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SUMMARY
 

1.0 	 Introduction
 

1.1 	 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 
Bangladesh. This
 
was to be achieved through literature survey, investigation,

design and construction of a number of road types, each 
100m long, and then monitoring their performance under 
normal traffic with the object of determining which type(s)
stand up best in terms of cost, deterioration and 
maintenance. 

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

a) 	 HEBB Brick 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 

Type 	3: Over aggregate-sand-soil sub-base but without
 
the 	brick flat soling 

b) Water Bound Macadam (WBM) Roads
 

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

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

Type 6: 	 Over sand-soil sub-base and surface dressing
with asphalt emulsion and pea-gravels 

c) 	Aggregate Stabilised Soil (ASS) Roads
 

Type 	7: With aggregate-sand-soil base over sand-soil
 
sub-base and surface painting with asphalt 

emul si on 

Type 	8: 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-soi I sub-base and 
surface painting with asphalt erjulsion 

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

()
 



2.0 HBB Brick Roads
 

2.1 	 HBB brick road Type I is a conventional road type and widely 
used in Bangladesh. Types 2 and 3 attempted to assess the
 
effect of omitting the standard single brickflat soling and 
the sand sub-base and using in their place a sand-soil sub­
base in Type 2 and an aggr-sand-soil sub-base in Type 3. 
Also, it was intended to test if by sealing the joints

between the bricks by asphalt emulsion the moisture content 
of the sub-base can be maintained within acceptable limits. 

2.2 	 It was observed that the deprossions along the traclways of 
Types 2 and 3 were more than those in Type I and also 
moisture content of the sutb-base was higher. The latter was 
caused by ineffictive sealing of the joints by asphalt 
emulsion resulting in ingress of 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 becan 
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 Bangladesh - but with bituminous carpeting which 
mak:es it a much too expensive a proposition when considered
 
for 	use as rural roads. This trial, therefore, attempted to 
assess the performance of cheaper forms of WBM roads by, 
one, using cheaper forms of surface treatment and, two, by
omitting the cnriventio nal sand sub-hasp with cheaper sand­
so I sub--base as in Types 5 and 6. 

3.2 	 It was observed that.: 

a) 	 the pavement sett 1ement in all three types wei-e of 
similar magnitude; 

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

c) 	 the surface painting treatment, in Type 5, cracl.ed 
extensively and Lhere wa5: also moderate loss of painting 
from the sur fac2; 

d) 	 the sLInface dressing, in Types 4 and 6, exhibited 
satisfactory performance as the sealing remained 
 more
 
or 	 less in tact, except for loss nf pea-qravels which 
remained uncoated during surface dressing. 

(ii) 

http:cracl.ed


3.3 As a result, it can be concluded that 

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

b) 	 the cheaper surface treatment consisting of surface 
dressing wi th asphalt emul si on and pea-gravels can 
replace the conventional bituminous carpeting, but will 
require regular and timely maintenance. However, firther 
trials are required to confirm these findings. 

4.0 	ASS Roads
 

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

4.2 	Although the costs of the paverrent structures of ASS roads
 
(i.e. excluding the surfaca treatment) were considerably
 
lower than those of the other two catagrories, the ASS roads
 
exhibited characteristics which compared favourably with
 
those of HEIE and WBM catagories.
 

4.3 	All the ASS roads had the same pavement structure but the
 
performance varied from type to type for reasons explained 
below: 

a) 	 lype 7 had siir fau-- piinting which had cracked and peeled 
off from scattered areas due to inconsistent quality of 
the asphalt emulsion. lhese deteriorations, along with 
some depressions, occurred gradually ond also patch 
repair to some damaged spots were done which prevented 
sudden and severe damage from developing. A resurfacing 
wi th bitumerl arid pea--gravels at the ernd of the monsoon 
restored the surface to its as-built condition. 

b) 	 Type 0 had sur face dressing with asphalt emulision arid 
pea-gravels which was effective in sealing the surface. 
As such, moi sture constenit of the sub-base reriairned cluse 
to ac-built coridition. Except for a few small localised 
areas from where pea-gravels were lost, no other 
deterioration occurred and repair/maintenance 
requirement was minimal. 

c) 	 lype 9 had surface painLing which developed ex tensi ve
 
cracks and lost a large part of the painting in the very 
first month after construction. This was due to poor 
uitreaity of Lire asphalt embilsi ur; (nore about tLhat in para 

(iii) 



4.4 

d) 

a) 

b) 

c) 

d 

e) 

f) 

5.2 below ) .)opr ssiicis developed wilchi, due to a 1mcst 
compjlete lack of maritenaic?, q:liCklIy aggrevated into 
ex:t ens ivfe doeag2s i-ntil ill thu tilir-d mont:h r-iitti njs;, 100 
wim deep, developed al ong the tr ac-ways, Th e whol- trial 
secti on had to ta" repai red tilir-ucgh .ar' f', iny the base, 
r e (o]rat Li r jiqarid r-ecor 4aci rig wl Li, i h tiserl imid ea­
gravels to r-estor-e it to the as-Iju i Lt crndiLion. I lad 
t i mel y aId ve ma i r ite --- _ hee I rt a lii teef fec:t i _ ia (- tiderr 
daiiiages coUd hcave beenim aoided wit.h r-ei lti ig saving of 
f:xpP(:Iiivu riI'f,-i r 

fylte:. 10 Ilha tiiF. CaILe' jcavltiairt -. tr ti ftir ,voc ypt2 9 eI? cepL 
for" !r.,r - %' dreceJ -sini (4 wi Lis ai-lllil L 1i-ii.l ci of ,iid i )fea­
gr avel!; il p1 ct iof 3tir r*ih r., i i It I flI call'_l kf. lie e 
of I ,p e 9 a cira i 1 i aicAgied r 1 1 OIl i, acnou L. sqill, r-imailNed 
urirepai red miii c , ditir ing t ie heavy r a inm of Sep--oct , 
1906 , spread qi Ii c 1I y over - i eng th iof ahoiL 34mn. 
Ex:persi ve r ept i r s Ii he i ii -[yif 9 , r ot red i t to as­
bui It condi t i on. In the rest 1,6fn of the tri al sect ion. 
ex cept for sca tter ed crac1s i ri thie ,Iis -a-ze udre s i rig, rio 
other deter i orati on was obser-ved and the pavement 

eraiiiLed inl goid cordi io , li e fype UU, till t.ie eid Of 
tlie si :-firontLi moni tori ng por-i od. 

oris drawn r evar-di iq ASS roads are as foil ows: 

Gi ven an effective surface s a I ii their per for-maiit-e can 
be equal I y good as the WPM roads and better than HBEI 
roads 

Iii Lerms of initial ir vestoent cost, ASS roads average 
about 37% cheaper than 14BB roads and 32% cheaper tha:i 
W1,I roads. lhneso are based on cost rf pavement onily. 

141,c., co, strct Lioi of A;S r-oaicd. iivoiv.'ec a imore laboijr 
IIiLericor i V1 tI, ie d i-haii for tier. otler two catagor ies. 
lhi s, toget her- wi th (b) above, was one of the 

obje:Lv es of this trial. 

It 1.er mc- of inaiiLilteinani-e cost al 1L appears that ASS 
rc, dn, tiavi:' ad -, i c ovur uisII it-r at aqo i e!.e .ie A 

Ilowever, ASS roads would require timely and effective 
irainiteriance ot.ierwi so deter i urati off is likely to bV 
rapid and damaging 

Al so, durrig its construction, it is necessary to have a 
measure of quality control in order" to ensure ant aggr­
sand-sot I mi,: as per desi gi. 

(iv) 

Coricl Isi 



5.0 	General
 

5.1 	 Itie colicimio -.icr-_z draw -ijtivr are ba~c,.cd itl a Lisigh? trial ar,d 
are, ther-corP , iecs sar i I y of LrontaL i ri,atur-e ­

ar ir t ril I y dtII_ t the tI.Jr P i I- t.d IIl b fiavji (vi r ofar VC.) . 
asphalt enIlul sion. NeJver-Lieltess, Lthfei trinal s have succeeded 
in thrwing up t:11mu promi Ling linf-E of ithLotuigahion lrough 
futrther tri al s. 

5.2 	 r[ie of hit mhiii If r m c . ' f(cr tlhe t ,'tit i vo mttir u.- cif thit 
colic I i ot I !, t Ihmt '.iphtl L .1mi1 1i II iI WIr,0 ofthe emm l 
var 1 abl Imi. iI t, t i w, [Itt I: of it: fai II i I mnLtri ie Hite r angq 
o f- 'ipecnIfIcILofi II I0h.1mmII to0 1 t- L h ron i no113 	 vI t. y tlad 
ptImi ftr at I (,i, Pf f( I t ,l-im I I imi I [i cla Ifl-i Ofi t ( t Im' basl n-CO r r e. 
I IIi t: r-'I I t d II I dt- .u 1i3 mwwi I Lit f ( craLrt ini the t-oir (a ing amnd 
1oLL of.a pir nii] v ho :, di storted tHe perf raiicE. of the 
di f f e~rlP I L i.-tWiNW-t i e130. 

5. 3 	 Sect i or I '- fI abor i t[5 ti- i 1 ridi irjs, -or,: I osi ois and 

r eco(,rmendat: i oivL ill gr-eaLer detai I n. 

(v) 

http:ba~c,.cd


1.0 INTRODUCTION 

Proect on,-1I' A-desh:L were r ,e s 

bySrMMc'nl artners Ltd,: :under I.RWIP! (pr eetl 
RESP", but referred to in ;thiss Repor't an, IRKP) , .tr Subini 

L':.suitableocatbh'ion. ;i;The puLrpose' of the Tr'ial s- was' to Study 

:::!technology,Insur ae(s) ;" I ow cost.,S1itable for :iSemi-p'ucca, .... '1 -weath~er "road"rLral roads ir Banglades. As per 
ToR7, bthi 
consructi 0fr a number 

eed 
of. road 

through deSign 
types each i0m 

and 
iong, 

Sand th~len. moni toring :thei r-iperfrmiance under' normal tra ffi c""­with te object of determining which type(s) stand p best 
both in terms orf.minimum deterioration and equiring 

S "minimL11n maintenance. " = . ? 
After negotiations, a contract was si gned betweenatera 

Banglds Conultants JLtd J(herein referred toConsultants) andSir M MacDonalds & Partners Ltd ason the3rd J:i 
August, 1985 under 
atRajbari, on the 

which it was agreed that a single
Rajbari-aliakandi road, would be 

Trial 
taken 

up. Location map o perfain strip is included as. 

:V;. AnnOX:ure-I ." ... 

i~'~2.0 SURFACE ::TYPES : 
wAtt a basis tof discsinn the Con l rants s on I th 

beptember, 198, submitted prelminary recommendationsconsistingo of 16 di r types sincuding twaerent suace 

'J!. wi thi cement ,stabiliised base Ater det'ai led di scussion,teangdecth Coordination Commihtee finaleup.Lcatinsma ofi th r co ase
Trial~ sRIPotri.sicldda 
i:i' the foll!ow ing :.jthat
ando stedor peformance10 types of :pavemenits ',be cons'tructed.o, & P-rtners . on 3rd ! 

A Type-195 HBB Br wicit witsh ge singlet soiT igl 

atd esbad -balsa Ti ropd wou brestenb o 

th pte followinge10otpaed
of pamnt bye-? ontructedi

anrespetd f performance efciny 

As b-3. s... rdircsRad o, th aggregateantson sut­

with',cemen~,t ,;£bsar 



Ill both lypes 2 and 3, the costly item of brick flat 
soling was nmitted and the joints of HBB brick 
pavement were designed to be sealed with asphalt
emulsion in an attempt to make the surface pavement 
water L i !hiL alid thus tc. mai ntai n the sub-base 
materials more or less consistent in its functional 
propertit-s. IL was to be observed arid determined 
dur i ny Lhe moni tori ng phase of the project if it 
rt-riI tpd ini I ri ier li fe expectancy and/or lower 

b) Water Bound Macadam Road 

- yp--4: W Potr trtii it Macadlm 
base and sur face 
emul sion ard pea-gravels. 

(W111) Road 
dressing 

with 
wi th 

sand sub­
asphalt 

Type-5: Water 
baset 
vettlsi 

lIoind Macadam Road with 
arid stIrf ace pai nti ng 

on and sand blindage. 

sand-soil sub­
wi th asphalt 

I ype-A: Witati r 
hp 

Si,.i 

ijtind Macadam 
.antd surf ace 

(ri irid pea-gravels. 

Road with 
dressing 

sand-soil sub­
with asphal t 

lyp-4 w,-; t i ho (:iiipared with Types 5 and 6 in 
res[r'r t Ii i rI, r u'i; f(rriaic ? ef f ici enci es. In Types 5 

(il! A, t i11? ( (n'J I y i Lt-in uf putr e sand sub-base was 
r F l ar-i.'d Vo IIt I m,>:t ,-tir (? f 50:50 sand-soil sub-base 
whi ch is I v,;--) r.:perrsiwy. Fti-ther, i, rcirsion of some 
ciayey mat or I olwi th sanrd dci:' reduce the voids, 
1 iir(ovo,,' thi h(m dirg ifn siath--base materials, ensuring a 
rnt-r f, riat(-h~t i i n o,- Aj; rid i t wi- Iirifed that it woul d 
dfommi,t r Oi hint I 1 pt r fiiaiir of f i ci ericy than thefitr P I ,,' ,,* , ,-O d t1 , ',f. 

c) Aggregate Stabilised Soil Roads 

"lype / : (Ai 
;11 

:,Iitil 

(rg 
"iji(i 

It. 

!-ai batI I i sod E i1 (ASS) Road 
I siib'-ha se arid surface painting 
r-imili ()it arnd nand bi indage. 

wi th 
with 

lype-0: Aggregato Stabilised Soil Road with sand-soil 
sr(i--1ba!, ard srf ace dressing with asphalt 
emtil ioi aid (pe.--qra,eis. 

lype-9: Aggregat Stabilised 
aggregate grafting 
sir face painting 
sand blindage. 

and 
with 

Soil Road with brick 
sand-soil sub-base and 
aspihal t emul si on and 

I ylje-10: Aggr-ggiate Stabi I i sed Soil Road with bri cl: 
aggregate grafting and sand-soil sub-base and 
stir face dr_.si nq with asphalt emlsion and 
pi--gravei S. 

1/2 
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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 objective 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 woild 
require regular maintenance for its satisfactory 
perf:jrmance unoer traffic. 

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

3.0 FINAL DESIGN & SELECTION OF MATERIALS
 

3.1 Basis of Design 

T[he Consul tants started work by undertaki ng a 
reconnaissance of the project area to familiarise 
therrisel ves of the area and to identify, among others, 
sources of construction materials available in the 
vicinity. The trial strip, 
 lO00m 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 
tirnde r- alocar. 

Si fce the ubjvctiwivof tthe Irial was to dever.,I t 1 ow-r ost 
roads whi.h call be replicated under normal rural 
:onrdi t ions, epmphasis was placed on evolving d-signs which 

utilised locally available materials. For this, materials 
stir v'y [jyuA.Iicr wi t h r equi si te testing were tindortaken to 
form Lhe ha-i ' of differernt r-elevant parameters for desiign 
mi es. 

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

a) Road Note 29 and 31 of TRRL, IK 

b) IRC publications No. IRC: 2e-1967
 

:) Standard Laboratory Testing Procedures, FIRRL. 

d) BS Specifications and codes
 

T/3
 



3.2 Philosophy of Design
 

The ten sections selected fell Linder the following three
 
broad categories:
 

a) IlBB Brick Road (Types I to 3)
 

h) Water Bound Macadam Road (Types 4 to 6)
 

c) Aggregate Stabilised Soil Road (Types 7 to 10)
 

The selection of these three broad categories was made 
with the following considerations: 

a) 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
 
teLhnicality 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, time
 
consolidation becomes a necessity. tIBB pavements

provide the advantage that the moving traffic adds to
 
natural time consolidation. So, three types of HBB
 
Brick Road with varying components of sub-base
 
materials were selected for trial.
 

b; Water Bound Macadam (WBM) Road
 

Water Bound Macadam Road serves better as a second
 
stage construction. It is expensive as a first stage
conit-tr ttrtior. Rp-uie of hric ks frnm HBB makes it 
relaLively less expensive for second stage 
construct ion. 

So, three types of WBM Road with different components 
of sub-base materials and different types of 
 surface 
treatmenit were selected for constrLuction and for 
testing their relative performance. 

c) 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-mix:ing 
of different ingredients in design proportions needs 
only moderate vigilance at the work site to achieve 
acceptable quality control. These types of pavements 
have been successfully constructed and widely used in 
India (refer to IRC Journal 28, 1967). Thus, four 
types of Aggregate Stabilised Soil Roads were selected 

I/4
 



3.3 


4.0 


4.1 


4.2 


with similar sub-base and with slightly varying 
base
 
but different surface treatments to study their 
comparative 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 
qLiality of fi ni shed job within acceptable limit, as per
design and specifications. Thus, locally available sands 
from different sources, local soiis 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 of pavement was also 
selected to achi eve the maximum dry density and 
serviceability with minimum cost involvement for different 
comporients of the pavement structure. 

COSTING, TENDERING AND EXECUTIONS
 

Costing
 

In preparing the cost estimates, the Consultants adopted

the Schedtule of Rates of Faridpur Zila Parishad, 1984-85 
and currenit mar ket rates at Faridpur, September 1985. Cost 
estimates were prepared for lOOm strip of each type of 
pavemet. Ir order to have a comparative study, cost 
estimates were prepared for both smaller and larger volume 
of worls, splitinq up, it) each La!.e, the cost of materials 
and I abour. Compardtiive. statement of cost estimates and 

ameh-ti. adt r nfrrinr ri-,lr are in.luded in thi s 
Repor-t as me:ure--3a and 3h. 

Tendering and Contract details
 

Tender documents, including specification of works and 
mater i aI s, were prepared by the Consultants. In 
consultation with IRWP and LGEB 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 construction before the advent of monsoon. Trial 
sections 1 Lo 4 were included in Group-A and those from 5 
to 10 were included in Group-B. Before inviting tender, 
six contractors were prequalified on basis of 
recommendation of a committee consisting of (a) Executive 
Engineer, LGEB, Rajbari, (b) Executive Engineer, 
LGEB,
 
Faridpur, (c) Resident Friqineer, ZRMIIP, Faridpur, (d) Alddl 
FO, Faridpiur- , (e) Executive Engineer (FR), Dhaka and (t) 
Representative of the Consultants. Among the prequalified 
contractors Mr Kh. Enayet Hossain and Mr Md Akbar Ali 
stood lowesL for Group-A arid D respectively. But their 

'11.5 



-------------------------------------------------------------------

-------------------------------------------------- ---------------------

---------------------------------------------------------------------

-------------------------------------------------------------------

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 as below: 

Group and Name Trial 
Type Contracted Actual * 

of Contractor Amount Period Amount Period 

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

Mr Kh. Enayet 4 00m days including 
Hossain 
 15 days
 

for mobi­
li sation 

Group-B 5 to 10 Ti" 605,724 90 Tit 593,603 -ditto-

Mr Md Aktbar 600m days
 
Ali 

* Actual construction cost and time for 
completed volume of wori:s. 

4.3 Contractor's Mobilisation
 

Though Work Order was issued to the Contractors by the 
Executive Engineer, LGEB, Rajbari on 09 Feb 1986, they
could not start the works physically until 2b, Feb 1986. 
During these two weeks, the Contractors mobilised labour, 
constr-LulIf-d labotir sheds at site and submitted samples of 
constrtiction materials asstich sand, soil and hr iclI:s from 
differer t sour ces for t:estinig their suitability as 
required under the Contracts. For such intensive quality-
Corirol -test-ori ented-constr uC i on-project, this minimumL 
period for mobilisation was essential and which should 
be
 
corisi dered in future too, while estimating time for 
ex:erutlon of similar projects. 

4.4 Contractors' Performances and Progress
 

The nature of the Road Surfacing Trial Project 
 was 
compIetel y new to the Contractors arid they were not 
clearly aware of the requirements of intensive and random 
quality control tests at ofevery stage construction.
 
Contractors had no technical 
persons and surveyors for
 
checking pre-secti on and giving layout for stage

constriict i -n. Tre work was supervised b/ non-Lechnical 
staff of 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 
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properly follow the schedule of works prepared and 
supplied by the Consultants. Programme of work 
 versus
 
actual progrcss achieved is included as Annexure-4a & Ab. 

Contractors engaged local labourers, to whom these works 
were not 
 at all familiar. The Consultants' 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 5a and 5b 
are histograms showing
wide fltctuation 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 
Conr "actors, their achievement is not inconsiderable. 
Measure of performance of labour and equipments are
 
included in Annexures 6a and 6b­

5.0 SELECTION OF MATERIALS, QUALITY CONTROL
 

AND SUPERVISION OF CONSTRUCTION
 

5.1 Quality Control 
of Materials
 

Materials like sand, 
 soil and bricks were selected by

careful investigations of all local sources. The qualities

of all 
 these materials were controlled under random 
sampling from site and 
intensive testing in the laboratory 
as per programme of testing. S e Annexure-7 for programme
of investigation and testing for quality control of 
materials and works. 

Some problems were encountered in getting well 
graded sand
 
and bricks of specified size, 
 shape and strength. Local 
sands were riot 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 1600 psi could not be met in 100% cases. As
such, a recommendation to revise the acceptable strength
of bricks was made to the Project Director, IRWP, Dhaka,
who, in consultation with the Executive Engirneer, LGEB,
Faridpur, modified the acceptable strength to 1500 psi.

Inspite of this revised strength criteria, all possible 
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5.2 


5.3 


6.0 


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


1
overal conditions of locally available bricks, 
priority
 
was givun to the strength criteria rather than 
 to the 
shape and size. As such, in the HiIDB brick pavement, the 
firished surface achieved was not even. 

Problems were also encountered regarding gradation of
 
traditional hand broken aggregates. To overcome this
 
problem, contractors were motivated by practical
 
demonstration about the required size of 
i-he aggregates

and also to prepare separate stock piles ol different
 
sizes of aggregates. Individu.i grading of these stock
 
piles were frequently checkee arid 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 respect of gradation, 
CBR
 
and compactibility of the mix. In doing so and for best
 
utilization of cheaper materials 
and to satisfy
 
specification requirements, 
sand and soil proportion had 
to be adjusted. Details 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 
mixing and laying procedures, moisture contetit prior to 
compaction, taking samples from placed-layer to check 
their conformity with the design requiriments and 
performiing field density tests and level checks after 
completion of each layer. 
 Quality control test results of
 
construction process are included in the report as Summary
 
of Field Test Results in Appendix-2 and the number and
 
types of tests perforined is given in Appendix-1-. 

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 conditin 
 of each
 
type, immediately after construction and before starting
 
of monitoring, has been described below. 
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6.1 


6.2 

6.3 


6.4 


Traditional Type of HBB Road
 

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

New rype of HBB Brick Road 

HBU bri 'k pavemeint over sand-soil sub-base in Type-2 and 
over aggregate-sand-soil iub-base in Type-3 wpre
completely new pavemenittypes of construction. In hcathtypes the pavement surface, 
grade, camber and levels were
 
satisfactory. 
However, it was apprehended 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
 

WIM base courses over sand sub-base in Type 4 is a

traditional 
 type of construction. 
But sand-soil sub-base

in Types 5 and 6 werv- 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 6, cover aggregates were not 
fully embedded and

about 50% of 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 
sur-face painting and surface dressing, i.e.
Types 5 and 6, 
 there was very little penetration of the

asphalt emulsion into the under-lying surface due toinconsistent quality of 
 the emulsion which
for its

serviceability could not 
be guaranteed. See Section-7 for
 
more details regarding quality of 
the asphalt emulsion.
 

Aggregate Stabilized Soil 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

f i ni shi ng, 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 for which the
painting might easily be damaged. 
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6.5 


6.6 


7.0 


Surface dressing in Types 8 
 and 10 were apparently

satisfactory except the cover 
aggregates which could 
not
 
be fully embedded. Had the cover aggregates been fully

embedded, 
 it would have made the surface ,morestable and
 
protected from 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 Oj. Detai.-. 
of changes in, levels monitored month-wise are given in 
Appendix -4. 

Granular Shoulder
 

Granular shoulder, 2' -6" wide on either - ides, 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.
 

ASPHALT EMULSION
 

The asphalt emttl si on was very much inconsi stent in 
quality. Thp first sample supplied by the Contractors from 
the mantufactiLtrer (M/s 7akir Industries) was of acceptable
quality as tested in Central Testing Laboratory, Tejgaon,
Dlaka, see Arine>Xure-9a for test results. It will be rioted 
that viscosity at 
 20'C was 6.61 against an acceptable

limit of 6 to 9. On the basis of this sample test, the 
contractor was allowed 
 to carry the bull quantity of 
emul sion of si mi l ar 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 of limit) while the 
other six
 
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 trPatment seemed 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 officialu possibly considering:
 

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

b) that it 
 was highly unlikely to settle the 
case o.
 
unspecified 
emulsion maLerial 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.
 

6.0 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-technology,

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 horizon in the
 
construction 
of low-cost rural 
roads in the country.

Throughout the construction period, Consultants' 
staff
 
exerted their efforts 
to get the works done as per

specification and, accordingly, 
the works were completed

successfully. The aissistance from 
IRWP and LGEB personnel
 
were also coisiderable and 
is hereby acknowledged.
 

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 objectivi.
 

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 (8-10 ton) but
 
under strict supervision by personnels having 
sound
 
technical knowledge, specialised in materials engineering,

able to fix 
design criteria through laboratory testing and 
monitoring the construction activities through intensive 
field testing for quality control.
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9.0 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 six-month
 
monitoring programme which, after discussion with the
 
Client, was approved.
 

The monitoring programme consisted of six once-a-month 
inspection visits by the Consultants - usually in the last
 
week of each month, starting Jul 1986 throurh to Dec 1986. 
During 
the 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 Appendix-6. 

b) Level Survey
 

Cross-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 
Anne):ure 8 and Appendix 4.
 

c) Pavement Deterioration
 

Types of deterioration to be observed was agreed upon
did r icnrdPtJ monthly on the proforma given in 
Appendix--5J, stupported photographs,by where
 
appropri ate. 

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 deterioration
 
except that the following types of deterioration were
 
observed:
 

o rainctit 
o sliding 
o rat holes 
o fox holes 
o any other types 
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f) Moisture Content (MC)
 

At the end of monsoon, 
 during late Sep 1986, muisture
 
contents where checked in sub-base and base courses, 
irn the gr-anular shoulders and sand drains to compare 
with as-built moisture content.s in order to see the 
effectiveness of design and construction of different 
components of the pavements - see Table-5.
 

g) Flood Level and Ground Water Table
 

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

Monthly Monitoring Reports (MMR) were prepared 
every 
month and submitted to the Client. Summarised general 
comments e:tracted from the si: MMRs are given as 
Appendi : -8. 

