aggr-
sand-spil base with aggr grafting and sand-soil sub-
base) with wvarying surface treatment. Increased
moisture content in base and sub-base had been noticed
for both the types. The surface painting and surface
dressing had developed cracks (due to inconsistant
quality of asphalt emulsiaon) through which rain water
has infiltrated and thus increased the moisture
content. It may be noted that the increase in moisture
content is within the acceptable range.

If the surface of the above pavement structures can be
treated effectively against infiltration of rain
water, it is expeclted Lhat the pavement structures
will function satisfactorily.

Increase  of moisture content in granul ar shoulder was
generally noticed, ranging from 1.84% to 5.05%. This
increase in moisture content wac abviously due to
untreated open surface. The variation in increase of
moisture content was due tu improper slope and
depressions an shoulder which had developed with time
after the completion of construction.

It may be concluded that if the granular shoulder can
be maintained in proper slope for quick dr ainage of
surface water, the increase of MC will be more
consistant and within acceptable range.
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10.7

f) Increase in moisture content in sand drain was quite
remarkable which clearly indicated that the sand
drains had been functioning properly and effectively.

In summary it appears that the abave reflect some
positive advantages that could be achieved by using
sand-soil sub-base and aggregate—-sand-soil base.

The aggregate stabilised soil road with sand-soil sub-base
in Type B8 had surface dressing with pea—gravels and
asphalt emulsion. During this period when the moisture
content was chechked the surface dressing was found in good
condition without any remarkable deterioration. Thus, the
surface treatment was satisfactory. Due to this
satisfactory surface treatment, rain water could not
infiltrate into the base and sub-base and so the moisture
contents in base and sub-base did not change appreciably,
rather they were very near to as-built moisture content.
This situation ensured the satisfactory performance of the
aggregate stabilised soil road, Type B, even at the end of
six—-month monitoring period.

Thus, it can be inferred that aggregate stabilised soil
road with sand-soil sub-base can perhaps replace the more
expensive WEM and HBR brick pavement structures in respect
of performance efficiency, provided it had an effective
surface sealing against ingress of rain water into the
pavement structure. More trials are however indicated
before a firm conclusion can be reached.

Flood Level and Ground Water Table

Threr  flood level gauges were installed near the borrow
pits and three GI standpipes were installed at the edges
of the shoulders to monitor the flood water level and
ground water table. Appendix-7 gives the location and Ri
of the gauges and the standpipes.

Table—4 below gives the montly readings of flood level and
GWT taken during the monitoring visits:
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Table-4

: Flood Level and Ground Water Table
during Monitoring Visits

Station Date aof Fr. GWT Difference Remarks
observation in metre in metre in level

a b c d e =(d-c} f

13.006% 16.411%
I 29 07 86 1X.056 1X.538 0.482
27 08 86 13.105 13.548 0.443%
02 10 86 14,066 14,187 0.121
28 10 86 J.014 13. 360 0.344
25 11 86 * % 1X.292 ——
30 12 856 * % 12.780 -
14.143% 16.403%

11 29 Q7 86 14.313 14.373 0.060 GWT is higher
27 08 86 14,344 14,488 0.142 than flood
a2 10 86 14.343 14,480 0.137 level due to
28 10 86 14. 163 14,183 0.020 capillary
25 11 86 14,209 14.171 -0.038 action
X0 12 86 * % 13.751 -

13.992% 16.200#%

III 29 07 856 14.5962 14.581 0.019
27 08 86 14,622 14.4645 0.023
02 10 86 14,4656 14.798 0.142
28 10 86 14,392 14.440 0.048
25 11 86 14.399 14,494 0.095
J0 12 86 14,209 14.244 0.035

¥ Hase Rl for Flood lLevel gaunge and
Top Rt uf GWI pipe
¥x Flood Water in the borrowpit around

Sta

tion I had completely dried

The inconsistent difference between levels of flcod water
and ground water table may have been due to the observed
difference in water level on two sides of the embankment
and the variation in the consistency af embankment soil
characteristics which influences the capillary rise.
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There was no abnormal flooding in the surrounding areas of
the trial stretch; only normal rain water accumulated on
both the sides of the road. There was enough free-board as
seen from the following table:

Table-7: Available Free Board

Station

No.

Chainage Mas i mum Shoulder Available Remarks
Flood Level Edge lLevel Free Hoard
(m) {(m) {(m) {m)
O+1956.5(L) 14.0646 15.15 2.084 ! Adequate
0+700.0(R) 14,3446 16.42 2.074 ' freeboard
1+039.5(R) 14,4658 16.00 1.344 ¢
COST CONSIDERATIONS

Comparison of cost of different types of pavement,
splitting into constituent companents of materials and
labour, shows that the aggregate stabilised soil road has
a pavement structure which is the cheapest of all the
three broad categories, as is evident from Table-8.

Regarding the involvement of labour and construction
materials in the pavement structure, aggregate stabilised
soil road provides maximum involvement of labour and
minimum use of bricks, the ma,or expensive component of
construction materials. Also, the innovative construction
technigque 1nvolved was found eacily adapted by the local
labour and headmen utilising only nominal equipments like
a small vibratory roller and a 8-10 ton steel roller.

As  seen  from  lable-8, the involvement af labour in
aggregate stabilised soi1l road is 43.78% against 29.37% in
WEM  road and 29% 1n HBE brick road while the invol vement
of bricks in aggregate stabilised soil road is only 25.17%Z
against 37.98% in WBM road and in HEE brick road this is
as  high as 47.70% of the total cost of the pavement
structure (without surfacing).

In other words, as far as the requirement of bricks in the

pavement structure is concerned, WEM  road (Type 4)
requires 2.2 times and HEB brick road (lype 1) requires 3
times more bricks than aggregate stabilised scil road
(fTypes 7 and 8). 1n the prevalent road construction

system, bricks form the major cost component of the
construction materials in the pavement structure.

thus, enxtensive use of ULricks makes the road more
expensive. Also, the manufacturing of bricks necessiates
the wuse of agricultural land and local firewood or coal
for burning. Major dependence on bricks as a construction
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Road surfacing Trial Project, Rajbari

TABLE-8: cusT COMPARISON BY MAJOR PAVEMENT TYPES

EXCLUDING SURFACE TREATMENT

f Cost/mile Cost/mile for

§ pavement structure for
Type Q Descriptions Q without 4 . [N Materials * Remarks
{ f surfacing (1) § “?°°VT  Heo TG T sands Ty Others (Tk)™:
o lsssingle brick 14,24, 270 “,13,303 6,80, 500 1,73,880 1,56,587  HBB brick
solings+sand sub-base (100%) (29:%) (47.78%) (12.229) (119%) road
i, wBM+Sand sub-base 13,115,177 3,86,3]8 4 ’ 99’503 2’32,590 1 ’96,856 WBM road
(100%) (29.37%) (37.98%) (17.68%) (14.97%)
7 A t=sand-~soil basecs 8,99,459 3,93,790 2,26,350 1,36,206 1,43,113 Aggregate sta-
H sand-s0il sub-base (100%) T (43.78%) (25.17%) (15.14¢9%) (15,91%) bilised soil
road
Notes:

a) In all the thrce categories of road,
of HBB brick road,

Types 7 and 8,

Aggregate Stabilised Soil Road,
of bricks, the major expensive component of con

the pavement structure in Type-1,
requires maximum quantity of bricks while that in
requires minimum quantity
struction materials.

b) Aggregate Stabilised Soil Road (Types 7 and 8) has the cheapest pavement

structure on

initial cost considerations and is 37% cheaper than HBB

Brick Road and 32% cheaper than WBM Road,
* Equipment cost + profit, ctc.
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TABLE-9:

Road Surfacing Trial Project, Rajbari

COST COMPARISON BETWEEN INDIVIDUAL PAVEMENT

STRUCTURE (EXCLUDING SURFACE TREATMENT)

3 bescription of Trial-Ty;e

{ Total Cost=*

For Pavement Structure only**
Iy pe § per mile(Tk) §{ Cost/mile(Tk) | Labour (Tk) ] Mat.+Others(Tk) ReW§§53 —.
1. HBB+single brick solings+ 14,24,270 14,24 ,270 4,113,303 10, 10,967
sand sub-base (29%5 (719)
2. BB+ 5and-Soil sub-bases 12,12,169 11,52,583 3,87,372 7+65,211
Joint sealing ‘ (33.60% (66.40%)
3. iIBB+Agr'~Sand-soil 1&,&5,635 13s8610h9 L,74,490 9,11, 559
sub-basc+Joint sealing (34 .23%) (65.77%)
L, WM+ sand-sub-base+ 15, 34,491 13,15, 177 3,86,318 9,28,859
surfacing dressing (29.37%) (70.63%)
3. WitMy ianl-s0il sub-bases 13,07,513 12,32,084 L,22,770 8,09,314 Pavement' struc-
surtiace painting (34.31%) (65.69%) ture of Type-7
. and 8 are chea-
“e WMy vind-30il sub-bases+ 1,51,399 12,32,084 4,22,770 8,09,314 pest and labour:
surtace dressing (34.31%) (65.69%) intensive;
) labour 'involve-
7.  Aggr-sind-soil basecs 9,97,073 8,99,459 3,93,790 505,669 ment is about
Sand-soil sub-base+ (43.78%) (56.22%) LLol of theé cost
surtf.ace painting of pavement
8.  Aggr-sind-soil Bases 11,50,409 8,99,459 3,93,790 5,05,669 structure
sand-s0il sub-base+ (43.78%) (56.22¢%)
surface dressing
9. AEET-Sind-30il baso+Arer 10,79,618 9,82,004 h,14,605 5,67,399
vraf thigraannd=nanfl anb- (h2.22%) . (57.78%)
baae =i fagca pnlu'lnu
10 Aggr-sand-soil base+Aggr 12,33,002 9,82,004 4,14,605 5,674,399
graf ting+sand-soil sub- : (42.22%) (57.78%)
basessurface dressing

»*

lvtal cost calculated on the basis of rates for larger volume of works with surf
Phavement structure does not include surface treatment.

aces treatment
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Road Surfacing Trial Project, Rajbari

TAULE~10: COST COMPARISON BETWEEN INDIVIDUAL PAVEMENT

TYPES INCLUDING SURFACE TREATMENT

Triail§ . s ,; .ne § Total Cost* | Break up cost per mile(Tk) Relative cost
Type { !3cription of Triai Type ) bor mile (Tk) § Labour (Tk) | Mat.+0thors (Tk) § wer. t. Type-4 Remarls
1. HBB+single brick soling+ 14,24 270 3,63,474 10,60,796 92,80% a) Type-7 appears
sand sub-base (25.52¢4 (7T4.48%) cheapest of all
: the ten types,
2. 1PB+Sand-So0il sub-bases 12,12,169 3,97,251 8,14,918 79¢%
Joint sealing (32.77%) (67.23%) b) Type-7 1is also
. the most labour
3. BB+ Agor-Sand-soil 1,45,6135 L,84, 369 9,61,266 94 ‘intehsive
sub-base+ joint sealing : (33.51% (66.169%
4, WidM+sand-sub-base+ 15, 34,491 3,89,652 11,444,839 1009
surface dressing (25.40%) (74.60%)
5. WBM+Sand-s0il sub-bases 13,07,513 b,25,185 8,82,1328 85.20%
surface painting (32.52%) (67.&8%)
O WHMs Sund-so0il sub-base+ 14,51,399 L4,26,070 10,25,329 94.60%
Surface dressing (29.364%) (70.64%)
7.  Aggr-sand-soil base+ 9,97,073 3,96,334 6,00,739 65%
snnid-a0il sub=bases (39.75%) (60.25%)
surface painting
8. AEBr-Sand-soil DBases. 11, 50,409 2,97,606- 7+52,803 75%
sand-s0il sub-bases+ (34.569%) (65.5449%)
surface dressing
9. Aggr-Sand-soil base+Aggr 10,79,618 by17,151 6,62,467 70.409
grafting+sand-soil sub- (38.6u4%) (61.36%)
bases+surface painting
10 Aggr-sand-soil base+Aggr 12,33,002 4,18,423 8, 14,579 80.40%
grafting+sand-soil sub-base (33.94%) (€6.06%)
+surface dressing .
* Total cost calculated on the b

Total cost = cost of pavement structure 4+ cost of surface tre

asis of rates for larger volume of ¥orks.. .
atment,



materials fpor road construction in rural areas of the
country will have a negative impact on the availability of
acricultural land and also utilise scarce energy resources
like 1local firewood, accelerating the deforestation
process.

Considering the above, it is imperative to find ways and
means to reduce dependence on bricks as a construction
material.

It is evident from Tables-8 that the aggregate stabilised
spil road shows promise of providing econamy in the use of
bricks and fuel. Also, it has been found to have the

cheapest pavement structure and is the most labour
intensive - characteristics which will byring all-round
benefit.

Tables 9 and 10 give comparisons of different components
of investment costs for all the {0 trial sections,
excluding and including surface treatment respectively.

PERFORMANCE EFFICI1ENCY OF LOW-COST
SURFACE TREATMENT

Three types of pavement surface treatmensts have been
tried, namely:

a) Jointe-sealing in HER brick pavement with asphalt
emul sion

b) Surface painting with asphalt emulsion and sand
blindage

) Single =surface dressing with asphalt emulsion and pea-
gravels.

For HBE  brick road, in Types 2 and 3, 100%Z af joint-
sealing rcracked and opened up as observed at the end of
Lhe third month of monitoring for Type 2 and at the end of
fifth month for Type 3. This may have been due to the
incansistent qualily of asphalt enulsion (viscositly not as
per specification) and the increased movement of the
bricks, with passage of time, under traffic. Thus, the
joint sealing was not eftfective which was also evident
from the 1ncreased moistuwre content in the sab-base of
lypes 2 and 3 as seen from lable 4.

Surface treatment by painting with asphalt emulsion and
sand blindage was also found not very effective. This
sur face painting was found cracking and damaged in
scattered spots at the end of secand month of moni toring
10 Iype b (WBM road) and Type 7 (aggregate stabilised soil
road) and more widely in lype 9 just at the end of first
month  af monitouring. These damages and cracks increased
viith time.
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Surface treatment by single surface dressing with asphalt
emulsion and pea-gravels was found satisfactory as seen
from monitoring records of Types 4 and & (WBM road) and
Types 8 and 10 (aggregate stabilised sail road). The only
deficiency observed in this type of surface trealtment was
that the entire quantity of pea-gravels was not coated
with asphalt emulsion (for lack of requisite viscosity).
Thus, a certain percentage of pea-gravels were loose.
These uncoated loose pea-gravels were totally lost within
2 to 3 months after the construction. Some of the emulsion
coated pea-gravels were also lost {rom some 2 to 3%
scattered arcas but this was not so significant.

Surface painting on the pavement surface forms a very thin
protective layer whose relative resistance against wear
and tear under traffic was much less than the thicker and
stronger protective layer formed by the surface dressing
with pea-gravels and asphalt emulsion. So, the relative
performance of pavement surface with surface dressing was
found better than those with surface painting as was seen
with aggregate stabilised spil road, Type 8, where the
trial section with surface dressing functioned quite
satisfactorily under regular traffic during the whole
monitoring period of six months. So, it ie recommended
that the approved pavement structure may be treated with
single surface dressing in an attempt to seal the pavement
sirface  against  ingress of water and thus to give the
pavement & low-cost semi-pucca  character, but timely
maintenance shall have to be ensured for continued
satisfactory performance.

Surtability of Asphalt Emulsion
As a Surfacing Material:

In this Trial, asphalt emulsion, instead of hitumen, was
recommended  for its ready-use advantage. The quality of
asphalt  emulsion  diring sample testing from the Central
Testing Laboratory was found meeting the specifications.
But,  when the talbk supply was taken by the Contractors
fram the manafactivrer it was found, after random sampling
and  testrng in the same laboratory, that tie guality of
the asphalt emulsion in the buli supply was unsatisfactory
10 respect of viscosity as seen from the test results,
fmnexures  P2a to ¢ fonly one =sample oul 0f  seven  was
vitthnn range of specificetions).

Thus, the «quality of asphalt emulsion was inconsistent,

with 1pr oper viscasily, tdue Lo which requisi te
penetration of the emulsion into the road-base was not
aclhn everd. Itas resttlted 100 a weall band with the raad biase

with  concequent  early cracking of sweface painting  and
loosening of pea-gravels 1n scattered areas.
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The satisfactory performance of road surfacing with
surface dressing in Type 8, aggregate stabilised =sopil
road, might have been due to !he reason that the asphalt
emilsiaon used here was of comparatively better
speci fication.

Hence, it is expected that if the asphalt emulsion be of
right quality, such early deteriorations in surface—-
painting and surface dressing, as observed, may not occur.
Therefore, for rural roads, asphalt emulsion may be
recomnended for use for surface treatment due to its
definite advantages over the bitumen as mentioned belaow:

o Bitumen requires a heating process that involves:

— a considerable quantity of fuel (usually local fire-
vwood)

~ a definite control on heating to retain its inherent
properties, like viscosity, for its correct
performance

o Bitumen cannot be used on moist surface, so it does not
have the all-weather facility.

o There remains a chance of wastage as the labourers have
a tendency to use a part of the bitumen as fuel for
healing

o Asphall emulsion provides fuel econamy as no heating is
necessary

3 It provides a ready-use advant age

o It can be used over moist surface, =o it has the all-
veather tacility

w It does nol require on-site quality corntrol over the
manufactared quality.

Consider 1ny Lhe abuve it appears that asphalt emulsion has
certain advantages over bitumen which should make it an
attractive alternative over conventional bitumen. However ,
quality shall have to be ensured as per specification for
its satisfactory performance. As of now this is not the
case.

It is suggested that the foreign donurs actively assisting
i construction of rural roads provide funds and/or
techimical assiatance for 1oproving the qualaity of the
acphal t vailsion presently being produced 1n the country.
1he economc benefits are likely to be caonsiderable.
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MAINTENANCE

For low-cost semi-pucca road, the performance efficiency
largely depends on how effective and timely is its
maintenance. The maintenance system becomes all the more
important for the single-lane semi-pucca road where the
traffic is more channelised creating a tendency for the
pavement to deteriorate along the trackways. However
strong may be the pavement structure, if it is not
protected with proper surfacing/sealing against ingress of
rain  water, the pavement structure cannot be protected
against wear and tear and deteriorations under traffic.
This 1s particularly so under monsoon conditions. So, it
is particularly important to ensure timely repair and
maitntenarce to any deterioration, otherwise, such
deterioration wil! aggravate to the extent of severe
damage requiring expensive total repair work.

The repair works to Type ? and part of Type 10 are
concrete examples of what wmay happen to a pavement
structire 1if timely maintenance is ignored. In Type 10,
the imtial deterioration was confined to an area of 3 sqgm
which 11  two months time gpread to an ar=2a of about 35
sqm.

For comparative maintenance coust estimations, we consider
below the maintenance required to be taken up for the
obser ved  deleriorations dhving monitoring periofd for one
single type of trial section from each of the three broad
categories of pavement. For Lthis we have comparec the
aggregate stabilised soil road, Type 8, with the standard
HER brick road Type 1 and the standard WHM road Type 4 for
maintenance cost.

A) Maintenance Cost for HBB Brick Road, Type 1
As  per six months monttoring report, average (0%  of

brachse 10 HBH had thelr corners and edges broben  and
hence will uneed replacement.

frea of 100w lengih, as peer Lol ORI VA Y

Area of | km length = 35,620 sft
Cost of replacement of 10% of
area over 1 km length = 3,662 sft

@ 1 Hoads5a(
= Tk 30,707.00

Such replacement wil! be needed twice 1n a year
The HBU Brack replatesnent cost/km/year

= 2nTk JI0,907 Tk 61,814, 00 {a)
Post of prcking HEL Hr v
= 203,662 st @ O.2a/ntt - T 1,904, 00 b)

(a)y +(b) = Tk &1,814.00 ¢ Th L .704 = Tk &3,718.00

T /7212
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Assuming 757 salvage value of the damaged bricks:

Total salvage value = 2 x 3,667 sft x 488 bricks per
100 sft > Tk 1,200 per 1000 bricke s Q.75= Tk 32,167/~

Actual maintenance cost per km per year =
= Th 63,718 - 32,167 = Tk 31,551.00

Maintenance Cost for WBM Road, Type 4

Observed deterioration:

1) Surface crackings: 1Sm:0.50m = 7.5 sqgm
25m:0.50m = 12.5 sqgm
10mxQ.50m = 5.0 sqgm
Total = 25.0 sqgm

= 249.0 sft

This will need treatment with asphalt emulsion and
sand blindage @ Tk 1.21/sft

269 sft » Tk 21/5ft
= Tk 325.00/100m {a}

]

Maintenance cost

2) Loss of coated pea-gravels:

185mn0.25m = 3.75 sgm

10mn 0. 20m = 2.00 sgm

25m:0.20m = 3.00 sqgm

Total = 10.75 sqgm
= 114 sft

This will need fresh surface dressing
@ Tk 3.47/s(t

Maintenance cosl = 116 sft » T 3.47/sft
= Tk 403/100m (b)

()4 (b) = Tk 325 4 Tk 403 = Tk 720/100m, i.e.
s iw 7,280/ km

Such maintenance will be needed twice in a year.
Total maintenance cost per year per km
= Vel 7,280
ST 1A, 540,00

] I/3%4
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C)

D)

Maintenance Cost for Aggregate
Stabilised Soil Road, Type 8

Observed deteriorations:

1) tocal depressions: 20m:0.25mx: ¢ 15mm) = sqa
10m»0.5mx (1Smm to 20mm) = 5 saqm

Tatal =10 =qm
This shall be corrected by surface dressing.
2) Loss of coated pea-gravels: 5 sgm area

This shall also be corrected by surface dressing.

Total area to be treated= 10+5=15 sqm= 181 s+t
This 161 sft area to be corrected by swurfaace
dressing @ Tk 3.98/sft = 161 sftxThk J.98/sft, i..e.
Tk 641/100m

Cost per km = TI 6,410.00
Such maintenance will be needed twice in a yea ..

Total maintenance cost/km/year = Tk 6&6,410x2
= Tk 12,82Q.2Q:

Maintenance Cost of Shoulder and Side Slopes:

For shoulder: To drain water and to fill the
depressions, etc.
Manpower required: 1 (one) 1abour per day per km f2r 3
(three) months scattered throuoiciut
the year @ Tk 30/day/labour

= Th 30x3x30 = Tk 2,700.00 al

For Slopes: To fill raincuts, holes, er zaied
embankment slopes inciuding rama:ng,

dressing the earth and turfing as

necessary, after the wet weather and
during the winter.

Manpower required: S5 (five) labourers and | (cnie)
supervisor for fifteen daysz.
3 labour @ Tk 3I0/day/labour =
S 158x3I0 = Tk 2,250.00 i)

1 Supervisor @ Tk S50/day =
1215250 = 1k 750.Q0 .z)
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Total {(a+b+c) Tk (2,700+2,250+750)

= Tk 5,700.00

Total maintenance cost to shouvlder and side slope
= Tk 3,700.00/km/year

Table-11) Comparative Maintenance Cost E-Umate

Type Maintenance Cost/km/year for Total

of Pavement Shoulder Contin- Per Per
trial Description {(Tk) and side gency km/yr mile/yr
sec slope(Tk) Si(Tk)

1. HER Brick Road

with sand sub-

base 31,551 5,700 1,863 39,114 42,974
WEM Road with

sand sub-base 14,560 5,700 1,013 21,273 34,250
Aggregate

stabilised
s0il road with
sand-spil sub-

base 12,820 5,700 P26 19,4446 31,308

Thus, the maintenance cost for aggregate stabilised sgil
road and WBM road are of similar magni tude and
considerably lower than that of HBE brick road.

Table-12 gives the comparative cost of the three types of
roads taken over a cycle of three vyears including the
initial investment cost.

Thus, from above Table-12, Type 8 with low-cost sur facing
and 3-year maintenance has the following savings:

a) Savings Over 1-1/2" Bituminous Surfacing with
Similar Pavement Structure of Type 8

Tk 4,82,758
Initial 53Ving5 e T ¥ 100 = 42%
Ti 11,550,409

Tk 4,17,742
Final savings B e » 100
after 3-year Tk 12,44 ,333

]

33. 6%
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b) Savings Over Conventional WBM Road
with 1-1/2" Bituminous Surfacings

Tk 8,98,477
Initial savings = —————m——ee—nr » 100 = 78.10%

Final savings Sttt bt T T » 100 &7%

after I-year T 12,844,333

c) Savings Over Conventional HBB Brick Road

Tk 2,73,861
Initial savings = ~——eee—eee—o » 100 = 23.8%

1

Final savings e i s 100 29.6%

Tk 12,44 ,333

Aggregate stabilised soil road with surface dressing (Type
8) with I-year maintenance therefore appears to provide an
initial saving of 78.10% and a final saving of &67% over
conventional WRM road with {—-1/2" bituminous surfacings
and an initial saving of 23.8% and a final saving of 29.&%
over conventional HER road. It may be mentioned here that
for rural AT AC 1-1/2"  bituminous =urfacing may not
requitir e et enance for thie fa st Zeyvear. But o after 3
vear e, 1t ol o reguaes heavy waintenance to repair pot-~
holes  and may oven require coutly overlay making it all
tihe more espeinsive.

Thue, st aily, tnstead  of constructing (D0 ban of  WEM
road  with o conventional 1-1/49" thick bitaminous surfacing,
Y79 b i agyregate stabilived soil road with single
course sur face dressing can  be constructed. Even
concadering lhrer ypearse’ malntenance  cost, the total
recestment ot Tuu o of Wi road 1s about the same ae that
for 147 hm of ABE road which, therefore, on the basis of
thie trial apprarse to be the wmost econamic pavement type
witti satliefactory performances as obhserved in six months
of monitoring (e Table 12).

Comparative cost of the three catagories  of pavements,
HEE, Wit o 035, 1e whiowen 1o o4 bar chart on page I1/3%9.
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Road Surfacing Trial Projact,

Ra jbari

TABLE-12: COMPARISON OF COST TAKEN OVER THREE YEARS .
INCLUDING THE INITIAL INVESTMENT- COST
Coat/Mile i Cost/Mile Initial Cost/Mile of Total Cost/ § Additional Cost/Mile
sl of pavement of surfa- Investment Maintenanze for.j Mile in over Type-8
No Description structure cing Cost/Mile 18t three years § Three years Initial Final efter Remarka
(Tx) (Tk) (Tk) (Tk) (Tx) (Tx) 3 years({Tk)
T 2 3 o S= 34 ) T ES+O 8 9 10
1« AgCTefiate stabili-
sec soil road and
:rface dressing
11 asphalt emule Recommended
and pea-gra- type of
Type-6 €,99,459 2,50,950 13,50,409 93,924 12,454,333 Pavement
(a=100) (b=100)
<. Aarregate stabili-
s soil road «+1¥"
2::ck coanventional
miiuminous surfa- Adcitional cost
cirnp 6,999,459 733,708 16, 33,167 28,908 16,62,075 4,82,758 4,17,742 as compared to
(42%w) (33.6%) the recommended
type-8
3a w3V rcad o 1%"
cenventional Additional cosz
vus s=urfa- * as compared to
13,35177 T+33,70e 2u,48,800 2&, 90k 20,777,794 2,98,477 8,333,461 the recommended
(c=1.78a) (d=1.67b) type-8
a. trick road . ) additional cost
14,24 ,270 - 14,24,270 1,68,022 16, 13,192 2,73,861 3,68,859 as compared o
(23.8%) (29.6%) the recomuended
type-8
XNote: .Unly Maintenance cost for shoulder and side slopes

have been taken,

with 5% allowance for contigeacy i.e. Tk 5700 per km x 1.05 x 1.61 x 3 = Tk 28,908

**Taken from Table ll



Sogl Per Mile !Tk.in Lagy)

COST OF THREE CATAGORIES OF PAVEMENTS

22:0
Tk, 20,48,886 20,77,794
20-0
1 8:0 4
Note (a )
16,13,192
160 7
/)4,24,270
1407 3,15,177
oy 21841333
1207 , 11,50,409
Note (b )
10-0 =
| 8,99,459
5.0
HBB Brick WBM AGGR.STABL
ROAD ROAD \ SOIL
Conver%flonal Rccomr'ncn‘cled
TYPES OF ROAD
L_EGEND =~

D_ Cost of Pavment Structure

%_ Cost of Surfacing

2]. _Cost of Maintenance for 3 Years

MWOTE - (a) Surfacing with 12" thick bituminous carpetting .

(b) Surface dressing with pea-gravels 8 asphall emulsion.

Project~

ROAD SURFACING TRIAL PROJECT BANGLADESH CONSULTANTS LTD:
RAJBARI House No.4, Road No. 14 (New) Dafe .15 -1-57

Consultant - Drawing No.

Dhanmond!' R.A, Dhaka=- 9 -
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13.2

Maintenance Programme

As stated earlier, effective timely maintenance is a pre—
requisite for satisfactory performance of low-cost roads.
From the type and extent of deteriorations to the road
sections as observed during the six-month moni taring
period, the following maintenance programne is suggested
for the recuwwended pavement Type 8, i.e. aggregate
stabilised soil road.

a) Maintenance af Pavement Surface

1) Surface cracks shall be treated by sealing with
asphalt emulsion and sand blindage.

2) Areas from where coated pea—gravels are lost shall
be treated with fresh surface fdressing by
spreading asphalt emulsion and pea—-gravels and
thereafter hand ramming. For the above maintenance
one labour per km length for a period of three
months, scattered throughout the vear in the
following break-up, is recommended:

During Jun-Oct (wet weather) - for & weeks
During Nov-Dec (post-wet " ) - for 4 weeks
During Apr-May (pre-wet " ) - for 2 weeks

b) Maintenance of Granular Shoulder

From about 50-50% area of the granular shoulder sand-
soil had been washed away from the surface due to
rain, exposing the aggregates.

It is recommended that the sand-soil mis (50:30) be
Epread over the exposed aggragates as blindage and
then compacted by hand ramming.

For this maintenance two labours per km is recommended
for a period of one month dur ing Nov-Dec, when soil
will be available from borrowpits.

€) Maintenance of Earthen Shoulder

Some  local  depressions and ruts were ohserved in
earthen shoulders during wet weather, accumul ating
rain water. lo drain this put by cutting croass drains,
an average one labour per km for a period of three
months scattered throughout the year 1i1s recommended in
the following breakup:

During Jul Sep (wet weather) - 6 weeks @ 1 1labour

for 2 km

4.5 weeks @ 2 labour
tor per hkn

During Nav-dan (dry weather)
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d)

Maintenance of Side Slopes

Some raincuts were observed on the side slopes. For
maintenance five labours for a period of two weeks
during Dec-Jan is recommended to make good all the
raincuts and deficient areas by filling earth with
band ramming and grass—turfing the new areas.

All  the above maintenance activities shall be duly
looked after by a supervisor who will be responsible
to control effectively the maintenance of about five

km of road length. This maintenance schedule is shown
in Annexure-10.
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14.0

14.1

14.2

MISCELLANEOUS CONSIDERATIONS
Riding Quality

Riding quality in agaregate stabilised soil road was found
to be equally good as on WBM road and much better than on
HBB brick road due to the reasons outlined below. Local
bricks are irregular in shape, size and strength. So, the
use of whole bricks in HBB brick road cannot ensure smooth
and even pavement surface. The movements of individual
bricks under the traffic cannot be kept restricted, rather
these movements of bricks increase with time due to loss
of sand packing, causing breakage at the corners and edges
of the bricks. This phenomenon greatly hampers the riding
quality on HRB brick pavement. The brealting of corners and
edges of bricks may be reduced by:

a) wusing bricks of consistent guality and uniform shape
and size;

b) restricting the 1loss of sand packing by means of
effective sealing of HBB brick joints with approved
quality of bitumen or asphalt emulsion.

Considering these limitations it would be difficult to
ensure satisfactory performance of HBR brick pavement in
rural  areas and hence the riding quality cannot be
assured.

On the other hand, both the WBM roads and aggregate
stabilised soil roads had anly limited surface
deterioration in the form of local depressions without any
remarkable loss in riding gquality.

Construction Technique

HER  brick roads and WEM roads are widely used in  this
country and  their constraction technique is well known
amonigy the conventional contractore. But this is not so
with the aggregate stabilised soil road. Although the
construction technigue of agyragate stabilised soil  road
15 somevhal new and unknown to the rural road construction
systenm, ye b in tlhns trial project this innovative
canstraction method was successfully implemented utilising
1007 loval  materials  and 100% lozal labowrs who were
guaded and aotivated, at every stage of canstruction, by
thie Concnltants with care and patience. Some resistance of
the Conlractors was inevitable specially because they were
not accustommed to such vigorious guality control thraough
intensive testing of materials and works. If properly
tratiated, one  of the beneficial effects of ~doption  of
ABS road  would  be introduction of testing for  quality
conbrol - an aspect  which 1s presently better koown
through its absence than use.
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14.3

The Consultants are thus of the opinion that aggregate
stabilised so0il road, though new to the general
contractors, can be constructed given a modicum of sincere
effort and endeavour on part of supervisory personnel of
both the client and the contractor. Further field testing
is, however, required before this can be confirmed.

Relative Performance of Sub-base

Two new types of sub-base, namely, sand-soil sub-base and
aggregate-sand-soil sub-base were tried to compare with
the conventional sand sub-base for performance efficiency.

The extent of depressions/ruttings in the HBB brick
pavement with sand-soil sub-base and aggregate sand-soil
sub-base are almost the same but slightly more than that
with sand sub-base, as seen from the Record of
Observations, for Types 1, 2 and 3, refer Appendi»-5.

Thus, sand-sonil sub-base and aggregate-sand-soil sub-base
are similar in performances, but the latter is more
e)pensive.

The relative deterioration to the pavement Types &t and 2
with sand sub-base and sand-soil sub-base respectively and
those between Types 4 and S with sand sub-base and sand-
so0il sub-base respectively were almost similar. All  the
four types of aggregate stabilised soil roads (fypes 7, 8,
9 and 14) had s=and-soil sub-base in  the pavement
structure. The pavement deteriorations in Types 7 and 8
and &6m of Type 10 were negligible as seen from the
mont taring repor ts. This indicatez the satisfactory
performance of the entire pavement structure i.e. both the
base-course and the sub-base-course. Even in the damaged
stretch  of Type 10 (for 34m length), during the repair
wiork 1t was observed that only the base-course was damaged
but the sand-soil sub-base underneath was in good
condition and the availlable degree of compaclion in  this
sub-base under the damaged base was more than 9S%. Similar
were the observations tur the sand-soil sub~base under the
damaged base in lype 9.

fhus, it can be concluded that sand-soil sub-base is as
good as sand sub-base but more economical and more labour

intensive as will be seen from Tables 13 and 14.

Further, the following test results show how effective is
the "sand-spil cubi-base”  as cumpared to "sand sub-base”:

a) Properties of Local Sands

1Y Alapur sand, Hagbari
Frt = 1.30 ta {.40, poorly graded
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2)

Kamaldia sand, Rajbari

FM = 0.32 to 0.40, poarly graded

b} Properties of Mixed sand Sub-base
Alipur + Kamaldia sand = 80:20
Combhined FM = 1.20
Combined Gradation = Nearly well graded
Maximum Dry Density (MDD) = 105 pc¥f
Optimum Moisture Content (OMC) = 13.73%
Soaked CBR (Lab-mi») = 247
Soaked CBR (from field mix) = 23.33%
Efficiency of manual field mixing = 97%
(labour involvement = 15%)

c) Properties of Mother Sail (from Box—cut)
S0il classification: Sandy-Clayey-Silt (8%,10%, 82%)
LL = 30%Z, Pl = S%
MDD = 105 pef, OMC = 17_.70%
CBR = 3.8%, by DCP method

d) Properties of Sand-soil Mix
(Sand: Soil = S0:50)
Alipur sand = 50% (used as available naturally)
Mother soil = G0
MDD = 122 pct, OMC = 11.50%
Soaked CHBR (Lab-mix) = 26.117%
Soaked CHER (from field mis) = 22.67%
Efficiency of manual field mixing = 87%
(labour involvement = 327)

Table-13: Comparision of Cost and Labour Involvement

in Preparation of Three Type of Sub—-base

Remar ks

Sand-soil sub-base
is cheapest and
most labour inten-—
sive

Type of Cost per Compa- Labour Compa-
Sub-base cft (Tk) risaon invol rison
(%) (7)) (7Z)
a) HBlended S5.87 128.45 19 100
sand subh--
base
) Sand-souil 4.57 100 41 214
sub-bage
(50:50)
c) Aggr-sand-- B.%H 187.75 38 205
so1l sub-
base
(20:25: 55)
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Table-14: Comparison of Properties of Three Types

of Sub—-base Materials

Type of MDD  Com- CBR  Com-  OMC  Com-  ~

Material (pef)  pari- (%) pari-—- (%) pari- Remarks

used in san son son

sub-base (%) (%)

a) Mother 105 100 3.8 100 17.70 100
spil

b) Sand-soil 122 11646 22.67 594 11.50 &S Compared
sub-base to (a)
(50:50)

c) Blended 105 86 23.33 103 13.75 120 Compared
sand sub- to (b)
base

Thus, it was concluded that:

a) On cost consideration,
expensive

soil sub-base is about BB8BYZ more expensive,

13,
b) The increased MDD (146%) at a lesser moisture
and increased CBR value (about &6 times) of

mi» reveals that by addition of sand,
of wmother
make sand-soil mi»x suwitable as a
but at a reduced cost
mor 2 employment.

sand sub-base is about
than sand-sgil sub-base and aggregate-sand-

the
s0il can be improved to such an extent to
sub-base
involving more labour and

287 more
see Table-

content
sand-soil

praoperties

material,
thus

sub-—

c) With sand-snil sub-base the labour involvement is more
than double compared to the conventional sand
base. It is thus more labouwr intensive and at the same

time more economical.

d) Sand-soil
lesser
CER value. Therefore,
point of view,
conventional sand sub-bhase.

both an

14.4 Effects of Ommission of Brick Flat

Soling under HBB Brick Pavement
In Types 22 and 3 of HER brick brick
been omitted
respect to Type | with brick
during

road,

flat soling.
monitoring that the ruttings along
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14.6

were much more pronounced in Typos 2 and 3 than in Type 1.
This rutting was observed in 13% length along trackways
forr Type 1 against 80%Z for Type 2 and 70% for Type 3
although the depths of rutting were ranging from 1Smim  to
25mm  in all the three cases. The ruttings started just
atfter one month of the completion of construction and
reached maximum limit in the 3rd to 4th month and
thereafter remaining constant.