10.0 
 ANALYSIS OF RESULTS OBSERVED DURING MONITORING
 

10.1 Traffic Count
 

The Table-I below gives a comparative statement of traffic
 
data collected in Aug, 1985 (pre-design) and Aug, 1986
 
(post-corstrLIctio):
 

Table-I: Comparative Statement of Traffic Data
 

Average Daily Iraffic(ADT) Design Rate of
 
Description Commercial 
 Al I Motor AD' growth Remarks 

Veh (No) Veh (No) (CVD) (Coin Veh) 

Initial Truck =18 
 Com Veh =40 40):1.33 8% Design 
Traffic Data Eitis =22 Carjeep= 3 = 53 growth 
in Aug'85 Total =40 Total =43 rate 

raffic Truck =12 Coin Veh =49 
 22.5% Observed
 
Data in Bus =37 Car,Jeep= 2 growth
 
Aug '86 total =49 Total =51 rate
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From the traffic sur-vey during the off-peal season in Aug
1985 the initial traffic was 40 CVD. For design purposes, 
33% increase in commercial vehicles was considered during 
the peak period 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 vehicles durng 
one year has been found 22.5% during the rount taken in 
Aug 1986. Even this increased ADT of 49 CV after one year 
was less than the design ADT of 53 CV. Thus design ADT was 
adequat. 

Summar-y 	 o the five-day traffic. count taken during
moni toring period ((A-ug'86) is presented in Appendix-6. 

10.2 Level Survey
 

Var iati on ;f monitored elevations from as-built 
elevations, at every 25m interval, is given graphically in 
Annexure-S and in a tabular form ir, Appendix-4. 

Table-2 below gives a general trend of settlement of the 
whole pavement crnss-sect ion for each of the pavement 
types. It will he noticed that settlements are more along
the pa-vvemerit edges than alorg t he centre line. lhis is due 
to Litt fact that the road being single laue the trackways
fall ier{ (r th" dgj-- of tIt,. F ;rsert fl gj,.- thi. c . t-r'e. 

Table-2: 	 Settlement of Pavement Cross-section
 
at end of Monitoring Period
 

Pave- I -vel variatio:r , in mm along (Jveral 1 
meliL Cot it r iIi lte .Iq._s of avLmeiit SeI le­

1y i 	 Ac" h l,'l 2;rti rit,', fi i': Ifi ­

2 1t:Di ,7 	 17'. t9 7 	 1. 
-17H 	 '.)22 .. 

S-, 	 '',254 .fl ,7,1 2".' 

-7 Aggr 24 1 15 72 24 423 S Li: h '1 P[ 20 F'? 2( 10 7. 

9 So i I ., ,l 4'? 5 27 
10 4 0' 12, 7 2 

[Iup e, ,rt 	 t I -r int lc-ruI tqI.. r ,itr t, I i r of tI hr aqrjr euri t P 

r ,, t . , dd , i ~ t) 7 rw r " 1-,;!i I' 1t 1 i l i it ti]" i( r,, ja I N t. 

111-.4-I?6i(j h 	 ij,-,., t scet L I iune ti-s for rtggr egate 
[i-A iI *ri d i I t I . r (, 'riJI [aIrVd j -Al' 1 11 1 l " ( 1 O-r{ I liri I ._ I ! I -f? iWDN;s i :.c 	 I.,~ !I . 47. '- hi UtOa I, I, o~mrp fp Crhtt 
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These settlenents in HBB brick 	roads are due to the 
settlement/consolidation of sub-base, while in WBM road,
 
this is mainly due to the 	 settlement/consolidation of sub­
base and only partly due to the embedmEnt of WBM base into
 
the sub-base. In aggregate stabilised soil road this was 
due to the settlement/consolidation of both the sub-base 
(sand-soil) and base-course (aggregate-sand-soil mi:). So, 
the relative settlement is higher for the latter category,
 
but the di fferences are 	not remarkable between WBIM and 
aggregate stabilised soil 	road.
 

It is important to note that the settlemenit for pavement 
cross-sectior, in the different types within each of the 
three categniries were consi stent. This consi stent 
settlement of the entire pavement cross-section for whole 
length in each type is not an indication 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 perform equally satisfactorily as the WBM 
road.
 

10.3 Pavement Deterioration
 

Pavempil det orioration uccttred mainl y in the form of 
depression and rutti ngs. Tabl e-3 below summari ses the 
exteqrt o.: deterioration in each type while Appendix-5 
presents the information in more detail: 

Table-3: Pavement Deterioration (Summary)
 

I ypfu Rut. riqs/DEupressiors n uhm Remar ls 
la x i litli mlmitih ' 

25 15 	 Depression along track­
way over 13%. of length

I IL
 

2 road 25 	 15 80% of length 

20 15 " 	 70% of length
 

4 Negligible local 
5 WEINl depressions only 
6 road 

7 Aggr 15 10 	 Local depressions along
 
Stab 	 edging 

0 £ LuiI 2( 	 15. 
9 rolad 100 50 	 Rutting along trac: kway 

and localised depres­
10 75 50 	 si ans 
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In HBB brick roads (Types 1. 2 and 3) depressions
 
measuring 15 to 25mm deep occurred along the trackways.
 

In WPM roads (Types 4, 5 and 6) only negligible local
 
depressions occurred.
 

In full length of the aggregate -.tabilised soil (ASS) road
 
Type 9 and 34m of Type 10 were damaged for reasons
 
explained below. Ilowever, ASS road. Types 7 
 and 8
 
exhibited only a few local depressions of between 10 and
 
20mm depth leading, tentatively, to tho ccnclusion that
 
resistance of ASS roads against 
surface deterioration
 
Linder traffic is about the 
same as WBM roads and better
 
than HBEr brick roads.
 

In Type 10, at the end of the section, a small weal spongy
 
area of about 3 sqm was noticed in the first month after
 
the completion of the construction. This weal: spot, under
 
traffic, spread to an area of about 
12mxlm, causing cracks
 
and depressions as observed during the second monitoring
 
visit in Aug 1906. 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 
unusual two-week heavy rains in Sep/Oct 1986, spread upto 
34m along the trackways causing deep ruts. (For details 
please refer to the third Monthly Monitoring Report). 

The initial damage of 3 sqm 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 in Oct/Nov 1986 when the sub-base was found in good 
condition and did not require any rectification. It may 
also be stated that this last stretch of iOm of Type 10 
was in a shaded portion tinder trees. 

Lhri ng the thirct monitoring vi sit i n Sep 1986 deep 
ruttilnOs, upto 100mm in deptLt, were observed along the 
trackways tu ASS road Type 9. Possibly these ruttings 
sLarted at the beginning of Sep 1986 but no repair works 
were tndertaken during the month. Since the monitoring
 
vi It.'; to! r lace inf thelI ast week (f every mon t, the 
actual start of the damage and its course could not be 
estaI i shed. It is, perhaps, therefore necessary that in 
tuture trials more intensive monitoring of damage and 
investigati on of remedial measures be taken in hand more 
expeditiously and on more scientific basis. 

Reports on the damages in Types 9 arid 10 are given i 
ApperIdix-5, Record of Observation, as also in General 
Comments 4rewn Monthly Mnnitoring Reports (Appendix-8). 
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It is important to note here that Types 7, 8, 9 and 0 had
 
identical pavement structures with varying surface 
treatments with asphalt emulsion. Type 8 and 66m of Type 
10 performed well under traffic. Also Type 7 performed 
quite satisfactorily with only a few local depressions 
which developed during the two-w el. unse,-uonal heavy rain 
in Sep/Oct 1986. 

Thus, iF an effective surface treatment can be provided,
 
aggregate stabilised soil roads may be equally good as WBM
 
roads arid better than HBB roads but will need timely
 
maintenance for efficient performance.
 

10.4 The Granular Shoulder
 

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

a) 	 An additional width of 5'-0" (2:2'-6") of sub-base
 
standard
 

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

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

10.5 Shoulder Deterioration
 

'The extent of deteriorations observed to the granular 
shot Ider and earthen shoul der during the six -month 
morntoring period are surrmnarised below in the Table-1. 

Table-4: Deteriorations to Shoulders
 

Tyeof 
Shodner lype of Deterior ation lemarks 

Gr arnil ar Aggregates exposed by Surface sealirng 
shoulder washing away of sand and may be provided
 

soil by rain water 

Ear then Depression, localised and Rl.gular mainten­
shoulder in long stretches ,obser- ance strongly 

ved, accumulating rain recommended 
water duririg weL weather 

For 	 granular shoulder, no other remarkable deteriorations 
than mernt i oned above was observed. If this granular 
shoulder cai be sealed with sitniple stir ace paintiig, such 
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ioss of sand and soil from the granular materials can be 
reduced with better performance of the granular shoulder. 

10.6 Embankment Slopes 

The 	 embankirerit side slopes were treated with grass turf to 
protect against raincuts and erosions during the wet
 
weather. Tturfing was found quite effective except in a few 
location where raincuts were deep and sliding of earth
 
from side slopes occitred in a place or two. These happened
 
mainly due to the fact that the extra earth works 
lone 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 wou'd be held on the 
slope by one person and be pulled up the slope by another 
two persons from the road shoulder. But it is preferred to 
use local labour for such compaction to make the 
constructi on process labour-intensive.
 

TurfifIg is very clieap and effective if the compaction in 
earth work is proper. It was found that the grass sods 
placed oil the side slopes at noticeable gaps spread around 
wi thi I) a month or Lwo during the monsoon ccvering all the 
gaps. Gr ass was 4otind cove rig even the entire earthen
 
shoulder after the first monsoon even though there was no 
turfirig placed duri iig constructi on. Jute mesh may be tried 
for slope pr otectio, but it would be considerably more 
e>'.persive ictan tr . t.ttir firig. 

[II 	s thus rHirmlpi le LlaI : 

a) 	 Particular atet.iiiti on be given to aLtairk the requi site 
level of compaction of the earthfill on side slopes 
using labour iLeissive liand ramming procoss. 

b) 	 Turf i ny he ulsed on compacted side slopes for slope 
protecti Li. 

c) 	 Intensive liainLeiiarice be taken up at least uiice a 
year , a f ter Lhe monsoon, to restore the side slopes to 
or igirial (ou di (iorns. 

10.7 Moisture Content
 

The moi shur e conterits 1r- base, sub-base, granular 
shouilders and sand dr-ainus were checked during 27 Sep to (19 
CILt 186, a per i rd whi ch ex:per i enuiced itiiseasonal heavy 
rain. lable-5 gives a statement showing moiitored moisture 
coileicL verstils desi u 011C arid as-built moistire conterst: 
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-------------------------------------------------------------------

------------------------------------------------------------------

-------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

-----------------------------------------------------------------

2 

Table-5: Statement Showinq Mnnitored Moisture Content,
 
Design OMC and As-built Moisture Content
 

Pave- Monitored MC in % As-built Design Difference
 
ment Layer Normal Damaged MS in % OMC in (3-5) or
 
Type spot spot (average) % (4-5)
 

1 2 3 4 5 6 7 

1 Sand 
sub-base 

13.59 12.63 13.75 +0.96 

Gr shoulder 16.76 LHS 
18.89 RHS 

14.45 14.09 +3.37(av) 

Sand drain 18.89 & 
19.51 LHS 
19.43 & 
18.37 RHS 

12.63 13.75 +6.42(av) 

Sand-soil 

sub-base
 

Gr shoulder 


Sand drain 


15.05 


15.51 LIS 

16.96 RHS
 

18.28 & 

20.83 LHS
 
21.42 &
 
18.58 RHS
 

11.21 11.50 +3.84 

13.04 14.09 +3.20(av) 

12.63 13.75 +7.15(av) 

3 	 Aggr-sand- 14.85 13.11 14.09 +1.74
 
soil -sub­
base
 

Gr sho"lder 16.08 LIS 13.51 14.09 +2.82(av)
 
16.58 RHS 

Sand draiN 20.15 & 	 12.63 13.75 +6.37(av)
 
19.72 LIIS 
17.07 &
 
19.07 RIIS 

4 	 Sand 10.79 13.15 14.40 -2.36 
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)
 
19.60 LHS 
17.79 &
 
20.20 RHS
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------------------------------------------------------------------

------------------------------------------------------------------
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5 	 Sand-soil 


sub-base
 

Gr shoulder 


Sand drain 


6 	 Sand-soil 


s, b-base
 

Gr shoulder 


Sand drain 


7 	 Aggr-sand-

soil-base 


Sand-soil 

sub-base 


Gr shoulder 


sornd drain 

6 	 Aggr-sand-


soil base
 

Sand-soil 

sub-base
 

Gr shoulder 


Sand drain 


10.76 


19.79 LHS 

17.94 RHS
 

18.92 & 

17.68 LHS
 
21.58 &
 
21.67 RHS
 

12.02 


20.10 LHS 

20.91 RIIS 

20.50 & 

19.80 LHS
 

20.11 &
 
20.11 RHS
 

14.41 


14.60 


20.20 LHS 


19.43 RIS 

21.02 $1 

20.52 _IIS 
18.61 &
 
20.88 RIS
 

12.13 


12.75 


18.62 LHS 

19.07 RHS
 

20.46 & 


17.84 LHS
 
20.60 &
 
19.50 RHS
 

21.24 


20.00 


11.52 


15.16 


13.15 


12.20 


15.45 


13.15 


12.22 

12.22 


12.82 

12.82 


16.80 


13.15 


13.26 


12.25 


16.64 


13.15 


12.08 	 -0.76
 

14.09 	 +3.71(av)
 

14.40 	 +6.81(av)
 

12.06 	 -0.18
 

14.09 	 +5.05(av)
 

14.40 	 +6.98(av)
 

13.08 	 +2.19
 
+9.02
 

12.20 	 +1.78
 
+7.18
 

14.09 	 +3.02(av)
 

14.40 	 *7.11(av)
 

13.50 	 -1.13
 

11.93 	 +0.50
 

14.09 	 +2.31(av)
 

14.40 	 +6.45(av)
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------------------------------------------------------------------

9 Aggr-sand- 15.03* 
 14.05 13.36 +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 6
& 13.1U 14.40 + .55(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 
 +8.26
 

Sand-soil 15.63* 
 12.88 12.25 +2.75
 
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.
 

Observations and Findings
 
of Moisture Content Check
 

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

However, it was noticed that 
JO0% of 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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about 75%. This differential performance of joint

sealing (due to inconsistent quality of asphalt
 
emulsion) had caused differential rate of infiltration 
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 tinder IlBB 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. 

b) A general trend in 
decrease in moisture content of
 
sub-bases of all 
the three types of WBM (Types 4, 5
 
and 6) had been observed. The decrease in MC in 
 sand 
sub-base of Type 4 is relatively much higher than 
those for Types 5 and 6 having sand-soil sub-base. As
 
moisture retaining capacity within sand materials is 
less than that of saiid-soil mix (due to lesser voids 
and thus lesser permeabi 1 i ty 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-soil sL'b-baEe. Further, as the WBM is a 
denser base course having surface treatment with 
surface paintinrig arid surface dressing, there had riot 
been appreciable infiltration of rain water into the 
sub-base through this dense base, although there had 
developed some cracks in surface painting of Type 5 
and loss of coated pea-gravels from surface dressing 
of Type 4 and lype 6 in very small scattered areas. 

lif, r pdit-. t rn i !- M , n(f| - . 0 1t ri typ as !. ;irIril " is 

very inegligible anid remained almost near to as-built 
MC wher-eas that for lype 4 is remarkable for being
less than the lower limit of allowable range. 

So agairi, perhaps, it may be concluded that the 
per formance efficiency of sand-soil sub--base is 
satisfactory and better than sand sub-base under WBM 
base. 

c) Types 7 and 8 have similar base courses with varying 
surface treatment. Increased MC was noticed for Type 7
 
having surface painting with asphalt emulsion. This 
surface painting had developed cracks (due to 
i nconsi stant quality of asphalt emul si on) through
which rain water had in -iltrated and thus increased 
the 11C. Due to the same r easrr increas;ed MC had been 
observed in the sand--soil sub-base alio, .-jhereas the 
base course for Type 8 having surface treatment with 
pea-gravels and asphalt emulsinn showed a reduct.ion in 
mci stur-e cortent. It is l ikely that the surface 
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treatment was effective that prevented the
 
infiltration of rain water into the base; a
but 

certain part of the moisture from the aggr-sand--soil 
base (which is a permeable mi:) had been loosing 
moisture to the sub-base, reducing the MC in the base 
and increasing the MC in the sand-soil 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. 

d) 	 Types 9 and 10 have similar pavement structure (aggr­
sand-soil base with aggr grafting and sand-soil sub­
base) with varying surface treatment. Increased 
moisture content in base and sub-base had been noticed 
for both the types. 7he surface painting and surface 
dressing had developed cracks (due to inconsistant 
quality of asphalt errul sion) 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 expected Lihat the pavement structures 
will function satisfactorily. 

e) 	 InLrease of mui strre content in granular shtuAI lder was 
generally noticed, raniging from 1.84% to 5.05.84. rhi s 
increase in inoisLure content was obviottsAy due to 
untreated open surface. The variation in increase of 
moi sture content was due t nL improper slope and 
depressions on shoulder which had developed with time 
after the completion of construction,. 

It 	 may be concluded that if the granular shoulder can 
be 	 mairtained ir,proper slope for quick drainage of 
surface water, the increase of MC will be more 
corisistarit arid wi lifi acceptable range. 
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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 above 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 6 had surface dressing with pea-gravels and 
asphalt emulsion. During this period when the moisture
 
content was checked 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 6, 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
 
e>:pensive WBM HBB pavement structures inand brick 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 coniclusion cart be reached. 

10.7 Flood Level and Ground Water Table
 

Thre- fI lnod leve! gatigPs were iosi alled near the borrow 
pits and three GI standpipes were installed at the edges
of the shoulders to mortitor the flood water level and 
ground water table. Appendix-7 gives the location and RL 
of the gattges arid the standpipes. 

Table-6 below gives the montly readings of flood level and 
GWT taken during the mofiitorig visits: 
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Table-6: Flood Level and Ground Water Table
 
during Monitoring Visits
 

Station Date of F. 
 GWT Difference Remarks
 
observation in metre in metre in level
 

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

1 	 29 07 86 

27 08 86 

02 10 86 

28 10 86 

25 11 86 

30 12 86 


II 	 29 07 86 
27 08 86 
02 10 86 
28 10 86 
25 11 86 
30 12 86 

I1 	 29 07 86 

27 08 86 

02 10 86 

28 10 86 

25 11 86 

30 	 12 86 

13.006, 16.411, 

13.056 13.538 0.482 
13.105 13.548 0.443 
14.066 14.187 0.121 
13.014 13.360 0.346 

** 13.292 -­
** 12.780 -­

14.143* 16.603* 
14.313 
14.346 

14.373 
14.468 

0.060 
0.142 

GWT is higher 
than flood 

14.343 14.480 0.137 level due to 
14.163 14.183 0.020 capillary 
14.209 14.171 -0.038 action 

1*13.751 -­

13.992* 16.200* 
14.562 14.581 0.019 
14.622 14.645 0.023 
14.656 14.798 0.142 
14.392 14.440 0.048 
14.399 14.494 0.095 
14.209 14.244 0.035 

* 	 Bap R1 for Florid I..v-1 qa "e and
 
Iol1 I uf GWI pip&
 

** Flood Water in the borrowpit around 
Station 	I had completely dried
 

The inconsistent difference between levels of 
flood water
 
and ground water 
table may have been due to the observed
 
difference in water level 
on two 	sides of the embankment
 
and the variatiorn in the consistency of embankment soil 
characteristics which influences the capillary rise. 

1/25
 



------- ------------------------------------------------------------

-------------------------------------------------------------------------

-------------------------------------------------------------------

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 Chainage Max:imum Shoulder Available Remarks
 
No. Flood Level Edge Level Free Board
 

(m) (m) (m) (M)
 

I 0+196.5(L) 14.066 16.15 2.084 Adequate

II 0+700.0(R) 14.346 
 16.42 2.074 freeboard
 

III 1+039.5(R) 14.656 16.00 1.344
 

11.0 COST CONSIDERATIONS
 

Comparison of cost of different types of pavement,
 
splitting into constituent components 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-B.
 

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 major expensive component of
 
construction materials. Also, the innovative construction
 
technique irIvol ved was found eaily 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 I ahI e-H, the involvement. of labour in 
aggregate stabilised soil road is 43.78% against 29.37% in 
WBM road and 29% in 11B brick road while the involvement 
of bricks in aggregate stabilised soil road is only 25.17% 
against 37.98% in WBM road and in 11rD brick road this is 
as high as 4.7[3% of the total cost of the pavement 
structure (withouL surfacing). 

In other words, as far as the requirement of bricks in the 
pavement structure is concerned, WDM road (Type 4)
requires 2.2 time; and 11L4 brick road (type I) requires :i 
times more bricks than aggregate stabilised soil road 
(Types 7 and 0) - In the prevalent road construction 
system, bri cks form the major cost component of the 
constructjon , atr±-ri als i r the pavement structure. 

1hus, extensive use of bricks makes the road more 
expensi ve. Also, the manufacturing of bricks necessiates 
the use 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 

TAILE-8: COST COMPARiSO N Y MAJOR PAVEM'IENT TYPES 
EXCLUDING SURFACE TREATMENT 

Ty pe Cost/mile 9 Cost/mileDescriptions iwithout bour 
Ssurfacinr (T'¢) Labou 

I31-+single brick 
soling+sand sub-base 

4. W:3-+Sand sub-base 

"7 . \.wr-s;nd-soi1 base+ 
H4 :iald-sto] st,,-base 

Notes: 


14,24,270 4,13,303 
(I00-0) (29') 

13,15,177 
 3,86,318 


(I00l) (2 -7) 

B,99,!,59 3,93,790 
(100() (43.78%) 

for pavernent structure for
Materials ORemarks
 

Bricksk) 
 Sands (Tk)Others(Tk 

6,80,500 1,73,880 1,56,587 
(47.78%) (12.22%) (11%) 

4,99,503 2,32,500 
 1,96,856 
(3798%) (17.68 ) (14.97%) 

2,26,350 1,36,206 1,43,113
(25.17%) (15.14%) (15.91%) 

a) In all the three categories 
of road, the pavement structure in Type-i,
of HBO brick road, requires maximum quantity of bricks while that in
Types 7 and 8, Aggregate Stabilised Soil Road, requires minimum quantityof bricks, the major expensive component of construction materials. 
b) Aggregate Stabilised Soil Road (Types 7 and 8) has the cheapest pavementstructure on initial cost considerations and is 37% cheaper than HBBBrick Road and 32o cheaper than WBM Road.
 

Equipment cost + profit, etc. 

HBB brick
 

road 

WBM road 

Aggregate sta­
bilised soil
 

road
 



Road Surfacing Trial Project, Rajbari
 

COST COMPARISON BETWEEN INDIVIDUAL PAVEMENT
 
STRUCTURE (EXCLUDING SURFACE TREATMENT)
 

TABLE-9: 


iai,l -ci ption of Trial-''i 

r'v'pou 


1. i{3D+sint1le brick soling+ 

sand sub-base 


. 1IBB:ian;i-Soil sub-base+ 
Joint s-.aling 

3. 	 !13BB+,%gr-Sand-soi i 

5ub-base+Joint sealing 


4. 	 W'3M-+sand-sub-base+ 

-iurf;tcirng dressing 


" 
'-l l.hiiIa'-Noil suh-base+ 

.,,,- .ic,. painting 

',. lh-i,-soil suh-base+ 

sur.ic. dressing 


7. 	 Agr-S;,nd-soil base+ 

Sand-sil sub-base+ 

surl.,c,. painting 

8. 	 Aggr-S;ind-soil Base+ 

sand-soil su b-base+ 

surfac(- dressing
 

9. Agr- .;tnd- soil b;aso+Arrr 
,:,n I 	I|,,, -n nd-,,,o I ,,h-

A~gr-snnd-soil base+Aggr 

graf ting+sand-soil sub-
base4surface dressing 

'i, cost 	 on"t.L calculated 
* I'.,v.ment structure does 

lotal Cost* 

per inile(Tk) 


14,24,270 


12,12,169 


14,45,635 


15,34,491 


13,07,513 


14,51,399 


9,97,073 


11,50,409 


10,79,618 


12,33,002 


the basis of rates for larger 
not include surface treatment. 

For Pavement Structure only*.* "mr
 
Cost mile(Tk) 0 Labour (Tk) Rerad1k
 

Pavement"struc­
ture of Type-7
 
and 8 are 
chea­
pest and labour.
 
intensive;
 

labour 'involve­
meat is about 
44% of th cost 
of pavement 

structure
 

14,24,270 

11,52,583 

13,86,049 

13,15, 177 

12,32,084 


12,32,084 


8,99,459 


8,99,459 


9,82,004 


9,82,004 


4,13 	303 

(29%) 


3,87,372 

(33.60%) 


4,74,490 

(34.23%) 

3,86,318 

(29.37%) 


4,22,770 

(34.31%) 


4,22,770 

(34.31%) 


3,93,790 

(43.78%) 


3,93,790 

(43.78%) 


4,14,605 

(42.22%) 


4,14,605 

(42.22%) 


volume of works 

Mat.+Others Tk 


10,10,967
 
(7;%)
 

7,65,211
 
(66.40%)
 

9,11,559
 
(65.77%)
 

9,28,859
 
(70.63%)
 

8,09,314 

(65.69%') 

8,09,314 

(65.69%) 


5,05,669 

(56.22%) 


5,05,669 

(56.22%)
 

5,67,399
 
(57.78%)
 

5,67,399
 
(57.78%)
 

ith surfaces treatment 
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Road Surfacing Trial Project, Rajbari 

TABLE-1O: COST COMPAIZISON BETWEEN INDIVIDUAL PAVEMENT 
TYPES INCLUDING SURFACE TREATMENT
 

1ton SUia Total Cost* I 3reak tlo Per mile(Tk Relative costFrial-Type per Tile(Tk) 1 --rMUP3 w.r.t. ei- iB +siigle brick soling+ 14,24,270 
 3,63,474 
 10,60,796
sand sub-base 92.80% a)(25.52%) (74.48%) 

2. HPiSand-Soil sub-base+ 12,12,169 3,97,251 8,14,918Joint sealing 79% 
(32.77%) (67.23%) b)


3.3. ;i13U-' 3 +A r- Sand-soil 14,45,635 4,84,369 9,61,266 
 94%sub-base+joint sealing (33.51%') (66.49%)
4. i 3X+ sn d- su b- base + 15,34,491 


surf'ace dressing 
3,89,652 11,44,839 100% 
(25.40%) (74.60%)5. WIHM+Sand-soil sub-base+ 13,07,513 
 4,25,185 
 8,82,328
5surr'ace painting 85.20%
(32.52%) (67.48%)

1*M-Sind-50il sub-base+ 14,51,399 
 4,26,070 
 10,25,329 
 94.60%
Sur'ace dressing 
 (29.36%) (70.64%) 
7. Aggr-sand-soil base+ 9,97,073 3,96,334 6,00,739Sinir-,nil sub-base+ 65% 

(39-75%) (60.25%)

suzr! ,c, painting
 

8. Aggr-Sand-soil Base+. 
 11,50,409 3,97,606 7,52,803
sand-soil sub-base+ 75%
 
(34.56%) (65.44%)


surface dressing
 

9. Aggr-Sand-soil base+Aggr 10,79,618 
 4,17,151 6,62,467grafting+sand-soil sub- 70.40%
 
(38.64%) (61.36%)


base+surface painting
 

Aggr-sand-soil base+Aggr 
 12,33,002 
 4,18,423 8,14,579
grafting+sand-soil sub-base 80.40%

(33-94%) (66.06%)

+sur-face dressing 
* I'otml cost calculated on the basis of

Total cost 
rates for larger volume of Lorks.'..= cost of pavement structure + cost of surface treatment. 