It is, therefore, concluded that for HBE brick ruad, brick
flat soling should not be omitted, if effective sealing
cannot be provided.

Maintenance During Post—construction
Monitoring Period

It was decided in a project co-ordination comnittee
meeting that during the post-construction monitaring
pariad 350% of the each trial section would be maintained
in an attempt to keep the road near to as-built conditions
and 350% would be left unmaintained to assess the rate of
deteriorations.

During the monitoring period it was observed that the

maintenance activities of the Contractors were very
minimal as will be seen from the General Comments from
tonthly HMonitoring Reports No. 1, 2 and 3. (reference
Appendis  8). S0, the basic objective of a comparative

study between maintained and non-maintained stretches
could not be made. But one aspect which become clear from

the monitering records was that timely and regular
maintenance is the sine qua non for satisfactory
serviceability af low cost roads like these trial

sections.

Further, no record of the small scale maintenance
activities done by the Contractors was available and =o
the extent of maintenance done during this period could
not be assessed for monetary evaluation in order to arrive
at the actual cost of the project.

However, for the assessment of maintenance costs, the
obser ved deteriorations in the road sections of each trial
category during the monitaring period were concsidered,
anal ysed and  evaluated in  monetary terms and the
approximate maintenance costs calculated to determine
their impact, on the total costs. These are presented in
Fables {1 and 12,

Effect of Adverse Weather Conditions during
the Post-construction HMonitoring Period

Ihe post-construction monitoring period passed through an

extreme wet spell when it rained heavily and continucusly
tor a period of a fortnignt.
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On the one hand the damages induced dwe to lack of
maintenance of small localised deteriorations in Type @
and part of Type 10 aggregated to failure of the pavement .
On  the other hand Types 7 and 8, having same pavement
structure as Types 9 and 10, proved quite satisfactory in
performance under normal traffic during and after the wet
spell.

The unseasonal heavy rains, therefore,; camz as a boon as
it enabled a critic.l evaluation to be made of the
pertormance of aggregate stabilised soil road, Types 7 and
8, proving that the pavement structure of this cateqgory,
with a proper surface sealing such as single surface
dressing, can be an effrctive pavement type of desired
standard for the rural areas of Bangladesh. Further trials
are, however, called for before adoption of this type of
pavement for large scale construction.

Fluctuations in Labour Force

As  per terms and conditions of contract, the contractors
were supposed to complete the works within a period gf 90
days which was not an unrealistic schedule cansidering the
small volume of work. As the contractors did not have not
any qualified technical person, the Consultants prepared
detailed waorl plans four the contractors showing the
starting and completion dates for  individual items of
work.

Due to their lack ot reguisite technical expertise and
often slow and grudging adherence to the instructiaons of
the Consultants the Project suffered a delayed completion.
The total duration of the Froject from the date of work
order to  the date of completion was 142 days  against a
contract period ot 90 days,

Several ftactors were responsihle. fwong Lhem the twportant
GNES were:

EY Delays 1o coullection uf materials

b)Y Prablems associated with campaction ot ASS base - this
vor k being of a new nature for the contractors

¢) Problems  arising  frowm supply or unepect fied asphalt
enul =1 on

a4y Management  lapses is planning and  or gani i iy labour
in-pul tao synchronise wilh materiels avairlavility.

1t ems Caad tovy D b aree clear by sl lusbrated  an the
histograms 10 Annexures  Sa and Sb o which show Lhe wide
fluctuabions 1n total mubier of 1abiiur er s emplouyed one the
jobs  every weelk. Ihe histograms have been drawn from the
data given in Table 15,
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Table—~15: Total Numbers of Labourers Working
During the Project Weeks

bleek Group A Group R
No Period No. of % of No. of % af
Labour Total Labour Total
182 Q702786 — 24/02/846 Mobilisation period
3 25/02/86 - 03/03/86 176 5.45 211 4.79
4 Q4,/,03/886 — 10/03/86 229 8.39 315 7.15
5 11/03/85 - 17/03/86 120 4,39 186 4,22
) 18/03/8B6 - 24/,03/946 I 2.67 108 2.45
7 25/703/86 - 31/03/86 112 4.10 147 X.34
a 1/04/86 - 07/04/86 139 5.09 382 8.48
9 08/04/86 - 14/04/858 I3 11.46 548 12.45
10 15/04/86 - 21/04/86 - 336 12.31 S1X 11,45
11 22/04/846 - 28/04/848 244 8.94 384 8.72
12 29/04/86 - Q5/05/84 147 5.38 2946 b6.72
3 Q6/05/86 — 12/05/86 162 5.93 232 5.2
14 13/05/86 - 19/05/88 199 6£.92 384 8.72
15 20/05/86 — 26/05/84 237 B8. &8 289 6.56
16 27/705/86 - 02/06/86 85 3.11 167 3.79
17 G3/706/86 ~ 02/04/85 X 2.67 71 1.61
18 LO/0G/88 — 1567056786 49 1.79 Q Q
19 17/06/86 — 23/04/88 25 0.21 142 3.24
20 24/06/86 - I0/06/86 21 0.80 28 0.64
Total = 2730 100. QO 4403 100. Q0
Note: blor b Order was issued aon 09 Feb 19846 whereas the

cantractor acctually started the worl on cite from 25 Feb
1984,  There was, thus, a mobilisation period of about two
ks,

14.8 Performance of Female Labour

It was interesting to obeserve that the contractors engaged
female labour 1o many items of works, like local handling
of construction materiale, watering, mi»ing of sub-bacse
attd biese ttar oF o maber vale, eto. TV gw worth et 1001 g

Lthat mixiog of cand--soil sub-base and agygregate -sand-soil
bace couwree materials  wilh water was & coinpar atlvely
entacting job wher e some female labowrers were seen to worl
gyt te 1o enti, .,
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It was not possible to record the itemwise daily output «of
female labour due to their frequent migration within the
Project and their partial inveolvement in related items of
work. However, it was apparent that they performed quite
satisfactorily and were more receptive to instructions and
less prone to time wasting than their male counterpart.

CONCLUSIONS AND RECOMMENDATIONS
The Objective

The objective of the Project was to find one or mor e
type({s) of labour intensive, low technology, law cost,
seml-pucca, all-weather road surface(s) suitahle for rural
roads of Hangladesh.

The Conclusion

On the basis of data collected during the construction ard
monitoring periods, and their analysic, it appears,
tentatively, that ASS Roads, Types 7 and 8, exhibited b
most promising characteristics as listed below:

al Least cost both in terms of initial investment and a
three-year maintenance cycle (see Table-12);

b} HMost labour intensive {(see Table-10);

€) Minimum use of bricks {(see Table-8) which is usually
difficult to obtain in good quality in rural areas and
whose manufacture requires use of agricultural 1and
and also often requires burning of local firewood with
consequent unfavourable environmental effecl;

d) Comparatively lower requirement of capital intenesiwve
mechanical equipment like road-rollers (see third
para, Section 8).

e} Adaptability of the contruction technigque by local
labour.

The Recommended Pavement Structure

This recommended pavement structure with sand-s0il  suti-

base and agregate stabilised base-course 15 shown  in

Annexure-11. The approrimate proportion of sand-scil in
the sib-base should be S50:50 and those of brich:
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w

aggregates, sand and so:l in the basge course  ehouwld b
approrimately 33:22:45, the exaclt proportions to be fised
0 the basis of test results of locally available
individual components and the mi» to meel the design
criteria.

Sand-soil Sub-base

Comparative analysis on the relative pertormance of
different types of sub-bases as outlined in sub-section
14.3, leads +to an encouraging conclusion that the  cand -
501l sub-base:

a) 1s as good as conventional sand sub-base 1 bechinidoal
performance;

b) is less expensive than conventional sand sub-hase  ail
thus provides economy;

£} is labour intensive, thus provides more employmernt

d) is easy tko wix manually and does not need mechanical
mining.

Therefore, it 15 appears that for rural roadse, sand sub-
base should be replaced with cand-snil sub-base for its
low-cost, 1ow-technol ogy T Tabour il enst ve
characteristics.

Low-cost Surfacing

In order to give the semi-pucca characteristic to  he
raad, the pavement structure is recommended to he treated
by single cow se surface dressing with pea--gravels  and
right quality of asphalt emulsion/bitumen with sl al
emphasis on timely maintensnce as  and when =ituation
warrants. Any surface deterioration shall have to be
attended promptly =0 that the sealing on  the  pavenent
sur face remains effrctive against ingress of water for all
times to ensure the desired performance of the pavEment .

Further, as discussed i Article 12,0, surface treatoenl
by means of suwrface painling with asphalt  emalsion  and
sand blindage was found deteriocating quickly and thus was
ineffective. Hence, it is recommended that this tyvpe  of
sur-face painting should not be considered for any  future
road surfacing trial.

Pavement Cross-section

The pavement cross-section is recommended ta  have o
modi fied cross slope of 4% on pavement and &% an shoulder
for quick drainage (see Annexure-141) witlh a s caaggeer
granutlar  shoulder 9" thick in place of 68" constrweted  in
this trial.
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Traffic Survey

Traffic survey should be supplemented with axle 1laad
survey for which necessary arrangements for weigh  bridges
should be made. This is regquired to estimate the tameatying
effects of difierent commercial axles.

During post-cunsteruction woni toring progr amne, ot Perael
two traffic counts, one in peal periad {winter season) and
the other in aff-peak {rainy seasu), should be made  {or
better accuracy in assessing traffic growth rate resulling
from improvement of the roatd.

Contractor's Mobilisation Period

Apar t from the actual period of construction, the
contractor should be awarded an adequate mobilisalbion
period to establish his full set-up, such as acouisi Lion
of labours, equipments, construction of labour-shede with
water, sanitation facilities, etc.

Contractor ‘s Site Engineer

It is recommended thalt the conditians  of contract
stipulate that the contractor maintain a whole--time
qualified enginee- at  work site, having suf fi1eient

experience in the relevant field so that quality cantrol
measures by the contractor ‘s staff become a regular and
accepted requirement of future contracts.

Maintenance Programme

It is re-emphasised that effective and timely maintcoance
are pre-requisites  for satisfactary performance of the
recommended low-cost road.  The mainlenance e ogr e,
outlined in fArticle 13,0 and Ganesure -10 15 recommenaded fo
be taken up withe  dn-house  or any ot b SIY N ETITR A
arrangement designed in  a way to provide  suf ficiont
incentive to the local population to keep the road 150 &
satisfactory state of repair.

FPost-construction Monitoring Period

For more accurate and effective ascsessment  of  pavement
per{ormance and  deterioration, the post-constroctzon
monitoring period is recoomended bLo be extended Lo one
complete year 1nstead of sis monibli.. Arrangements ohool d
be such that continuous and reliable recorditng of pavement
deteriorations is made thr oughout the moni tor ing peer 1oud.

Improvement of Quality of Asphalt Emulsion
In view of the advantages of asphalt emuldsion aver b tonen

far  use on rural  road {(see sub-seclion 2.2 1t iy
recommended that the {oreign dooor agencies assiclingg i
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construction of rural roads consider providing funds
and/or technical assistance for improving the quality of
the asphalt emulsion presently being produced in the
country. The benefits may be considerable.

Necessity of Further Trials

The analysis and related findings of this first trial

should not be considered to provide definitive
conclusions. It has been mentioned more than once that
owing to various factors the conclusions and

recommendations contained berein should be considered as
tentative. However,; the investigations have opened up some
promising lines which need to be confirmed through further
trials - preferrably in different parts of the country
under varying conditions of soil, climatic, traffic mix,
labour, etc.

Proposal for Further Trial

As mentioned in the para above, further trials should be
taken up to establish/canfirm the above recommendations
with additional data/information. The possibility of
finding a better pavement structure than the recommended
ASS road cannot altogether be ignored. Therefore, in the
next trial it would be worthwhile to include cement
modl fied soxl (CMS) voad for comparative study.

Thus, 1t is recommended that the following ten different
types of road sections in four broad catagories | e taken
up for further trial - HEB, WBM, ASS and CiS:

a)  HBH Hrich Road

Ihree types of HUE brick roads, all with sand-soil
sub-base (approx 350:5Q0):

1)y HEE brich road with =single brickflat soling and
sand--so1] sub-base.

21 HIIC btrick road with sand-soil subi-base and joint
sealing with asphalt emulsion/bitumen.

) came as (2) bLut without joint sealing.

Type (2) will be compared with type (1) and (3} in
respect of per formance andd cost.

b) WEM Koad
Three types ot WAM roads, all with sand-spil sub-base
fappror 50:50) ¢

4) 10 cm WEM base over a single brick flat soling and
cand-soil  sub-base; with single surface dressing
with pea-gravels and asphalt emalsion/bi buamen.
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5) 15 cm WEM base with sand-soil sub-base and single
surtace dressing as in (4).

b} 15 om o WEBM base with  cand-soil sub-basze and
premeied seal  coat o with pEa-qr avels  andd hat
bi trimwen .

c)  ASS Roati-

Twis  types of ASS roads,  both with sand~scil sub-base
tapproy H0:50)

7) T e ALL biace with sand so0id sitbh-base and single
suriace  dressing with pea-gravels and asphalt
el sron/biltumen.

) Saimee as (7)) but st facing with premved seal coat
with pea-gravels and hol bitumen.

d) M5 Road

Twu  types  of cement modified soil  roads bothh with
sand-soil sub-base (approx S0:50):

¥) 18 cm cement mulditied soil-base with Sund-soil
sub base and single surface dressing  wilh  pea-~
gravels and asphalt ecmulsions/bitomen.

L&) Same  as (9) but surtfacing with premired seal coat
with pea-gravele and hot bitomen.

the reason cor beying with different Lypes of base- as  in
(b ) wund ) abiove 16 Lo compar e the NS5 base and CHS

Bease virth the  conventional WM base in rezpect  of
per formance  ard Coat . Stmiliarly, regarding sur face
treatment,  cingle  surface dressing will be compared with
Lthe conventional premixed seal coat  in recpect of

performance and cost.

It neede be o mentioned here Lhat dive o the saticfactory
per formance  and relabive counomy of sand-coll sub-vase as
Pt and e - tabsb tebasd 1o thae 3 ot trial, «ll the j.avement
structuwres an the next teilal are recommended to have the
Saine types of sub-base 1.e. santd-suil sub-base (appros
G0:50) .

ther efor e, i the pavement structure, ot of tie  three

campounenls, namely sub-base, base and surface course, only
the latter two components will Le tept as variable:.

T/53%



ANNEXURE - |

PROJECT LOCATION PLAN | ey
District boundury e———-w—
- Upzilo boundary ——w—
Q§) Union boundary
é’\ (d N Paved Road —
Q. AN PABNA  DISTRICT ™\ ~ .o OWM | Road Under
< / -\ Y T/T; construction oo
N . T~ \ District heud Quarter @
of/ *a PANGSA e Other placa o
S e E
X . *‘*\»k’_\ "HH""‘H*HV\RAJBARI l RSTP Site _
( L b, ¢
'x
: X GUALUNDOGHAT A
\ R U
\BALIAKAND] \ ey
. \.
\ o) FARIDPUR .
. Ho]lgan] \
Mothuropur .
k - cHARE}HQDBASAN N
N S -
sv\‘—ﬂ\o —
W AN g
<0 ﬁfag X Thqr?'homo
=B ] }/ SADARPUR (
\ 3 ; -
(' 0‘\ BoALMAR  MAGARKANDA N Lol (

\\
JESSORE DISTRICT \'

N

\
ALFADANGA

/ Byos pur

\)\ / (FIHAS UDPUR

AN

oA
0/

Project Consultant :

Drawing No.

ROAD SURFACING TRIAL PROJECT
RAJBARI

BANGLADESH CONSULTANTS LTD.

House MNo. 4, Road Ho. 14 { Mew )
Dhanmondl R.A. Dhaka — 9

Date: |7-2-87

1/54



ANNEXURE-2A

HBB Road with single brick fiat soling & sond sub-base
Presently used in Faridpur ZRMIP

Comp. E/Fill

| l—Top 18" $G.Compacted 90%
8Y/2" compocted Sand Sub-Base

,"—12".\(4"Sond Drain(®25' Stagger ~——I-Loyer Brick Flat Soling
L—12°X 4"Sub~Base Edge Drain ————15-Sand-Cushion
(Brick Aggr)

————I-Layer H.B.B.

§:25 for H=0to 8 ft.
§=3:00forH > 8 ft. ~< (& ft.
H=Clear height of fill at shoulder

Compaction requirements , CB R requirments
0)Sub-Grade - 90% (Standard) Top» 4" of Sub-Base <£25%
b)Sub-Base —95% ( o)

ROAD SURFACING TRIAL - TYPE- @

Project : ' Consultant : . Drawing No.
ROAD SURFACING TRIAL PROJECT | BANGLADESH CONSULTANTS LTD.
RAJBARI House No.4, Road No. 14 (New)

Dhanmondi R.A. Dhaka=- g Date :18-2-87
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ANNEXURE—-28B

H.B.B. Road with soil-sand-sub-base

L-6"A ggr, Sond 8 Soil

12*°X 4"Scnd Drain @ 25' Stagger
12"X4"Sub-Base Edge Drain

. Comp, E/Fill S
Top 18 SG.Compacted 90%

(Brick Aggr)

S= 25 for H= Oto 8 ft,
$=23-00 for H=> 8 ft. << 16 ft,

Hz=Clear height of fill at shoulder

Compaction requirements
0)Sub-Grade— 90% (Standard)
b)Sub—Base — 95% ( » )

12" Comp Sand, Soll in (3-Layers )
I-Layer H.B.8
H B B Joints Treated With Emulsion

CB R requirments
Top 4" of Sub-Base <£25%

ROAD SURFACING TRIAL - TYPE- @

roject
OAD SURFACING TRIAL PROJECT
AJBARI

Consultant . Drawing No.
BANGLADESH CONSULTANTS LTD.