Remarks 

Type-7 appears
 
cheapest of all 

the ten types..
 
Type-7 is also 

the os-t labourintensivlo 
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materials for road construction in rural areas of the
 
country will Nave a negative impact on the availability of
 
agricultural 
land and also utilise scarce energy resources
 
!ike local 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-B that the aggregate stabilised 
soil road shows promise of providing economy 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 bring all-round
 
benefit.
 

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

12.0 	 PERFORMANCE EFFICIENCY OF LOW-COST
 
SURFACE TREATMENT
 

12.1 	 Three types of pavement surface treatme;,ts have been
 
tried, namely:
 

a) 	 Joiits-sealirg iri I1BB briclk pavement with asphalt 
emul si on 

b) 	 Surface painting with asphalt emulsion and sand 
bi indage 

c) 	 Sinogle .ur face dressing with asphalt emulsion and pea­
gravel s. 

For 1114D brick road, ii Types 2 and 3, 100% of joint­
sealing cracked and opened up as observed at the end of 
the third month of moritoring for Type 2 and at the end of 
fifth monith for Type 3. This may have been dime to the 

uirosi steri_ qmiit asphalL emmulsioti (viscosity riot asallLy of 
per speci f i -ati on) and the increased movement of the 
bricks, witLh passage of time, under traffic. Thus, the 
joint 	 sealing was not effective whichi was also evident
 
from tite i ro:r iaE-,ed i stAlr e conterit ir the s-_Im--hiase of 
lypes 2 and 3 as seen froin lable-5. 

Surface treatment by pairitirig with asphalt emiuilsiori and 
sand blindage was also found not very effective. lhii s 
s.ir face pairnting was found cracking ard damaged in 
scattered spoLs at the eind of second munth of mnonitoring 

i i lypti5 (W"IBroad) iype / (aggregate stabiIised soili ti id 
road) and more widely in lype 9 just at the end of first 
mornth of monitoring. These damages and cracks increased 
wi th time. 
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Surface treatment by single surface dressing with asphalt 
emulsion and pea-gravels was found satisfactory ai seen 
from monitoring records of Types 4 and 6 (WBM road) and 
Types 8 and 10 (aggregate stabilised snil road). The only 
deficiency observed in this type of surface treatment 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 total1y lost within 
2 to 3 months after- the construction. Some of the emulsion 
coated pea-gravels were also lost from some 2 to 3% 
scattered areas 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 
foutnd 	 better than those with surface painting as was seen 
with aggregate stabilised soil road, Type 8, where the 
trial section with Surface dressing functioned quite 
satisfactorily under regular traffic during the whole 
fooni tor ing period of six months. So, it is recommended 
that the approved pavement structure may be treated with 
sitngle surface dressing in an attempt to seal the pavement 
stir face against ingress of water and thus to give the 
pavement a I ow-cost. semi -pucca character, but timely 
maintenance shall have to be ensured for continued
 
satisfactory performance.
 

12.2 	 Suitability of Asphalt Emulsion 
As a Surfacing Material: 

In t hi s -iri al , asphalt emul sion, ifistead of hitumen, was 
recommended for its rt_-ady--use advantage. The quality of 
aSi) t, I t vrmtl sion diiirirg !,atrip e tesLig from the Central 
I estL ig laboratory was found meeting the spec f i cat ions. 
Pill , whenf the htull: sliipply was Lakf-ern by the Co,ttractors 
irom the ll-mit cttlrer it wqas fuind, after ranidom sanipling 
and testiiig iti the same laboratory, that tihe quality of 
the asphalt etulsion in the bull. supply was unsatisfactory 

t respect of viscosity as seen from the test restlts, 
ttfle:tr e,- '9,1 to 9;1 ( ori y :in? satnp I ott ( f seven was 

VjI L I 	 r Lsi f I LI aIICjC - (. I Ic t4 tSII 

Ihits 	 the quality of asphalt etmul si on was i nconmsi stent 
wi t I I mipr olier vi scosi I y , (Ihe tu whi crh reqtii si te 
penetrati oil of the emuitision into the road-base was not 
, it-gv1( . I1,I resi l t i-l it, i weak2i bonid with th,t roaid iaFe 
Vi t.h c-'oiieqtfe. t ear i lug -1of sL4Ir face F2a. 11A t itig i and 
I onsenirig of pea-gravels in scattered areas. 



The satisfactory performance of road 
surfacing with
 
surface dressing in Type 8, 
 aggregate stabilised soil
 
road, might 
have been due to t ;ie reason that the asphalt
emul si on used here was of comparati vel y 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 
recommended for use for surface treatment duie to its 
definite advantages over the bitumen as mentioned below: 

o Bitumen requires a heating process that involves: 

- a considerable quantity of fuel (usually local fire­
wood)
 

- 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.
 

There remains a chiance of wastage as the lahourers have 
a tendency to use a part of the bitumen as fuel for 
heai Lirog 

o Asphalt eitilsi on provides fuel economy as rio heating is 
necessary 

(1 It provides, a ready--use advaritage 

o It can be used over moist surface, so it has the all­
weather facility 

0 It does tiot r equir e orn-site quality control over the 
malufactur ed qiiali ty. 

Corsidering thte above 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 o now this is not the
 
case.
 

It is suggested that the foreign dorurs actively assisting
in unostruct ion of rural roads provi de Funds and/or
ItPCI11iLa I a Issitt ;IIr:e fcr i mproviriti the qial t:y of the 
,k.l-i l It J;iiISL On presenL ly beirg pr udit.ed in the country.
lie econolirgl btciefits are li kely to be considerable. 
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13.0 	 MAINTENANCE
 

13.1 	 For low-cost semi-pucca road, the performance efficiency 
largely depends on how effective and timely is its 
mainteitance. The mai nteraiice 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 structiure cannot be protected 
against: wear aid tear and deteri orations under traffic. 
This is particularly so under monsoon conditions. So, it 
is particularly important to ensure timely repair and 
mai otenarce to any deteri orat ion, otherwi se, such 
deterioration will aggravate to the ex tent of severe 
damage requiri ig expensive total repair work. 

The repair works to Type 9 and part of Type 10 are 
concrete examples of what may happen to a pavement 
structure if timely maintenance is ignored. In Type 10, 
the initial deterioration was confined to an area of 3 sqm 
which in Iwo months time spread to an area of about 35 
sqm.
 

For comparative mainteriarie cost estimations, we consider 
below the maintenance required to be taken LIp for the 
obser d dtl.er ior at i , dIir i igl (w,ii tor i iq per i or I For one 
single type of trial section from each of the three broad 
categories of pavement. For this we have compared; the 
aggregate stabilised soil road, Type 8, with the standard
 
l11D brick road lype I and the standard WIAM road Ivpe ' for
 
main1tenance cost.
 

A) Maintenance Cost for HBB Brick Road, Type I
 

A s per six months monitoring report, aver-age 10% of 
br IcLu it 11LIL4had t.1 eir corrier s and edges hroute aid 
hence w i I need replac ement. 

hr i-i of I oi Icr11 Lrt ,(A jjL r l[ioU - 6 .I L 
Area of I tLm length = 36,620 sft 
Cost of replacemertit of 10% of 
area over I km length 33,662 sft 

0k20 H.'44/( 
= k ,.0'9(.) .OLll. 


S3tch repl acemeiit wi I I he ried-,d twice in a year 

[fte 1-1131Pr cl: rBelili cre i (us t/ km/year
 
= 2xl'l: 30,9(7 Ik 61,914.00 (a)
 

('3ist. of pIi :kitl 11f[ i r i 

- 2x:3,662 (a .26/lft II 1,904. 00 (b)sf1 L 


(a) -b I = I1 61 ,314. (.i i I., . 14 = Tr 6 ,718.000 

T /Z2 

http:61,914.00


Assuming 75% salvace value of the damaged bricks: 

Total salvage value = 2 : 3,662 sft 5 488 bricks per
100 sf1 x T; 1,.200 jrFr 1000 hr it:k, x 0.75= 11k 32,167/-

Actual maintenance cost per km per year
 
= Tk 63,718 - 32,167 = 1k 31,551.00
 

B) Maintenance Cost for WBM Road, Type 4
 

Observed deterioration: 

1) Surface crackings: 154n:0.50m = 7.5 sqm 

25mx0.50m 	 = 12.5 sqm 
10mxO.50m 	 = 5.0 sqm 

Total 	 = 25.0 sqm
 
= 269.0 sft
 

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

Maintenance cost 
= 269 sft : Tk 1.21/sft 
= lk 325.00/100m (a) 

2) Loss of coated pea-gravels: 

15m:0.25m 	= 3.75 sqm 
lOmx0.20m 	 = 2.00 sqm 
25m:0. 20m= 5. 00 sqm 

Iltial 10.75 sqm 
116, sft
 

This will need fresh surface dressing 
STI" 3.47/sI 

Naintteiaite (¢jsi 	 = 116 sft ): Tk 3.47/sft 
= Tk 403/100m (b) 

(a)- (b) ll: ;75t-4 1h 407' - k 7211/li(m, i.e. 
-= lk; ;,2301hkm 

Stich maiiitpriarc-	 will he needed twice in a year. 
Total mai ntenance cost per year per" km 
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C) Maintenance Cost for Aggregate
 

Stabilised Soil Road, Type 8
 

Observed deteriorations:
 

2
1) Local depressions: 0mx0.25mx(15mm) = S 
10m.O.5m>:(15mm to 20mm) =5 sqm 

Total 	 =10 %qm 

This shall be corrected by surface dressing. 

2) Loss of coated pea-gravels: 5 sqm area 

This shall also be corrected by surface dressinp. 

Total area to be treated= 10+5=15 sqm= 161 sft 

This 161 sft area to be corrected by sjurfaace
dressing @ Tk 3..98/sft = 161 sft:Tk 3.98/sft, i.e. 
Tk 6 41/1OOm 

Cost per km = TIk 6,410.00 

Such maintenance will be needed twice in a yea-..
Total maintenance cost/km/year = Tic 6,41O"2 

= Ti. 12,820.3, 

D) Maintenance Cost of Shoulder and Side Slopes:
 

For shoulder: To drain water and to fill 
the
 
depressions, etc.
 

Manpower required: 1 (one) labour per day per km f1)r 3 
(three) months scattered throijoiciut 
the year @ Tk 30/day/labour 
= TI: 30x:3):30 = Tk 2,700.00 a) 

For Slopes: 	 To fill raincuts, holes, er -cied 
embankment slopes including ra.ma,. ntg,
dressing the earth and turfing as 
necessary, after the wet weatheg- aind
 
during the winter-. 

Manpower required: 5 (five) labourers 
 and I (:ne) 
supervisor for fifteen days.
5 labour @ TI- 30/day/labour = 
5>:15>:30 = Tk 2,250.00 '.o) 

I Supervisor 	 @ Tk 50/day 
1>:15>:50 = Ik 	 750.00 
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------------------- --------------------------------------------

-------------------------------------------------------------------

-------------------------------------------------------------------

Total (a+b+c) = Tk (2,700+2,250+750)
 
= Tk 5,700.00
 

Total maintenance cost to shoulder and side slope 
= Tk 5,700.00/km/year 

Tablu-11i Comparativ Maintewnance Coat Estimate
 

Type 
 Maintenance Cost/km/year for Total
 
of Pavement Shoulder Contin- Per Per
 
trial Description 
 (Tk) and side gency kim/yr mi I e/yr 
sec slope(Tk) 5%(Tk) 

1. 	 HEB Brick Road 
with sand sub­
base 31,551 5,700 1,663 39,114 62,974
 

2. 	 WBM Road with
 
sand sub-base 14,560 5,700 1,013 
 21,273 34,250
 

3. 	 Aggregate
 
stabilised
 
soil road with
 
sand-soil sub­
base 12,820 5,700 
 926 19,446 31,308
 

Thus, the maintenance cost for aggregate stabilised soil
road and WBM 
road are of similar magnitude and
 
considerably lower 
than that of HBB brick road.
 

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

Thus, from above Table-12, Type 8 with low-cost 
surfacing
 
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 savings = ------------ x 100 = 42%
 

Tk 11,50,409
 

Tk 4,17,742
 
Final savings = -------
 100 = 33.6%
 
after 3-year Tk 12,44,333
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b) 	 Savings Over Conventional WBM Road
 
with 1-1/2" Bituminous Surfacings
 

Tk 8,98,477 
Initial savings = ------------ : 100 = 78.10% 

Tic 11,50,409
 

Tk 8,33,461 
Final savings = ----- >: 100 = 67% 
after 3-year Tic 12,44,333
 

C) 	 Savings Over Conventional HBB Brick Road 

Tic 2,73,861 
Initial savings = ------------ x 100 = 23.8% 

Ti- 11,50,409
 

Tic 3,68,859
 
Final savings =-------------- 100 = 29.6% 

Tic 12,44,333
 

Aggregate stabilised soil road with surface dressing (Type

8) with 3-year maintenance therefore appears to provide an 
initial saving of 78.10% and a final saving of 67% over 
conventional WPM road with 1-1/2" bititmi nous surfacings 
and an initial saving of 23.8% and a final saving of 29.6V. 
over corvoi,tiortal -IEIB road. It may be ientioned here that 
for r'ir'a "rz' I - 1-/2'" hI' tlrlif-IOUS 'strfacing may not

ireqti r itt ffrcrlaitntht. i iSt 3--y-cr . But after : 
_". it rpcitii-re ay' tenaic.t:e toj repair pot-Pa r I| le mai 

hol P-- ,v d uii'y cevurn rt:qtiire -r tIAy over ay makti ng it all 
frillore e2>:po'nL.3 ye. 

lti., *ii, i,, ;f!r.t Read ri t:cirttiructing 10k lkm of WBIM 
road wi h ci ;ncre t,i fi ia I I -i/2I th ick biLuftmiinous surfacing, 
17,9 'm , ,qor r e siati I ct- sw)i t oad with si ngi e 
co,.trse stLr a-ce dressing can be constructed. Even( (i1!-.I rh-er I1- ii r t_-L7, yi r ! . ' na ii ,f Pt -,ft liC . r cls't , the Iotal 
it t-_if;iflt t Li 

7 
1 1L11 of W9.1 t clad 3S; aboltl t htle Same as that

fortor 	 16v' Lm (,f road which, ther efor e, on the basis of 
this triai appe.-irs to be the most ecunomic pavement type
wvit, sa . - a: t.or y per for matic.o as ob s er-ved in si : months 
of moni tr iig (see Table 12). 

Crimpar-ati vye rtF thie t.itr eP. cdnigor ies of pavements,
1Hi , WA'i .iiN: i, iS, i' _ i i, i , biar chart otl page 1/39. 
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Road Surfacing Trial Projnct, Rajbari 

TABLE-12:" COMPARISON OF 
INCLUDING THE 

COST TAKEN OVER THREE YEARS 
INITIAL INVESTMENT- COST 

SoNo Des cripti onItructure 

2 

9cost/ ~Iet 
pavementstutr.ig. 

I (Tk) 
f 3 

Cost/Mile 
of Surfa-
cin-

T) 

Ini t a 
Investment 
Cost/Mile 

(Tk) 
_=.4 

Cot/il of 
Maintenane for.C0.1. .:frl st three years 

I (Tk) 
0b 

Total Cost/ 
Mils in 
Three years 

(Tk) 

Additionl~ 
over -e-8 
Initial 

(k) 

Cost/Mu.* 

Final after 

3 Year-(Td 

Remarks 

10 

1 .G~rea~estabili­
ca .Ol road and 

surface dressing 
"t1: .sphalt e-al-

and pea-n;ra-
v"eI, Type-S 8,99,459 2.50,950 1,50,409

(a=0oo) 
93,924 12,44,333

(b=100) 

Recommended 
type of 
pavement 

2. Ai-rcgepate stabili­
ssd soil road *IZ" 
tulck conventional 
:,ituminous surfs- Additional cost 

CO 
8,99,459 7,33,708 16.33,167 28,908 16,62,075 4,82,758 

(42 ,) 
4,17,742 
(33.6 ,) 

as compared to 
the recommended 
type-8 

c.:.cncnio.-l ,..::uus -curfa- *as Additional costcompared to 

13,15,177 7,33,70t 2U,4b,6oo 

(c=l.78a) 
26,90, 20,77,794 

(d=1.67b) 
o,98,477 8,33,461 the recommended 

type-8 

4 L.H:. 1Lrick road 
"Zype-1 14,24,270 - 14,24,270 1,bS,922 1b,13,192 2,73,b61 

(23.8 ) 
3,68,659 
(29.69) 

Additional cost 
as compared to 
the recommended 
type-8 

Note: Only 
witzh 

Raintenance cost for shoulder and side slopes 
55. allowance for conti.ency i.e. Tk 5700 per km x 

have been taken, 
1.05 x 1.61 x 3 = Tk 28,908 

Taken from Tableli 



COST OF THREE CATAGORIES OF PAVEMENTS
 

22.0-

Tk. 20,48,886 .20,77j794 

20.0 

18.0-
Note (a 

16, 13,192 

16-0 

14-0­
14,24,270__ 

I40_ .13,15,177 

12,44,333 
120 11,50,409 

" a. I'0- 1 Note (b) 
a~10-0­

8,99,459 

5.0
 
HBB Brick WBM AGGR. STABL 

ROAD ROAD SOIL
i I 

Conventional Recommended 

TYPES OF ROAD 

LEGEND:- D1 
 Cost of Payment Structure 

F Cost of Surfacing 

LA Cost of Maintenance for 3 Years 

MdOTE :- (a) Surfacing with 11/2" thick bituminous carpetting 

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

Project.- Consultant:- Drawing No. 

ROAD SUMFCING TRIAL PROJECT BANGLADESH CONSULTANTS LTD-
RAJBARI House No.4, Road No. 14 (New)

Dhanmondl R.A, Dhaka- 9 Date . 15-1-87 
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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 arid extent of deteriorations to the road
sections as observed during the 
 six-month monitoring
period, the following maintenance programme is suggested
for the reu,...ended pavement Type 8, i.e. aggregate
 
stabilised soil 
road.
 

a) Maintenance of 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 dressing 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 year in the
 
following break-up, is recommended: 

During Jun-Oct (wet weather) - for 6 weeks 
During Nov-Dec (post-wet ) - for 4 weeks 
During Apr-May (pre-wet ) - for 2 weeks 

b) Maintenance of Granular Shoulder 

From about 50-60% area of the granular shoulder sand­
soil had been washed away from the surface due to
rain, exposing the aggregates. 

It is recommetided that the sared-soil mi: (50:50) be 
spread over Lhe exposed aggragates as blindage and 
the, compacLed by hand ramming. 

For this inai jilenance two labours per- km is recommended 
for a per iod of onte montl, dur i rg Nov-Dec, when soil 
will be ,ivai l,ihle from borrowpits. 

c) Maintenance of Earthen Shoulder
 

Some local depressions and ruts were observed in 
ear the, El0oti ter s dur irig wet weather, accumulating
rain water. lou draiii this out by cutting cross drains,
al, avera |qe o1e labour per km for a period of three 
months scatLu.red throughout the year is recommended in 
the folltwJrg breakup: 

Dt.r rig Jtil -SL . (wut wea Lier ) -" 	 £, w. cik I 1 labotir 

for "' kin 

During Nov-Jan (dry weather) - 4.5 weeks @ 2 labour 

for per lkr
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d) Maintenance of Side Slopes 

Some raincuts were observed on the side slopes.maintenance 
 five labours for a period 
For 

of two weeksduring Dec-Jan is recommended to make good all theraincuts and deficient areas by filling 
 earth with
hand ramming and grass-turfing the new areas. 

All the above maintenance activities shall 
 be duly
Iooked after by a 
supervisor who will 

to be responsible
control effectively the maintenance of 
about five
km of road length. This maintenance schedule is shown
 
in Anne:ure-lO.
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14.0 


14.1 


14.2 


MISCELLANEOUS CONSIDERATIONS
 

Riding Quality
 

Riding quality in aggregate 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 tlBB 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 FIBB brick pavement. The breaking of corners and 
edges of bricks may be reduced by:
 

a) 	 using bricks of consistent qtiality and uniform shape 
and 	size;
 

b) 	 restricting the loss of sand packing by means of 
effective sealing of IBB brick joints with approved 
cinality of bitumeri or asphalt emulsion. 

Considering these limitations it would be difficult to 
ensure satisfactory performance of F-1B brick pavement in 
rural areas and hence the riding quality cannot be 
assured. 

On the other htnud, both the WBM roads and aggregate 
stabilised soil roads had only limited surface 
deteriorati on irn the form of local depressions without any 
remarkable loss in riding quality. 

Construction Technique
 

I Ir Ihr irk. r tiads and WI1M roads are widely used in this 
conttry arld their construction technique is wel l known 
amnng I tit- :cijivnven i orgal cuoiLractor s. Butt thi s i -1ot so 
with the rigqregat e stahilised soil road. Al though the 
ro-tl r tit, l io t e. 1rij ]Itic tif aggragat e stabi Ii sed soi I road 
is somewi- aiid to the rural road constructi ongii-tg ii ikciiowui 
sys teml, ye.t. rl tigifI r i al project this innovative 
cons rut i iti method wIS 'SLuCcssfUl I y implemented uti li sing 

dud1007. 1 (cic-l i ariittr 10(1% 1Ical Iabours who were 
gul(ded 4lill iitivated , at very stage of constrtLction, by 
111( 2t irg1lI tilts wi t c| ir ,irid pati 1rce. Some resi stance ofm 
the tJiulirac-toir 6 inievitable because they werewas specially 
itft. ig Ul 1[t-jiillu't|to such vigqor i ots qtiality control throu1gh 
intensive testing of materials and works. If properly 
ir .il. ,idlil, (uMg (if tliti hemieficia] effects of a-doftior of 
A' r d Cciii IdI he i troduc tioil of testing for- quaI i t:y 
C tJI It.r cL " am alspe: t, wtii cit is presently better- known 
throuigh i ts absence titan use. 

1/42
 



The Consultants are thus of the opinion that aggregate
stabilised soil 
 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 arid the contractor. Further field testing 
is, however, required before this can be confirmed.
 

14.3 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 11BB 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 Appendix-5.
 

Thus, sand-soil sub-base and aggregate-sand-soil sub-base
 
are similar in performances, but the latter is more 
expensive.
 

The relative deterioration to the pavement Types I and 2 
with sand sub-base and sand-soil sub-base respectively and
 
those between Types 4 and 5 with sand sub-base and sand­
soil sub-base respectively were almost similar. All the 
four types of aggregate stabilised soil roads (lypes 7, 8,
9 and 10) had sand- soi I sub-base in the pavement 
structure. The pavement deteriorations in Types 7 and 8 
and 66m of Type 10 were negligible as seen from the 
mon i Lor rig repor Ls. rhis indicates the satisfactory
performance of the entire pavement structure i.e. both the 
base-course and the sub-base--course. Even it, the damaged
stretch of Type 10 (fo 34m1 length), during the repair
wcirI it was observed [LiL urily the base-course was damiaged
but the sand-sol I sub --base underneath was in good
cnidition and Lhe available degree of compacLior. in this 
sub-base under the damaged base was more than 95%. Simil ar 
were the observat.iroriS for the sarad-soil sub-base tinder the 
damiaged base in lype 9. 

[tins, it car be corIcit.Ided that sand-soil sub-base is as 
good as sand sub-base but more economical and more labour 
int asive as will Lie seer fr(inm Tables 13 arid 14. 

Further, the fullowiitg test results show how effective is 
the "sand--soi1 slti--llasc:0 as (:Lumpared to "sand sub-base"­

a) Properties of Local Sands
 

1) i pnir .i ani d, i,..jjari 
FM = .30 to 1.4o, poorly graded 
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2) Kamaldia sand, Rajbari
 

FM = 0.32 to 0.40, poorly graded
 

b) Properties of Mixed sand Sub-base
 

Alipur + Kamaldia sand = 80:20
 
Combined FM 
 = 1.20
 
Combined Gradation = Nearly well graded 
Maximum Dry Density (MDD) = 105 pcf 
Optimum Moisture Content (OMC) = 13.75% 
Soaked CBR (Lab-mix) 	 = 24%
 
Soaked CBR (from field mix) = 23.33%
 
Efficiency of manual field mixing = 97%
 
(labour involvement = 15%)
 

c) Properties of Mother Soil (from Box-cut)
 

Soil classification: Sandy-Clayey-Silt (8%910%, 82%)
 
LL = 30%, PI = 5%
 
MDD = 105 pcf, OMC = 17.70%
 
CBR = 3.B%, By DCP method
 

d) Properties of Sand-soil Mix
 
(Sand: Soil = 50:50)
 

Alipur sand = 50% (used as available naturally)
 
Mother soil 
 = 50%
 
MDD = 122 pcf, OMC = 11.50% 
Soaked CFDR (Lab-mix) = 26.11% 
Soaked CDR (from field mix) = 22.67% 
Efficiency of manual field mixing = 87% 
(labour involvement = 32%) 

Table-13: 	Comparision of Cost and Labour Involvement
 
in Preparation of Three Type of Sub-base
 

lype of Cost per Compa- Labour Compa- Remarks 
Sub-base cft (ik) rison invol rison 

%) (%.) (%.) 
-----------------------------------------------------­

a) Blended 5.87 128.45 19 100 Sand-soil sub-base 
sand sib-- is cheapest and 
base most labour inten­

sive 
b) Sand-soi 1 4.57 100 41 216 

sub-base 

(50:50) 

c) Aggr-sand- 8.58 187.75 38 205 
soil 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 Cam-
Material (pcf) par;- (%) par- (%) pari- Remarks 
used in son son son 
sub-base ) (%) 

a) 	Mother 105 100 3.8 100 17.70 100
 
soil
 

b) 	Sand-soil 122 116 22.67 596 11.50 65 Compared
 
sub-base to (a)
 
(50:50)
 

c) 	Blended 105 66 23.33 103 13.75 120 Compared
 
sand sub- to (b)
 
base
 

Thus, it was concluded that:
 

a) 	 On cost consideration, sand suh-hase is about 28% more
 
e:pensive than sand-soil sub-base and aggregate-sand­
soil sub-base is about BOX more e>:pensive, see Table­
13. 

b) 	 The increased MDD (16%) at a lesser moisture content
 
and increased CBR value (about 6 times) of sand-soil
 
mi>: reveals that by addition of sand, the properties
 
of mother soil can be improved to such an extent to 
make sand-Loil mi.: stitable as a sub-base material, 
but "t a reduced cost involving more labour and thus 
mor empl oyment. 

c) 	 Wi th sanId-snil sub-base the labotir involvement is more 
than double compared to the conventional sand sub­
base. It is thus more labour intensive and at the same 
time more economical. 

d) 	 Sand-soil sub-base is denser than sand sub-base at a 
lesser moi sture content and both have almost similar 
CBR value. iheref ore, both on technical and economic 
point of view, sand--soil sub-base is preferred to the 
conver Lionr;aIi sand stiir-base. 

14.4 	 Effects of Ommission of Brick Flat
 
Soling under HBB Brick Pavement
 

Ili Types 2 and 3 of HIDB hrick road, brick flat soling had 
beeni omi tLed to compare the performance efficiercy with 
respect to Type I with brick flat soling. It was observed 
dhring monitoring that the ruttings along the tract-ways 
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were much more pronounced in Typos 2 and 3 than in Type 1. 
This rutting was observed in 13% length along trackways
for Type 1 against 80% for Type 2 and 70% for Type 3 
although the depths of rutting were ranging from 15mm to 
25me in all the three cases. The ruttings started just 
after one montth 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 HBB brick road, brick
 
flat 
 soling should not be omitted, if effective sealing
 
cannot be provided.
 

14.5 	 Maintenance During Post-construction
 
Monitoring Period
 

It was decided in a project co-ordination committee
 
meeting that during the post-construction monitoring
 
period 50% of the each trial 
section would be maintained
 
in an attempt to keep the road near 
to as-built conditions
 
and 50% 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
 
Monthly Monitoring Reports No. 
 1, 2 and 3. (reference
 
Appendix 0). 
 So, 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 monitcring records was 
that timely and regular
 
maintenance 
 is the sine qua non for satisfactory

serviceability 
 of low cost roads like these trial
 
sections.
 

Fur ther, no record of the small scale 
 mai nterance 
activities done by the Contractors was available and 
 so 
the extent of maintenance done during thjis period could 
not be assessed for moneLary evaluation in order to arrive 
at the actual cost of the project. 

However, for the assessment of maintenance costs, the 
observed deteriorations in the road sections of each trial 
category during the monitoring period were considered, 
anmal ysed and evaltiated in monetary terms and the 
approxi maLe maintenance costs calculated to determine
their impact. , il Lhe tot Al cousts. -Ihese ar e presented in 
Tables 11 and 12. 

14.6 	 Effect of Adverse Weather Conditions during
 
the Post-construction Monitoring Period
 

(he Iost-cotstruction mormi toring period passed through 
ar
 
extreme wet spell 
when it rained heavily and conti nuousl y 
for a period of a fortrnigitt. 
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On the one hand the damages induced duce to lack of 
maintenance of small localised deteriorations in Type 9 
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 
spel 1.
 

The urseasonal heavy rains, therefore, came as a boon as 
it enabled a critic .4 evaluation to be made of the 
performance of aggreqate stabilised soil road, Types 7 and 
8, proving that the pavement structure of this category,
 
with a proper surface sealing such as single surface
 
dressing, can be an effective 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.
 

L4.7 Fluctuations in Labour Force
 

As per term,. and coreditions of contract, the contractors 
were supposed to complete the works within period of 90a 
days which was not an Unrealistic schedule con-sidering the 
small volume of work. As the contractors did not have not 
any qualified technrical per-sure, the Consul tants prepared 
detail ed work pI ars f cr the -ontractors showing the 
starting and completion dates for ilrdi vi dual items of 
wor 1k. 

Due to their lae-k of reqeisite technical expert i se and 
often slow and grudging adherence to the ins'r-nctions :f 
the ConIsultarlts the Project suffered a delay(ed completion. 
The total deration of ther Project from thee date of work 
order t.o te diate of coempelioie was 142 dayE agairest a 
coitLract: period (If 90 days. 

Sever a I aEc r E,wreir e rLspreres i hi.e. Amne eq Iiter tle imp rtant 
el es ,%ere: 

a) Delay - ine -telt ec1.itIr Of eeater alis 

b) Prublems as,:;(Jiated with compaction o:)I ASS base - this 
worlk beineg of a sevi riaiure fur the coe}tractors 

C:) Prob 1em-; tr e g r ot;iI eI y ci eleor asphal ti eiip eL:1 f i ed 
elfte I I OfI 

d) Marageiellt IipEi1s Is 1 aFre liret i'Arld (ir jrerei L. req I abOLlr 
1r--pUL to) c-yilchruni-Le wi th inateria l s a.vailability. 

Il es (-)v tI '(i ,Iv tr I. i y I I ItI- .r mt eld i tIle 
hi stograns ee e'leiie:ur'es ,ia ad. 5Ib whiech it:j- tilie wide 
leelltLal.i rl ire to.tal reicLiter Of labuier er S eipl eyei Ott tie 

jobs every we~ek . he hi stograins have he[ee ,raw from the 
data qi Vole ire I .ieie -- l . 
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------------------------------------------------------------------

-------------------------------------------------------------------

-------------------------------------------------------------------

--------------------------------------------------------------------

Table-15: Total Numbers of Labourers Working
 
During the Project Weeks
 

Week 	 Group A Group B
 
No Period 	 No. of % of No. of 
 % of
 

Labour Total Labour Total
 

1&2 09/02/86 - 24/02/86 Mobilisation period 
3 25/02/86 - 03/03/86 176 6.45 211 4.79 
4 04/03/86 - 10/03/86 229 8.39 315 7.15 
5 11/03/86 - 17/03/86 120 4.39 186 4.22 
6 18/03/86 - 24/03/86 73 2.67 108 2.45 
7 25/03/86 - 31/0}3/86 112 4. 10 147 3.34 
8 01/04/86 - 07/04/86 139 5.09 382 8.68 
9 08/04/86 - 14/04/86 313 11.46 548 12.45 
10 15/04/86 - 21/04/86 336 12.31 513 11.65 
11 22/04/86 - 28/04/86 244 8.94 384 8.72 
12 29/04/86 - 05/05/86 147 5.38 296 6.72 
13 06/05/86 - 12/05/86 162 5.93 232 5.27 
14 13/05/86 - 19/05/86 189 6.92 384 8.72 
15 20/05/86 - 26/05/86 237 8.68 289 6.56 
16 27/05/86 - 02/06/86 85 3.11 167 3.79 
17 03/06/86 - 09/06/86 73 2.67 71 1.61 
18 10/(/86 - I 6,,0/ 49 1.79 0 0 
19 17/06/86 - 23/06/86 25 0.91 142 3.24 
20 24/06/86 - 30/06/86 21 0.80 28 0.64 

Total 
= 	 2730 100. 00 4403 100.00 

Note: 	 Work Order was i ssued on 09 Feb 1986 whereas the 
cortractor arcLually started the work on 25 Ftbsite from 
1986. There was , Ihus, a mohilisiation period of about two 

14.8 	 Performance of Female Labour
 

It was interesting to t)hserve that the contractors engaged 
ferriale labunr ii, many items of works, like local handling 
nf conistructicn materials-, wateri ng, mi>:ing of sub-base 
ri ctmtt. #- itcai ,r -?t,l(- . D wunrtie meot I nlrstj 
t at.ai 	 iincln(.it d -'-w z t:,b-base and ayqreqjae and--oi I 
base cuitr cm,, mvdt c.riaIsm with water WaS a c-winplir atively 
C-I:aCr:i ng joh o i.-hri,' 	 lahbntr r-G ere se(mri two ,rworlfa ;nc, fema le 

qcml~ fIfic ifomt1T/
t~p-
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15.0 


15.1 


15.2 


15.3 


It was not possible to record the itemwise daily outpul of 
female labour due to their frequent migration within the

Project and their partial involvement in related items ofwork. However, it was apparent that they performed quite
satisfactorily and 
were more receptive to instructions ad

less prone to time wasting than their male counterpart. 

CONCLUSIONS AND RECOMMENDATIONS
 

The Objective
 

The objective of the Project was to find 
one or more

type(s) of labour intensive, low technology, low cost:,
semi-pucca, all-weather road surface(s) suitable for rural 
roads of Bangladesh.
 

The Conclusion
 

On the basis of data collected during the constructiorn andmonitoring periods, and their analysis, it app.-rs,

tentatively, 
 that ASS Roads, Types 7 and 8, enhibited ti,
 
most promising characteristics 
as listed below:
 

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

b) 
 Most labour intensive (see Table-IO);
 

c) Minimum use of 
bricks (see Table-B) which is usually
difficult to obtain in good quality in rural areas arnd 
whose manufacture requires use of agricultural lanidand also often requires burning of local firewood with 
consequent unfavourable environmental effocL; 

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

e) Adaptability of the contruction technique 
by local 
1 abour. 

The Recommended Pavement Structure
 

This recommended pavement structure with 
 sand soil] sb­base and agregate stabilised base-course is shown ini
Annex:ure-11. The appro:imate proportion of Gand-_.oil I n
the sub-base should be 50:50 and those of bri c,::. 
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15.4 


15.5 


15.6 


aggregates, sal id and soi 1 i r, tie base C.our !tsl.iclci t i . ' 
approximately 32,:22:45, the ac" pr-npn~r-Lionils to he fi>:LI 
or, the basis of test restil Ls of I av . 1 alocal-l y ­
individual components 
 and the mi: to meet tHe (es i qn 
cri ter ia. 

Sand-soil Sub-base
 

Compar-ative analysis on the relative perforxccan:e of 
different types of sub-bases as Outlined in sub--sec:Liorc 
14.3, leads to all encouraging cooc usi on icat theo san--c 
soil sub-base: 

a) 	 is as good as conventional sancd sub-base it Ltec:ci al 
per f ormance; 

b) 	 is less e:pencsive thars convertional sand sch-bise iid 
thus provides economy; 

c) 	 is labour intensi\e, tius provides more employccel; 

d) 	 is easy to cii>: manually and does not need mec-hanical 
ad x i rig. 

Therefore, it is appears that for rural roads, sand sub-­
base should be replaced with sand-soil sib--base for I ts 
1 ow-cost , I cw-Lecliclc1ogy acndl 1 abtir it eil c;sIr 
characte-i sti cs. 

Low-cost Surfacing
 

In or der to cive Use secci -puccCa chiar act.er I st ic. to I ie 
road, the pavement structure is recommended to he treated 
by single cotcr se stcr face dr essi rig wi t.I pea--gravel s a id 
right quality of asphalt emulsion/bituccien with spec:ial 
emphasi s orc t uiel y crsainrtennce as arid when si hiat i ors 
warrants. Any sur face deterioration shall have to he 
atterided pr omp t I y so 	 Lhat the sealing on tIe icave_ec,
surface remains offective against ingress of water fcr al 
ti cues to ercsure tHie desired per -ormacce of li? pIIf ir-I . 

F-LIrther , aS disccxissed in Articlie 120'), sur-face t im. -t 
hy mearis of F_, r face rcai Ic Li rcq wi ti aspl cal c!M c1 1 d, aII. II i0 1 
sand blindage was foccnd deter-ior-ating quiickly c wtiisacid 	 iu!; 
i ne f f ect i ve. Itoiecce, it is recocierided thaL this c ypei o 
surface paincting should not be -onsiderred for ally clxjttlr-r 
road sur-facirig trial. 

Pavement Crnss-section
 

The paverient cross-section is recrommended to IIavt a 
modi f-i ed cross slope of 4. on pavement and 6% oc shol der­
for qLiI ci: dr ai riage (see Arillex: r e-Il) wi tI a t-tr oiscli'wr 
grariul ar shoul der" 8" thick" icc plact- of 6' coc cStrcc- _'ci i1 
thi s trial 
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15.7 Traffic Survey
 

Traffic survey 
 shoiId be stupplefieLited 
 wi Li, axle I a 
survey for which 
necessary arrangements
t for weiqh bri dje

should be made. T hi s te iq
effects of different commercial a:les. 

is reqi iired Io est imae Li (amaqii 

Dl.tri ig post-cirisLr tict on ii br 1iI prpr oy.r Z. II:,cL,.immu, 
two traf fi c coun Ls, one in peal: pter-i oi wii tr seaso 1 ant 
tihe other in of f-­ peal: (rainy seasni ) , si 1itild he fiwsa -, I cir
better accuracy i n assessi ng tra f f i c qrowtii rate ri.i I1. uig
fromt improvemerL of the road. 

15.8 Contractor's Mnbilisation Period
 

Apar L fr cirl the ac Ltial per i od of coris1r oct i iof tho 
contractor shoul d be awarded an adequate mobi Ii sa:i on 
per i od to est. itiish his fuil seL--tip, sochs a acqisi, I.oof labours, equipmene , construction of lahour- -- sied s wLit 
water-, sarlitaticin facilities, etc. 

15.9 Contractor's Site Engineer
 

It is recoirinended (:liat tIt-
 c:,i i t i or is. f o I ir Ic
stipulate that 
 the contractor mai ntLai i a whol e--Li me
qualified engi Nee- at wort site, havi ng su fi i ii enLexperi ence in the relevant field so that quality control 
u'eas Ures by Lhe contractor 's staff becoiie a r egl ar ,irid
accepted requirement of future contracts. 

15. 10 Maintenance Programme
 

It is re-eiphasised thait effective Foid Limely 
 mai roLeriillrlv
 
are pre-r-equi siLes for 
satisfactory perfor-mance 
of th1e

recommended low-co 
i rciaci. 'tIe i ai fitI0 n ice pr ort 
 as:rc,
outlined iil Ar-ticle 1'.C and Aiinexuri- 1 is rr.craiiihJ,! hti 
b- taL enj iup wi Lis in--houise or any ciit I,_.r iiI t4,i ,arr angenen t desi gned i n a way t pror-1ov i do ( iI:i -'I Iii
i ricei i L ve to lhe local poptilatioli to I:-ep, ti1l,.r-o l ]h , a 
satisfactory state of repair. 

15.11 Post-construction Monitoring Period
 

For more accurate and effecLive assessment of Iravoei L 
per 4or manrce ,.aid det ter i or at ion, the post.--cori r tic I :i ormoni tori 
ng per i cid is r-ec;omuiended 
Lo be exliended Lo one

complete year Irl1tead of six> ionLIih . Ar r-ranqele. Is it I(Ilctr

be such that coilLifrhtu.s arid iati1ere recor-di ng of pavrerit
deLer-ioratioris is made throu.1ji oll 
 Lihe Ior liLri I-j,.r
in q iull. 

15.12 Improvement of 
Quality of Asphalt Emulsion
 

In view of the advantages of asph-It .iiistisinor over ilitati
for use on rri.ial road (see sih --sc Li on 12.2) iL is
recommended tIoat the I orei gr donio r angeniis ass, ill
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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. 

15.13 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 hereir 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
 
inder varying conditions of soil, climatic, traffic mix,
 
labour, etc.
 

15.14 Proposal for Further Trial
 

As mentioned in the para above, further trials should be 
taken up to establish/confirm 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, irn the 
ne):t trial it would be worthwhile to include cement 
rodified soil (CMS) road for comparative study. 

Thus, it is recommended that the following ten different 
types of road sections in four broad catagories I e taken 
up for further trial - 14BB, WBM, ASS and CIS: 

, ) 	 1lhI0D r ic k Road 

I titee types of 1t.1D brick" r oads, all wi t.s sarid--soi I 
sub-base (approx 50: 50): 

1) 	 11LP brick road wits siiiqle briclflat sol i ng and 
sand--snil sub--ba,_t:. 

2) II ric k road witlh starit-suil si :,-base arid joint 
sealing with asphalt emulsion/bitumen. 

... ) 	 ,;au as (2) butt wittiout jclr ot sealiri,. 

lype (2) will be compared with type (I) and (3) in 
respect. of per for iar,sc- aid cost. 

b) WEM Road 
Threet types of WEl1 roads, all with sated--soil suib--base 
(appro! 50: 50) : 

1) 	 10 c. WEIM base over a si rsgl e br ick flat sol i fg arnd 
qand-soil sub--base, with single surface dressing 
withI pea-gravels arid asphalt emnilsior./hitumer. 
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5) 15 cili WBM base with sand-soil st b-ase and single 
stir 4Lce dr essi ng as i ri (4) . 

6) 	 15 cm WENrl tase wi Li sald-soil sub-b,.-e and 
pr -l ;xed seaI LC:a 1. wi ti pea--gr avel s atl hot 
b i t I ifnn. 

c) 	 ASS Roatit, 

Iwo typts5 of ASS roads, iet!t with sarid-soil stb-base 
(approx :iOl:.) : 

) 	 It :. A,.U .iia wi th talfd si'f I s lib--base atid single 
sur i ICe dr essi ny WIi tLi pea-gravel s and asphal t 
eu 1 urI b i t urner. 

) a (7)7 bi t. stir f ac iig w i Li pIr- mi : ed :: lI coat 
with pea--gravels anld 	 hot bitumen. 

dl 	 CMS Road 

SwE. t /ItS LIf cemernt modi f i t-d so il roads botl with 
sand-sni I tib--base (appro: 0 50) 

I)1 lim Cenfrm I1. mudIjli fi Ud bni 1-base with L'aimId-soji
sib hase and si ngl e stur f ace dressin wi Lit pea­
qr*a ,,..s al mid spma l t erutI si Of I/bi tifIiLM . 

IC ) Sime, as (9) but. surfazi ng with premi:ed seal coat 
witIi n,-a-yr avel!7. arid hoit bitumeri. 

Ih1w 	 r ,i(IIj iir tryli . wiiil di1f-F rpnt type-s of biasiz- as ill(,) , t . (du) atbive is tot c-,mpar L! tle (SS bast- crid CMIStiai- w , tlie CT i(.l't,i onal W101 base izn respect of­
Imt-r I iir mi(ait(-; irii c()!dt . Simi I -r'I y , r11-qirdifng stir facet:rcatiellit .. ingy I stir f ace dr-e risin wI I t- compar ed wi LhLife cor,veiIti ormal premi :ed seal coat it, respect of 
per formance and cost. 

I I tc-L-.(Ei bi.' IL t.tIi ,ClIrdI-'cre tvat diM- to satit t e ,.1 actor y 
pecr 1 or (mlt:c- v411( r e . y e 	 c-A:i ' -r of sand I-zii st.di i)"-a e asiulniiti 'Mill I t Ib dI,!,l i I i 	 stt - 1f I ._ tr ial , ,I1I the -'tvePeLeriLstr.I.itclr'-p~. ill thl!. llt?):!- trial oce rt(?:-omcriml:Jed to Iiov-e the
S(i0. ,OPC? of -sutj-bsi. i - e-. :,.a1id-oji I Sub-"base (appro:
5O: 50) . 

IIiir v for e, i I Hit.m pavemeri L str .ct.tir e utit of tlhi, three
i;cuimilponeilts , I IaIel sub--base, ibase and SLIrf at course, only
the I.aLter two compuietiLEs will be hept as variaLlted-. 
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ANNEXURE- 2A 

H BB Road with single brick flat soling a sand sub-base 
Presently used in Faridpur ZRMIMp 

I I 

'd-So/o. / ,- -*- / -- %J J - - . , 

"6Aggr Sand 81Soil 
Comp. /Fi::. 

- Top 18" SG.Compocted 90/o/81/2'Compocted Sand Sub-Base 
-2"X4"Sand Draine 25' Stagger -- l-Loyer Brick Flat Soling
 

L-12"X4"Sub-Base Edge Drain 
 _ V2-Sand-Cushlon
 

(Brick Aggr) I-Layer H.B.B.
 

S= 25 for H = 0 to 8 ft.
 

Sz 3-00 for H >- 8 ft. -< 16 
 ft. 
H=Clear height of fill at shoulder 

Compaction requirements C B R requrments
a)Sub-Grade-90% (Standard) Top- 4" of Sub-Base .425% 
b)Sub-Bose -95% ( $# 

ROAD SURFACING TRIAL- TYPE- 0 

Project 

ROAD SURFACING 
RAJBARI 

TRIAL PROJECT 
Consultant 

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

LTD. 
Drawing No. 

Dhanmondi R. A. Dhaka - 9 Date :18-2-87/ 
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ANNEXURE-21B 

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

6- 0 12'-0" ,, ._ 
2 } 2'6" .6_. 

5% *.,.50- 3%$' 

S 6'Aggr, Sand aSoil Comp. E/FiII S 

Top 18"SG. Compacted 90% 

12'X 4"Srnd Droin t_.25'Stogger 12" Comp. Sand, Soil in (3-Layers)
 

12"X4"Sub-Base Edge Drain I-Layer H.B.B
 

(Brick Aggr ) 
 H B B Joints Treated With Emulsion 

S= 2.5 for H= Oto 8 ft. 

S=3.00 for Hz 8 ft. -Z 16 ft.
 

H=Cleor height of fill at shoulder
 

Compaction requirements C B R requirments 
o)Sub-Grade- 90% (Standard) Top 4" of Sub-Base -:25% 
b)Sub-Base - 95% 1 , ) 

ROAD SURFACING TRIAL-TYPE-® 

roject Consultant Drawing No. 
OAD SURFACING TRIAL PROJECT BANGLADESH CONSULTANTS LTD. 
AJBARI House No. 4 Road No. 14 (New) 

Dhanmondl R. A. Dhako-9 Date :18-2-87 
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ANNEXURE-2C
 

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

. . .....- <.. .... 2o. '0 
2-% -m;TT 

S GAggr, Sand ESoil 

/2X4Sand Drain e25' StaggerI2X Sad-nn_2 tge L--- Agir-Sand-Soil-
- -HBR 

Comp. E /Fi 

Sub-Base (in 3 Layers) 

7"X 47 Sub- Bose Edge Drain 
",,ch Aggr ) - bf uoints Treated With Emulsion 

Fo, Sub-Bases, Soi1-55 o, Sand-25Yo, Aqr- :'o, :mpactvalue '50 
S 2 5 For H- 0 to 8 F? (Aggr) 
Sr ! 10 For H > 8 Ft.<16 Ft. 

H, Cleor Height of Fill at Shoulder 

-:7-2€tlon Requirements R Requirements 
3, - Grade - 90 % I Standra 7op 4"of Sub-Base .425% 
b) Sub-Base -95°o ( I 

ROAD SURFACING TRIAL-TYPE- (,j3 

Project Consultant Drawing No. 
ROAD SURFACING TRIAL PROJECT BANGLADESH CONSULTANTS LTD. 
RAJBARI 
 House No.4 pRoad No. 14 1 New)D_onmondi R.A. Dhoka-9 Date: 12-9-85 



ANNEXURE-
2D 

Water bound macadam road with sand-sub-base 

6.- 0" 12'- 0" 6'- 0" 

- , ,, . /0/ 
05%-. L 

6'Aggr+Sand+ Soil C onspE /FilI 

-TOP i&*SG. Compacted 90%/ 
II" Compacted Sand In 1,3 Layers12'X4" Sand Draln, Stagger -6" W B M
 

-- 2X4Sub-Bose Edge Drain 
 Surface Dressing /Painting
 
(Brick Aggr
 

S= 2.5 for H 0 to 8 ft. 

S= 3-00 for H .- 8 ft. -16 ft. 

H=Clear height of fill at shoulder 

Compaction requirements C 9 R requrments
a)Sub-Grade- 90/o (Standard) Top 4" of Sub-Bose,.-2.d, 
b)Sub-Base - 95%( ,, 

c)Base -0o ( ) 

ROAD SURFACING TRIAL - TYPE- A 

DIect: Consultant DrawingNo.)AD SURFACING TRIAL PROJEC BANGLADESH CONSULTANTS LTD.JBARI iouse No.4, Road No. 14 (New)Dhanmondl R.A. Dhoko-9 Date :18-2-87fI 8r2-38­



Annexure 2E 

Water Bound Macadam Rood With Sand- Soil Sub- Base 

6 -0" 6' 0" 

2-66 
5%3% 3 91 

2-6" 

- 5%.4 % 

6A gg r, Sand a Scil18 SOompoted Cl ^ E/ 
I -Top IB" SG.Compocted 90 a 

L2"x4"Send Drain "5'Sogger L 
Sg- II"Sand -Soil mix ( :1) (in 3 Layers) 

..... 6'W BM12"x4" Sub-Base EdguiDrain 

(Brick Aggr) Surface Dressing/Pointing 

S 2.5, For H:O to8 Ft 

S 3-00 For H> 8 Ft.<I6 Ft.
 
H Clear Height of Fill at Shoulder
 

Compaction Requirements C B. R Requirements"
 

a)Sub-Grade -90 % (Standard ) Top 4" ofSub-Base ,t25% 
b)Sub-Base- 95% 1 

C) Bose - I00°/o( 

ROAD SURFACING TRIAL-TYPE- ® 
(WrTH SURFACE PAINTING) 

ROAD SURFACING TRIAL-TYPE­

(WITH SURFACE DRESSING WITH PEA GRAVELS) 

DIOCt Consultant Drawing No. 

)AD SURFACING TRIAL PROJECT BANGLADESH CONSULTANTS LTD. 
iJBARI House No.4, Road 

Dhonmondl R. A 
No 14 (Now
Dhoka - 9 Date_ _ 



/Annexure- 2F 

Aggregate Stabilised Soil Road With Soil -Sand Sub- Base 

6'-0" 12'- 0 6- 0 
2'- 6 '2'- 6" 

-r°/-°" "_- 3/ - " .. . - % " ° ,o 

6'AggrSand a J Con, E/Fill S 
Top I8 S.G.Compacted 

90"_ 
•b IO"Comp SoilSand(l'l) ( , 3 Layers)* 12'x4"Sond Drain Stagger c Aggr33 %,Soii-Sand(67, ) Sand(22% 

!2x4"Sub-8ase Drain Aggr Impact Value 50 
d I°/o Aggr.Spreoded at top teforeBrick Aggr I Camp action Starts. 

-a Surface Dressing/Painting 

S=2.5 For H=O to 8Ft.
 
S =3.00 For H= 8Ff. 16 Ft.
 

H =Clear Height of Fill of Shoulder 

Compaction Requirements C B R Requirenints
 
a )Sub -Grade - 90/a ( Stondtird 
 Top 4"of Sub-Bc.se 25%
 
b)Sub-Base - 9 5 / (
 

c ) Base - 00/o( 

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

ROAD SURFACING TRIAL-TYPE-
WITH SURFACING DRASSING WITH PEA GRAVELS 

ProectC onsultani )rawing_No1 
ROAD SURFACING TRIAL PROJECT BANGLADESH CONSULTANTS LTD.RAJBARI llou-ieNo 4 Road N~o 14 (New) 

D hnnm r. P A D h n'qkr 9 to 
ha J 

http:Sub-Bc.se


ANNEXURE-2G
 

Aggregat6-Slabilised Soil Road With Stone Grofting &Soil-Sand SubBose 

6' 0" 12' 0" -0 
2646 . 

I 

S'6 
% 3% 

5/* .--. i.-..............................................................


.6"Aggr, Sand a op -Fl 
Soil -r 'op B'S.G. Compacted90% 

Sand (:)(1 3 Layers)
12' 4"Sand Drain Stagger (b,'O"Coinp Soil, 

L 2S aE c)Aggr (33 %),Soil -Sand (67/0), Sand (22 %),-121'x4"Sut -Base Edge Drain Aggr, impact Value $ - 50 
Brick A jgr) L . ) 25mm Grafting With Stone or Overburnt Brick 

Aggr, impact Value - .25 
-- Surface dressing/Painting 

S = 2 50 For H 0 to 8 Ft.
 

S 3 00 For H > 8 F..4 16 Ft.
 

H= Clear Height of Fill at Shoulder 

Compaction Requirements C B R Requirements 

a)Sub-Grode -- 90 % (Standard) Tap 4"of Sub-Base 425 % 

b) Sub-Bose 95o 

c) Bose 100% 

ROAD SURFACING TRIAL-TYPE ­

(WITH SURFACE PAINTING)
 

ROAD SURFACING TRIAL-TYPE-10
 

(WITH SURFACE DRASSING WITH PEA GRAVELS)
 

Project Consultant Drawing No. 

ROAD SURFACING TRIAL PROJECT BANGLADESH CONSULTANTS LTD. 
RAJBARI House No. 4, Road 

Dhonmondi R. A. 
No. 14 (New) 
Dhaka - 9 ijte: 1 -­ 85 

I/RI 
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Annexure-3b
 

Road Surfacing Trial Project, Rajlbari
 

LABOUR & MATERIALS RATES ASSUMED IN COST ESTIMATES
 

S1 	 Present Market Price Tk Z-P rate 
No Particulars Smaller Vol Larger Vol ScheduleN of 	work of work Tk. 