House No. 4, Road No. 14 (New)

Dhanmondi R. A. Dhaka-9 Date :18-2-87
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ANNEXURE-~-2C

HB.B Road With Aggr -Sand- Soil Sub-Base

- G"Aggr, Sand BSail
, Top 187 3G.Compacted 90%
—— IZ'Agnr-Sond-Soi!— Sub~-Base{in 3 Layers)

L. — 1-HBB

12'x4' Sand Drain @25I Stogqer

- "X 4" Sub- Bose Edge Drain
“rch Aggr)

- nbb voints Treated With Emulsion

Fer Syb-Bose, Soil-55%, Sand-25%
$:2 5 For H=0Q to 8 F!

St 20 For H > 8 Fl.¢I6 Ft.

yA33r- 20 %o, impactvalue +50
(Aggr)

H:Clear Height of Fill at Shoulder

T 3mpoction Requirementy

3. Sex-Grade — 90 % [ Standara}
b) Sub-Base — 95 % | ” )

CBR Requireaments
Top 4"of Sub-Base 4.25%

ROAD SURFACING TRIAL—TYPE—{@

Comp E /Fill [

Project : Consultant Drawing No.
ROAD SURFACING TRIAL PROJECT | BANGLADESH CONSULTANTS LTD.
RAJBARI House No.4,Road No. 14 ( New) :
Dhonmondi R. A. Dhoka ~ 9 Date:12-9-85
tic>




ANNEXURE- 2D

Water bound macadam road with sand-sub-base

/éj'/ ’ . &"Aggr+Sand+ Soil

© -12'%4" sang Drain, Stogger
"I2'X4"Sub—Bou Edge Drain

(Brick Aggr)

i

-6"WBM

$z25 for H=0to 8 ft
S= 300 for H > 8 ft. < 16 ft.
H=Clear height of fill at shoulder

Compaction requirements

a)Sub~Grade— 9% (Standard)

b)Sub—Base —935%( , )
¢)Base —100% ¢ » )

ROAD SURFACING TRIAL — TYPE - @)

—

+ -Comp E/FIll
. -Top 18"SG. Compacted 90%

- Surface Dressing /Painting

‘I1" Compacted Sand in (3 Layers)

C9R_requirments
Top 4" of Sub—Bose}28

sject
JAD SURFACING TRIAL PROJECT]
\JBARI

Consultant :

BANGLADESH CONSULTANTS LTD.
House No.4, Road No. 14 (New)
Dhonmondi R.A. Dhaka—9

Drawing No.

Date :18~2-87

1/58




Annexure = 2E

Water Bound Macadam Road With Sand~ Soil Sub- Base

 6'Aggr, Sand B Scil

ey C E/ Fill
s | [_Top 18" SG.Compacted 90%/;:,) '
; 2" Sond Drain - 8'Stogger === 1 Sand - Soit mix { 1) (in 3 Loyers)
' H " e SILw BM
L 12 x4 Sub-Base EdguDrain
(Brick Aggr) - - Surface Dmssing /Painting
$=2-5, For H=0 to 8 Ft
S= 300 For H> 8 F1.<I6 Ft,
H = Clear Height of Fill at Shoulder
Compaction Requirements C B.R Requirements
a)Sub-Grade ~ 90 % (Standard ) Top 4" ofSub-Base <425%
b}Sub—~Base — 9%% ( = )
C) Bass -0o%( * )
ROAD SURFACING TRIAL-TYPE- (5)
(WITH SURFACE PAINTING)
ROAD SURFACING TRIAL-TYPE - (6)
(WITH SURFACE DRESSING WITH PEA GRAVELS)
oject Consultant Orawing No.
)A_D- SURFACING TRIAL PROJECT | BANGLADESH CONSULTANTS LTD.
A House No.4, Road No 14 (New)
\JBARI Dhanmondi R. A Dhaka — 9 ' Date .

DTN



Knnexure~- 2F

Aggregate Stabilised Soil Road With Soil-Sond Sub- Bass

6"aqgg r,Sand 8
Soil

1 _Com.. E/Fill
o Top18"S.G.Compacted S0¢..
-b 10"Comp Soil,Sand(1'1) (... 3 Layers)

12x4 Sand Drain Stagger : "¢ Aggr 33%, Sail-Sand(67°. ),Sand (22% )

12%«4"Sub-Bose Drain 1 Aggr, Impact Value 50
(Brc d 10% Aggr.Spregded at top tefore
fick Aggr) Comp acton Starts.
Lo . .. -8 Suface Dressing/ Painting

$:2.5 For H=0 to 8 Ft, i
S =3.00 ForH= 8Ft. 16 F,
H=Clear Haight of Fili ot Shoulder
Compaction Requirements C B R Requiremunts
0)Sub -Grade — 90 % ( Standurd ) Top 4"of Sub-Bese 25%
b)Sub-Base — 95%{ " )
¢)Base — 100%!( " )

ROAD SURFACING TRIAL-TYPE - (7)
(WITH SURFACING PAINTING )

ROAD SURFACING TRIAL~TYPE —
WITH SURFACING DRASSING WITH PEA GRAVELS

7238

Project : Consuitant Jrawing No.
ROAD SURFACING TRIAL PROJECT | BANGLADESH CONSULTANTS LTD.

Dhanmendl R A Dhnabq [ frate
Tte .

RAJB ARI Housa No . 4 Road Ho (4 (New ) - J '



http:Sub-Bc.se

ANNEXURE-26

Aggregate - Stabilised Sail

Road With Stone Grafting & Soil-Sand SubBaose

Soil

{Brick Aggr)

S22 50 ForH=0to 8B Ft.

Compaction Requirements -

b) Sub-Baose — 95 % |

c) Bose - 100 %

L-g"agqr,

! 12'x4"Sand Drain Stogger
L -12'%04" Sup - Base Edge Droin l

o) Sub-Grade -- 90 % (Standard)

Sond &

1 @) Top18"'S.6.Compacted 90%
- (bi10"Comp. Soil, Sond (1:1) (i 3 Layers)

©)Aggr (33 %!, Soil-Saond (67%), Sond (22 %),
Aggr, impoct Value } 50

———@d) 25mm Grafting With Stone or Uvarburnt Brick
Aggr, impact Volue > .25
——~—®) Surface dressing/Pointing

Sz300ForH= >8Ft.£ 16 Fl.
H=Cleor Height of Fill of Shoulder

C B R Requirements
Top 4" of Sub-Base £25%

no )

ROAD SURFACING TRIAL-TYPE - (9)
(WITH SURFACE PAINTING)

ROAD SURFACING TRIAL-TYPE-(1Q)
(WITH SURFACE DRASSING WITH PEA GRAVELS)

L

Project
ROAD SURFACING TRIAL FROJECT
RAJBARI

Consuttont

BANGLADESH CONSULTANTS LTD.
House No.4, Road No. |4 (New)

rowing No.

S

bhonmondi R.A. Dhako — @ ate: 12-9-8%5

11al
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Road Surfacing Trial Project, Rajbari

Annexure-

LABOUR & MATERIALS RATES ASSUMED IN COST ESTIMATES

s1 Present Market Price Tk Z-P rate
No Particulars Smaller Vol § Larger Vol Schedule
of work of work Tk.

1. Skilled labour/day 50.00 40,00 25,00
2. Unskilled labour/day 30,00 25.00 20,00
3. Materials

Bricks st class %o nos 1200,00 1200.00 1200, 00
4, Bats 1st class % cft

including carrying 950,00 950. 00 950,00
5. Sand FM 1.20 % cft

including carrying 300,00 300,00 300,00
6. Bitumen/ton

including carrying 10000,00 10000, 00 10000,00
7. Asphaltic emulsion 5431 6.31 5431

per lbs

including carrying
8. Pea pgravels % cft

including carrying 2050,00 2050,00 2050, 00
9. IHire charge 8-10 ton

roller per day 500,00 500,00 500,00
10, Carrying for bricks

per %o nos 100,00 100, 00 -
11. sand FM 1.25 to 1.80

% cft including

carrying 100,00 400,00 400,00

I'or any other rate, schedule of rates for

4ila Parishad 1984-85 shll be applicable,

raridpur

1763

b


http:10000.00
http:10000.00
http:10000.00

v 9/1

ITEM OF WORKS
1.1 PICKING OF BRICKS
{21 EI/W IN BOX CUTTING

! 22 SUB-GRADE PRE PARATION
.31 SAND $SUB- BASE

21 SAND SOIL SUB- BASE
51 AGGR- SAND SOIL SUB-BASE

e AGGR -SAND  SOIL-BASE

7.1 BRICKX SOLING

8.1 BRICK ON.END_EDGING

L9 WBM
. 101 HBEB

! DRAINAGE Cbl;RSE
12.; SURFALCE PAIN;]P;G o
31  SURFAZE DRESSING
141 HBB JOINT TREATMENT
15.1. GRANU _AR SHbULDER
61 E/W IN SMOULDER 4+ SLOPE

“a72a) TURFING

PLANNED PROGRESS. st

ACTUAL PROGRESS: ==t

Road Surfacing Trial Project, Rajbdari

PLANNED VS ACTUAL PROGRESS OF WORK OF GROUP- A

Annexure- 4a

Y

{ 19 |7 Pregr]

Lo . ., WEEXK " _
CiT2 'ale 1516l 718
| L o
———— ; 4 ,,v,.___,,,,,i“, U o
—_ : l :
I —— :

- 75
50
=t |25

ORI

¢ 15-5-86

76.30 50
¢ 21-5-86

80.93°.0
§ 9-6-86
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92.09°11

!
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Road Surfacing Trial Project, Rajbari

$9/1

PLANNED VS ACTUAL PROGRESS OF WORK OF GROUP-B Annexure-4bt
SL W E E K
NO. 'TEM OF WORK ! 2 3 # ] s 3 7 8 9 J1o I m 12 113 [1¢ [ 15 [ 16 17 | 18 | 19 |*/. Progress
1.1 PICKiING OF BRICKS ——— ! /: | : /: 100
2.1 E/W IN BOX-CUTTING ’r:._'_ : /
2.2 SUB - GRADE PREPARATION - s }
; ; i / .
ER] SAND SUB-BASE : A
T : v - B : R S
%1 SAND-SOIL SUB-BASE [——: : : / R
5.1 AGGR -SAND-SOIL SUB-BASE . . R 4 - //’ T T
6.1 AGGR - SAND-SOIL BASE — 7 _ T
7.1 BRICK SOLING - T X
;
8.1 BRICK ON - END- EDGING
9.1 wBM T - 50
103 HBB i !
ey e i !
) DRAINAGE COURSE — :
121 SURFACE PAINTING i ’ I=“
R R SURFACE DRESSING - - = L35
T 14 HBB JOINT TREATMENT — I
1 T - I -t
1150 GRANULAR SHOULDER ;
e i :
161 | E/W IN SHOULDER + SLOPE i j =
171 TURFING ) ; - _“’““""T‘=“‘_'T‘”““
;
< RE™ 00
@ 2| 2! < 2 2 8 3! 38 2| 8 2 2
® oo B & iy Y N Y I B X 3 )
v ViR n £ - F N B ) : 1=y
. . - - ~ - ' - ~ o &_,
PLANNED PROGRESS: mummmmt < ~T= o = T TR T -
s is o >3 R Ol P =
ACTUAL PROGRESS!jma oot w . 66 R = ROZEow 3z 1§ e o <
z S s 3
° 5, €3 ' !
3 sls T :
Ed < o-..: i ' j
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NUMBER OF LABOUR EMPLOYED DURING WEEK

Road Surfacing Trial Project, Ra jbari

HISTOGRAM SHUWING FLUCTUATION OF LABOUR
EMPLOYED FOR GROUP A

5001 DELAY IN MANAGEMENT
MAT ERIAL I 'l
£y ok T ey
[ HBBI |, HBB .l
- bk sB ] LS8 4
004 — ——— — oo !
r.__,_.,_ 5»0___1
l PICKING | REASONS FOR FALL IN LABOUR EMPLOYED
BRICKS _l—- a) DELAY INCOLLECTION OF MATERIALS
BOX ‘ b) MANAGEMENT FAILURE TO SYNCHRONISE
3004 - — — l‘—cur;':] . . - } LABOUR IN-PUT WITH MATERIALS AVAICABILITY
¢) PROBLEMS ARISING OUT OF SUPPLY OF
UNSPECIFIED ASPHALT EMULSION
d) RELIGIOUS FESTIVAL OF EID.UL _FITR
MOBILISATION
R
2004 — -——- - _ -
Ny a

1004 — - -- ©!
coo 12 3'4'5‘5'7‘3'9'10'11'12'13‘14'15')6‘17'18'19'20

2 PROJECT WEEK NUMBER— — —» f

~ b

o ~
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NUMBER OF LABOUR EMPWOYED DURING WEEK-———

Road Surfacing Trial Project, Rajbari

HISTOGRAM SHOWING FLUCTUATION OF LABOUR

EMPLOYED FOR GROUP B

€00 - WBM
L SuB- BASS .
| ! S.6 ] GRANULAR
{ L SHOULDER
e ASS BASE _;
r "l
500
REASONS FOR FALL IN LABOUR EMPLOYED
a) DELAY IN COLLECTION OF MATERIALS
b) PROBLEMS ASSOCIATED WITH COMPACTION
leoxcur | OF ASS BASE _ A NEW TYPE OF WORK
¢) PROBLEMS ARISING OUT OF SUPPLY OF
00 — PICKING BRICKS e UNSPECIFIED ASPHALT EMULSION
l.h_’ d) RELIGIOUS FESTIVAL OF EID.UL.FITR
300 |
MOBILISATIONS
200 —]- @ S .
 [o]o JS SN O — a— — [ESRSUIN SN D—
Ooo i L T T T T ] T ] 1 1 ) L ¥
v 2 T3 z 5 6 7 "8 "8 "0 m 2713w s 1 ' 7 ' ' 19 20
] PRO JECT WEEK NUMBER——» 2
[-53



Road Surfacing Trial Project,

RRa jbari

MEASURE Ol PERFORMANCLE OF LABOURS:

QUANTLTY PLR

HEAD

PER

DAY

Annexure- 6a

Spec | o . § Maximum Pédninmum | Actual |y
e t < . . é
No OD sceription of works | production { production ) averape | Remarks
1.1(a) Pickingr up of HBBO
bricks 176 sft 106 sft 142 st
1.1(b) Picking, up ot flat
soling bricks 432 sft 117 sft 230 sfi
1.1{c} Picking up of end ‘
edging bricks 105 rft 20 rft 78 rft
2.1 /W in box-cutting .
upto required depth 341 srt 65 sft 100 sft
3.1 rurnishing, placing Mixing
and compacting of operation
sand sub-base 39 cft 15 cft 25 cft being com
pletely n
4.1 turnishing, placing to the 1la
and compacting of ours. Out
sand-so0il sub-base 37 cf't 13 clt 22 eft yut is lo
5.1 Furnishing, placing
and coupacting of
Ager-sand-s0il .
sub--base 27 clt 13 cft 1 crt
6.1 Furnishing, placing
and cowpacting of
. Aggr-sand-soil
base-course 131 sft Oh sft 96 sft
Tel furnishing, .lacing
and bedding of whole
bricks for flat
soling 131 sft 102 sft 1ih sft
8.1 Furnishing and plac-
ing of bricks on end
edging A5 rft 22 rft 34 rft
1
9.1 Purnishing, placing
and compacting of
brick ..geregates for .
WM, ©-se-course 134 set ha sft 46 st
10.1 Furnishing and plac-
ing of Dbricks for
H B3 102 sft 53 sft 2 st
T /6R



spec
No

g
§

bescription of works

§ Maximun

{ production { production | average |

{ Minimum

{ Actual

§

Remark

1.1

Providing sand sub-
base draina,;e course

surfacing painting

surface dressing
with pea-gravels

HB3 joint sealing
with emulsion

Gramular shoulder

“/w on side slope
embankment

Turfing

51

1/59

sft

sf't

st

sf't

st

st

36

219

179

20

hs

sft

sft

sft

st

sft

ct't

s1't

45 sft

sft

sft

st

st

cft

st

i/c tre
ing,pla
sand ma
rial ant
compact.



Annexure-6b

"Road Surfacing Trial Project, Rajbari
MEASURL OF COMPACTION ACHIEVEL DY DIFFERENT
TYPES OF ROLLERS: QUANTITY PER IIOUR

Spec { Description of | Maximum § Minimum § \ctual | ema ks
No { works } Production § Production § yverae | Ll s
3.1 Sand sub-base 175 cft 72 cft 130 cft } ton rolter

(Vibratory)
layer thick-

ness = 4"
SE=10 ton rollor
laver thick-
4.1 sand-soil 292 cft 82 crt 137 cft ness = 4"
sub-base 189 cft 95 cft 123 cft 1 ton roller,
layer thick-
ness = 4"
4.1 ~do- 205 cft 131 eft 162 cft 8-10 ton roller
layer thick-
ness = 5"
561 Agg-sand-soil
sub-base 175 ecft 94  cft 117 eft 1 ton roller,
layer thick-
ness = 4"
6.1 Agg-sand-soil 219 cft 115 cft 175 ¢ft 8-10 roller,
sub-base layer thick-
ness = 733"
9.1 W 3M 123 cft 89 crt 105 ¢ft 8-10 roller,
layer thick-
ness = 3"

Conclusions drawn:

1. The expenditure for fuel and maintenance of the rollers
being borne by the contractors, the accurate records
were not available and hence a comparison of cost per
hour could not be shown.

2. IFor WBM base and Agg-sand-soil base with stone grafting,
8-10 ton roller must be used.

3. Ior all types of sub-base, the small vibratory roller

can be used more efficiently and cconomically in respect
of output, manuevering and surface finishing.
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Annexure-7

Road sSurfacing Trial ProJject, Rajbari

PROGRAMME OF INVESTIGATION AND TESTING
FOR _QUALITY CONTROL OF MATERIALS & WORKS

0  SAND

1. Purpose of test: To check conformance to specification.

2, Mode of Investigation and Testing:

a) Collect random samples of sand supplied by contrac-
tors at site

b) Check their conformity in respect of FM and pgradation
as per specification

c) In case of unsatisfactory results, collect more samples
from new sources and re-test to meet the specification

0 HBRICKS

1. Purpose of testi To check conformance to specification
2. Mode of Investigation and Testing:

a) Collect random samples of bricks supplied by the
contractors at site

b) Perform crushing strength, unit wt. and water absorp-
tion tests to check conformity as per specification

c) 1In case of unsatisfactory results, collect further
samples and from new sources and re-~-test to meet the
specification

o SOIL

1. lurpose of test: To classify and determine characteris-
tics

2. Mode of Investigation and Testing:

a) Collect random samples of mother soil i.e. soil from
box-cut and borrow pits

b) Perform hydrometer analysis test for classification
of the soil

c) VPerform atterberg limit tests to determine LL, PL & PI
and to select a sample conforming specification for use

in sub-base and aggregate stabilised base

d) Perform proctor test to establish moisture density
relationship

1/71



o

SUB-GURADE

te furposo of test: To check preparation of sub-grade
inconformity with specification

2. Mode of Investigation & Testing:

a) Collect samples of soil from sub-grade to perform
proctor test and establish moisture density relation

b) Check available density of the sub-grade and compare
with the MDD '

c) If not us per specification, prepare the sub-grade by

scarifying, adjusting moisture and compacting to
achieve ficvld density as per specification requirement

SUB=-BASE & OASE

te  lPurpose of test: To fix proportion of different in-
gredients and check conformance to
specification

2. Mode of Investipation and Testing:

a) Collect samples of different ingredients e.g. sgnd,
soil, brick-aggregatos

h) Check it I'M, gradation, 1, LAA unit wt., water
absorption are as per specification

c) Mix ingredients and check gradation
d) rerferm proctor and CuR tests of mixed sample

e) If mixed materials conform to specification, a
demonstration on actual method of field mixing is
iriven

f) If mixed materials do not conform to specification
proceed through trial amd error until proper propor-
tions are established which give mixed materials as
per specification

) Collect random samples from field mix to check their
conformity with the design proportion, gradation, MDD
and CIR

h)} Check field density and in case of unsatisfactory
compaction, redo by scarifying, adjusting moisture
and compacting to achieve specified degree of compac-
tion,

1/72 .