1. 	 Skilled labour/day 50.00 410.00 25.00 

2. 	 Unskilled labour/day 30.00 25.00 20.00
 

3. 	 Materials 

Bricks .1st class 0o nos 1200.00 1200.00 1200.00 

4. 	 Bats Ist 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. 	 Bi turnen/ton 
including carrying 10000.00 10000.00 10000.00 

7. 	 Asphaltic, emulsion 5.31 6.31 5.31 
per lbs 
including carrying 

8. 	 Pea gravels %ocft 
including carrying 2050.00 2050.00 2050.00 

9. 	 Hire charge 8-10 ton 
roller per day 500.00 500-00 500.00 

10. 	Carrying for bricks
 
per %oo nos 	 10O.O0 100.00 ­

11. 	 Sand FM 1.25 to 1.80 
% cft including 
carrying 1100.00 110o.00 1100.00 

For any other rate, schedule of rates for iaridpur
 
,il~a Parlshad 19S4-85 Mill he apjjlichIe.
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Road burfacing Trial Project, Rajbari 
PLANNED VS ACTUAL PROGRESS OF WORK OF GROUP-A Annexure-4a
 

TSLN~O ITEM OF WORKS .. .5. 11{- 2 3 5-8 F 7! . ..........., 9 lTo -II .12 1- -i - - 1 is 16'9 -1. p O re 

.1 ; ,PICKINGOF BRICKS 

* 2.1 

2.2 

E/W IN BOX CUTTING 

SUB-GRADE PREPARATION 

3.1 SAND SUB- BASE 

5.i 

RSANDSOIL 

AGGR-SAND 

SUB-

SO1L 

BASE 

SUB-BASE 
76 

6.1 AGGR-AND SOIL-BASE 

7.1 BRICK 
-a.1 BRICK 

SOLING 
ON-END-EDGING 

r-

9.I WBM 
10.1 HBB-.-
11.1 DRAINAGE COURSE 

12 .1 bURFAC:E PAINTING 

13.1 URFAZE DRESS5ING 

1_.1 HaB JOINT TREATMENT 
15.1 GRANUAR SHOULDER 

. 

;' 

" -.­

i 

-i 

I 

i 

i I I 

i 

i 

, 

_ 

_ - -­

25­

2 

16.1 E/W IN SHOULDER .4 SLOPE 

17.11 TURFING 

PLANNED PROGRESS:j 

ACTUAL PROGRESS: 

i .­

-

. ."! i - -

-

-

, 

. -

,, ­

; ' ­ a 

i-

-" 

o 

"i "<<i.,i , 1 I 1 



Road Surfacing Trial Project, Rajbari 

PLANNED VS ACTUAL PROGRESS OF WORK OF GROUP-B Annexure-4b 

SL
NO. ITEM OF WORK 3 6 7 

W E
8 

E
1 

K
9 10 11 12 13 1- 15 16 71. Progress 

1.1 PICKING OF BRICKS - f - - i - -I 100 

2.1 E/W IN BOX-CUTTING I _ _ 

2.2 SUB-GRADE PREPARATION I - I 

3.1 SAND SUB-BASE / -

,..I SAND-SOL SUB-BASE -s i_ -- - -- -S 

S.1 AGGR -SAND-SOIL SUB -BASE 

6.1 AGGR-SAND-SOIL BASE 

7.1 BRICK SOLING 

8.1 BRICK ON- END- EDGING 

9.1 

10.1 1 
WBM 

BB 
f__so 

, , / 
_ . .... _ 

11.1 DRAINAGE COURSE T-_... 
12.1 SURFACE PAINTING 

13.1 SURFACE DRESSING .-­ 5 

14.1 HBB JOINT TREATMENT 

15.1 GRANULAR SHOULDER-I 

16.1 EIW IN SHOULDER + SLOPE -----­
1.1 TURFING . .' ___:00 

, . to to ' 3.o to ' to ' 

PLANNED PROGRESS' - - -, 

ACTUAL PROGRESS:-,;, ,-I . c; ; 

_ ..
 
0 



Road Surfacing Trial Project, Raibari
 

HISTOGRAM SHUhING FLUCTUATION OF LABOUR
 

EMPLOYED FOR GROUP A
 

500- 0DELAYIN 
1 AT E R IA 

COLLECTION 

IMANAGEMENT 
IP R O B LEMi 

j 
.

I 
G A U ROGRANULAR 

rHBBI HBB SU 
_____5.B 

400­
wwS. 

o PICKING, 
_z tiRICKiSz/ 

I0) 
Q .­
o 300- -CUT-wc) 

9UNSPECIFIED 

I l 4MOBILISATI N 

q b) 

d) 

REASONS FOR FALL IN LABOUR EMPLOYED 

DELAY IN COLLECTION OF MATERIALS 
MANAGEMENT FAILURE TO SYNCHRONISE 
LABOUR IN-PUT WITH MATERIALS AVAILABILITYPROBLEMS ARISING OUT OF SUPPLY OF 

ASPHALT EMULSION 

RELIGIOUS FESTIVAL OFEID.UL-FITR 

0 

200-

IL 
0 

z 10100- - ,r 

000 	 4.3 5 6 7 	 8 '9 '10 11 ' 12 ' 13 1 ' ' '16' 17 '18 19 Z0 

PROJECT WEEK NUMBER-­
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Road Surfacing Trial Project. RaJbari 

HISTOGRAM SHOWING FLUCTUATION OF LABOUR 
EMPLOYED FOR GROUP B 

1 WBM 

S SUB- BASS GRANULAR 

KSMOULDER 
BASE 

wjwJ 

L,C0) 

a)
b) 

d) 

REASONS FOR FALL IN LABOUR EMPLOYED 

DELAY IN COLLECTION OF MATERIALS 
PROBLEMS ASSOCIATED WITH COMPACTION 
OF ASS BASE - A NEW TYPE OF WORK 
PROBLEMS ARISING OUT OF SUPPLY OF 

RELIGIOUS FESTIVAL OF EID.UL.FITR 

4) 
300 

MOBILISATIONS 

-. 
0-

200o 

z 

00 

1 2 3 4. 5 6 7 8 9 10 11 12 13 14 15 16 1 1 1 2 

PROJECT WEEK NUMBER-- -
0'~C4 



6Annexure- a 

Road Surfacing " rial project, ltajbari 

MEASURE OF PERFORIMANCE OF LABOURS: 
QUANTITY P'LI IIEAD PER DAY 

Spec 
No 

Description 
e t 

of 
o 

works Maximum 
production 

j Mininm 
0 production 

F\ctuai 

average 
emarks 

1 * 1(a) Picking 
bricks 

up of 1Bil 
176 sft 106 s't 1212 sft 

1.I(b) 'ickilim 
solitqg 

, u) of 
bricks 

flat 
432 sft 117 sI't 230 sft 

1. 1.(c) Pickin; up of' 
edging- bricks 

end 
105 rft 20 rft 78 rft 

2.1 t/ii in box-cutting 
upto required depth 3141 sft 6 5 sft 100 sft 

3. 1 

4. 1 

Furnisiling:, placing 
and coiyacting of 
sand sub-base 

.'urnishin{;, pL.acing 
and compacting, of 
sand-soil sub-base 

39 

37 

cft 

cft 

15 

13 

cft 

cft 

25 

22 

cft 

cft 

Mixing 
o])er.i tion 
being' coin 
pletely n 
to the la 
ours. Out 
plt is lo' 

5. 1 ["urnising, placing 
and co.;1pi-cting of 
,ggr-sand -s oil 
sub-base 27 cft 13 cft I4 cft 

6. 1 Furnishing, placing 
and cor.t)a ctint, of 
Aggr- sand-soil 
base-course 131 sft 64 sft 96 sft 

7. 1 1"urnishintg, 
and be (id(I; 
bricks for 
soling 

,lAiicizig 
of whole 

flat 
131 sft 102 sft 11 sft 

8. 1 Furnisiing a,:_I 
ing of bricks 
edging 

plac­
on end 

rft 22 rft 34 rft 

9.1 Furnisitint,, placing­
and coil):Ictittg of 
brick Vorrctgatesbr 
0i1N, r SO-cUL-So 131; sft 412 s ft 4 s ft 

10.1 Furnisling and plac­
ing of' bricks for 
11BB 102 sft 53 sft 82 sft 

T IFAF
 



Npe Description ofe works 
Noe oI '9rc 

1 1 1 Providing sand sub­
base di"aina,',e coturs e 

12. 1 s,rfacing paintingu 

13.1 Surface dressing 
with pea-cravels 

14 . I I-IM1:1joint sea 1ing 
with emtlsion 

15. 1 Granular shoulder 

1(6. 1 :/ , on side :ilope 
em ban kmeii t 

7.1 Turfing 

Maxmum 
produIctionl 

51 sft 

328 sft 

492 sft 

246 sft 

54 sft 

150 eft 

10i44 sft 

produIction 

36 sft 

219 sft 

179 sft 

219 sft 


20 sft 


45 ctt 


59L sft 

. ctual marbinium 
average 

45 sft 	 i/c tre 
ing, |,la 
sand ma 
rial an 
c onp~act 

2,)3 sft 

321 sft 

232 sft 

34 sft 

illi6 cft 

821 sft 

I/69
 



Annexure-6h
 

Road Surfacing Trial Project, Rajbari
 

MEASURE 01" COMPACTION ACIIIEVUD BY DIFERIENT 
TYPES OF ROLLERS: QUANTITY PER I1OUR 

Spec Description of Maximum Minimum \c tual
 
No works Production Production -\veragLg 0 e;ks
 

3.1 Sand sib-base 175 cft cft cft ton72 130 	 1 roller 

(Vi bra tory) 
lay3. 	r thick-

S- I() t,)n ,'oI ,
tayel' t,11 irk-4.1I Sand-soil 23_2 82 137
cft eft cft 	 hiess =,'" 

Sub-base 189 T5oft cft 123 eft I taxi o lr 

Layer thick­

ness = 411 

4.1 -do-	 205 
 eft 131 eft 162 eft 	 8-10 ton roLler 
layer thick­

ness = 5" 

5. Sangg-esand-soil

sub-base 175 94 117
cft cft cft 	 I ton roller,
 

layer th ick­
ness = 4" 

6.1 ,gg-sand- soil 219 cft 115 
 cft 175 cft 8-10 roller,
 
sub-base 
 layer thick­

ness = 52" 
9.1 vbba 123 cft 89 cft 105 	cft 8-10 roller,
 

layer thick­
ness 

Conclhisions drawn: 
6. The expenditure 	for fuel maintenance of1 the
nd rolrlers
 

being borne contractors, the accurate records r 

We re not available and hence a comparison of cost per
 
hour could not be shtin.
 

2. 	 For WIM base a d .r -safnrl-soil base with stone lraftin, 

8-10 ton roller must be used. 

3. 	 For all types of sub-base, the snail vibratory roller 
can be used more efficiently and economically in respect

of output, manuevering and surface finishing.
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Atimexure-7 

Road Surfacing Trial Project, Rajbari
 

PROGRAMME OF INVESTIGATION AND TESTING 
FUR 	 QUALITY CONTROL OF MATERIALS & WORKS 

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 gradation 
as per specification 

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

" DRICKS 

1. 	 Purpose of tests 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 strenath, unit wt. and water absorp­
tion tests to check conformity as per specification 

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

o SOIL 

1. 1urposo 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) 	 Perform atterberg limit tests to determine LL, PL & PI 
and to select a sample conforming specification for use
in sub-base and agtgregate stabilised base 

d) 	 Perform proctor test to establish moisture density 
re la ti onship 

1/71 



,S1 B-	 ;RADE 

I. 	 lurposo of te,st: To check preparation of sub-p-ade
inconformity with specification 

2. 	 Mode o' investigation & Testing: 

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

b) 	 Check available denisity of' the sub-grade and COmpare
with the MDD 

c) 	 If not js per specifica tion, prepare the sub-grade by
scarifying, adjusting moisture an1d compacting to 
achieve field dehsity as per specification requirement 

o SUtIJ-,\S & JASi 

I. 	 Purpose of test: To fix proportion of different in-
Uredients and check conformance to 
speci fica ti on 

2. 2. Mode of lnvestigation and Testing: 

a) 	 Collect sam.,plCs of different ingredients e.g. sqnd,
soil, brtick-aggregtatos 

h) 	 Check if' FM, t'gr;adatilnI, 1'1 , LAA unit wt. , water 
;tbsorptl on are as per specification 

c) Mix inrediOunts 	 and check gradation 

d) 	 i'eiferm ,pr'*tor and CUJ1 tests of mixed sample 

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

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

1) 	 Collect r'andom samples from field mix to check their
conformiity with the dusign proportion, g.radation, MDD 
and C HR 

h) 	 Check field density and in case of unsatisfactory
compaction, redo by scarifying, adjusting moisture 
and compacting to achieve specified dcgree of compac­
tion. 
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0 SURVEY WORK
 

1. 	 Purpose: Giving layout and monitoring entire construc­
tion process as per design grade, level & camber 

2. 	 Mole of Surveyinig: 

a) Set intermediate 131-s and record RL on MlIS 

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

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

d) 	 Check finished RL at every stage o construction i.e. 
SG, SB and Base, shoulder & embankment slope as per 
specification 

I."73
 



ANNEXURE - Sa 

* FR9tSOA& SURFACI TRIAL PROJECT 
RAJ11ARI.SALIAAANDI ROAD. RAJ1JARI 
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ANNEXURE- 8b 

FIR!? maAa SURFACINGTRIAL PROJECT 

RAJ§AAti-EALAKAXDI ROAD. RLJ3AI 

"a"O~ T?IT owcStns S. T.* w wFL LOA 

MID I TC3*CLflCR C 

A-M fill 

S RULI 
* 



£.NNEXUKE - bc 

FrEr ROAD IIuRFACING TIL PROJECT 
ROAD. RAJBARIRAJSARI-BALIAKARDI 

VAMIATIOSifWf C ASUILW LOfCIMMNAL POWILE ALONGs 

PROMEL( *tTC* S. NQ.T" I 

TIPE S 

AN OC.WTGRW 
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A.AMI ALI ARARDI ROAD. RAJ~OS. 

VS:-h..JMI *n~tm ASaS-T w 11T-L. no". AteOM­
- -flono.I t A""e* wIC ~I 

AS - WI 
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ANIAEXURE- S. 

FROJACT 
RA.RAISAUAZAOi 

FIAIT ROA9 sURF&CINS TRIAL 
ROAD. RAJWAXI 

tutu:vfOI~ ~ yw LONGMTOINSS2POVLI ALO.Gf*ESR 
I AflCAM CI RCOFUC -f OgINGI 

A MA.I OW"-
T -

U,..... .. . .. 
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ANNEXURE-ef 

IFINRSROADSURFACING PIOMfCrTRIAL 
RAMAXI- SAUIAMARO ROAD. MAJSAM 

tTL VAKUVQ1inmRCCASS.X J.045TbUs.. PM1LZ ALON C. 
AmROAO PROF&& At 3l~t wrm Sk Sa IF S 
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ANNSXUPE -Sg 

jrIRtST poA, SURFACmIG TRIAL PtO.JZCIT 

tsfA ntt -,y Lo .flVmAL PROWL ALOKG2AJflCS 
MIOO7)pao'" I AMR = Ww*ffov 

-nE. a sow,,. 
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ANNEXURE 8th 

Fairr moAD RURFACIP14TRIAL PRaJcit 
ll"AIh- GALIAXANDI RO0AD. RAJ&RAaJ 

Snmmw mrS arinwx-.Nv 

py-Mt. 1: 
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AN!;EXJRE -B. 

' r W a, 3URFACINS TRIAL PROJECT
 
RASA-&,AAD ROAD. RAJDABI
 

.MM *1A1 &M~. -LOWOLpO,~t*-7W 

Th).1tI A""E Us2 OWTMI 

\-.TER 6 ON~ 
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.. o~~: FIRST ROAR oIRA I RIAL PROJCT 
LJI3).LIAnot ROAD. RAJBARI 

'.AWOO? WTj5 ..~~AyLOaFlIRIRL pwnLZ A4.0 

AR RR,,R RE~.g A~FTER W Ow"I 

AS - S.I, 

AFTER 6 *05755 

SImAS0C1 



C.333- w---*r~ xln x~r-9 

" 'D;3-3;?3 

.~lhi.. .. .. 

Trt 334Tie s l r 3lno-

-3ng -3lslc s nt ,Lt 

......93 Di~nnnand R.A.r,iqon 1 >, 3 -<-
3~~33-j nkn' 

-'33 33-~3 

... ..I.. .. .. .. .. .. 

3 
,. 

" Z 
1> 33 3 

....... 

. . . . . 

. .. ... .. 3 

3.. 

33-33'1c 

,.. bty Vtcontentnt3.133flhcIiCO' <

IIo Tfit s ljcitor .~~~ with ioV1oIn as~ 

3I u 



Annexuro- I2 

• 2 S/[I/.I• 798 "4=1 - ~i qwC 11/L21(":r)8(',J
 

' ' ri
r

q.-i;+ ;' .q Isnlun L qi 1'&.Lncc I iI i'onc)...........
 
• BlangladeEh Consultants Ltd., 

jlr-1 ,1 ; l . . . . . . . . .
 
............... Consilt in~x. .L-n e rg & 


Arch!Ltee ts, 4, 6hanmonxd 1+R.A,., . ....... .per. est.19tlt.
 

o.....
1&..............
oI............ 


- TeSLinU of suimiple on .svhalt Emuls on (Catlolnic) 

been tested with the following rusulIs.The sample has 


sl.o. oescrlotinn nf tests. Lab.Rlegn.No. & Lcst resulLs with 
lentlf lentinn mnrk. 

C1t/253(P) 
E5N-292 

I lgicsidue gn lJ love No Su Trace 

0

2. Viscosity at 20 C In Enilcr Dcg,.ee 15 

67
Binder cottcnjt, 1 by voloue 

99.96
•. oltbili y in triChJor1'eUthylone, n by wt. 

....t)'rh retu Lts reporte~d .abuoepetn.rait ordy to t.he ((t?';A.. .11y 0;tt
g• pi 1 ,led tto tlthO COOK Mu Maahg. 

,t h Ur0 of, sh aI I nat be ,ab i hd ,:i.h'c
±1) Thi r ; or a 

'1f4 ( .. )1ttc.P(.1.lrr~aJi ,,0of he ilng authCrlty. ,'o:" 

o 1f ICaL I ';ull 1s ,houlIiay

+ 


'ly!,m : " .a, t', the I'ain g a uhoriLI..
 

! /B
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Annfexure-92. 
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1 .i:4," 	 I; *{i nni n i ...... 

,. . . . . . .. 
, ., . . . . . . . . . . . . . . . . . .. . . . . . .
 

L' gii t ,3;Phalt ar,ulsion(catL ilc).
F-1x: - 'r!Linog or Saml, 

WnC ee. tested with the rfillowing results. 
'ho saMPleI 

No, t test !nesults witl idcntlrica-
Lab. 	 ftcgn.tsts. 

0-- . 2. . 
S DQ.arnlLLtL)Jno 

t-o 	 2r,-4AlU ,
A "SQ.-O.-,.Nh1 

13. 58.44 0.CG 
12.00 13'.73 11.55 

. IcoIity at
2000 	 ini EnglCLr 

Uegree. 

2. :latc" cnntc:t,	 4.34.50 35.0033.00 33.50 3..50
5 by 	 .ol. 

G. Uo67.00
G5.5 0
07.00 GG.503. ninlfl(ir cnnntcit,

b:y Vol. 

to rejil';nt Al' 
;LX:-	 Only !isinlilC M1:o./275ML cni;irnIlii the 

:IUZ-5oG7(I rt-I -IO70. 

I. 	 A. 

IS, 7.GO 
f , 	 .-only 	to thac 1J 

N.B:-1)Thc results rcp.orted above portain 
'nmples supplied to .tAe:;c La.bs.	 

publish dnot be 
or any part thenreoflhnnl

if)ThLi report 	 T IThI W)or tln; isauing nuthority.n ' without prior permilsoi on 
otif teni; I z:;xujtq shnouldr'I( AeilyIErnst.ng overtl nuthorlt y.
 

JiF lOg'r, bre . i:',; ' 'U".
1 tiMd to the ajuing 
;l, ;.~:,I./ 
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.IALI'L.N \NCE 

Road Surfacing 

SCHEDULE FOR EACH 

Trial Project, 

KILUMETER OF 

Rajbari 

.\GGRLG\TL S'rXBILISEI) 5601] L ,Ij 

H"1 

Maintenance 
of 

PavementPaveent 

Granu lar 
shoulier 

Earthen 
shoulder 

Side slopes 

For all 
itemskm 

I 
Apr M7.ay 

- -

........ 

I 

-

Jun 

-

IDuration of Maintenance 
I Jul I Aug Sep Oct 

6 kds4- - - - - - -

6 wKS 
-- - -

8 tvKS 

of 
Nov Dec 

A --

4 6hs 
-- -

4 .5oKS 
-

-2 

Jan 

w -

-

Jul-Sep: 
Nov-Jan: 

Lahour Requirement 

1 lb/zm for total 3 

2 lab/ m for total 2 

1 lab/km for total j 
2 lab/km for total 2j 

5 lab/km for total 

1/5 su;pervisor per 2ior total 

m 

. 

m 
-

rf, 

mr 

** 

For cutting cross 

For filling earth 

drains in wet weather 

in depressions 



ii ANNINXU t 

STRUCTURERECOMMENDED PAVEMENT 
Aggregate Stabilised Soil Road With Sand - Soil Sub - Base 

Modified Type- 8 

2-0 It2, 6-, 

2-6 0- 40 -6 

.r 60/o ,,- L...........- ............ ':.. ... . ....... . ,.'.' .... ~
 

a Top Id'S.G.Com pacted 90%0 'Aggr. Sand a Soil 

Camp. E/Fil Id"Comp.Sand-Soil (:1)(In 3 Layers) 

12x4' Sand Drain Stagger C-Aggr. 33%,Sand-Soil (67%), Sand (22%), 
Aggr. -Impact Voaue$l;50 

0/a Aggr. Spreaded at top before Compaction Starts 
-12"x4" Sub- Base Drain(BrickAqgr.) ­

® 	Surface Dressing with Pea-gravels 

and Asphalt Emulsion/ Bitumen. 

S=2.5For 11=0 to 8 Feet.
 

S=3.00For H-- >8Foot-< 16Feot
 

H= Clear Helght of Fill at Shoulder
 

Compaction Requirements 

a) Sub - Grade - 90% (Standard) 

b)Sub-Baso -950/o (Standard)
 

c)Dose -I00 %(Standard)
 

Drawing No.Consultant.-Project.-
BANGLADrSH CONSULTANTS LTD-ROAD SURFACING TRIAL PROJECT 
HRuso No. 4, Road No. 4 (Now)

Dhaka -9"' Do.10-1-87Dhanmondi R.A ,RAJOARI 

1/88 

http:Id'S.G.Com


Government of the People's Republic of Bangladesh 

Rural Employment Sector
 
Programme - Bangladesh
 

FINAL REPORT
 
ON
 

ROAD SURFACING TRIAL, 1986
 
IN
 

RAJBARI DISTRICT
 
PART-I 1: APPENDICES
 

BCL 
Bangladesh Consultants Ltd 
Consulting Engineers &Architects 
4 Dhanmondi HA, Road 14 
Dhaka-9 

For
 
DANIDA TECHNICAL ASSISTANCE TEAM 

TO THE I DP HO UNITNORAD 
SIDA MARCH 1987 



0.0 

I 
0

Id
 

0 
0 

o 

.4 
0C

~ 
a 

4
i 

U
) 

I 

V
) H

z~ 
0 

I\ 
r-

-
T7 

I 

Id 

In H
 

I 
~H 

0rd 
0 

4 

c 0)rE~ 
. 

INr ~H
 

r1d 
1'0

C
 -4 r-0d' 

c 
-

>
 

-r-A
 

0 

0n I, 
044 

a, 
co 

coC
D

 
:0 

ci71 
P

:,4 

r=
44 

I0 

H
D

 
40 

L
4H

 

O
i-

ci 
t0o 

:j 
0
 

U
) 

0 

C
IO

.
4 

,L
.. 

to
.j 

a) 

p
l 

H
4
~

~
 

4
-

V
)

4
4
4
.' ~ .'44<

44A
~

t,444~
. 

q
~

~
4
4
4
4
4
4
4
4
4
-4

0
 

4 ,- ~4~44,4.444~. 
4
4
4
F

4
 

.4 A
 

'~
 

~ 
~

 4~
44A

4' 
.4

 
4
 

4
4
4
. 

. 
.4

4
4
.4

4
4
 

4
4

4
 



I 1 1,1 'liig 
! 

iz log 11 3, 11 1 I' R
~Ip. 

1111
111 1 1 I1 l 1 1 I! I 

4
0
 

I 
-H

 

"">
4
1
 

I4-.' 

~~ 
r--'~

<
 

;A
D

--4
' 

o 

-d
 

' 
4
 

4 

'r4
4
~

4
' 

4
X

 
4

F-
f 

0 
--V; 

4
4
4
 

, 

4
4O

C
 

-
­

4
;0

 

C
D

:c 
L

 
4
4
 

4
 

A
44 

' 
" 

'' 
' 

c
o

~
W

 
4
,' 

4 

--"4-
' 

I 1 
1 

144 
C

-
:a
 

f o
 . 

:, 
:t 


4
,4

1
, 

" 
4
.4

 

r:)~
4
4
~

j>
.~

-4'4
' 

4
~

. 

r4' 
oc 

'' 
4
' 

' 

'<
4
4
4
4
~

( 
a
)4

4
 

0
' 

(D
--

~ 
4

4
'4

4
4
4
 

<
 

4
 "' 

4-1<
 

' 
' 

-; 
r

4 ~' 
1r 

q
. 

£
4
.0

 
"'~~~~~~~~E

-l
'~

 4 -~ 
~

r
'i"

'~
~~%

~A
~y<

'<
:<

~
4
 

~
~ 

~ 
C

 rd4. 
T

4
4
~

 
~ 

"" 
-

4
.4

4
.4

4
''. 

-I'>
 

~ 
2
4
,4

~
"4

0
4
-4

'-~
4
1
 

'" 
~ 

4
'.'. 

0 
'-' 

.'-
' 

. 
'.

4
4 

4
'~ 

4
4
4
-4

.'4
~ 

' ~ 
~ 

0
-4

-4
'-0

 
co

 
(1

),L
r4

-
. 

C
4
' 

0 

4
' 

:441 g~. 4 
C

O
 

. 
0
 

:z 

c'444 
! 

4
4

j
I 

o
' 4"~

 
~ 

4
 

-'4
'4

'-4
 

(D~ 
-

'4
D

~~'-
.~

;,~
 

4 4
4
4'44.-''-4 

-
4
 

4
4
-

I-
a 

c 

4
E

-1
4

"'4
4

 
-

~ 
44...4444 

4'1~
'-'-11/2 

,' 

4
4
4
4
6
'4

4
~

' 
~'. 