SURVEY WORK

1.

Purpose: Giving layout and monitoring entire construc-

tion process as per design grade, level & camber

Mo.le of Surveying:

a)
b)

Set intermediate BMs and record RL on BMS

Check pre-section of embankment, compare with contract
drawings and form the basis of final measurement

Set control stake points and give layout for stage
construction i.e. marking of RL on stakes for SG,
SB and base

Check finished RL at every stage o construction i.e.

5G, SB and Dase, shoulder & embankment slope as per
specification

173



ANNEXURE - gg

PROUETY FIRST R04AD SURFACHNS TRIAL PROJECT
RAJUARI-QALIAKANDI ROAD, RAJBARI

TITLE  DVARUTIONS SETWI(H ASMUMT LOWGITUDINAL “MOPILE ALOWS &
AMD MOWTONLO PROPILE { AFTEA S MONTRS ) .
hald 2t}
. —t—
av—t— \
AS-aunr

-0t

[P . os.

- 20—t— .

.-2—r—

- 20—t

AFTER 6 MONTHS
-e——
[ .
— LY
AT o Pore AT = WY -
ELCV AFTER 6 wONtRI -y ——u— 4y " AP —tr— —m - = @ . I —eem -m - 280 s
eavamer w yrve I ....l : :
0o Beuds ° oeirs #1708
[TV
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ANNEXURE - 8b

RN

|

14

...

FROSCCT © FIRIT ROAD SURFACING TRIAL PROJECT
RAJBARI= BALIAKAKD] ROAD, RAJBARI

TTLE  VARMTONS SCTWLEN AMURT LONGTUONMAL PROFILE ALONS &
AND MONTOALS PROFUL (AFTCA 33 WMONTKE)

TeL-2

B —

AFTER 6 WONTHS

223 ———

w31y —e— 28 s —y— o

s
Lhbd *vree
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LNNEXUKE - B

st FIAET ROAD SLAFACING TRIAL PROJECT
RAJSAAI- SALIAXKAND! ROAD, RAJBAR!

TUg D VARIATIONS S{Twls asBULY LOWCITUDMAL prOFILE ALOWE €
AmD wOWTGRED PAGALL (4&FTER S wOuTHS }

TYPL-3

-a
-zt —as-mur

!

. b /

X
\,

\— AFTER 8 MONTHS

L 37

2z ——— —=
w1ap —ee— -0 YT
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L ol

» i

»n—d

-t

Datum lF Y
A IS S

-
aar-
————
-
-y

I

: FIRgY ROAR SURPACING TRIAL PROMgCT
RAsSARI= BALIARARD) ROAD, RAJpam

LYARUATIONT SETWEEN ASBULY LOWGITUDNAL PROFRE aLOwes ¢
ANO EOMTOSED PACFRL (AFTOR- RiX MONYmd T

TYrE-4

- AS-Bag

N s

3l ——v-
E v o gy

0 —vr——n

jotr ———

208 ——nn

- 3TY —
e ———

04e00
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ANREXURE - Be

IRST AOAD SURFACING TRIAL PROJECT

[
MAJBARI-BALIARKANDI ROAD, RAJBAR]

FRLE  IVARATIONS BCTECLE ASBURY LOWGITUDINAL “'PROTR.E ALONG <
AND WONTOSD PROFWLL |AFTLA SX MONTHS )

TYPEL-%

AFTEA 8 WONTNS

R —ee— T Ase—te——w

L 1
oen1s esoee eers
sene

(R )
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ANNEXURE - 8f

eoACT ¢ PIRST RCAD SURAFACING TRIAL PROJECT
RAJBARI - BALIARARD! ROAD, RAJSAR

UTLE i VARATIONS SETWCLN ASMUKT 1OBSITUSINAL FRONMLE ALONS &
AXD NOMIONLO PROFLE { AFTER 3ix WONTNS) /— as -puns

Tvre-g

8 2t [
T - ’ AFTER 6 MONTHS
ol /

aL——— — Ty

. w0 T v e Sue -
2MTanct w wergs 1 1 1 1 |

stecm avers oeaso

o Semm
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ANNEXURE -gg

40

sansxet @ FIRST FOAD SUAFACING TRIAL PROJECT
AAJBAR;-PuLi "AND ROAD, RAJBARI

TETLE  SVAICATIONS SCTWEty ftainY LOWGITUDMAL PROTLE ALONG <
ARD WORTOMD PAOFILE L AFTER 311 MONTHS)

I~ rerg-7 AS - BUnLT
.o—t . /—

AFTER 8 WMONTWS

RILT DLEVETIO —
TLEV. AFTEIN & Wowrd & 2141 ——

. —ar—=—

"8 -2 e

T p——

eIgrasce m_ weres 1 1 ! 1
o100 serrs 4T serrs

eivon
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ANNEXURE -3n

iV,

anc

Darum giw o0
A5 -wonr eidvation
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Road surfacing Trial Project, Kaibari
MALNPeNANCE SCHEDULE FOR EACH  KILOMETER OF AGGREGATE STABILISED SOTL 2uwl
Maintenance Duration of Maintenance of Labo Reoui N
of Apr | May | Jun T Jul | Aug | sep | ver I Nov [ Dec | Jan arvour hequiremen
2 WKks 6 Wwhs 4 WKs
Pavement ﬁ— - e e Gt D ST ey Gy omn Guw Gup e - e - 1 l:Ab/"{m ffor total 3
Granular 4 wKks .
ehouliies k._. — 2 labyiun for total 2
Lo L R
Earthen - - __6_“\5._ _“_-5“\_5. ——— Jul-Sep: % lab/im for total ¢
shoulder - -ﬁ Nov-Jan: 2 lab/km for total 2%
. 2 WKS
Side slopes k_ .-..’.:.s_ 5 lab/km for total

For all
items

1/5 supervisor per
km ror total

2

drains in wet weather
For filling earth in depressions

* For cutting cross
*



ANNEXURE 1}

RECOMMENDED PAVEMENT STRUCTURE

Aggregate Stabilised Soil Road With Sand - Soil Sub —Base’

Modified Type- 8

8"Aggr. Sand & Sail I~@’l"op 18'S.6.Compacted 90%

Comp E/FIll

12"x 4" Sand Drain Stagger
: : gger, Aggr. ~!impact Vakiod=-50

—@ Surface Dressing with Pea-gravels
and Asphalt Emulsion / Bitumen.

§=2.5For H=0 to 8 Foet.
Sz3.00For H= >8 Foot=< 16 Foot

H= Cloar Hoight of Fill at Shoulder

Compaction Requiromonts -

a)Sub - Grade - 90% (Standard )
b)Sub—Base -95% (Standard)

c)Base —100 % (Standard)

L® ©'Comp Sand-Soil (111){in 3 Layors)
L(© Aggr. 33%,Sand-Sail (67%}, Sand(22%),

L (2"x 4" Sub- Baso Droln (Brick Agor.)] @ 10% Aggr. Spreaded at top bofore Compaction Storts

Projoct- . Consultant.~

ROAD SURFACING TRIAL PROJECT | BANGLADISH CONSULTANTS LTD-

House No.4, Road HNo. i4 (How)
RAJBARI Dhonmondi R.A, Dhako =9

Drawing No.

é

Date.l0 -1~ 87
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PART-11: APPENDICES
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Consulting Engineers & Architects
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SUB-BASE DESIGN CRITERIA VERIUS ASTUAL
FIELD TEST RESULTS DURING CONSTRICTION

Lach layer thicluess =

Sand-Soil Sub-base: Type-9
m T*Local sand T i T IDU (Fel), C2R ! ~ i ie e
Tyre. 111our { Local Goil. f—-— - ——f value © { Jlemaris,
| S _3ocC o % T B

Design 55% 45% 121.76 25.CC

criteria. Fil= 1.30 YI = 8% 12.06 Totel loyer,
Lab. HNo. 1 138 189 212

Sample No. F3-1 Atter-159 5.51-209 5.51-217
Field test 55% 45% 115,67 23.77 t = 5" 4 5o
results. Fhi= 1.33 PTI = 8% 11.25
Lab. lo. 206 138 _ 203 23

Sample No. F5-223 Atter-159 S,.51-221 S5.51-245

t = 10"

These desigrs have been adopted in the field for execution throu

whole construction period.

gh proper monitoring durinz the
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SUB-BASE DESIGN CRITERIA VERSUS ACTUAL
FIELD TEST RESULTS DURING CONSTRUCTION

Sand-Soil Sub-base: Type-10
S .

Tyoe g Locel seand ngocal Soil, g FDD (Fef). { CBR

ype. { Alipur. {_OHC % value %
Design 55% 45% 121,00 24.00
criteria, Mi=1.30 Pl = 4% 12.25
Lab. No. 1 306 195 237
Semple No. 541 Atter-291 L.51l-214 He51-229
Field test 55% 45% 118,87 23.56
results, Tel=1.30 Y1 = 4% 14.51
Lab. lo. 222 306 204 240
Sample No, M-236 Atter-291 S.51-222 5.51-246

Yach layer thiciiness = 5¢
Totel layer, t = 1C%

+ 5"

These designs have been adopted in the field for execution through proper moaitering during the

whole construction period.
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2332 COURSE oD3IGN CRITERIAN FOR CUNSTRUCTION: HBB - TYPE 1, 2 & 3
WATER BOUND MACADOM Bask COURsSE:  TYPE 4, 5 & 6

All bricks froin [ strength { Unit vt { water §
Faridpur & Rajbari § ist { Ficked { of Aggr |{ absorption |
{ Class { Jhama [ g o riis
specification §y 1000 y 2500 1 ] ¢ 0 [4
reguirement { psi { psi { 75 pef § 155 max §
ualities of the 1824, 2277, 05.14 7.02 For unit wt, 3" sieve was not
best locally avail- 1310, 2507, 65.46 8.40 available, so the reqd. gradation
able bricks and 1734, 2592, 65.12 10.29 was affected, thus the jower unit
agrregates 1856, etc 65.72 T+95 wt. Water absorption indicates a
etc higher unit wt. iggr. impact value
of average 26 shows stronger aggr.
Lab. No. 193 221 87 20 20 Unit wt determined by CBR mould
sample No. B210 235 PJ101 PJ.BAgg-34 PJ.Bagg-34 as 3 cft capacity mould was not
available (as per std. test proce-
159 194 156 158 66 67 68 €9 dure). This may also have an effect
180 211 177 179 20 91 92 913 on unit wt. (ref. ¥-103, Test
J
176 177 Procedure).
19% 195

Construction: 6" Cumpacted wuM nchieved by vcompacting in two successive
lavers, using 8-10 ton steel wheeled roller.
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BASE COURSE:

DESIGN CRITERIA ViRSUS ACTUaL

FILLD TEST ReESULYS SURING CONSTRUCTION

Agg.Sand-Soil Base Course: Type-8

{Local aggreg- {Local send ~JLocal stf—TﬂEEﬁﬂFEﬂﬁf"__FTﬁH)(ﬁETT_"fEﬁ%;;;EH;'ﬁh—__"__"
Type. fates(Rajbari {(Alipur {(Box-cuttinggof mix, ) AV, ) { Remarks.
forick), {_Rajvari). {+Borrowpit).§ { 0OlC % Q el on e
Design 33% 27% 40% ell graded, 113.46
criteria, Impact value Fhi=1.30 PI = E% 13.50
= 29040%
Lab. No. 180 1 133 307 254
Sample No. B.Agg-125 F5-9 Atter-152 B.Agg-332 AggéS.SB-
265
Pield test 33% 27% 40% iell graded, 112.84 64 x By Dcp.
result, Impact value Fll=1.32 PI = 8% 13.75 B8 wx
= 29.40%
Lab. No, 180 148 133 307 260
Sample No, B.Agg-125 FS-168 Atter-152 B.Agg-332 Agg.g.SB—
27

Construction: 6" compacted base course achieved by compacting in two successive layer.

* JAs-built CBR

** lMonitored CUR after six months of construction






BasE COURSE: DESIGN

CRITERIA VERSUS

ACTUAL IFTelL D TEST RESULTS DURING COUNSTRUCTION

Agg.Sand-Soil Base Course: Type-10
{Tocel egpre— lLocal sand JLocal soil § Gradation | 1DD. (DC ! Cﬁ; veW:;;~g--—"‘-"”
Type lgates(Rajbari §(slipur {(Box—cuttingl of mix, { (p;’) L Remesiin,
fbrick). { Rajberi). (+Borrowpit).{ _{_oi -___Q_:i-___ K
Design 33% 27% 40% p S 114.40
critex-a. Impact value Fil=1,30 PI = 4% Yell graded. 13.25
’ = 29.40% '
Lab. No. 180 1 306 309 259
Sample lLio. 3.Agg-125 ¥S-1 Atter-291 B.A4gg-334 ABeB D5~
- 274
Ll
< .
Wt Field test 33% 27% 40% . . 113.92 45 % s
results, Impact value Pil=1.30 PI = 45 Viell graded. 13T£€ L % By Uep.
Lab. No. 180 222 306 309 262
Shmpile Wo.. B.Agzz-125 F5-23 Atter—291 B.4gE-334 Agz.5.50-
273

Construction: 6"

W

compacted base course’
* As-built CDBR
* %

rionitored CBR after six months of construction

achieved by compacting in two successive layer.



Road Surfacing Trial Project, Rejbart

SUMMARY OF

FIELD TEST RESULTS

Items

Type-1

Type-2

Type-)

I Typa=b

BRICKXS:

Strength, psi
Unit v, el
Absorption %

1794
62,68
14,22

156
62.29
14,07

184S
68,30
10,50

Py 2592
66,72
7.95

SURGRARE:

Lab MDD pcf
Opt.moist cont %
% Cumpaction)
Upper layer
Micdla layer

bottom laysr

Upper
103,50
16,50

102,30
18,63

101,80
19.60

95, 56, S, 9%
93, 95, 92, 90
91, 69, 92, 22

Bot tom

Uppar Middle
105.60

17.50

10).50
18,40

94, 93, BE, M1
90, 93, 91, 90
89, 94, 93, N

Dottom

101.00
18,87

Upper Hiddle

108,00
17.47

104, 54
17.9)

102,80
19.00

. 91, 23, 93

90, 97, 98
91, 94, a8

flottom

Upper Hid-ile Hattom
107.46 1.%.28
17.3) 17.2)

92, 90, 9%
92, 95, 89
87, 95, 90

S\ND SUB-fVIE

Lab MCD. pecf
Opt.Moist.Cont %
Gradation

™

COR &

% Compaction)

13t layer
2nd layer
3rd layer

104,97
13.75
Hearly well graded
1.20
24,00

104, 10)
103, 106
103, 106

107, 99,
102, 103,
103, 106,

106,30
14,40
Nearly well graded
1.07
23.3)

100, 103, 102, 100
103, 101, 102, 100
98, 97, 98 99

SANT-SOTL SUB-Bask

Lad MDD, pcf
Cpt,Motst,Cont %
Cradation
™
cpa ¥
P %
) » Compactioni
1st layer
2nd laysr
.‘)rd tayer

122,00
11,50
Nearly well graded
t.30
26,11
3
95, 99, 96.. 93
97, 100, 93, 100
96, 98, 93, 10).

AGG, SAND-SOIL Si4- 0AST

Les MDD, pe?
Opt.moist.Zont %
Gradation

™

CHR %

FIIENEN

208, 3miact value v
% Tizsacticn

st layer

2ns layer

Irg layer

116,95
14,09
Nearly vell grided
1.30
27.7¢8
TJCe

27.10

$6, 101, $), 97
1co, 73, 100, 7
101, ST, 93, 101

8rick atrength, Pt
Lrit wt., pef
Anvarytion %

Gracati.n

J n
592 1824

62,29

th,07

Hearly well Nearly well
Lraded rradad

23.10 27.1

Faeme .«

Lab NLD. pef
Cpt.Moist.lont %
% Compmction
Shoulcer

Cite slope

103,86
18,13

RIUS-92 Av, LIIG-00 Av,
FHATU Av. Li3-73 av,

104,20
16,682

RI15-04 av. Li5-9% av,

HHS=TH av, Litse"7 av,

103,34
19,06

RIUS-T4 Av, LHS-9) av.

133,90
18,70

ANS-90 av. LNS-91 4Av.
RHS-T6 av. LUS-T4 av.