444
1

'6 4 '4
4 ;'~

~
;45~

­

o
~

 
-.>;

-
'' 

'4
"'
~ 

" 
-~'4 

4
'4

~
~

~
4
 

4
 

4
4
,4

~
 

'i 
y
'-' 

-
a
)~

 
4 ~ 

4 
4
'

"' 
7 



I4 I~ L
,2>

 
4 

Ht, ~ 

L 
(f) 

K7.) 
'J 

N
 

'W
r 

'D
I 

n
9
 

k
 

0
 

9
 

~
' 

9
. '9

'9
9
9
9
 

""9
'' o99 

9
-

"f 
''~ 

'9
9
9
9
 

'~-

O
 

U
72''.4

9 
4 

9'>
4~

 
9
9
~

9
>

' 
f

H
~ 

4 
U

' 

~ 
~'9999'99l 

9
9
9
9
,9

 
'''9'' 

~' 
~ 

"
9

,9
,'i'"

 

4
9 

r 
1) 

r 
o2~9" 

~
~

.*
,9

9
,9

9
9
'4

4
H

9 P
I 

41c~-~ 
,. 

. 
?9 C

J 
"9

" 
-

0
$ 

1 
C

illl~'v' 
2"' 

a
) 

9
9

3
9 

(4V
.fP

9
'9

 
9
, 

0E
-IP 

0'Pr­
c\' 

I-i 
oC

.)t 
cA

) 
~ 

"
~

~
"
'

9 
0''99~"999 ~"

I0 
)9 

9
 

9
,9

9
 

'9
9

9
'>

, 
,n

,,,9
'9

9
9

. 
9
4
j 

9r

"9

 
9
 

Q
~ 

c
j 'v'"~~ ~ 

J
" 

<
"
'. 

~.,~9 
'" 

9



~l 
49y 

'9
9

~
'' 

9 
<

~
"9

~
 

'4
 

P
i"9 

"
9

,o
9

 
9
 

'2
9
9
,,9

 
,~

9
.9

 
)-

A
4"' 

.9
9
 

9
"''9

 
Q

 
~ 

~ 
9
 

' 
). 

9 9
'I\ 9 9

'~
' 

c
"
, 

~
 

.''' 
0
 

t 
N

C
 

" 

',4 
l'-~ 

-P
29<

9 
292i' 