Luit classification & Santd- Lo bs caavedio et iy arieliliellagt .
CIASNUL (R ST
Lab MDD, pef 116.93 116.95 116,93 116.95
Opt.Majat.Cont % h,09 1,09 14,09 1h,09
Crsdatton Neo. .y wvell graded Nearly wvell greded Nearly woll gpraded Nearly well graded
Fros 5,00 7.00 7.00
$ Compaction RH3-9T, 93, 98 RN5-96, 96, 96 RHS-87, 100, 926 RH5-96, 93, 99
LH5-93, 96, 97 L15-99, %, 98 Lts-55, 96, 9T LHsS-97, 97, 93 /
J
RS \Q‘j




Items ‘ Trpe-3 l ‘ Trpe-7 Type-8 ! Type-9 Typen10
ERICKS:
Strength, pat PJ- 2397, 1638 1827 1627 1810 1769 173
Unit wte p<f 63.12, 60.30 60.30 635.00 63.00 63.99 63.99
absorption » 10.29, 17.00 17.00 12.30 12.30 1248 ™
SCH-CRaPET troper  piaals lotiem Gpper  Micule pottem  Upper Midale $ottom  Upper  Middle Cottos upper  pifile Bottem Cpper micile uuttes
Lab. MDD. pef 102,23 100.80 13).37 107.93 103,38 101,46 107,67 104.53 102.30 109.79 103,00 103.3, 108,20 103.73 103.39 109,30  106.63 1973
Opt.motst.Cant.% 20,00 18,30  20.C0 17.23 17.58  18.30 17.00 17.5) 19.00 37.02 17.30 19.00 17.00 17.70 19.33 17,43 17.80 16,82
% Compaction?
Upper layer 93, 20, 93 94, %o 97 97, 97, 93 0, 98, &3 93, 93, 95 97, S, 99
M1ddle layer 90, 9t, 92 95, 58, 99 97, 96. 58 93,100, 93 98, 98, 56 95, . 5O
Bottoa layer 93, 0, 91 $7+ 9C. 9) 9%, 97, 93 88, 91. 93 97, 88, 90 97, ¥5.
SAND->UIL SUB-BASL:
Lab.MDD. bef 121.72 121,72 121.60 121.61 121.76 121.00
Opt.Matst.Cont. % 12.08 12.¢8 12.20 11.93 12,0« 12,25
Cragation Nearly well graded Nearty well graced Nearly vell graced Nearly vell graded Nearly vell graded Nearly well gradec
Fn 1.4 1.4 1.0 1.90 1.30 .o
CER 3.2 23.3) 24,78 24.00 26,4k 24.00
3 . - §.00 8.00 8.00 &.00
» Compection: -
15t layer 10%, 106, 59 99 100, 98, 98, 103 96, 97, 39, 100 96, 97. 94, I3 98, 102, 96, 96 93, 96, ¥7, 103
2na teyer 300, 101, 101, 10% 97, 97, 109, 99 101, 99. 98, 97 99, 97, 101 96, 103, 103,101 98, 93, 99, 96
Ira layer 97. 99. %. 97 99, 100. $9. 98
§14F CULRSE:
13 B2 .- 23 A
#rick strength, pst 2377 1638 2277 =627
rvatt we.pel 63.12  £0.30 63.12 60,30
ansorptien % 10,39 17.00 10.29 12,30
Cradatian well well well well

(raded graded graded sraded
> - -
Impact valus, » .86 29.40 2.6 19.40

——

s STAAILTaED Badd:
Lan WO pef 115.30 11).%6 11k, 10 1ik.ho
opt.uosst.Cant.d 13.08 13.30 13.% 13.23
Creantion riy vell gradea Nearly well craded Nearly vall graded Nearly vell greded
~ 1.30 .30 .30 1.0
cBa i
o 6.00 8.00 s.00 &.co
cg.dapact valus. 3 29.40 29.40 17.%0 27.60
« Compactiron;
st layer 100, 100, 102, 100 103, 106, 104, % 10k, 106, 106, 101 110, 103, 100, 10¢
Ina laver 131, 100, 100, 100 1002, 10, 104 191 10y, 103, 162, 104 103, 103, 103, 10t
2 :ATH eLPag
Law vLD pef 1%.3) 303,37 103.68 163.69 103,70 10).82
2pt.veast.Cont. % 1.4 19.27 1.8t 18,61 8,60 19.32
« Compaction:
snoulzer RMTE=91 Ave LH3-FU av BM3-G) Av.LnS-92 av RH3- 20 Av. LHaes ave [NS-9) av.lR3-9) av RHS<91 Av.LIS-9T AV WiasY1 av. Lis-Yu Av

jide slope

2811 classification

ANi=76 ive LIS=T6 av

RHS-T3 av.iHa-T3 av
sand-sslt-clays6:91:3

CRINULIR FIOULDNRG

Lan b el
upt.alst.Cont. »
“redation

(238

{ Compection

116,93
1, 09

Xearly well greased
9.00
ARZ-93, 9T, 93
Lis-98, 96, 97

PHaeTT Av.LHS-T3  ave
sand-stlt-clay=eiB2312

116.9%
el 0%

Kearly well greded
3.0
2ns5-98, 96, 96
us-93 99, %

115.93
1%.09
Nearly well gradsed
6.00
AHS-93. 96, 9T
598, IT» 93

HM3-75 av.lH3-76 av
sand-stlteclaye3:Bes1l

RHS-77 av.Lns-i7 av
Sana-silt-clay=61901%

116.93
th.09

Nearly well graded
8.00
gH5-96, 96, 98
LHs-93, 5. 93

116,93
"o

Neerly well graded
8,00
AHS-99, 93, ¥
H5-9T, 93, 96

11/17

KHia=T% Ave LUits-Tu av

Sasu-esli-clayeal iyt

ne.9y
1w,y
Neeriy vell gruded
.00
K=Y, Yoo Y3
ths-yu. YT, 93
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Aappe -
Road surfacing Trial Project, Ra,jbari
NUMBER & TYPES UF TESTS PERFORMED DURING
CONSTRUCTION PERLIOD :
3 T 1 -
St I e U i L 1o ve 1o § sumber |} L
No Kome ot test } Materials/layers or test] itemarks
01 Ssoil classification porrowpit soil, sub- 12
grade soil and soil for
stabilised sub-base & base
02 Atterbery limit Borrowpit soil, sub- 11
test pgrade soil and soil for
stabilised sub-base & base
V3 sSpecific gravity Sub-¢grade soil, borrow- 15
test pit soil and sand
04 Gradation test sand, peagravels and 60
(sieve analysis) brick aggregates
05 IF.M Sand 33
06 Moisture density Sub-grade, sub-base and 73
relation base
(standard proctor)
07 CBR Sub-grade, sub-base and 45  poth unsoaked
base and soaked
08 Proportioning of Sub-grade, sub-base and 32 From field mix
ingredients base
0Yy Moisture content E;‘g;“r““e' sub-base and 182 From field mix
10 Unit weight Peapravels and brick 18
aggregates
11 Wwater absorption Brick aggregates 15
12 Crushing strength Bricks 26
13 Abrasion test Peagravels and briclk 26
ageregates
14 Field density test Sub-grade, sub-base, Léeh
base, granular shoulder
and embankment side
slope
15 Viscosity Asphalt emulsion 8
16 Residue Asphalt emulsion 8
17 uginder content Asphalt emulsion 8
18 sSolubility Asphalt emulsion 8

II/18 W
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Appendix-U

Road surfacing Trial Project, Rajbari

AS-BULLT Levil, Vi3 LEVEL RECORDED DUKRING
THE SIN-MONTH MONITORING PERLIOD

Date of
Station O+ 100M Observatio
\sbuilt clvs 16,306 16,406 16,456 16.396 16.316 End of Con
sonitored Slvs, 16.287 16.10 16.462 16.398 16.307 Jul 86
-do- 16,282 16,403 16,458 16,387 16.346 (g 86
-do- 16.290 16,400 16,458 16,388 16.357 wsep 86
~do- 16,290 16,401 16,4506 16,384 16,351 oct 86
-do- 10,317 16,900 10,459 10,382 16.359 ~Nov 86
~do- 16.308 16,400 16.457 16.380 16.360 pec 86
Station O+125M
Asbuilt Elvs. 16.251 16,346 16,405 16,346  16.250
Mondtored Elvs. 16.237 10,327 16.397 16.342 16.256 ~do-
~do- 16.226 16.321 16.385 16.336 16.251
-do- 16,226 16.32h  16.396 16.346 16.263
~-do~ 10,218 16,322 16.393 16.342 16.258
~-do~ 16.213 16,321 16.399 16.343 16.267
-do- 16.215 106,318 16,395 16.340 16.265
Station 04+ 150M
Asbuilt ilvs. 16,226  16.301 16.386 16.306 16.226
Moni tored clvs. 10. 167 16.297  16.387 106,295 16,232 ~do-
~do-~ 16156 16,296 16.377 16.289 16.239
-do- 10,159 16,296 16,379 16.292 16.239
-do- 16.15%  16.286 16.378 16.288 16.244
-do- 16,157 16.293 16.384 16.289 16.247
-do- 16,156 16,288 16.380 16.285 16.242
Station 0+ 175M
Asbuilt klvs, 16,186 16,261 16.316 16.271 16.200
‘fonni tored Llvs. 16.165 16.257 16.307 106.262 16.217 ~-do-
-do- 16,166 16,250 16.299 16.253 16.216
-do- 16,166 16.250 16,298 16.253 16.218
~do- 16,166 16.250 16,298 16.250 16.218
~do= 16.157 16.252 16.299 16.254 16.220
-do- 16,158 16.250 16.296 16.253 16.217
Station 04200M
asbuilt Elvs. 16,176 16.234  16.288 16.236 16.166
viuni tored Llvs, 16,187 16,232 16,292 16,227 106.131 ~do-
-do- 16,176 16,220 16,278  16.219  16.111
-do~ 16,178 16,218 16.278 16,219 16.142
~-do- 16,176 16,218 16.279 16.219 16,139
-0~ 16,189 164,22 10,281 10,22 16.134
~do~ 16.185 16.219 16.280 16.221 16.135
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Station 0+225M
Asbuilt Elvs. 16,146  16.206 16,276 16.216 16,136
Monitored Elvs. 16.132 16,197 16.267 16,207 16.128
-do~- 16.129 16,190 16.256 16,206 16.081
-do- 16.129 16,187 16.253 16,200 16.091
-do~ 16.129 16.187 16.252 16,200 16.088
-do~ 16.124 16,190 16.255 16.204% 16.083
-do- 16.122 16,188 16.253 16.202 16,085
Station 0+4250M
Asbuilt Elvs. 16,115 16,205 16.255 16.195 16.135
Monitored Elvs. 16.107  16.197 16.252 16,177 16.127
-do- 16,105 16.195 16.246 16,166 16.116
-do~ 16,106 16,195 16.246 16.166 16.111
~do- 16.120 16,196 16.244 16,170 16.115
-do=- 16,120 16,200 16,247 16.173 16.120
~do~ 100115 16,148 16.245 16,168 16,118
Station 04+275M
Asbuilt klvs, 16,105 16,155 16.215 16.153 16.075
Monitored Elvs. 16,116 16,166 16.231 16.150 10,076
~do- 16,111 16,150 16,206 16.131 16,0066
~-do- 16,106 16,140 16.206 16.121 16,066
~do- 16,109 16,145 16,209 16.123 16,068
~do- 16.113 16,146 16.210 16,127 16.07h
-do- 16,110 16,147 16,205 16.124 16,070
station 0+ 300M
Asbuilt Elvs, 16,065 16,145 16.210 16,140 16.065
Monitored Elvs., 16.056 16.150 16,197 16,140 16.051
-do- 16.056 16,131 16,186 16.126 16,0306
-do~ 16,056 16,134 16,184 16,126 16,036
-do- 16,054 10,130 16,179 16.124 16,035
-do- 16,070 16.137 16.182 16.128 16,042
-do~ 16,065 16,135 16,180 16.125 16,0306
Station 04+7325M
Ashuilt olvs, 10,000 16,196 16,206 16,190 15,050
Youitorcd BLvs. 10,026 To.141  10.190 16,121 16.070
-do- 16,021 16,122 16,196 16,106 16,968
-do- 16,010 16,116 16.19% 16,108 16.056
~-do- 10,012 16,116 164191 16,108 16,057
-do- 154992 16,117 16,196 16.110 16,05h
- 1o- 1590 160113 16,193 156,107 16,0735
I1/20
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Station Us350M
Mstuilt plvs, 16, 0N 16, 130 16,200 e, 1700 16,076
doni tored £lvs, 16,036 16,126 16,206 16,126 16,0060
-do=- 16,026 16,118 16,197 10,116 16,009
—do- 1L,003 16,101 16,195 16,116 16,064
~o- 16,005 16,103 10,198 16,116 16,065
~do~- 16,016 10,097 16,191 16, 116 16,050
~do= 16,011 160,009 16,193 10,110 16,055
statiovn 0+375M
Asbuilt Elvs. 1o, 086 10106 100205 10,1507 1L, 0060
Monitored Elvs. 16,066 16,130 160200 160100 16,000
-}0- 16,0 16,120 16,200 16,130 16,058
-do- 10,057 1064113 16,198 16,113 106,053
~-do- 16,055 16411 16,199 10,115 16,055
-do- 16,003 10,118 16,201 16,113 10,051
-clo~ 16,000 16,116 16,195 16,110 16, 0LR
Sta tion 0+400M
Asbuilt Elvs. 16,098 16,151 16.216 16,156 16,076
Monitored Elvs. 16.051 16.104 16.21% 16,106 16.08h
-do~- 16,040 16,130 16,207 16,131 16,070
-do- 16,0473 10,113 104195 16,130 106,051
~-do- 16,043 16,115 16.193 16,130 16.051
-do-~ 16,058 16,116 16,195 16,137 16.063
~do~ 16,007 16,114 16,192 16.131 16.0506
Station 0+425M
Asbuilt Blvs, 16,066 16,181 16,236 16,186 16,111
-do- 16.066 16,164 16.231 16,171 16,102
-do= 16,056 16,150 16.216 16,156 16,083
~do- 16,000 16.147 16.211 16,158 16,077
~-do- 106,005 16,146 16,210 16,160 16,077
~do- 15.004 16,144 16,206 16,159 16.072
-do- 16,000 16,145 16.205 16.157 16.073
Station 04+450M
Asbuilt Elvs. 16,101 16.206 16,261 16.201 16,131
Monjitored Elvs. 16,131 16,180 16.256 16,196 16,156
~-do=- 16,126 16.191 16.246 16,186 16,136
~-do- 16,093 16,183 16.242 16,174 16.131
~do=- 16,096 16,185 16.245 16.175 16.136
- do~ 16,097 16,167 16,206 16,177 16,132
~do~ 16,099 16,186 16.24h 10,173 16.135
II/21
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Station O+475M

Asbuilt rlvs. 161,151 16.221 16,361 16,221 16,161

monitored Elvse 10, 1601 h,221 145,306 16.230  16.170
-do- 16,105 10,210 16,296 10,216 16,137
~do- 16, 164 16,210 16,290 16,206 16,1732
-do- 16, 102 16,210 16,291 16,203 16,135
-u- 16,158 16,2160 16,280 10,2005 16,139
~lo- 16,160 10,215 10,288 16,19 16,136

Station 04+3500M

Asbuilt clvs. 16,187 TOLETT 1003277 16,251 16171

Monitored Elvse 10,196 10,266 16,320 16,206 16,170
~do- 16. 176 16,256 16.311  10.247 16,140
-do- 16,175 16,207 16,311 16,232 164,134
~-do- 16,177 16,246 16,310 16.225 106,136
-do- 16,174 16,2406 16,314 10,235 16,136
-to- 16.170 10,245 16,312 16,231 16.130

Station 04525M

Asbuilt £lvs, 16,2731 16,301 16,356  16.306 16,196

Monitored Llvs. 10,220 16,291 16,356 10.281 16.176
-do- 16,219 10,276 16,346 16,266 16,136
- do- 16214 16,275 16.342 16.264 16,162
-co~ 16.211 16,27 16,346 16,266 16,161
- o~ 16,219 16,276 16,346 16,266 16,169
~-do- 16.212 16.275 16,345 16.265 16,164

Station O+550M

Asbuilt Elvs, 16,221 16.326  16.376 16.326 16.226

Monitored Elvs. 16.191 16,301 16,361 16.311 16,226
-do- 10,189 16.296 16,356 16,304 16.199
~-do~ 16.181 16.292 16.362 16.302 16.186
-do- 16.186 16,296 16,361 16,303 16.188
-do- 16,182 16.293 16,361 16.294 16.179
~do- 16.180 16,289 16.358 16.295 16.175

Station 04+575M

Asbuilt Elvs, 16,286 16,376 16,436 16.376  16.290

Monitored Elvs., 16.279 16,351 16.411 16,353 16.316
~-do- 16.267 16.346  16.406 16.351 16.266
-do- 16.282 16,306 16,406 16.351 16,273
~do- 16,282 16,3460 16,407 10.353 16.277
-do- 16.280 16.340 16,403 16.350 106.277
~do- 16.275 16.342 16,401 16.351 16.277

11/22

Jul &6
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station 04+600M
Asbuilt plvs.
Monitored Elvs.

-do-

-do-

-do-

~do-

-do-

station 0+0L25M
Asbuilt Elvs,
Monitored Elvs,

-do-

-dOo-~

-dO-

-do-

-do-

Station 0+650M
Asbuilt klvs.
Moni tored Elvs,.

~do~

~jo-

-~

-do-

-do-

Station 0+075M
Asbuilt kElvs,
Moni tored Llvs,

-do=~

-do-

~-do-

~-do-

~-do-

station 04700M
wsbuilt wlvs,
Mounlitored blvs.

~do-

-0~

~do-

-d0=-

-0~

16. 3006 16,416 16,476 16.411  16.296
16.291 16.392 16.456 16,391 16.309
16,291 16.386 16,447 16,386 16,289
16,291 16,384 16,443 16.380 16,29
16,290 16,384 16,446 16.379 16.296
16,280 16.380 16,444 16.376 16.291
16.283 16,381 16,442 16.375 16.290
16 4106 16,506 16.556 16.506 16,406
10.381 16.476 16,553 16.491 76.356
16,387 16,477 16.546 16.496 16.368
10.387 16.477 16,545 16.495 16.7360
10,385 16,475 16.545 16,495 16.365
16.376 16.470 16.538 16.489 16.360
16.370 16.468 16,540 16.490 16.352
10, 386 16.511 16.576 16.52 16,4206
16,361 16.491 16,566 16.501 16.386
16,366 16,486 16.561 16.487 16,336
16,341 16,485 16,561 16.490 16,394
164302 16.485 16.561 16,488 16.390
16.7338 16,481 16.556 16.483 16.377
16,337 16.478 16,554 16,481 16.377
16456 16.551 16,601 16.546 16,450
16.536 - 10,536 16.591 16.539 16.470
16. 436 16,526 16.586 16.529 16.461
16,436 16,530 16,586 16.534 16.461
16,436 16.528 16.587 16.533 16.460
16.436 16,525 16.575 16.529 16.458
16.435 16,525 16.573 16.528 16,453
10,151 16,501 10,610 16,536 16446
10,396 10,511 10,590 16,531 16.h21
104380 16,516 16.586 16.516 16,405
16,390 16,516 16,590 16.516 16,404
16.388 16,514 16,590 16.515 16,7398
16,392 16,508 16.588 16.515 16,390
16.390 16,500 16.586 16,512 16.385
I1/23
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~do-
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Station 04+725M
Asbuilt Elvs, 16431 16.536 16,590 16.526 16 .436
Monitored Llvs. 16,516 16,521 16,586 16.516 m
~do~ 10,406 16.508 16,574 16,508 16.416
~do=~ 16,410 16.505 16.578 16.510 16.4183
-do- 10,408 16.502  16.573 16,510 16,418
-do~ 16,401 16,490 16,570 16.507 16.414
- o= 16.398 16.491 16.568 16.500 16.410
Station 04750M
asbuilt plvs, 16,430 16,506 16.566 16.536 16,436
honitored plvs. 10,421 160.506  16.562  16.506 16.436
~do- 16,18 16,488  16.552 16,497 16,426
~-do- 16,420 16,481 16,555 16.497 16.420
0= 10,428 16,479 16,555 16.497  16.416
~do- 16,022 16,470 16.549 16,489 16.410
-do- 16,417 16,465 16.550 16.490 16.410
Station O4775M
Asbuilt Elvs. 16.384 16,484 16,536 16.541  16.456
Monitored plvs, 16,416 16.U466 16.540 76,506 76.386
~do- 16,417 16,461 16.539 16,496 16,366
~do- 16,419 16.460 16.539 16.490 16,371
~do- o419 16,456 16,539 16.486  16.7373
~do- 113 16040 16,535 16,472 16.362
~do=~ 16,409 16,400 16.535 16,469 16,360
station 04800
Asbuilt Blvs, 162326 16,416 10,486 16.506 16,401
donj tored e£lvs, 16,300 10420 16,086 16,462 16,006
-do= 16.368 16,406 16.485 16.460 16.398
~do- 16,365 16,405 16,487 16,460 16.400
-do- 16.305 16,401 16,487 16.459 16.401
~do- 16,354 16.398 16,478 16,445 16.382
~do- 16.355 164390 16,477 16,547 16,1385
Station 0+825M
Asbuilt Elvs. 16,275 16.355 16,1426 16,460 16.378
Nonitored klvs. 10,230 16.316 10,426 16.5426 16.1350G
-do- 16,237  16.316 16,419 16.432 16.386
—do- 16,222 16.302 16,419 16,422 16.372
- o=~ 16,220 16,303 16,416 16.422  16.376
~do-~ 16,236 16,300 16,420 16.425 16,369
~do- 16,230 16,300 16.418 16.423 16,380
II1/24

Jul 86
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-do~

~do-
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station 04+850M

Asbuilt iPlvs.

Moni tored
-du-
~do=
~do-
-]U~
-clo-

Blvs,.

station 0487 5M

Asbuilt rvlvs,

Moni tored
-do-
-do~
~do~
-jo=-
~-do=-

Klvs.,

Station 04900y

Asbuilt Llvs.,

Honi tored
-do-
-0~
~do-
-do-~
-do-

Elvs.,

Station 0492 35M

Asbhuilt Elvs,

Moni tored
-do-
~cdo-~
~do-
-do-
~dJo-

wlvs,

Station 04950M

Asbuilt Elvs,

Monitored
~do-
~-do~
~do-
~doe-
-do-

station

Llvs.

0+975M

Asbuilt Llvs,

Monitored
~clo-
-0~
-0~
o~
-du-

klvs.

6 I_. 0II

6l - 0“

i 6-0 N > n 6 —0 ’
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| ] !
: ! | | [
| [ | | |
16225 16,305 16.370 16.7370 16,286
10,216 16,301 16,361 16.301 16.281
16,210 16,297 16,364 16,344 16,294
16,196 16.285 16.352 16,332 16,267
10,201 106,290 16,352 16.331 16.271
16,212 16,289 16.354 16.33 16.279
16,210  16.285 16.350 16,330 16.275
1L.,178 16,270 16.325 16.265 16,165
10.171 16,241 16,3017 16,256 76,176
16,164 16.244  16.297 16,240 16.164
16,151 16,235 16.280 16.232 16,164
16,151 16.235 16,284 16.232 16,171
16,156 16.232 16.282 16,222 16,171
16,153 16,230 16.283 16.220 16.169
10,225  16.305 16,290 16,22 16, 137
1b.166 16,286 16.280 16,206 716,146
16,159 16,298 16,270 16.215 16,127
16.152 16.278 16.262 16.196 16,122
16,151 16.274 16.265 16,191 16,118
16143 10,266 16,271 16,191 16.119
16,145 16,265 16,270 16,188 16.114
16,206 16.304 16.254 16.186 16,104
16,171 16,271 16.241 16,161 16,081
16.160 16,275 16.238 16,164 16,074
16,134 16.254 16.202 16,149 16,057
# * ks * +»
16149 16.256 16,223 16,152 16.054
16.148  16.255 16.220 16.147 16.050
16 184 16,264 16,234 16,164 16.079
16,151 16.241 16.246 16,151 16.071
16,178 16.238 16,236 16.150 16,074
16152 16,242 16.233 16.135 16.066
x * * * *
16,171 16,223 16,233 16.149 16.071
16,168 16,219 16,229 16,148 16,070
16,074 16,164 16.214 16,154 16,050
16.115 16,143 16,191 16,122 16.050
16,119 10144 16,193 16.121 16,064
16.120 16.155 16.218 16,128 16,080
* »* * * *
16,123 16,130 16.204 16,120 16,063
16,120 16.130 16.202 16.121 16.054
II/25
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Station 1+4000M

Asbuilt Elvs, 16,040 16,140 16.197 16.141 16,047
Monitored Elvs. 16,001 16,146 16,201 16.111 16.00% Jul 86
~-do- 16,065  16. 144 16,201 16,116 16,066 Aug 86
~do- 16,055 16,150 16,200 16.118 16,061 Sep 86
~do~ 16,055 16,148 16,205 16,123 16.061 Oct 86
o= 16,052 16,139 16,199 16.113 16,052 Nov 86
-do- 1,008 160135 16,199 16,111 16,048 Dec 86
sLlation 14+025M
asbuilt olvs, 1L.O1Y 16,109 16.184% 16,119 16,029
Sonitored clvs. 16.013 10.119 16,194 16,128 716,079 ~do-
-do- 16,002 16,095 16,190 16,111 16,073
~do- 15,003 16,102 16,190 16.113 16,072
—do- 16,007 16,104 16.199 16,117  16.073
~-do- 16.004 16,099 16.192 16,109 16.060
~do- 16,005 16,097 16,188 16,100 16.062
Station 1+050M
Asbuilt Elvs. 10,030 16.129 16,177 16.107 16,049
Hdonitoved plvs. 16,079 16,129 16.186 16,109 16.0L2 ~do-~
~do- 16,057 16,116 16,171 16,093 16.023
~do- 16,062 16,108 16,175 16.093 16,028
-do- 16,060 16,106 16,175 16.089 16.028
-du- 16,053 16.099 16,165 16.081 16.019
~doa 16,045 16,094 16,161 16.082 16,015
station 1+4075M
ASbhuilt ilvs. 16.037 16,119 16.179 16,099 16.000
sonditored Llvse 16,029 16,119 16,183 16,099 15.962 ~do-
~dou- 1604 16,114 16.178 16,096 15,968
~do~ 16,033 16,114 16,182 16,096 15,964
-dO- * * * L] *
~do-~ * »* #* * *
~do- 16,030 16.092 16,163 16.079 16,940
station 1+ 100M
vsbuilt ewlvs, 16,049 16,139 16.200 16.126 16.029
Vondtored Elvse 10,014 16,139 16,206 16.16% 16,029 ~do-~
~do- 16,009 16,110 16,195 16.121  16.020
-do- 16,973 16,110 16,195 16,109 16.028
-clo- * * #* * #*
~]O-~ » * * * *
~do- 15.968 16,101 16,165 16,102 16.005

¥ Levels could not be taken as the top layer of base
course in these areas has been removed for repair.
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HOAD SUMFACING TRIaL FROSECT, RaJHaRY
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HONITORI NG PROGRUIUIEZ
RECORD OF OBSERYATIONS IN TYPE -y

-
+
Linte ol OhservationT JUTY TYBG fate of Shyervations—7 ate of otaervailon; splembar g
51 . Heatureaent Kemaria/ Heasurswsnt Heasurement m
No | TYP® of deterioration Location [ of deterivra- | posasbla Locatfon [ of detarfore. Location §of doteriora-{ possinis
tions reasons, etc tiony reasons,cte . tions Teseons, ete
——n80ns, etc
0e100 to | 25610.32115ms - 04100 ta R 24100 to  25@10, %51 4a-
it [Local depra s toa ] 0,123 Litg 23230, 30120mm Det2s LS ~2%mn
A2 Vavy surface - - - - - N - - -
A) Spongy surface - - . - . -
i . _ .
&4 (a4 [suwrrece craching - - . - . N N -
s
<
& .
4 Loss-of peagravels - - - - - - - - -
43 | from surface
4.6 Pot hotes - - s - - - - - -
A7 Veter accusulation . - - - - - - - -
3 of briens [1ue 10 6% of bricks [ .pus 1o : 6-72 of bricks|pue to ihcana
4.8 [Othere scottered ((corners 4 eqpes] Incunetatant | Soatters oornere & edgep inconetetanficattereg (cornars ang [efetunt quull.
° © | are vruken) 1uatity are breben) quality sdees mre broofey
are dausren are dameged hen)are damerm:
Oel13 tia | Smau, Smalitina 11%= RH3 3210, SuakOua 11%m RIS 5ma0, SmxiOmm
B Local depreastion 04133 LHS | I=a0. 3w sk Omrn - 153+ 365LH 10m:0,5014Com - 155«165L1S 10mx0, SmsbkOmn
163+ 183843 13010, 301 0w . 165-185315 [ 1520, 5o ¢ J0mm
La]
B.2 [vavy surface - - - - - - - - -
— ]
n.) 5pongy surface - - - - - - _ - . _
.
]
8 lod - |Surrace craching . .
o - - - - - - .
H .
< SUS—
] e
. . )
% fos |rat holea L. - R (R L I - . - - -
e ,
0.6 |Vater accurlatton Cotl3 Hta| Smul. Snalstrim i 1138 RS | 3230, 3mak Ona’ 150 NS i
i . 0153 S| 3ma0, S Guen 333-165084  3a10,3a140me . :s;‘:!&s:us )5:::;::!:(?::
- 163-183k4 13010, 3ma 3 0 163-1850115 [ 15m07 tmg Jooum
0.7 [Erosion of edge - - - - - _ _ .
—_—_—— dcteare wrpo- | on oo 0022 AgL. are 2 ;
— 4 ue to 100. 1 o 7% 100-200L1ts 10020.7 4m Afg.ore expow
0-200 o . *1poasd due fi.o oo g
8.8 |others Gu 100 to | Ym0, 75 “ashing evay |'30-200RH +3020,5m o e hm" 150-200.415 | 3020, 10 due to vashing
Ue 130 L1ty of tup aony avay of sangla tnar of sund &
[ {401 fngrytent Ingradiants,
ter Less ¥or less com Tor less com-
€41 [Ratn cuts seattored | hulerate cus Scattered] Maderste Paction and | Scattered| Koderste paction snd
wic n ®xcensive yq ), 1301351114 excesaive rajn
—— e
€.2 |Sltaing - - - - . 130-13 5L -
. s -
. ., No changs )
P C. kat holes cattered - - Scattersd - from previm
y > fne Observetion | SEattared - -
i S .
v
L olc.h Fox holes - - - - - . -
-“\ *
c.3 |others - - - - - - - - - !
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Tats_ol ob

vervationi . Oct 1986

Tate of observationthovember, 19RA_

Ite of observationt imcember 1OBE

Neasurement | Hemarke] Hensuromant Womarks/ Tieasuremrnt e S
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ROAD SUNKFACTHO TRIAL PROJECT, RAJBART

HONITORING PROGRAMMZ:
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.
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8.2 Vavy surface -
0.) spangy surface
5 .
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Appendix-6

road surfacing Trial Project, Rajbari

SUMMARY OFF TRAFFIC SURVEY UN RAJBARI-BALI VKANDI ROAD

Yoint of Count: Y km from Rajbari towards ilaliakandi

Q Commercial Vehicles Other than Commercial Vehicles
§ Trucks Bus Total Pickup | Car J Vo 1. § . § Total

Date ) T T . 11Q i Com. { van § Jeep } M02§ZQ chleQ RECK-Q Anl:alﬁ other than | Remal
§ 3 > § Sma { *8 § vehicle § {etc § Y e j shav § car 1 com.vehicle }

21 08 86 - 7 - 39 46 - - 50 118 67 43 278

22 08 86 - 22 - 36 58 - - 50 105 88 45 288

23 08 86 - 18 - 33 51 - - 46 95 T4 27 242

24 08 86 - 6 - 37 43 - 1 51 119 87 32 290

25 08 86 - 10 - 35 45 - 7 37 115 70 21 250

Daily  _ 49 2 270
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Appendix-7

Road Surfacing Trial Project, Rajbari

LOCATION AND RL OF FLOOD LEVEL GAUGES AND GI STANDPIPES

] Distance from CL of Pavement RL on
Station $ Chainage : FL Gauge { GI Standpipe Base of FL Gauge Top of GI Standpipe
3 § § § As-built®™ | Monitored™ § aAs-built®’ } Monitored"
I 0+196. 5m 17.52m left 3.5m left 13.006 13.015 16.411 16.348
II 04700m 14.65m right 3.hk5m right 14,143 16.6073 16.600 16.600
IIT 14039.5m 10.97m left 3.5n right 13.992 13.990 16.200 16.196

*

¥* ¥

Monitored elevations as on December, 1986

Period of installations of FL gauges and GwT pipes was June, 1986.
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Appendis—-8

Road Surfacing Trial Project, Rajbari

GENERAL COMMENTS FROM MONTHLY MONITORING REFORTS

FIRST MONITORING REFORT: MONITORING PERIOD
2670771986 TO 31/07/1986

Q)

1y

c)

o)

)

The Road  Surfacing Trial Project was visited by  the
Consultants jointly with Mr B Mollar, FO {tngg),
IRWP, Faridpur on 27 Jul 1986 and discussed about the
different types in details and monitoring works. dlso
meet  Erecutive Enginesc (XEN) (FR), IRWMP on 200 Jul
1934 at the office of ¥EN, LGER, Rajbari. Discuusione
have been made  regarding  maintenance  wor i andd
monitoring of  pavement deteriorations, spectally
reqgarding way of measuring deopressions.

N1l chainage marker pegs were missing. Small pege af
splitted bamboo have been arranged by the Consul tants®
staff and fixed at every 25m interval to facilitate in
taking levels.

No sign  of maintenance activities has been noticed
during the week the Consultants’ staff was at site.
Also, Contractor’s representatives were not available
at  site for giving instructions regarding repair  and
maintenance.

Damaged  cpoty  of sur face painting, depressione L
shoulder  and rain cuts on slopee fneed to be Pprad e
tmmediately  becanse timely repair will fereeseiat the
pavement {rom further deterioration and «leo  seduce
maitntenance cost.

To compare the maintained and non-maintained Ar AL,
all  kinds of repair work as the situation warrants,
must be  done and for this it isg necessary that the
Contractors uvse eaulsion whoeroever required. It i3 the
contractual  obligation for the Contractours to rEpalt
wmalntain  and rectify any/all types of defects 10 the
warks upto one year from the date of completion of the
works (Ref: Clause 8, Special Terms and Conditioine of
Tender Document) .
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SECOND MONITORING REFORT: MONITORING PERIOD
19/08/1986 TO 28/08/19864

i)

() }

The road surfacing trial project was vicited jointly
with Mre It Moller, FO (Engg), [RUWE, Faridpue argd XEM,
LGER,  Rajbary oo the furenoon of 24 Aug 1980, PLowne
wlan wvistved by KEM,  FR, IR, Dhabia 1o tho st bers e
Cie Ui Gaine day accoanpiaani e by the Consaibant el cratk
bieoaasians  were made at site and later o the o fice
f 0 NEM, LGER,  Rasbart regoarding  maiobenance  wor b '
monttoring  of  pavesent  deteriorations  amd traffic
CUP vy .

Inspite of repeated requests, Contractors have not
fixed the chainage marker pegs.

Fatch repair of damaged painting in Types S, 7 and 9
hhas  been done by the Contractors before the visit of

the Concultants bt the renair  works  wer e not
vt retactory. Nleo there were no signs of maintenance
and Copare activities  on ehouldoere  and clopes.
Contrector s reprecentatives  were not avarlabie  at
1t during  the monitoriog period  for red siving

instiuctions cegarding ropair aand o mainbenance,

Ho cecord  re o Lerng malnitarned (e repatr atd
marntenance  work for which it will not be pouseible to
wort out the maintenance cost. But, For compariscon,

cost 1nvolvement 1s an impartant factor.

Due ta ponding of water in the depressions  on
choulders, a gspot  on the pavement in Tvpe 10 {Ch.
Fe0020 Lo 14093 LHS)Y has been badly damaged and g iy

Y
fuartter  deteriorate. Thre depression on the choul der
vian b ved duaesng the previous mond tor ing poer ol bot
tb wwan o the: area decided to be el vii thoat
motnt enanice. Had b been repaired  tmncdiately and
aaintarned 1o proper condition, thie damage o f
pavement could  heve been avolded. The:  reqoars cost

would have beoen ow.

To have o better compor s son bstwenn the mainbalnod and
ey sl platned ArQas, damaged  =pote  of cur face
painting, doprescions on choulder and ratn cale  on
«lopes in  the maintained arcas need to bLe repaired
timely and properly with record of measurement of work
and coet involved.

The overall pavement o all types bas cettlod e aboas
LOomm on average from the as-built  level, bot  the
condil tron of the pavenent, in general ¢ oicept o i §ew
vieal spote, 1s good.
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H)

i)

The joint sealing by asphalt emulsion in HEBR  pavement
seems to have been ineffective.

Traffic surwvey has been conducted in this off-season
ta hawve a comparison regarding traffic volume anag ite

i i beafliic  survioy was sl
4

urring thie same Lioe Tast year.

arouth an the dniltia
[
4

conducted ¢

o



THIRD MONITORING REFORT:
2770971986 TO 0871071984

~

MOMITORING PERIOD

The  Conoculbants met Me [ Moller, PO (Engog,
Faoridur at his affice on 20 Sept L9

<
ere
diccue

ions took place regarding marking the levelling
wpobts and fising pegs o that the lowele will be talien
R

exactly  on those definecd spots to exhibit thie  actual
4 F

piclure  of variation in lovels. Fegarding Liack  and

vhitoe phatographs in the monitoring report, the

Coneulbtants  inforacd  that it has been deone as prer
agreement made abt the time of the et ~wnitoring
porto:d.

weaing trial projoct was vieiled Jaintly
reculive Dngineer, LGED,  Rajbari on 01 Qct
rouecione wero made with Bim on cite and  at
e aritce regarding mainteonance of EETE wvrlis and
ditorloratiocn of the pavement of Typee 7, % and
The Concul tanty mrproecsed dicsatisfacticon en the
poor maintenance activitiecs and also explained that if
the surface cracks, damaged curface
depresosions are

4

1o,

painting and
not maintained/ropaired imnodiately
and praperly, rain water will penetrate into the base

ancd  paveront oextent.
aener, LGED,  Rajbari informed bhat the

<ore oot reeponding bo

mnintnnnnﬁﬂ/rwpnir

. owill deteriorate to a qreat
Drecntive

cantr oo o 5

o lottors about
worlhic. Haowever, Eococubive fngineer,
LOER,  fajbari inctenctod  his  SAE ta talg. up  the

departmentaiiy and accordingly

Qnergont roenaile war

the  Conoultante

utlined the detailed prrocidures of

©
repale works to the Orpcubtive Erngincer and hic SAE.