9>
1 

~~~~.C~~~~~~~~E-4~~~~~~~ )' 
t 

''~ 
4->'92i24~-2):-

~ 
,>

 
''I' 

' 

99' 
4
.'-

9
9

,9
1

1
 

. 
'~

 
~~"9' ~

'~
 

rcj'9
~' 

9
 

9
9
,~

~
~

~
~

~
-

9
.9

Id
.,,,. 

i
9

r* 
-c

9
9
9
9
l)'9

 
>

 

~ 

9
 ~~ 

~ 
~ ~ 

-
P

i 
' 

9
'9

'9
' 

'''' 
'
 

9
, ~ 

~ 
~ 

~ 
9
,..9

' 
C

 
4"'. 


9
,'9

9
~

 
"'' 

9 
9
f~

j'~
' 

4
9
 

',''9
0
 

~ 
~ 

~ 
'9.I"9" 

~ 
9 

"~
~

~
c

 
L
'~

 
j'~

 
9 

""'9' 
A

l99'>
 

(D
 

9 )S 
~ 

9 'C
J)'9 

4
1
H

9
'>

 
.'J

-9
.'"~

' 

4
"9

~
~

~
~

 
~~ 

I9'49~
~

~
.f9 

9
4
' 

9,49',''9 
,.'1'2' 

' 
' 

'9 
499' 9' 

.1992'99
' 

9
9
9
''>

 
0 _

Q
)

9
9
o

99' 

'9
, 

. 
"i 

~ ~;5 
''~

 
~

'H
'9

/3
9

. 
'~

' 
"'~

' 
4

9
'2

9
9

2
"' 

' 

http:I9'49~~~.f9


*1 
1­

(f)O
 

E
 

-A
 

i4: 

V
,-

U
-

N
E

D
r 

C
-4

 

H
~c~ 

.. J~-~' 
10

C
".' (,\j 

C
'--~

" L ~ ~ S
j"

 
' 

S
 L

~ 
4 

~ 
4' 

-­

-0
 

4 
sj'44 

C
, 

C
I)~

-'-

42~
D

1 I-'-
~ IT

*IJ 
IC~*T' 

~-s-
"t 

co 
~c 

-'' 
',*,l"O

 
-' 

1 

C
~

 
*~

.'~
?

+
w St 

~*'~-020 
G

)cjJ 
d 



7 
. 

N
 

co
0
 co

--#
­

(D
-

* 

IL 
~__ 

-

* 
-4

 
~ 

~
~

-
I
 

*** 
2 2

 
r~

--~
-4

Q
<

 
i.,'d

* 

00 

Id 

0)1 

'd 

r 

N
) 

-P
 

H
-(D

-4
 

4
.U

 

I 

4
 

-
4 

4
­

rd
-

(D
~, (D

 

-



~
 


O
F

 
­

4 1-

II 

0
 

-

0
 

3 

~ 
I 

b
 

.~. 
4 

~
 

U
: 

1 
~~L

 ~-
L

o>
~ 

C
T

 
I 

F--
F->

 
(N

 L
D

 
, 

~ 
I~

 
~l0 

U
) 

I 
C

H
 

I 
Q

~~-
' 

'C
JE

~-1 V
 

Q
C

H
4) 

L
a
-'

I 
--~ 

~ 
4
--~

 
-~j4 

~ 
4 

o
 

r 

o~-
---

C
IO

 
~ 

P
 

-

llP
 I 

-r 
-~I 

II-~-
I 

I~
 

--
-
-
-
-
-
-
-
-
-
-
-
-
­

(-D
 

C
IO

 
0 

C
Ii60 



4 
0.­

~: 
~'.. 

*41 

C
\Jv. 

O
~

 
. 

0 

n 

c
l'-E

-

E
'-i U

)E
­

2 

I 

1 O 
~ 

01:i-)
1; ~
~

 
:~

 
C

O
 

~-Dj 
00 

"t 
1-­

-d
 

C
O

F
~

4
II 

~ 
~ 

C
d~ 

L
4
~

 

PL
A

. 

I 
N

I0
 I 

I-0. 

~
V

i$
j 

4
"
'2

 

co 
4 ji~ 

0 

C
 

0 

-o
 

44 

C
'J 

-W
 

44" 

r 

(D
-

-
) 

rd 

04 

" 

(d 
) 

Lb
D

) 
~~-4HrId

 
' 

C
O

 
P

4
~

r+
~

--'S
 

4,~-P
A

-
'-

-
-

Q
 

~ 
02 

j 
l 

A
4 

J
I 

7 



A
1 

If~
 

A
l~~v 

7),C
J 

CU~j 	
0 

4
l 

rdC
.) 

E
n~~0O

' 

co
4
 

r-4
1
--*

 

' 
C

I 

4. 	
4 

0-----
-r0

4
C

 U
-

i 
1 

~~ 
-n

 	
'--

F=
1~-

'-
<

~
2 	

~ 
cl 

A
:' 

-
~ ~~ 

~
'~ 

4'P~ 
~'"I---P

"'r4r ~ 
~ 

~ 
L 

0 	
E

dr;
.>:. ~~4 

)2Q
 	

-H
 -. &y<

0)t*'-
IQ

 
4 

u4.4 

44:4,,44-D
 

-
'

L0-



SUB-BASE DES=31 CRITERIA VET ... r 
FIELD TEST RESULTS DURING CONSTRUCTION
 

Sand-Soil Sub-base: Type-9
 

MLocal sana ... 
 " C3RyAliur. Local Joil. ---. ----- 4 ____,__ value 

Design 55% 45% 121.76 25.00 Lack layer tlhic., ess = 5

criteria. 
 FiI= 1.30 PI = 8% 12_0- Total layer, t = 10" 

Lab. No. 1 138 
 189 212
 
Sample No. FS-1 Atter-159 S.Sl-209 S.Sl-217
 

Field test 55% 
 45% 119.67 23.77 t = 5" + 5" 
results. Fl= 1.33 
 PI = 8% 11.25
 

H 

Lab. No. 206 138 203 
 239
 
Sample No. FS-223 Atter-159 S.S1-221 S.S1-245
 

These desigpns have been adopted in the field for execution through proper monitoring during the
 
whole construction period.
 



0 

SUB-BASE DESIGN CRITERIA VERSUS ACTUAL
 

FIELD TEST RESULTS DURING CONSTRUCTION
 

Sand-Soil Sub-base: Tyoe-10
 

. Local sand Local Soil.
Type. Alipur. " CBR - mk
valueea

Local.. 
 . ... val.e......Re.ar.s.
S... ... .. .........


Design 55% 45% 121.00 24.00 Each layer thic:ness =5criteria. Fi,1=1.30 P1 = 4% 12.25 Total layer, t = 10" 

Lab. No. 1 306 195 237
 
Sample No. 1b3-1 Atter-291 5.S1-214 S. Sl-229
 

Field test 53% 45% 115.57 23.56 t = 5" + 5"H results. Fi=1.30 P1 4% 14.51 

Lab. ho. 222 306 204 240
 
Sample No. 23-236 Atter-291 S.Sl-222 S.S1-246
 

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

whole construction period.
 

http:Fi,1=1.30


JASJ COURSE DESIGN CIRITERIA FOR CUN6TRUCTION: HBB - TYPE 1, 2 & 3 
WA "S?BOUND M'.ACADOM B.\SE COURSE: TYPE 4, 5 & 6 

Aii bricks from P Strength 0 Unit wt Ihater 
Faridpur & Iajbari 1Ist Picked j of Aggr absorption 

z jjecification fClass
10I00 y 

Jhama
2.500 [ mx '.: 

requirement psi psi 75 pcf 15 ma-x 

jIalities of the 1824, 2277, 65.14 7.02 For unit wt, 21" sieve was not 
best locally avail-
able bricks and 

1610, 
1734, 

2507, 
2592, 

65.46 
65.12 

8.40 
10.29 

available, so 
was affected, 

the reqd. gradation 
thus the lower unit 

aggregates 1856, etc 6672 7.95 wt. Water absorpti on indicates a 
etc higher unit wt. . impact value 

of average 26 sho7s stronger aggr. 

Lab. No. 
Sample No. 

1__9_ 
B210 

221 
235 

87 
PJ101 

20 20 
PJ.B,\gg-34 PJ.BAgg-34 

Unit wt 
as - cft 

determined by CBR mould
capacity mould was not 

159 
180 

194 
211 

156 
157 

158 
179 

66 
90 

67 
9-

68 
-

69 
available (as per std. test proce­
dure). This may also have an effect 
on unit wt. (ref. P-I03, Test 

176 177 Procedure). 
9475 

Cons tru cti on: 6" Comapacted t i31 achieved by compacting in two successive 
L.yers, using 8-10 ton steel wheeled roller. 
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13"S" COU'Iz: DESIGN CI'ZITEIJ V-RSUS ACTU"L
FIELD TELT RESULTS _5UPING CONSTRUCTIO: 

Agg.Sand-Soil Base Course: 
Type-8
 

Locl aggreg-L--I san o soilType. ates(Rajbari (Alipur ((Box-cuttingof mix, 

Qbrick). 
 6 Rajbari). O+BorrowDit)._ 

Design 33% 
 27% 

criteria. Impact value 

40% Well graded.

FM=1.30 
 PI = 8% 

= 29.40% 

Lab. No. 
 180 
 1 
 133
Sample No. B.Agg-125 
307 


FS-1 
 Atter-152 B.Agg-332 


Field test 
result. 

33% 
Impact value 

27% 
FTJ=1 .32 

40% 
PI 8% 

Well graded. 

=29.40% 

Lab. No, 
Sample No. 

180 
B.Agg-125 

148 
P5-168 

133 
Atter-152 

307 
B.Agg-332 

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


* As-built CBR 

** Monitored CUR after six months of construction 

_ 

_____ 

113.46 
13.50 

B 

%(Av.) 

Remaks. 

254 
Agg.S.SB­

269 

112.84 64 * By Dcp. 
B1 p75 

260 
Agg.S. SB­

276 

successive layer. 
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B3ASE COURSE: DESIGN CRITEIRIA VERSUS 
ACTUAL FlELD TEST RESULTS DURIN6 CONSTRUCTION 

Agg.Sand-Soil Base Course: Type-10
 

Type 


Design 

crite!'.a. 


Lab. No. 

SamDle ho. 


H 

% 	 Field test 
results. 

Lab. No. 

SAmple iio. 


Local aggre­ 7 

Ogates(Rajbari 
Obrick). 

Local sand"I7ocl sol!D 
O(Alipur O(Box-cutting 
Rajari).~Bropt.u-

Gaat.on 
of mix.-

T L O.(c'T 

0U 

7727v 

33% 27% 40% 114.40 
Impact value 
= 29.40% 

F:I-=1.30 PI = 4Lell graded. 13.25 

180 1 306 09 259 
B.Agg-125 FS-1 Atter-291 B.Agg-334 Ag7'. 3.67c­

274 
04 

33% 
Impact value 

27% 
F11=1 .30 

400 
PI = 4% 

Well graded. 113.92 
13.46 74 ** 

By ic. 

= 29.40% 

180 222 306 309 262 
B.Agg-125 FS-236 Atter-291 B.Agg-334 Agg.S.6B­

273 

Construction: 6"1 compacted base course"achieved by compacting in two succeszive layer.
 

* As-built CDR 

** Mronitored CBR after six months of construction 
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BRICOSi
 

Strenglth. p.I 
Unit e. pot" 
Ab!.rPt011l 94 

Siyf-r20 

Lab 2D0 pet 


Opt.-olst cant % 


pCup.01on1i 

Upper Lay. 

240dl 12.ar 

b8ttd, lay.r 


Lab CD0. per 

Opt.9oist.c.oft 


Grodation 

TX 

CoR 

SCo.pactioni 

,tt lay.. 

2.d layer 


3rd layer 

Lab 9D. Pet 
Opt'Hole t"c tO1 

C-rd~tl-


C 2 

721CaR 

* CPapacti-l 

1.1 layer 

2d layer 

Sod iT0y. 

2025. 5075001102?201S 

Let NDD. Pet£ 

Opt. o40i.t. *:m t 9i 

Grad. It 

M %27.76 

723 .aysr 

Bllck $trnIth. Pl 

U.t 01. per 


o:r7%:o. 	 S 

Grodt. 81.0 

I:+; -% , ; . 
2,0 . • 

Lla .D. 2,r 

C;'.Ho .onl *0 

16 CO-s- tion 

SO 132 

s 1. 2,;,1 

Lob MOD. p.' 

Op.0M it. Can t 

Criterioe 

P: 


9. Go-Mo ,lon 

Typ.-

17). 

£2.68 

4.22 


Upper00 242,dt2 80110,Bottom 

105.50 102,50 101.80 


16.90 18.65 19.60 


95, 96, 94, 94 

9, 95, 92. 90 

91, b9. 92, )2 


104.97 

13.75 


8.1rl .ell 	 graded 

1.20 

24.10 


107, 99, 10-. 103 

102, 10), 203, 106 

103, 2061, IO, 206 

105.86 


28.1 

Rlf7-92 AV. 125-90 AV. 

W2.-- 2. LI15-75 Av. 

16.95 

111 .09 

2. 7 v0lL iaded 

88-97, 95, 98 
LH-95. 96, 97 

Road SurracnK Trt2t Project. Rajbart 

NUMARY Or FELD TOO? R04?LT 

Type--	 Typ.-) 

286 	 2i5 

62.29 68.50 

12407 10.50 


00dili not tom Upper H0,110 Hatt. 

105.60 105.50 20.00 108.00 104.5 102.80 

17.50 I8.40 18.87 17.47 17.95 19.00 

94, 95, 86. 91 91, 93. 95 

90. 95, 91, 90 90, 97. 98 


89, 9., 93, 91 91, 94, 8 


122.00 
11I.50 

Nearly -. 11 graded
 
1. 0 

.5026.1i 

95, 99, 96,. 95 

97, 100. 95, 100 

96. 90. 93. 10.
 

116.95 

I
 

Nee. Iy 1.b Codld 

1.30
 

96, 102. 9), !17 

101, 97 95, :01 

O4.26 102.4 

ifi.82 19.06 

i215-94 

2ll.2!7 

AV. 

00.-

LAS-94 
4 

t.f,-2 7 

AV. 

.0. 

RIIS-5 

4O,- 0 

AV. 

00 

LIIS-9) 

L112-79 

AV. 

A,. 

116.95 	 16.95 

214o) 14.09 

Nearly 	 0.1l £rraJ*d Nearly .Ll graded 

5.1O 7.00 

0i224-96,96, 96 82S..57. 2oo, 96 
L2S-99. 9., 98 tis-95. 96, 97 

i ,, + 

Ty.-2 

2J 2592 
66.72
 

7 .95 

Upper i di t. t t" 

07.-46 1:,28 102.25 

17.23 17.23 19.11 

92, 90, 94 

92, 95, 819
 

87, 95. 90
 

106.50 

14.40 

No.rLy .01 gaded 

1.07 

23.03 

100, 10), 102 100 

10), 101, 102, 100 

98, 97, $8, 99 

2592 

66.72 


7.95 


2oNrLy well 

&taded 

1200 

11115-90 

RIIS-76 

Nerly 

0i2s-96, 
L1S-97, 

Ib24
 

62,.
 

14.07
 

Nearly v1ll
 
rr" +dd 

27.1020'0 

20.90
 

18.70 

AV. LIIS-91 

AV. LIIS-74 

116.95
 

14.09
 

.obl graded
 

7.00 

95, 99
 
97, 95
 

Av.
 

AV.
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65.12 60"0.65.12 60.50volt .pct 
20.29.2.50'0 7.00 


8
 
oppt0n9 


..It
:;It
~.0.0 

) 1 a ed1
 
op d S.-s~ m . 29.60 
 24.46dlrd 29.60-e.d.4d e r 

9. 24.66 

6.00. 4.c0 

cmI 


80 v.,o
*. "' 
0- p1. 81.0 00.5 A 

6 106, 06 
13.5


100o 

8.060.6
 
6.00 9. 2
0
1..3 


30 
.
 

T7-17
 
..A.'"l 

L-' 
.- 00'6, A-0. '3 106. 06 .- V00 19.3 .lO1.0 

., . . 1 l a* 

0109 102 7l 6 101. ,. .. 07A0 103.92 . 0 9 
!5-9'. , L-09, 

6.6
 7 9.906a l -9 . 9 g
4 6 .5 36 03.. 

96. 976 
?p. .. 1 .0-00. 02
 

- - y 7I.v
ly &.695.60r 

4 , 9 3 2 

-48. 4, 99' 
. o. 8oS-9 s998 o 

s -93. 96 9 0 , .It.-0s, 96 .9 1 .9 


8 12 ct~ on 
 . Z.9 .97 93 

3 . 00 3.7 * o 6 08 000-7 .9. 0. 
'sts9,7 99. 96S0,-9ov . 97. 9 

o l.1- 0 96. 97 

http:121.72121.60


Road Suw't'acl 'l'r'.i a l'-o,ject, Ra jbari 

, oFP i'ORIMil) 
(CUN S I'H T'I'i ON PI I OD01) 

NUMICI H TYPiES TE 'I' 'UP DURIN(; 

S tyNumber 

.i 0( to, t. a te Tri . / I;1 ) I'S 0 test 

01 soi I c lassiI'ica Lion lJorrowpiL soil, sub- 12 

t'ra de soil and soil f'or 
stabi]ised Slt)- ;tae 8: base 

2 ttet O re I ii[i'it Borrowpit soil, sub- 11
 

LeSt Irade soi.[ and soil for
 

stabi l.ised sub-base & base
 

O 	 sepeci fic tg'avity Sub-grade soil, borrow- 15 

tes t pit soil and sand 

o)2 	 G'adat.on test Sand, peatgravels and 60 
(sieve analysis) brick aglgregates 

05 	 F".m Sand 33 

00 	 Moistur'e density Sub-grade, sub-base and 73 
r'ela t ioil base 
(stalidat'd p-OCtor) 

07 	 CIBR Sub-,rade, sub-base and 115 

base 

08 	 Proportioning of Sub- grade, sub-base and 32 
basetsillf-edliel 

09 boistureconent base	 and 18209 	 'oistUre content Sub-grade, sub-base 

10 Unit weight 	 Peag-ravels and brick 18
 

a ggre ga to s
 

1Iv 	 ater absorption Brick aggregates 15 

2612 Cr-u shing strength 	 Bricks 

13 Abrasion test 	 Peagravels and brick 26
 
aggr e ga tes
 

1ll Field density test 	 Sub-grade, sub-base, 464
 
base, granular shoulder
 
and 	 embankment side 
slope
 

Asphalt emulsion 	 815 viscosity 

16 Residue AspAhalt emulsion 8 

\sphalt emulsion 	 8
17 	 di3lder content 

18 	 Solubility Asphalt emulsion 8 

11/18
 

lark5 

Both unsoaked 
and 	 soaked 

From field mix 

From field mix 

http:G'adat.on


-ppe ndi x- 4 

Road SUrfaCi''; l'I,-i1 PIO~ject, Raibari 

AS-I.3ULIT L i.'l. VS IL'VEL RI'CURDELI) 1)UId NG 
THE SiX-IMUNTII ON iOR;NG; ERJ I 

6-0 6 
) ~~ 60~~--6-O" d-0--

-
----- - O 

I ~ I 

I I I 

Station 0+ lOOM 
.Asbuijlt 6ivb 

uuIjitorIed ,1vs. 
-do-
-do-
-do-
-do-
-do-

16.o306 
16.287 

16. 8 
16.290 
16.29o) 

1. 317 
16.308 

16.4o6 
)110 
;16.1i10, 
( .06 

16.4to1 
16.4Ol, 

l.100 

16.196 
16!46 
16.458 
16.It58 
16.l45o 

1U'2459 
16. 157 

16.996 
16.398 
16.387 
16.388 
16.384 
10. 382 
16.380 

16-316 
16.3-47 
16.346 
16.357 
16.351 
16.359 
16.360 

Date of 
Observatio 
iEnd of Con 
,1 86 
\ug 86 
Sep 86 
Oct 86 

Nov 86 
Dec 86 

3tatitoil 
,shu I~t 

0+ 125>1
Eivs. 16.251 16. 346 16.405 16. 16 6 

>imi tored 
-du-
-do-
-do-
-do-
-do-

EIvs. 10.237 
16.226 
16.226 
16.218 
16.213 
16.215 

16.327 
16.321 
16.3211 
16.322 
16.321 
16.318 

16.397 
16.385 
16.396 
16.393 
16.399 
16.395 

16.312 
16.336 
16.3146 
16.342 
16.3113 
16.310 

16.256 
16.251 
16.263 
16.258 
16.267 
16.265 

-do-

StationO0+15 OM 
:\sbuilt EIvs. 
.,olitored Etvs. 

-do-
-do-
-do-
-do-
-do-

16.226 
16. 167 
16.156 
16.159 
16. 15li 
16.157 
16.156 

16.301 
16.297 
16.296 
16.296 
16.286 
16.293 
16.288 

16-386 
16.387 
16.377 
16.379 
16.378 
16.384 
16.380 

16.3 6 
16.295 
16.289 
16.292 
16.288 
16.289 
16.285 

16.226 
16.232 
16.239 
16.239 
16.244 
16.217 
16.242 

-do-

Station 0+ 175M 
Asbuilt ELIvs. 
'!o1itored Elvs. 

-do-
-do-
-do-
-do-
-do-

Station 0+200M 
\sbuilt LIvs. 
,iloi tored Llvs. 

-do-
-do-

-1-

-do-

16.186 
16. 165 
16.166 
16.166 
16.166 
16. 157 
16.158 

16.176 
16. 117 
16. 176 
16. 178 
1 . 17"6 
16. 189 
16.185 

16.261 
16.257 
16.250 
16.250 
16.250 
16.252 
16.250 

16.234 
16.232 

16.2214 
16.218 
16.218 
16.220 
16.219 

16.316 
16-307 
16.299 
16.298 
16.298 
16.299 
16.296 

16.288 
16.292 
16.278 
16.278 
16.279 
16.281 
16.280 

16.271 
16.262 
16.253 
16.253 
16.250 
16.251 
16.253 

16.236 
16.227 

16.219 
16.219 
16.;" 19 
16.223 
16.221 

16.206 
1-.217 
16.216 
16.218 
16.218 
16.220 
16.217 

16.166 
16. 131 

16. 111 
16. 142 
16. 139 
16. 1314 
16.135 

-do­

-do­

11/19
 



S00 
 6-'-
 0
 

I I
 

Ij 
I I
 

Station 0+225M 

Asbuilt Elvs. 16.46 16.206 16.276 16.216 16.136 
monitored Elvs. 16. 132 1-6. 197 16.2 7 062716.128 Jul 86 

-do- 16.129 16.190 16.256 16.206 16.081 Aug 86 

-do- 16.129 16.187 16.253 16.200 16.091 Sep 86 
-do- 16.129 16.187 16.252 16.200 16.088 Oct 86 

-do- 16.124 16.190 16.255 16.204 16.083 Nov 86 

-do- 16. 122 16.188 16.253 16.202 16.085 Dec 86 

Station 0+250M 
Asbuilt Elvs. 16. 115 16.205 16.255 16. 195 16 15 
Monitored Elivs. 16. 107 16. 197 16.252 16. 177 16. 127 -do­

-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- 1b.115 16.198 16.245 16.168 16.118 

Station 0+275M 

Asbuilt El-vs. 16. 105 16. 155 16.215 16. 153 16.075 
Nonitored Elvs. 16. 116 1b. lb 16.231 16. 150 16.076 -do­

-do- 16.111 16. 150 16.206 16. 131 16.066 
-do- 16.106 16.1li0 16.206 16.121 16.o66 

-do- 16. 109 16. 145 16.209 16. 123 16.068 
-(10- 16. 113 16. 149 16.210 16. 127 16.0711 
-do- 10. 1 1() 16. 147 16.205 16. 124 16.070 

Station 0+300,1 
Asbiuilt Elvs. 16.o65 16. 145 16.214 16. 140 I 16.065 

Monitored Elvs. 16.056 16.15-74 1--.197 16710 16.051 -do­

-do- 16.056 16. 131 16.186 16. 126 16.036 
-do- 16.056 16. 134 1 6. 1,34 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.Olt2 

-do- 16.O65 16. 135 16. 180 16. 125 16.036 

Station 
*s bti ti 

O+325,l 
.ivs. 1j.;s f)'I . I'6 16.206 1,;. 11 l .' 5 6 

.Io10 itored El1vs. .()2, o. 121 l0. 196 16. 121 16.070 -do­

-do- 16.021 16. 1:12 1;. 196 16. io6 16.068 
-do- 16.')10 16. 116 i 6. 19'; 16. 108 16.056 
-do- I0.012 16. 116 16. 191 16. 108 16.037 
-do- 15.992 16, 117 16. 196 16. 110 16.0511 
- .- 13.' I6.11- 1 . 1(.3 I 107 6.03 

11/20
 



6 - 0 -0 . 'r- 0 . 
.. .. . .. l .... - - ,- " _. _-- .-. ~..... -..-o . . 

I -I 

I 

I ~I 

Sta tiono. 35U. 
I'tI_ ti. ,I vsi. 

:.Iouhitored .lvs. 
-clo-
-do-
-do-
-do-
-do-

i .. VI. 
16. 06 
16. 02, 
1(,.003 
1,.005 
16.016 
1t.011 

i 6 
16. 126 
16. 1i 
16. 101 
16. 103 
16.097 
16.01)9 

16. nL)t' 
16.206 
16. 197 
16. 195 
16. 19 1 , 

16. 191 
16. 19 3 

1 I. ", 
16. 126 
l ). 116 
ItG. I I(; 
16. 116 
10. 1 
1'. 1 1! 

16.0, 6 
10.006 
16.069 
16.06i 
16.065 
16.050 
16.055 

Ju 1 86 
.,j 86 
Sep 86 
Oct 86 
Nov 86 
l)ec 86 

ntnti-I 0+3"7 M 
.\sbul It hlvs. 

olri Lored Elvs. 
-do-
-do-
-do-
-do-
-do-

i 
It'.()(, 
I,.(i 
16.05? 
1,.0O 5 
1'.Oti 
1).(060 

1.((i1. 124 
6 136 

1.6.1,20 
6. 113 

. 11 
1,. i Iti 
1) I, 

10.:J-" Io. I 
16 .; 1 t '-I 
16.2 t06 I. 13'..' 
6. 198 16. 11 

16. 199 1. 115 
16.201 i(,. 113 

I(. 'i 1I I, I .'I 

lo.0 60 
16.066 
16.058 
16.053 
16.055 
16.051 
I u. Oi 8 

-do-

Sta tion 0+1400M 
Asbuilt EIvs. 
,Mounitored Elvs. 

-do-
-do-
-do-
-do-
-do-

16.0%8 
16.051 
16.0;0 
I6.0i3 i 
16.0113 
16.058 
16.0/7 

16. 151 
16. Vi 
16. 130 
16. 113 
16. 115 
16. 116 
16. 114 

16.2 I6 
16.2121 

16.207 
16. 195 
16. 193 
16. 195 
16. 192 

16. 
1 

16. 
16. 
16. 
16. 
16. 

156 
1. i 
131 
13U 
130 
137 
131 

16.O76 
16 .081s 
16.070 
16.051 
16.051 
16.063 
16.056 

-do-

Station 
Asbuilt 

-do-
-do-
-do-
-do-

0+4251M 
Elvs. 16.06(0 

16.060 
16.056 
16.000 
16.00O5 

16. 18 i 
16. 16 
16. 150 
16.1147 
16.146 

16.236 
1b.231 
16.216 
16.211 
16.210 

6. 186 
_17 1671 
1. 156 
16.158 
16.160 

16. 111 
--. 102 
16.083 
16.077 
16.077 

-do­

-do- 15.0014 16.144 16.206 16.159 16.072 
-do- 16.000 16.145 16.205 16.157 16.073 

Station 0+450M 
Asbuilt Elvs. 
Monitored Elvs. 

-do-
-do-
-do-
-do-
-do-

16.101 
16.131 
16.126 
16.093 
16.096 
16.097 
16.099 

16.206 
16. 187 
16. 191 
16. 183 
16.185 
16.187 
16.186 

16.261 
16. 25 
16.246 
16.242 
16.2415 
16.246 
16.21i' 

16.201 
16.196 
16.i186 
16.1711 
16.175 

.16.177 
16.173 

16I-13 
16.5 
16.136 
16.131 
16.136 
16.132 
16.135 

-do­
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6'--0 C,-- O"C - " - -" 

St;,tion 0+1175M
 
Asbuilt z-lvs. 1b1 151 16.221 16. C1 16.' 1 I16 .161
 
:,on.i tor l Elvs. 1),221 3 16..'W . Jul1
10. 1W 1 1 .()6 T 170 86 

-do- 16. 165 I6.216 10.2')0 1L.. !6 16. 137 Aug 86 
-41o- 16. 16!1 10.2 II 16.290 16.206 16. 132 Sep 86 
-do- 16. 1,2 16.2 141 16.291 16.:?o3 16. 135 oct 86 

4 
-, -6. 1t.21(; 1.;. 1(. 139 Nov 86158 16.:286 
-Io- 1C. 160 10.2 15 16.2 - 1,. l'd 16. 136 Dec 86 

s t] t.i ( OOM0) 


..sbuilt Llvs. 16. 181 11C.271 10.321 16.2', 1 16. 171
 
>loi tored Elvs. 10. 190 7.) 6, 6. 6.214 6 -do­

-do- 16. 176 16.256 i6. ,1 1 16.247 16. 140
 
-do- 16. 175 16.2147 16,311 16.:232 16. 134
 
-do- 16. 177 16.2)16 16.3 10 16 .2 1 . 136
 
-,1o- 16. v; I(6.2116 16.31l 16.235 16. 136
 
-do- 16. 170 16.2115 16.3 12 16.231 16. 130
 

Station 0+52 5M 
Asbuilt Elvs. 16.231 16.)01 1b.56 16.306 16.196 
Noiitored L vs. 10.22b 10.291 1--.-356 i0.281 16. 176 -do­

-do- 16.219 16.276 16.346 16.266 16. 136 
-do- 16.2 14 16.275 16.342 16.264 16. 162 
-do- 16.211 16.271, 16.346 16.266 16. 161 
-do- 16.219 16.276 16.346 16.266 16.169 
-do- 16.212 16.275 16.345 16.265 16. 16h 

Station O+,55 OM 
Asbuilt Elvs. 16.221 16326 16.376 16.326 16.226
 
Monitored Elvs. 16. 191 16.301 16.3 -6-116.311 16.226 -do­

-do- 16.189 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 0+575M 
Asbuilt Elvs. 16.286 16.376 16 16.376 16.290 
Monitored Elvs, 16.279 16.351 16.411 1.353 16316 -do­

-do- 16.267 16.346 16.406 16.351 16.266
 
-do- 16.282 16.346 16.06 16.351 16.273
 
-do- 16.282 16.346 16.107 16.353 16.277
 
-do- 16.280 16.3110 16.103 16.350 16.277
 
-do- 16.275 16.312 16.401 16.351 16.277
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GI_ o 
i
l of-oil 81-01 of- oil 

Station 0+600M 
Asbuilt kLvs. 6 06 16.416 16.476 16.411 16.296 
Monitored LJvs. 16.392 10.756 16.391 309 Jul 86 

-do-
-do-
-do-

16.291 
16.291 
16.290 

16.386 
16.384 
16.3811 

16.447 
16.413 
16.146 

16.386 
16.380 
16.379 

16.289 
16.291 
16.296 

Aug 86 
Sep 86 
Oct 86 

-do- 16.280 16.380 16.444 16.376 16.291 Nov 86 
-do- 16.283 16.381 16.442 16.375 16.290 Dec 86, 

.itation 0+625M 
Asbuilt Eivs. 
.onitored Elvs. 

16.406 
16.381 

16.506 
76 

16.556 
16.553 

16.506 
16. 

16.1406 
356 -do­

-1,o- 16.387 16.477 16.546 16.496 16.368 
-do- 16.387 16.477 16.545 16.495 16.360 
-do- 16.385 16.1475 16.545 16.495 16.365 
-do- 16.376 16.470 16.538 16.489 16.360 
-do- 16.370 16.1468 16.540 16.490 16.352 

Station 0+650M 
Asbuilt L;tvs. 10.3 166. 5. 67 16.521 16.1426 
Monitoted Elvs. 1-.3 11 6.91 6.56 16.501 16.38C -do­

-do- 16.366 16.486 16.561 16.487 16.386 
-do- 16. 314" 16.1485 16.561 16.490 16.3914 
-do- 16.3142 16.485 16.561 16.488 16.390 
-do- 16.338 16.481 16.556 16.1483 16.377 
-do- 16.337 16.478 16.5514 16.481 16.377 

Station 0+675M 
Asbuit Elvs. 
Moli tore(d ulvs. 

16.456 
16.536 

16.551
16.53 

16.601
16.591 

16.546
1.539 

16.1q
I. -do­

-do- 16.436 16.526 16.586 16.529 16.461 
-do- 16.1#36 16.530 16.586 16.531, 16.461 
-do- 16.1136 16.528 16.587 16.533 16.460 
-do- 16.1136 16.525 16.575 16.529 16.1458 
-Io- 16.435 16.525 16.573 16.528 16.1153 

La ti ol 0+700M 
',,bh iit , lv . 16.451 16 /1 16.610 16_ 6 16.i'16 

:I,i tO',(i,jI 
-do-

s. 16.396 
16.38b 

46.511 
16.516 

1.596 
16.586 

I6.531 
16.516 

16.7421 
16.'i05 

-do­

-do- 16.390 16.516 16.590 16.516 16.I04 
-do- 1(;.388 16.514 16.590 16.515 16.398 
-do- 16.392 16.508 16.588 16.515 16.390 
-do- 16.390 16.500 16.586 16.512 16.385 
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60-01O- 0 6 1 0O 

I 

Stntiun 0+725N 
Isbuilt Livs. 
MoTitored Llvs. 

14Li4 
1 

16.536 
16.521 

6j-g
8.416I6.586 

16.526
16.516 

16.136
1U71T) Jul 86 

-d0- 16.406 16.508 16.574 16.508 16.4116 Aug 86 
-410-
-Co-

16.41I0 
16.408 

16.505 
16.502 

16.578 
16.573 

16.510 
16.510 

16.4 18 
16.418 

Sep 86 
Oct 86 

-do- 16.401 16.490 16.570 16.507 16.1414 Nov 86 
-do- 16.398 16.491 16.568 16.500 16.i(O Dec 86 

bt; lion 047501I 
,,SIM ILt1VS. 16.1 0 16.506 16.566 16.536 16.1436 

,Imitotrod Ss. 2 1 16.506 16.562 1-506 l. -36 -do­
-do- 1u.418 16.488 16.552 16.1497 16.1426 
-di- 16.420 16.481 16.555 16.1497 16.420 
-,,o- 16. 428 16.479 16.553 16.497 16.116 
-10- 16.1422 16.1170 16.549 16. 489 16.410 
-do- 16.417 16.465 16.550 16.490 16.410 

Statiol, 0+77,N 
.\sUlilt EIVs. 1 16. 484 16.53 16.541 16.1456 
)loi itored F~lvs. (i.416 16.-66 -T51 6.506 10.386 -do­

-do- 16.417 16.461 16.539 16.496 16.366 
-do- 16.1419 16.46o 16.539 16.490 16.371 
-do- I(,.419 16.456 16.539 16.486 16.373 
-Ilo- 16.413 16.444 16.535 16.472 16.362 
-do- 10.409 16.410 16.535 16.1469 16.360 

S ta i,mn 0+800M 
\5,,biiIt Avs. 
'.1,ij tored Elvs. 

io. 326 
'.0.360 

16.'416 
1(. 2 

16.466 
16 i8 

16.506 
16.1462 

16.4 1 
16-.700 -do­

-do- 16.368 16.1406 16.485 16.460 16.398 
-do- 16.365 16.1105 16.487 16.460 16.400 
-do- 16.365 16.401 16.487 16.159 16.1t0i 
-do- 16.3514 16.398 16.478 16.44,, 16.382 
-do- 16.355 16.390 16.477 16.1447 16.385 

Station 0+825M 
shujIlt Llvs. 16.27L 16-35 16.1426 16.460 16.378 
or)oitolved 1ls. 10.236 16. 31 6.26 16 2-6 16.386 -do.. 

-do-
-do-

16.237 
16.222 

16.316 
16.302 

16.419 
16.419 

16.432 
16.1422 

16.386 
16.372 

-do- 16.2260 16.303 16.416 16.122 16.376 
-d1o- (.236 16.306 16.1420 16.1125 16.389 
-do- 10.230 16.300 16.418 16.1423 16.380 
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6I~O I 
6 -0 

SI I 

t ttioil 0+850"1 
\sbLil t 'Lvs. 1.225 16.305 16.370 16.0o 16.286 
•I''1i tort'eil 

- do-
-do-
-do-
-do-
-do-

VS. 1( .2 16 
16.2111 
1o. 196 
16.201 
16.212 
16.210 

16.301 
16.297 
16.285 
16.290 
16.289 
16.285 

16.361 
16.364 
16.352 
16.352 
16.354 
16.350 

1 .3' 1 
16.3134 
16.332 
16.331 
16.33 
16.330 

16.281 
16.2911 
16.267 
16.271 
16.279 
16.275 

Jul 86 
Aug 86 
Sop 86 
Oct 86 
Nov 86 
Dec 86 

, t. tioll 0+875Ml 
AsIbuilt LlVs. 
blouitored .lvs. 

16. 178 
L. 71 

16.270 
16.2'1 

16.325 
16.301 

16.265 
1T-27 

16. 165 
-do­

-do- 16.16h 16.244 16.297 16.2140 16.161 
-do- 10.651 16.235 16.280 16.232 16.164 
-do- 16.151 16.235 16.284 16.232 16.171 
-(o- 16.156 16.232 16.282 16.222 16.171 
-do- 16.153 16.230 16.283 16.220 16.169 

St' tion 0+900A1 
\sbLiilt LLvs. 

Alml, torce! Elvs. 
16.225 
1. 166 

16.305 
16.280 

16.290 
16286 

16.22 
1 

16.13? 
61. -1T -do­

-do- 16.159 16.298 16.270 16.215 16.-127 
-do- 16.152 16.278 16.262 16.196 16.122 
-do- 16.151 16.274 16.265 16.191 16.118 
-(d0- 16.143 16.266 16.271 16.191 16.119 
-do- 16.145 16.265 16.270 16.188 16.114 

StatioII 0+92,5M 
\sbuiLt Elvs. 16.206 16.304i 16.254 16. 186 16. 104 
Muni tor.md _lvs. 16.171 16.271 1,.24- 16. 161 16.O81 -do­

-do- 16.160 16.275 16.238 16.i6li 16.074, 
-do- 16.131, 16.2511 16.202 16.119 16.057 
-(1o- * * x 
-do- 16.149 16.256 16.223 16. 152 16.0511 
-do- 16.148 16.255 16.220 16. 1117 16.050 

"tatoll 0iO+950M 
.sbuilt Elvs. 16. 184 16.264 16.234 16. 164 16.079 
Motiitored PIvs. 16. 151 16.24-1- 10.2146 1-.151 1'6.071 -do­

-do- 16.178 16.238 16.236 16.150 16.074 
-do- 1b.152 16.242 16.233 16.135 16.066 
-do- * * * * 

-do- 16. 171 16.223 16.233 16. 149 16.071 
-do- 16.168 16.219 16.229 16.148 16.070 

Station 0+975M 
Asbuilt Ulvs. 16.074 16.164; 16.214 16. 1r4 6 0 
:loiii turod lAvs. 16. 115 16.1143 16.191 16.122 16.056 -do­

-do- 16. 119 1 .1411 16. 193 16. 121 16.064 
-6o- 1.120 16.155 16.218 16.128 16.080 
-(Jo- * * -* * 

-do- 16.123 16.130 16.204 16.120 16.063 
-do- 16.120 16.130 16.202 16.121 16.054 
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'_ t
,i. _--d-0" - '-0o" & -ao 

' 01o i l 0 1- 0 i \_ 

St.otiori 1+00011
 
Asbuj L t l vs. 16. OltO 16. 140 16. 197 16. il1 16.047

Monitored i'lvq. 'lT.061 16.146 16.201 T17iT 7TOT7t Jul 86 

-do- 16.065 16. It1; 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
 
-11j- 16.052 16. 139 16.199 16. 113 
 16.052 Nov 86 
-du- 0lb. 16. 135 199 111i8 16. 16. 16.Olt8 Dec 86 

,t.Lt +i 1025
 
k_.bhl iI t -Iv . l().0 I!) 1 . 109 16. 18I 16. 119 
 16.029
 
,',ito-,l
e Iv. I6.013 76. 119 17-.19 T6. 128 16.079 -do­

-do- 1.02 16.095 16.190 16.111 16.073 
-du- 16.003 16.102 16.190 16.H3 16.072 
-do- 16.007 16. 101; 16.199 16.117 16.073
 
-do- 16.0014 16.099 16.192 16.109 16.060
 
-do- 16.005 16.097 16.188 16.100 16.062
 

Stltioi I+OON 
,sbtlilt Llvs. 16.030 16.129 16.177 16.107 16.049 
:jlJitol-ed lvs. 16.079 T6.129 16. 186 16. I09 I7.75T2 -do­

-do- 16.057 16.116 16 171 16.093 16.023
 
-!o- 16.062 16.108 16.175 16.093 16.028
 
-do- 16.060 16.io6 16. 175 16.089 16.028
 
-dIu- 16.053 16.099 16.165 16.081 16.O19
-Aj,-
 16. 0!5 16 .094 16. 161 16.082 16.O15 

. 0t,.tio 1+07,5M
,In.Ii Ilt ivs. 6.1. 1 16.099 16.ooo 
%miito,-el iLvs. 16.0;,2 16,119 16.183 16.099 15.962 -do­

-do- 16.044 16.114 16.178 16.096 15.968
 
-do- 16.033 16.114 16.182 16.096 15.964
 
-do- * e * ,
 
-dO- * *
 

-do- 16.030 16.092 16.163 16.079 16.940
 
t- t i oi I+I0014
 
ii tt iAvs. 16.0419 139 16. 126 16.029
li6. 16.200

;Uji t,,',,d LIvS. 1OoI0T 1(. 139 1l620OI 16. 11; 16.029 -do­
-do- 16.009 16.110 1(,.195 16.121 16.020 
-do- 16.973 16. 110 16.195 16,109 16.028 
-do- * * * * * 

-do- 15.968 16.101 16.165 16.102 16.005
 

Levels could iiO!t be taken as the top layer of base 
course in these areas has been removed for repair. 
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Appendix- 6 

Road Surfacing Trial 

SUDL'IARY 01" TI?%FFIC SUI'VLY 

Point of Count: 9 km from 

Project, 

UN 

Rajbari 

Rajbari 

ROABADI-3.I\h AX DI tO,\) 

towards Ialiakandi 

Commercial Vehicles 
"Trucks Bus Total 

3 T 5 T SmaI Con. 
4ma4 4i A Vehicle 

Other than Commercial Vehicles 
Pickup Car 4 Motor Ji_ Rick-
Van 4 Jeep4 cycle cycle 2 shaw 

4 4 etc 4 4 4 

Aia 
cart 

4 

Total 
2 other than 

com.vehicle 

Rea 

21 

22 

23 

24 

25 

08 86 

08 86 

08 86 

08 86 

08 86 

-

-

-

-

-

7 

22 

18 

6 

10 

-

-

-

-

-

39 

36 

33 

37 

35 

46 

58 

51 

43 

45 

-

-

-

-

-

-

-

-

1 

7 

50 

50 

46 

51 

37 

118 

105 

95 

119 

115 

67 

88 

74 

87 

70 

43 

45 

27 

32 

21 

278 

288 

242 

290 

250 

Daily 

Average 
49 2 270 



Appen dix-7
 

Road Surfacing Trial Project, Ra jbari 

GAUGES AND GI ST.%NDPIPESLOCATION AND RL OF FLOOD LEVEL 


4 4Distance from CL of Pavement 9RL on 
FL Gauge 4GI Standpipe Base of FL Gauge Top of GI Standpipe 

'tto hiflage j 9. 0 
S 4As-built monitored 4As-built Monitored 

6 3.5m left 13.006 13.015 16.411 16.348
I O+19 .5m 17.52m left 


II O+700m 14 .65m right 3.45m right 14.143 16.603 16.600 16.600
 

13.990 16.200 16.196