It should  bBoe centioned hore  that this wonitaring
poriod frll within a periad of unuewal viet weather
vhere  thoere was continuous heavy rainfall for about a
fortnight. During thic heavy rainfall vinter  wag

accumulating  in depressions on choulderes and aleo  on

many places  of pavement s specially on the
(Types 9 and 10 . Due to lack of
Acciumul abing  gaber  wao

traclusay
maintenance,  cuch
penetrationg  into  the base
cowrce which increansd thoe noiotur e
reduced  Ahe dencity and sbability. The  continued
plying  of Yrafiic over the came trachuays g hadly
damagied  comne of the deprossed areac in Typeo 9 and 10
(Ch. 0e500 to 04975 and 14085 o 14100) .

contenl and thus

In  thie @onitoring programme,  meiocbtura content  has
beon checkod  for booe and  cub~hace  aned granul ar
shoulder of all types of pavement.  The wator conlents
of bane and sub-base of damaged spote and at the spots
where  thore  are surface crache have been found  too
high and in come cases near saturation,

indicating
complete lose of stability. So it is again stressed as
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)

alea mentioned varlicer that if the maintenance worbe
i.e. sealing of surface cracks and Filli g clepreason e
o pavement and shoulder Lo proevend infiltealtioa o
rain  water  dare oot done tinely  and Proopised oy Lie
disterioration of pavenent will aguravat o,

During the monitoring period from 27 Sept 08 ot 173,
no omaintenance activities have been nobicedg be thie
Concul tants aliboughe the  asintenance  wor be BTET
needed, Ly e al with cpecial atbention by e

ctretchoes fron Che Qe ta GeF79 and 10095 Lo 1. 0.

e ald thie Types O bo 10 have Tapr oved ver sy
capidly during  the rains by epreading arotued and
coviertng  the dntermibtent goaps oboerved durine the
Last monitoring period.

It ehould  be  sentioned here that  the purpose of
munttoring  of  the project way not be fraitful as
wntntenance works are not bezing done pr noer 1y,

Forther it way  be mentioned that  a Speclal jornt
shrpection  af the BSTH cite was made by meembaze o0 e cin
TERME AMe DE Drown) , LGER, Raibari IEN and 0&0) ane the
Hi0 of the  Conculcante to gospne thic il et uf
deterioration  cauced by the anozual twzawy asnfaltl
from 24 Sept  ta GO Qeot 1936 and Lo GRS the

remedial meacures.,

The following were he  oboervations  made b Hhe
members of the inspection team:

to Nbout 34w pavement  of  Type 10 (at i
portion) was damaged and having depressions  on
shoul der .

2o N1l the 100m length of Type 9 wac damaged,  some
partions  are similar to the damaged portion of
Type 10 and others are eos sovere,

Ge Type 7 was found having come local depression bat
not  sevier e and there were cracke o the @i s oo
painting on the surface.

4. Types 1 Lo 8 and S4m length of Type 10 vere {ouad
in good and trafficable candition.

Regarding the reasone of above demages abserved Ly the
inspection team,  the Consultants’ view: are  out
i thie follovnng wanners:

t1ned

Lo Ao early as in the month of fcg 19035,  cone crach
vty noticed 1o the last twelve - mebor strotot o
Type 10 and which wae mentioned in the oond s oei 191)
report for fug 1784 rel Pl of the Heporti . This

P
of
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Q.

4.

was jointly ingpected by M- B Moller, FO, Faridpur
and - the Consultants’ Resident Engineer (REY . Ae
this last etretch was in the non-maintained Area,
taey decided to leave 1t as it was Lo chisorve b
behaviowra pattern  of the cracks for a fuether
reriod.

tater o, o GV Loept 19

it t oMol ter
Faridur, M 6 Mohiudding, Froject Mabnager ang Me 6
Hogue, RE of the Conealtintes ol boed the BRI oite
and  observed  that Uhe cracks in thie same  area
aggravated,  giving wey Lo water penctrabson Lroon
rain resulting in further damage,  which waes anted
vinnediate ropair . It was decided an the epot that
although  thie porticn was in non-mainbained A,
thas  damaged  portieon  should  be  Eabken tp for
tmmediate repair Lo arrest further damages. During
the same joint viait, 1Lowas obiser ved that thier e
were  oracke in the sarface-paintings and enposed
Aar s af  base  cowrce due to loss af surface
painting in ccattercd areas in Types 7 and 2. (AR
was olresced that mainbenance wor ko shondd Lo Lol
up  dmmediately to eeal sach cracks in bhe cur face
paintings.

Duwring  this visit, it was unanimously felt Lhat
the maintenance activities of the Contracltors wiore
not at all satisfactary, which aleo reflected
through the Monitoring Report Mos. 1 and 2, in the
letber of FO, Faritdpur ro. FATRBPZALUE dbt T4 Hept
1288 addresszed  to Excoubive Cngineer, LGER,
Hajtrari cnd Execotive Engineere, LGER, Rajbari no.
S69-70/1/8  dbt ol Oct 1934, 5253 LBER dt 14 Jud
1986, 99-100  db 28 Jul 1946, 120121 dt 3 Jul

1986 and SIT-55 db 24 Sept 1968 addressed Lo the

Contractors of NhAE, fagbar .

floo, there were Jocalised deproseions on shoul der
abt  difierent locations where water  accumulabion
aoccured duer Lo non-matntenance or wnsatisfactary
maintenance  which were alsu pointod oot 1y thae
monitoring reporte. Thus, it can be concluded that
the  damages Lo the pavement types,  as  menbioned
above, occired  due Lo the infiltration of rain
viai b to the bave corse and the  sub-base-cour ae

through  the cracks Gf surface paintings, enpased
baves  (duee Lo lose

of s face painbting)  and
pasemcnl ddue to ponding  of
i chican] clier ArEe ).
infiltration of water tias cubstantiall v e
bhe moistor o conbent,
and  sub-base courge

Lhrough  bhe odgee o
viack tor [ thexgpsr ¢

taeliecingg the densiby or
han the design densioy and
thine inducing the damnages.

v
I
9
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FOURTH MONITORING REPORT: MONITORING FERIOD
25/710/1986 TO 31/10/1984

a)  The Consultant met the Executive Engincer (XEN) , LGEL,
Rajbari an 27 0ct 1984 at his office and discussed
about the repair works of damaged portians of pavement

in Types 7, 9 and 10. YEN, LGER, Rajbari informed
the repair works have started from 25 Oct 19864

after picking up the base couwrse,  the underlying sub-

base hae been found in well compacted condition.
Consul tants enpressed his oapinian  that 1 f
under lying sub-baze or any layer of base course

found in well compacted condition, the same should not
be removed/picked up.  Further discussion could not be
made as the XEN was ifn a hurry to attend an important
meeting with  the Deputy Commissioner, Ragbari,

However, the YEN, LGELR, Rajbari reguested

Consultants to accord necessary guidance to his Asstt
Engineer regarding repair works and the relevant

tests.

b) During the monitoring period, the Consultants alang

with Asstt Engineer, LGEE, Rajbari inspected

ongaing repair works of damaged pavement in Types
and 10 on 27 to 29 Oct 1994. bhile inspecting it was
found that, in Type 10, the top laver of bace course
(3"=5" depth) has been removed where the bottom lavyer

ol base was in well compacted condition but that
the last 10m portion had ecessive moisture. In

7y the top layer of base 3"=-4" depth) was removed
from all the area and in the portion 07200 ta 0+950

RHS  (half width) the bottom layer of base was
removed, where the cand-soil sub-base was found
well compacted conditian.

As  per suggestion of the Consultant, Asctt Engineer,

LGEE, Rajbari did a few field density tests an
base and bottom laver of base in Type 9 and

available density  and moisture cantent was  found

satisfactory. [Dut GLoth stub-base and bottom layor

base course were tneven and over esxcavated. S0 Asstt
Engineer was suggested to firot prepare the top laver

(exposed porticn) of suo-base in Type 9 ta

required level, jrade and camber by scarifying, adding

materials, if needcd, adjusting mol wture

compacting to specified density. After preparing the

sub-base, the bottaom layer of base courese should

prepared by  ccarfying the »iisting layer, placing
materials aver the exposed portion of wuti-pase,
adjusting moisture and then compacting ta upecified
density. Similarly the top layer of base courwe shall

be prepared to design grade, level and comber AL
specification.
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c)

d)

e)

f)

For Type 10, it was suggested to remove the base
course in full depth from the last {Om portion and to
check density and moisture content of sand-soil  sub-
base in this portion. If the availavle density is
found  OK but moisture content too high, the moisture
content  of sub-base must be brought near Lo OMG tyy
avrating. Later the bottom layer and top layer af base
cowrses should be prepared as poer specification and as
detailed in Type 9 abowve.

The construction procedures, field dencity test, CBR
test and other quality control measures in respect of
repair works of damoaged pavement in Types 7, % and 10
have been delailed by the Consultants to Me Kazi Ighal
Hossain, Asstt Engineer, LGER, Rajbari.

The sands from the joints of HIOR brick pavement 1in
Types 1, 2 and 3 have been washed away during the last
unusual  heavy rainfall due to which the movement of
the bricks has increased to some extent and aleo the
bricks are being damaged rapidly. S0 to arrest
movement  of  the bricks and to prevent further and
rapid deterioration of the bricks of HOR pavement., the
Joints must be filled with sand immediately.,

Crackse  in  surface painting and surface dressing and
loss of asphalt emulsion painting and bonded pea-
graviels  {rom  surface dressing have been observed  in
Types 4, G, & and 10. These cracks and exposed bases
due to loss of painting and dressing must be sealed by
asphalt emulsion painting and dressing with pea-
gravels and emulsion ac applicable to prevent  further
deterioratiaon.

Evenn if the Contractors do not do  the maintenance
warks  as mentioned in items (c) and  (d) above, the
works should be done departmentally.

Substantial increase of traffic volume over that found
diwring monitoring in  the month  of Aug  has  been
observed. FO, IRWF, Faridpur may conduct traffic count
at least for 4 days including 2 market days as it will
be of interest to know the actual traffic in the dry
season and growth rate of traffic.

The progress of repair work was very slow and normal
maintenance work was not at all bring done by the
Contractors.

——
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FIFTH MONITORING REPORT: MONITORING PERIOD
22/11/1986 TO 27/11/1986

al

b)

c)

d)

The Consultant met the Executive Engineer (XEN), LGER,
Rajbari on 223 Nov 1985 at his affice and discussed
about the repair and maintenance works of RSTP. XEN
informed that except surface treatment in the last
portion of Type 1Q, other respair works of Types 7, 9
and 10 have been completed. In the last 10m portion of
repaired base course of Type 10, there hail bein excess
moisture for which the surface has not been treated.

Regarding maintenance activities of the Conlractors,
XEN expressed his opinion that the Cantractors may
take up maintenance works diwing the wonth of  Dec
1986.

The Consultants along with Asstt Engineer, LBGER,
Rajbari inspected the RSTP site on 23 Nov 1934 when it
was observed that the last 10m portion of the repaired
base course in Type 10 having excessive moisture has
started to deform along the trachkways (sen Exhibit 24
in Annex-5b). For rectification of this area, the
Consultants suggested to adjust the mwoisture neor tu
OMC by scarifying and aerating and then compacting to
specified density. Asstt Engineer informed that the
rectification will be done accordingly.

In the surface treatment of Types 7 and 9 done by
LBEE, =ome fal spots, subjected to bleeding, were
observed. Asstt Engineer was suggecsted to spread some
additional pea-gravels or coar=ze sand over those spots
to avoid bleeding.

In Type 7, the surface treatment over the depression
areas where patch repair has been done by grouting

with brick aggregates and hot  bitumen was  foond
unsatisfactory which has been shown to Asslt Cogineer.
The spots should be rectified by cleaning the e ace,
applying fresh coating of bitumen and spreadiong

requirced quantity of pea-gravelse to maie the s bace
properly sealed and leveled.

In Types 1, 2 and 3, the gaps in the jointe of HER
which uere cbserved in the last monitoring period have
not been filled by sand blinding as suggested aind more
ncs. of bricke have been found damaged and mven a few
have been crushed. See Czhibit No. 7 1n annes--ab.

Fatch repairing of a f&w spots in surface painlinNg =no

surface dressing of Types S and & were .
but not all the spots.
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e)

1)

No sign of normal maintenance activities by the
Contractors have been noticed during the monitoring
period.

The Consultantc aleo met Mre R Moller, FO (Grgg), IRWP,
Faridpur on 26 MNov 1986 at his office and discussed
about monitoring, repair and maintenance works of
RSTP, FRajbari. During the discussion, the Consultants
alew stressed the need for conducting traffic count to
know the present traffic vaolume and the actual growth
of traffic 1n the Rajbari-Raliakandil Koad. Mr It Moller
informed that he will try to arrange the same.
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SIXTH MONITORING REPORT: MONITORING PERIOD
2771271986 TO 01/02/1987

a)

)

c)

d)

e)

)

qg)

The Consultant  met tHe B Moller, FO (Engg), IRWF,
Faridpur on 28 Dec 17846 at his office and discuszed
about the last monitoring works. Later on the same
day, the Cansultant attended the office of Executive
Engineer (XEM), LBEER, Rajbari and inspected the RST
site along with Asctt Engineer (AE), LGEH, Rajbari. It
was found that the last portion of the Type 10 hiaw
been treated with hot bitumen and pea gravels bul
untreated  (without ceoating of  bitumen)  sbeips of
stabilised base were visible.

Normal maintenance activities of the Conbractor s have
not been noticed during the monitoring period.

The gape in the Joints of HEI brick pavements have not
been filled by cand blinding as  suggested by  the
Consul tant hecause of which briclks were tound  being
damaged at an accelerated rate. See Exhibit Mos. T, 12
and 14 in the Annex-ab.

Fatch repairing of & few spots in surface dressing of
Types & and & has been done but many spots in Types 4
and 5 where surface dressing and painting have been
damaged are vet Lo be repaired.

Repairing ! rultings, local depressions, erosion,
raincutse, sliding of earth, rat holes, etc on shoulder
and embankment side ziope have not been done at all.

Cxacept  hair cracks and loss of peinting and dr essing
from few spots, the overall condition of the pavement
of fypes 4 te 10 pave been found to be quite good.

The Consul tants aloo aet YEN, LGER, Rajbari on 30 Dec
1984 at hise office  and diecussed abouut thie
repair/maintenance cost incurred during the mani toring
periods.  XEM  infareed that the Contractore did wvery
negligible aaintenace  worke  and aleo there 1e NG
record of the cost incurred thereby; however he agreed
that the coct of maintenance work done by LGER  would
bre communicated by tha let weel of Jan 1987. But, i
fact, nothing has been recervied till by the end o Jan
19G7.
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PHOTOGRAPHS SHOWING
OF THE DIFFERENT TR

Type=2:
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S=BUILT CONDITION

L _SECTIONS

Type-33

Type-13

Type-23

Type-3:

HBB Brick Road with single brick flat soling over
sand sub-base, Note start of breaking of corners

of bricks

HBB Brick Road over sand-soil sub-base but without
the brick flat soling. Note appearance of cracks

in the joint filler caused by movement of bricks
under traffic

HBB Brick Road over aggregate-sand-soil sub-base
but without the bLrick flat soling.
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Type-4: WBM Road over sand sub-base and surface dressing
with asphalt emulsion and pea-gravels

Type-5: WBM Road over sand-soil sub-base and surface
painting with asphalt emulsion. Note lossa
of painting from the surface.

Type-6: WBM Road over sand-soil sub-base and surface
dressing with asphalt emulsion and pea-gravels
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Type=T1

ASS Road with ageregate-sand-soil base over
sand-s0il sub-base and surface painting with
asphalt emulsion

ASS Road., Same as in Type-~7 except for surface
dressing with asphalt emulsion and pea-gravels



Type=9 (foreground):

ASS Road with aggregate-sand-soil base topped
with Lrick aggregate grafting, sand-soil sub-
base and surface painting with asphalt emulsion

Type-10:

ASS Road. Same as in Type-9 except for surface
dressing with asphalt emulsion and pea-gravels
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Brick-on-end edging and
granular shoulder
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SELECTED PHOTOGR!
SECTIONS TOWARDS

Type~1:

Type-=2: .

N



SHOWING STATE OF THE TRIAL
OF THE MONITORING PERIOD
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Type-31

Type-1:

Type-2:

Tvpe=3:

HBB brick pavement with soling over
sand sub-base -~
Note crushing of bricks.

BB brick pavement (without soling) over
sand-soil sub-base and joint sealing with
asphalt emulsion - '

Note crushing ¢f bricks and ineffective
sealing of joints with emulsion

IIBD brick pavement (without roling) over
aggr-sand-soil sub-base and joint sealing
with asphalt emulsion -

Note crushing of bricks, ineffective joint
sealing and depression along trackwvay
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Type=-6:

Type 4: WBM road over sand sub-base and with surface
dressing with pea gravels and asphalt emulsion -~
Note satisfactory condition of pavement and its
surfuce

Type 51 WBM road over sand-soil sub-base and with sur-
face painting with asphalt ¢emwulsion and sand blindage
Note satisfactory condition of pavement structure
but scattered loss of painting from the surface

Type 6: VWBM road over sand-soil sub-base and with surface
dressing as in Type U4-
Note satisfactory condition of the pavement and

its surface
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Type=7: Aggr Stabilised Soil Road over sand=-so0il
sub-base and with surface painting with
asphalt emulsion and sand blindage

Note severe loss of surface painting (picture
taken at end of 4th month of monitoring

which was later repaired by dressing with
bitumen and peca-gravel, Picture below, taken
at end of the 6th month, shows the condition
of the trial section after the repair ‘
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Type 8:

Agegr Stabilised Soil Road over sand-~soil sub-base
and surface dressing with pea-gravels and asphalt
emulsion

Jeneral view showing over-all satisfactory
condition of the trial section
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vre<9: Agegr Stabilised Soil Road over sand-soil sub-base
and with brick chip grafting and surface painting

Note,on account of cracks and severe loss
of surface painting, ingress of water and
lack of timely and adequate maintenance the
trial section was severely damaged.

The damage was repaired by scarifying and
recompacting the base followed by surface
dressing with bitumen and pea-gravels.

Picture shows condition after the repair,
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Same as Type 9 excepf that in place of surface
painting it had surface dressing with pea-
gravels and asphalt emulsion

Type 10:

A small 3 sqm area (shown above) was damaged
by end of the 2nd month of monitoring. This
was not repaired and, as a result, it spread
along a length of 34m to a condition shown
below,left, This was repaired in 5th and Oth
months by scarifying and recompacting the
base followed by surface dressing with bitu-
men and pea-gravel- see picture helow, right.




Type-10 (continued)

Note condition of pavement in the dndamaged
66m portion of the section

General over-all view of the satisfactory
condition of the undamaged 66m portion of
the trial section
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Turfing on Slope and Shoulder

Note well protected slope and shoulder due
to satisfactory condition of turfing

Scattered Raincuts on Slope

Note scattered'raincuts appeared on
account of unsatisfactory compaction
of earthwork in slope
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