III 14039.5m I0.97m left 3.5m right 13.992 

* Monitored elevations as on December, 1986
 

** Period of installat.ions of FL gauges and GlbT pipes was June, 1986.
 

http:14039.5m


Appendi :-8 

Road Surfacing Trial Project, Rujbari
 

GENERAL COMMENTS FROM MONTHLY MONITORING REPORTS 

1.0 	 FIRST MONITORING REPORT: MONITORING PERIOD
 
26/07/1986 TO 31/07/198
 

a) 	 Ihv Road SUrfacing Trial Project was visited by the 
C]oIrsultaits jointly with Mr B Mollar, FO (Engg), 
IRWP, Faridpur o 27 Jul 1986 and discussed abortt the 
different types in details and monitoring works. Also 
ireret I,: UCUt IV? Erigirn-rer (XEN) (FR) IRWP i JUIra 
1170)6 at the off'"? L XEN, LGEE7, Rajbari. l)iscuriins 
have been made r'rgard i rig mai nteriarce wor k ard 
maiui tori ng of pavemerit dLter i orations, 5puc i i' I 
r ogar-dirig way of mwcsriring deprossions. 

h1) 	 All clainagi mar ker pegs were missing. Small p gs (if 
spli iLed bamboo have becen arranged by the Coriso1tan ts 
staff arid fi:ed at every 25m interval to facilitate in 
taking levels. 

c) 	 No sign of maintenance activities has been nioticed 
during the week the Consultants' staff was at site. 
Also, Contractor*s representatives were not available 
at site for giving instrncti ons regarding repair and 
trrai ntenance. 

d) Da qaged p nr,r, of srrr fac,- pai riting, dipro_,r.,i(,< rn 
SII c.LId -r and rain r:utu on slopes n.ed iT1 rc i.i 1-d 
irrrr di atel y b foc ari1se liimc ly rerrair will Pr1-C.'t lIlI(s. 
pavement from ftrther deiteriorat ion aid I irdteu-e 
ma in t en-arrc e r o[St 

C2) 	 lo campare the frairitain d and non-ma iritainirwd -r o._i5 
all kirids of repair work as the si tuati on warr-ants, 
anust 1e done and for Lhis it is necessary tIIat the 
Contractors use emntil si on wher-ever requi red. It i the 
cuontr-actnral ohligaLioni for the Corntractur,. IT3 r[,a ,ir 
ma,intain and rectify any/all types of de.feFs It le 
vork s tipto (urn(- year f rOrn tie date of corluplo.i[-cr' 11ti 
works (R ef : 7lClat.e , Speci al Terms and Condit - s ,of 
1 onider Doctinrin L 
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2.0 SECOND MONITORING REPORT: MONITORING PERIOD
 
19/00/1986 TO 28/00/1906
 

a) 	 lhe road surfacinrg trial project. wras vis-..ited jo intrly 
w-itLiihrh I 'Moll ler, FO CFirjU) IRWP, Far i dpur aird XEN, 
LGEh-I Rajbtar 1 niOilr Aui ',.1iItiit for f 22 g = it O 
also vis tli d hy XF'.l , F:R, 1I1WI', Dlra:a in the . i ,ray" 
.I, 'l if. trrIm i(Ja., ric C"P"ii i by I thp "V, . il n , - a I. 

AI U 0" re miade at.iL"04i15| -0i p "id lal Lr iin .p "fl'IrC, 
CV X , L GEi, Ra njar rorjr di mair "i ,rcrr i w r kI 
rnitor'ing I of pavement deter-i nr-iliore; and t offfic 
Kurvy 

b) 	 Inspite of repeated r- eqi ests, Cot-r'actors have iot 
f ixed the chainaje marker pegs. 

r) 	 Patch repair of damaged pairnting in Types 5, 7 and 9 
has been done by the Contractors before the visi L of 
the C orurl t,,t. [,but the rep:ai r wor:s .er I- not 

,t Li-farl nr',-. AIamn Lu re were io signs of mai"tirL A f 
arid r i po r r Octivi [1i'' on -jlrorI ci~p L ond Vlirprec. 
ontr c r's rclrrr-tnLt z Vye icr-n rot ava oll a-"­f o 


situ dritgi 1 -J Lim iini t rig ;erpur-ii nd for r v:L i vi rg 
in:si tic:Lion: e&.r-di to ripair andid main Lii rLP.pg-

i' 	 11oIJ r Lc~irl i If Ir1 ,,l.1I LaiLr i fnCili repal r arid 
lh-.intetn.ancei? w-ocr-k" fur wi ci it will riot he ptosi ule to 
work ocit the mairinar rice: coc. [ut, for cormparison, 
cosL involvement in an important factor. 

e) 	 Dute to pordi rig of water in the depressi onrs on 
d.ohCuldtr. , a spot on the pavement in Type 10 (Cthi. 
I rOQ t o I W(r?3 L.S) i bane l badly damiagjed ait mayand 
fr thar Iio d th,- siolu derdit-Lr ic,raLu. (ir-preusion ion 

-W;O 	 Q'.A V.cf chiri g l im pr,t v; i re monitor ihgr 	 pp r iod trt 
It 	 , tirl ;rI.,-. t-ci du-d to he l ef it, thotL 

m,.1 rt ati n Cji,U L 11-ehri r i.piril-d i ttilhL-cl i -i 7-dIr 
mainijrtai nedl Lhi ni prclilr- .onditJi r t-hn : iladhamj-- f 
lavem -Cri torItI ( av,- ti:_nt ,-v iedr. Tlhu r i ai r Cos 
irotil i avi!-'/ hit?-rI low. 

f 	 i 1ll-o v ih r r i betwrl_, tilhi mai"iir an11d " - " it_ f Uculip ht 	 i rod 
ron -r inii Lt i or , rrj gicr d 
pairntinir depr-u,.siors on shoulider- arid r aini cits on 
iopes in tie maintained areas need to be rLpai red 
timely and properly with record of mea-s;-urerent Qi work 
and cost involvred. 

aed ama Epo Lc of r" iaci 

rj 	The overall pavemeit iii all types has .-:tII ulil ty aburei, 
2mOri on a'-or arge from the ,n-bLil 1 l 1 -ibtt i l: the 
c:ondition of the ir ,- a ;pcave-ent, gineral; (:ce ; 

weak spots, is good.
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h) 	 The joint sealing by asphalt emulsion in HBB pavement 
seems to have been ineffective. 

i) 	 Traffic survey has bein conductu'd in this off-season 

t.o havr- ' (aolpari sO; --g,-,rding trai 'fic volullie and its 

c!,r tc i ,wt-..t II i l ti 1']1 .'C, ( i L'.Ja!7L.f',-

C(: dL L1 f2( r-i ( V L.'( ti I ­



TIIRD MONITORINC REPORT: MONITORING PERIOD 
27/09/1906 TO 09/10/1906
 

"iN C (Dr.. Lci ,Lt mI r D Hal ler- , 1O ( rq'l iriWP 
ar jdr at lcc oif Ci-i rn C0 Sept 9
 

ni .zc mit!r-nP ;a place re.uar'dinq marlking 
 the lev ollingcpots arcd {i>:ing p-goC.:-,: t ma that thI 1u,'Yl5I ~On.n m C Fini'd I.ill he takentiC m: 5P,- toi-,~l I,I.lcm Ctii I cl .- ,po... to c>: hi hi t a, actual 
pi ctcr'I o '',-ri at ion in lin'.v'l . Rvogardiinrj 1i ac andwhi photaoraphL in'tu th 2noni tor i nq r r,;Icr L, the n.ant i f orimrd that i t: has been done ax poragree -i:, It. arle at thn i m of the I st 1, ni oring 
per i c:. 

iI< :, i ' ;I i:cC trial r:t .-. m-oi kl a o n l 
,c'-r ij~I pc'ajic:tL w v"iccc l; !t,' i .c jccc nIitIyF;:,I:ii',p I-nr.r-I IG E c F:ajh ,r- c-11 01 Oct 

;,q.c' -i cc i i L h !i a t nc'-,i i ifIc n1 a1:- '.o.i f- - cit an di a dfn c, prF aind 
a . ~ Pi cii' th12 pav: 'rInt J. TI Pe'-' and'IIf-, Co cI-l -ct Lm : r: prc?)pr di '- i'f cti -orn t eipaUr MA I t ' i, nc- ,activi tie, and a cL -2>:p air-. t1hat ifthi - .tr- c r_, c.' ac I:c d-lamagIn d ct r fc e pa i tt i ng andclprrccTpdoc ma-, ore nat oaintainid,'rcp,-i rcd i atml yand pr-c C r y rain iwat wi11ir p notr -%e intn ththI aaGtind p; cA,,'ci''rI I.i i I du t prioratr- to a gr'- ,-at r,:tont. 

r-D I l(, ,r- Raj 'ari ;aCf rmfd :lhat th ocor '- t t -cr-, dinr to hi- c i.t-I. abnut cc io 'r-'.'-, i I '. Il_ ver-. 'cc ti - n gin ur
(c1 Pc , t i i tir- I-c' cE himtn a :- up thn-c t. r:.;, r- .;cI dparta tai and .,,-cLr-dingjly
thce I c-'-cl t'l - pltli timric- dctai p ole' of'!rC-.ofri:'p-ir" an.r -n h !i -- cCutiv Enrginrzir- ;Ard hi- SAE. 

1 L 1 - IIC I h-P fi' D; 1iC, p(r- that th-i-,!; ,c-,ritoringF) iu,C fC 1 1 w i ti in '- p n-iodr od uiricc'cl V.)(?t v.),:c th ort.;ccr ep t i (r.'. vn'-w c anLi ncucit h eavy rai rcfal I for ,.hout afortni jht. Duri ng Lh i n hoavy rai nal 1I , tor wasaICictcc) I ticlt irri stion rnd !ceprio rm ac l so onion',. p I ic u t; C paf .nl - , picie all ' on th . track:,.way
[''','' 9 cnci i') cIc' tn l acklc fr,, i n1:onnt,-,I r: Q , suchmc cccw cr-k - .lc- pencr, a t i ticl i nto t.Ie hase 
r . i C_Ii r c' ' Ii I ico: - -,l LLur It. -or)cTIL enL ,rd t:lti1 r edICC (c! .' t.,' L/alc aid Ii t:,. The, c:ontinu od 

pl yiti ' cc ltCCr tr-, 1:wa y r c c ,1 .ac, I-- badIsyd :,,in ;I-';1 ' ' 'p c i he, ci:,lrc'(-,I;en -pr r'rm ,-. in Typc-... 9 vild 10(C]h. 0t (-Iu f 7 d to1 9 lW51 lI-3'(5 i'"1I"100). 

LCcc 
' cI cIIi'c_ 1:uc.I for" ) i- C 

has 
I n !c. ',; c ,rIi r-i ng p c, ]r-wrhm o 10 oi ':.LUr-iQ cCC c',:ont 

a-n dd' - tip-- ] ,-11; , r Ir il] cr-ir
_--hi al pr uP cci t','per:Cof p-'vnmCrnt. TimI a-,- '- cont.u.n t s
of ba-Aci: and ,Occcli--hacm ,miriagof cit d £ponLc arid a Lhtm spots
whr.ri2 Lh2r-I arm iu r f 2ac2 cracio h'iave brr-in1 UCound toohigh and icc moht? came . near sraurinti on, i ridi cati ngcomplete loom of "ntatility. So it im kgrin mitroo.o.d as 
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) 


f( 


CU) 


i) 


alsc mfen1~t Cfione eairl1ier thati i Lie C1afitn tena ~work ,f io r i 

i.e-. stoilinq nf s-.urf ceo c:rafcks 
aln d f illinj cIj -.io:.ni-_. 

(-, Ifi,+-ICCrL and ul Lo preven.Li rf "Iu
paivemn i) -r rotion f, 
r a i n water ar not,t d oe a' ff1 r +fi LoLimfpl Ofd I 

u C. ]]h er ior+' i Ci i pIv'fmff .CLwill cqqr,+v-i . 

ur incj Lie- fonitoiiiringfC pur'in d friol 27 p+L is utt 1 0 , 
no) 	 fi'i iiJt_ ,:+ ji e Cfa. WCCL. C ,-FLiv u. i,,.vf rha-bo ic ed t:heC+ 
(.i',; t(Ci ,"IU'ii 1 g .> m i it: nt:lifrn - N -r - . r ­CL1Ci.,(I: C~ CjC Iu'r,+-u , +-f iLi, ':.~iC['Li +1 ,-,t Ct ]j{Cuf tilf 

f'' Li (clifromEh. 010 toi "11'75, and jCH Ln1-&0 

ill C11 11 1l tU - T'yll.n I LI 0 ive ia ir o d v r y 
rapid!y turi- thti- CI fij rains -iy Lpreading andllfi'arou ,ili 
(covo-Cr iCitJ the2 i[il rmifltiL .lrt :fi d fgaps ;rv', difrinq i-t­

1;.astL mfiLor if n p-ri -i-.
 

IL 	 OtfoldJI ci mi ( h-ffreif f-ntli he3i ttiiit. ii PLCp(:J'fi of 
fliufllf(ifiring ofti Lhiet profjc t: may C-ot ief fruitfll"! Mi:0Z 

F.rtLh-,r it mayf i e mifIitionie. 1:fL a speci,.al jo int.,a 


I (HFr- DE Dfron) , LL3ED, F:.Cbr i UEN4 andfi AF a" h 
li o t hf ein {CrIKlf Cl t a"L9 to a-I"Svnf - - t t I , I if 
de+t-irasr- ti (Off iy i.b+l;Cit| thlife i , " il I 
frotm 24 SepCLt. Ln i 1t:IQ;D -C( to Cf _' hf. 

Ih? f I 1w rnCII] wI-JCrr (ICE)t tfl 'i.ti (Jr ibortmad. , Mi 
CC,~trbc~-C I Ip+ L? 1: _h.;rn ~ 	 Lhf? L i CirC 

1. 	 Ab t ii p V,1Vifrr~CL of 1 a1Lpvie T.ypeC? ( ii.; 
porLion) Ja.s dam.gCed d lir COnd 	if.having +-,Lssio, -JrC
 
O.lCr~ff 1 cr 

'. , Li Ce Om 1lnrffLjI if T'yIe 9 wa.Is Cirumif~idi SMtt 
pCr Liornnu areCs ilar t:o Lihe dm.gef:cd p<frtin fr 
]Typel 
 10 andrt hpr r a:~Iel w "e',-4++lVere.­

f.fudinvn 


Io3t Cs1vC'r -fi I Pf 


S. 	 Type 7 wa; Cn i hL,,'li_] 1unL0localdepr'ssi ln buit 
nd t r C' r PC, cr -il . in 1 hC i 5liiiCiCI
 

p)ailnLiln onl Lit suirface~l-.
 

4. 	 TyposL; 1 Lin7 ;+fand 66rm l(nthtiC o*f Type? 10 ;erie foudril: 
in 	 oo]difanCid trafficalel onition.
 

RegiJard'li 
 110 otC? .aiuimages .I/ t,I eI r . ,f ibtove obser-vid -i­
iCnsCpr.ctionf [Wn nt th- CLroClCt:ant.' viwis are-' out lineud
 

C! 1{:-l]C-iiiC rJr ffitftriCC I . C~l '9r-­

1. 	 As, CTff 1 y auf. inC tif monLh of Al] 19 , P lfi'+ ::ro l.u;i 
w'JL'r' I CLiced i C tieC laO t -1, I I i r Cit 	 it twCIvII' - tfYI I i 

lype 16 Lnid .fhic wias mr nt ion di i ( thef1.if r0 lfriiiq
rCe(.iir t (fir OrfItq I '?(i(, rCo '-1F 1 (I f the Nr_ r L . fbi 
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http:speci,.al


wa.s jointly irs-;pected by Mir M'Ioller-, FO1, Faridp ur 
a.Iid thhe CoIsul tant s ' REi doer : Engieer Rr').
 

n.t inthis las streLch wasg; the "o"l-miairLined ae, 
Li..,/ 
hcided Ln leave i t. i wan Lu observe 1hi 
liinhavio ral pattern of Li. crac for a frtlor 
per i od. 

2. Later C~1, CA ~17 Knp 1'<9i ph 1C CcI o9r, FAI( , 

'lin i .t- flrr. tiri-.,. C iH-i.lh i,r V, i iL i .-- t e R511 to 

cr-c in "r--
aggraVate-l, qivi wa,c toL wn t 

,nd on rved tth.lt Lh- c-h thi ' m , 

rp .aLr ., ftr .ii, 
raii r-e ulting In da- wlichfurthler ,l.AreO 
 1-CU tiriliV(J 
t h'iimmediate reta ir. It w as decided or t.e 'tin LI,-i 
althoi.gCh tlhis portion asLC ilnl IIOi-mintLaiidtl area, 
tLi daJmaigeir Iir Cct,iui to takent r u l inr 

eiatjei n rnpir to arrisL further- damane. Dur-ilng 
tie' 5ame join U i ,tl '.'i as ohsr v'j that tLr , 

w.er'e cr inl:';tie sr-.urface-p--paintiigsand, Ill 
 a :p od 
area 0C an duI tLo ­civ c (31 r '-u ( ow n{of.C b.r Fan 
pa inti n U in ca:tLp-iire arteas in Types ,and 7. 1i:Lti~liE, t, L ' 37.f:t-'il .hoi Iroiqii CC~i.tli illi CuCtililltI i f: . ,-oi'~z- vcr 1 


up i uiitrcici L l;1y Lu oval sich c:rack:s'a in Lthe surf , lc-e 
pal IiLinings. 

3. Dluri-g tLis visit, 
 it wa ui aiii roucsl y fel:t L.it 
the mainLenanicue At:Livities of the fContracti:rs were 
not at al all c tia fac tr,, which al so r ef I L,L .,I 
LhrougJlh the to i or'ing RiEpr't N n.. 1 and 2, in Lite 
letLtter of FO1, -r i dpur o. f-,"rin FP 4.tc; dL 1 Kipt
9

1 06 idrcsEd Lu cc Ie , - tEiv Fug(] r ILO WB, 
-aj:ari airid E7 cr:liti,' Engjirner, LGEB, I aBri on,. 
569--70/l/Bl il ctJ( 52- .tE d it 14 iI1906, .-

1906, 99:-100i (If 20{7,fI 1<?P-,', 120i-'121 CiI A!l ,J"i
 

1986 and 572-55 ct'.24t 5ept 1 91% ,du p L tI' .-
fL:.ntLra:torn of r i , ::iv l . 

4. Al soi, lthere no, i ol.i l ­lloclai ,dI .ill( I -. " l tIer 

.it di fferen~rt ic tinnsr- wheren wate'r 0'crlliot"innr 
uccured (lii) tol nol-iiiai oIal uli.,L St-*i,2ctr'.itcn r 

mai lrairnce wthitci were aluli poi ned (ot In ti:
 
moniltoring repor-Lts. 
 LItus, it can ho c:oncIiided th-ti: 
Lit-:. damai-s-, Lo 1ilt ii,:ivniniciriIL typ , en edt;tip/men AN. !io 

,biuve, Uil-clir-i> d di the infil tra
to linn of ralin 
t-Jlii!-rti _i, . l Co 'urse thelithe arid ci"ii-basu--ollr no 
tihrolugi Lhe-c l_ (cracksrfsr. fe: painting,1 exlol-,ed 
iases- (dlui Lo lo - of.i f Pi f.,ino 

ptii ii ntg) anti 
ihi(" .l(Jlli 1-ill? I;(IJt' (IfC J)it ,,*,ll(7hit * . 1i t-(m FiflO'lt IC (} 1 

I.;at.i.r Olili htrr i t- d ,,tIwo I dilr , . ). :h 1 . 
init itrot j" on if wilter ha"511;Isu t i ally inlpoqed;i:l 
l 11(11ie . Il dIci t.y tLi urtIlrig the dnsi o w:I 
ldt s ;i. h -nair couitllu' i th e signd eni a.n,d.11 

ttio. idic ingl : dama es. 

n i-21.; 
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'5. 	 Had' 'the mainteftaice .ictivi.Lie5 been, taIkei Lip, by, 
the Contrctorspr'ota i aree Ifits and 

as,~directe ,by r:ecutiv6 Enginhper, LGED, Rajbari
FO, RWP . A.rIdptand RE, DCL (citring mnonitoring< ' 

-~'' ~ prodj.er 	 ~ - iif'trai-iont o ' 
eriod)ther'woult dhave bleen nt i 

waLifr- IL) cause.Li 'tIeabvedallaoei7. 

6. 	 It;4 - needs to- be mutine Eli,~e Typfs , 8, 9 
~.~and 10 have similar pvement. strutubres bu-t 0111Y 7 

vith~ varying' surfc treatmients. Evenr~ after'te 
r-ec ent teavy r ai i s (Focr' ab nl t zi itor.11igt) Tvpef-, '40 

'~~ ~f nd 66mi of Typ'e '10 art-e in gooad cunditioi, pavement ~~ 

surface.pFiti i'gs. The iroiti a uteLiorc'.tiCnS'. iWI -'' 

the form of crac~tng, -loss of-painting and 'Pea- ~~ 
j r ave(A - in :te sUr iat.e ji .ibinii j arid s',iri ace 3 
dressing in the relevant sections sl'Arted due to 
the untisati sfatctory 'and iricnwr.!Htarit quil i ty of2 
aSphal t emfulsion (Ref:- test restults 'of asphal L 

7. Stich (deterioriti ons were acjgravawting with time due' 
La I aC: I of proper mrAi liil;rAIIIc whi ch has greatly' 
indnred the Llamage-s orcttred in~ Type 9 ind part, of' 4 

/4 5, 

http:cause.Li
http:prodj.er


4.0 FOURTH MONITORING REPORT: 
MONITORING PERIOD
 
25/10/1986 TO 31/10/19B6
 

a) The Consultant met the Executive Engineer (XEN), LGED,

Rajbari on 27 Oct 1906 at his office ard (iscUssedabout the repair works of damaged portions of pavemeiitin Typesi 7, 9 and 1I0. XEN, LGER, Rajbari informed thatthe r epai r works have started from 25 Oct 190(, andafter picking Up the base course, the tnder1yi ug sub­base as been found in well compacted -coridit ion. IlteConsultants expressed his opi ni on that if theunder lyi ug stub--base nr atry lyer of ba-;e cre

found in well coapac ted condition, 

ir, 
the same sth,.uld notbe remnoved/piclked up. F:ur t,- discussiomr cottlId rot bemade as the XEN was in a hurry to attend an i mportantmeeti rig wi th the Depttt y [Eomii ssi oner , R;%jbari .However, 
 the XEN, LGED, Rajbari reqmetted theConsultants to accord necessary guidance to his AssttEngi neer regarding repair works and the 
 relevant
 

tests.
 

b) During the moni tori 
with 

ng per i od, the Consul tarits along
Asstt Engineer, LGEm, Rajbari inspected theongoing repair work:s of 
damaged pavement in Types
and 1W oni 27 to 29 Oct 1906. While inspecting it wasfoulid Lhat, in Type 10, Lhe top layer of base course(3"-5'" dpth) h-ams ben rremoved where the bottom layerujf base was ifi wel1 compacted condition but Ltiat inthe last lore por-tion had excessive moisture. In Type9, the top layer of base (3..4' depth) was removedfronm 
 all the area and in the portion 04-900 to 0+950
RhIS (half width) the bottom layer of base was alsoremoved, where the sand-soil sub-base was in
found 


well ccmpacted condition. 

A s per- suggestion of the Consultant, Assstt Engineer,LGEB, Rajbari did a few field density tests ors sLib-'base and bottom layer of base in Type 9 and theavai Iable derisi ty and moi sture content w;%s f ouidsati sfactory. Dut 
 both si.b-base and hottom lay'r

base Course were uneven and 

of
 
over excavated. 
 So Asstt
Engi neer 
was suggested 
to first prepare the top layer
(e,:posed porti on) of =.nb -base i n Type 9 to therequired level, ]rade and -amber by scarifying, addingmaterials, if needEd, adjus.ting moi sturecompacting to specified density. 

and 
After preparing the
sub-base, the bottom layer of base course 5hould beprepared by scarfying the existing layer, placing
materials 
over the exposed porti un o f Ih.-hase,adjusting 
 moi sture and then compacting to tpeci f ieddensi ty. Similarly the top layer- of base ccutir,,u sliiallbe prepared 
to design grade, 
 level and combe-r as, per

speci ficati on. 
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For Type 10, it was surggested to remove the base 
course in full depth from the last lore portion and to 
chock densi ty and moi sttr-e content of sarid--soi I str-­
base in this portion. If the available density is. 
found OK bit moi sttr corten L Lon hiiit , tL 1r1oi sLur e 
conLtent of sub-bast? must be br'otjirjlL near t OMC by 
aerat in . Later the hot tori layer arid Vtp laiyrr of ba.se 
courses shoul d he prepared as per s-pec i f i cat i (n and as 
dttailed il Type 9 above. 

The 	construction procedures, fieIld densi Ly Lest, CDR 
test and other CIual i ty control ireastircs in respect of 
repair works of damaged pavement in Types 7, 9 and 10 
have been dotailed hy the Consutltants to Mr Kazi Iqhal 
Hossai n, Asstt Engineer, LGED , Rajbari. 

c) 	 The sands from the joints of IMf brick pavemerit in 
Types I , 2 and 3 have been washed away during the last 
unustlal heavy rai if al 1 duo to which the movement of 
the bricks ha, increased to some e:tent and also the 
bricks are being damaged rapidly. So to arrest 
movement of the bricks and to prevent further and 
rapid diterior-ation of bricks ofthe lIA pavrrtnerit., the 
joints must be filled with sand immediately. 

d) 	 Crack _u. in surface painting arnd sturface dressing and 
loss of asphalt emulsion painting arid bonded pea­
grav-Is from sutrface dressing have beer, observed in 
Types 4, 5, 6 arid 10. These cracks and exposed bases 
dire to loss of painting arid dr-essing, must be sealed by
aspIal t emuil si on pai nti rig and dressi rig wi th pea­
gravels and emulsi on as applicable to prevent ftrther 
deter iorati on.
 

Eveni if Lhe Contractors do riot do the mai ntenianre 
works as mentioned in items (c) and (d) abnve, the 
works shotld he done departmentally. 

e) 	 Substantial of trafficincrease voluTIme over that found 
during moni tor rig in, the molnlth of Atrg Ihas been 
observed. FO, IRWP, Faridpur may conduct tr;Af fi count 
at least for 4 days including 2 market days ats it will 
be of interest to :now the actual traffic i l the dry 
season and 	 growth rate of traffic. 

f) 	 The progress of repair work was very slow alld normal 
maintenance work was riot at all being done- by the 
Contractors. 



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

a) 	 The Consultant met the Executive Engineer (XEN), LGEB,
 
Rajbari on 23 Nov 1986 at his office and discussed
 
about the repair and maintenance works of RSTP. XEN
 
informed that except surface treatment in the last
 
portion of Type 10, other repair works of Types 7, 9 
and 10 have been completed. Ir, the last 10m portion of 
repaired base course of Type 10, there hal bei~n ex>c:e.i 
moisture for which the surface has not been treated. 

Regarding maintenance activities of the lC.ilractnrs,
 
XEN expressed his opinion that the CoittracU'ors may
 
take up maintenance works dutriitg the imuhtl, of Dec.:
 
1986.
 

b) 	 The Consultants along with Asstt Engineer-, LGEB, 
Rajbari inspected the RSIP site on 23 No- 1936 when it 
was observed that the last loue portion of the repaired 
base course in Type 10 having excessive moisLure has 
started to deform along the trackways (svIt: E,:hibit 24 
in Annex-6b). For rectification of this. area, thee 
Consultants suggested to adjust the moisture nea'r to 
O.MC 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 
LGEB, some fat spots, subjected to bleeding, were 
observed. Asstt Engineer was suggested to spread some 
additional pea-gravels or coarse 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 bi ttuners was for.ind 
unsatisfactory which has been shown to As-tLt Ciruineer. 
The spots shouIld be rectiiied by cleafiing tle .ii 4are, 
appl yinig fresh coatinrg of bitumen and spreadi1ig 
requir-d quantity of pea-gravels to mai.e tne stir face 
properly sealed and leveled. 

c) 	 In Types 1, 2 and 3, the gaps in the joints of HE[4 
which were observed in the last monitoring period have 
not been filled by sand blinding as suggested -ied inore 
nos. of bricks have been found damaged and :e/en a few 
have been crushed. See E::hibit No. 7/ in Arariex-- b. 

d) 	 Patch repairing of a few spots in surface pazn-:ng n. 
surface dressing of Types 5 and iwere:... - : 
but not all t!)e spots. 
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e) 	 No sign of normal maintenance activities by the 
Contractors have been noticed during the monitoring 
period. 

f) 	 The Consiltarnt:. also mut Mr E Moller, FO (Engg), IRWP, 
Faridpur on 26 Nov 1936 at his office and discussed 
about monitoring, repair and maintenance works of 
RSTP, Rajbari. During the discussion, the Co01u ltants 
al so stressed the iieed for condUC:ti ncj ti-affic count to 
know the present traffic volume and the actual growth 
of traffic in the Rajbari-Baliai ar di Ruad. Mr D Moller 
infor-med that he will try Lo arrange the same. 
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6.0 SIXTH MONITORING REPORT: MONITORING PERIOD
 

27/12/19B6 TO 01/02/1987
 

FO 	 (Engg) I RWFa) The Consultart met lr 9 lBHoler 
office and discu;ssedFaridpur on 28 Dec 1906 at his 

about the last moroitoring works. Later tin the aii" 

day, the C(InsuIltant attended the office of Executive 
and inspe-ted Ithe R1SiPEngineer (XEN) , LGEB, Rajbari 


site along with Asstt Engineer (AE), LGEFA, Rajbar . IL
 

was found that the 1 art porti cn of the lype 10 1sa.
 

been treated with hot biLuaeii and pe, ilravi bt.
 

of 	 hi L meli tr i .uritreated (wi thout coat i ig 
stabilised base w-re visible. 

itie (of t Cot Lr a-.tor t. hawvmb) 	 Normal mai nt ena c i :i 
not been notic ed du riig the monitorring period. 

c) 	 Thu? gaps in this'- iniriL:/a of HEBr brick pavements have Iio 

been filled by sand bl i ndi fig as suggeslted by tme 

Consult ant homcau ire io whlichi br icl.s wetov ot ird heiiig 

rated rate. Sue Exhibit Nos. 5, 12damaged at an am:u:l 

and 	 14 in th riuule --,b. 

d) 	 Patch repair ing of 7a fLe-W spots in surface dressi ng of 

Types 6 and ,- a, been (Ioie but many spots ini Types 4 

and 5 wher-c, surifac dressring and painting have been 

damaged are ,.etL Lo be repair'ed. 

e) Repai ri ng ot ruLtings, 1 ocai depressions, erosion, 

of ear th, rat tolem, etl: on shouldenraifcLts , sliding 
and 	 embankimeiit side si cpe have not been done at all. 

{) 	 El:L: , t hair cramke _a, los of p.aiintin and dr essi rIg 

from few spot,=., thU' overall condition of the pavement 

of Types 4 L', ii ne been feound to be quite good. 

u.g) 	 The Consultci,ti ,i-:'o aet XEN, LGED , Rajbari on Dic7 

19E6 at Ii s nof-f i (_,L a;nd di sr-Ussei a, out the 

repair /unai n-a~uie cost incurred dt.uring the monitoring 

periods. XEN in,(c,ri;,_.d that the CuntractorsL did very 

negligible ,-ai rin e works arid also there is [it-, 

record of Ht. cost inricurred Lhereby; however he a gr eed 

that the coct of maintenance wor-k done by LGEB would 

be communicated bl, t,. Ist weel: of Jan 1907. But , if 

fact, nothin,.) hams been r-ecfi-veid till by the end .f Jan 

1907. 
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PHOTOGRAPHS SHOWINC
 
OF THE DIFFERENT TE
 

Type-1: 

Type-2: 

11/5,
 



S-BUILT CONDITION
 
L SECTIONS
 

Type-3,
 

Type-1i 	 HBB Brick Road with single brick flat soling over
 
sand sub-base. Note start of breaking of corners
 
of bricks
 

Type-2: 	 HBB Brick Road over sand-soil sub-base but without
 
the brick flat soling. Note appearince of cracks
 
in the joint filler caused by movement of bricks
 
under traffic
 

Type-3: 	 HBB Brick Road over aggregate-sand-soil sub-base
 
but without the brick flat soling.
 



Type-4: 

Type-5: 



Type-6 

Type-4: IMh Road over sand sub-base and surface dressing
 

with asphalt emulsion and pea-gravels 

Type-5: 	 WJJM Ioad over sand-soil sub-base and surface 
painting 	with asphalt emulsion. Note loss 
of painting from'the surface.
 

Type- 6 : 	 WM Road over sand-soil sub-base and surface 

dressing with asphalt emulsion and pea-gravels 
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Type-7 a 

ASS Road with a trega te-snnd-soil base over 
sand-soil sub-base and surface painting with 
asphalt emulsion 

Type-8:
 

r
 

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



Type-9 (foreground)
 

, • ' 0 .7 

..\SS Uoad with a giregate-sand-soil base topped
with brick aggregate .rfting sand-soil sub­
base and surface painting with asphIalt emulsion 

Type- 10:
 

ASS Road. Same as in Type-9 except for surface
 
dressing with asphalt emulsion and pea-gravels
 



Brick-on-end edging and
 

granular shoulder
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SELECTED PIHOTOGR. 
SECTIONS TOWARDS
 

Type-i:
 

Type-2:
 



SHOWING STATE OF THE TRIAL 
OF THE MONITORING PERIOD
 

Type-3:
 

Type-i: 11DB brick pavement with soling over 

sp'nd sub-base -
Note crushing of bricks. 

TvLe-2: 11BB brick pavemuent (without soling) over 
sand-soil sub-base and joint sealing with 
asphalt emul~ion -

Note crushing Uf bricks and ineffective 
sealing of joints with emulsion 

Tvpe-3.: 111311 brick pavement (without soling) over 
aggr-sand-soil sub-base and joint sealing 
with asphalt emulsion -
Note crushing of bricks, incffective joint 
sealing and depression along trackway 
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Type-6: 

Type 4: tBM road over sand sub-base and with surface 
dres. ing with pea gravels and asphalt emulsion -
Note satisfactory condition of pavement and its 
surface 

Type 5: WBM road over sand-soil sub-base and with sur­
face painting with asphalt cmulsion and sand blindage
Note satisfactory condition of pavement structure 
but scattered loss of painting from the surface 

Type 6: WBM road over sand-soil sub-base and with surface 
dressing as in Type 4-
Note satisfactory condition of the pavement and 
its surface 
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Type-7: Aggr Stabilised Soil Road over sand-soil
 
sub-base and with surface painting with
 

asphalt emulsion and sand blindage
 

Note severe loss of surface painting (picture
 
taken at end of lith month of monitoring 
which was later repaired by dressing, with 
bitumen and pea-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: 	 Aggr Stabilised Soil Road over sand-soil sub-base
 
and surface dressing with pea-gravels and asphalt
 
emulsion
 

Note satisfactory condition of the surface
 

;eneral view showing over-all satisfactory 
condition of the trial section 
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.e-9: Aggr 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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Type 10: Same as Type 9 except that in place of surface 

painting it had surface dressing with *pea­

gravels and asphalt emulsion 

(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 6th 

months by scarifying and. recompacting the 

base followed by surface dressing with bitu­

men and pea-gT-avel- see picture below, right. 

A small 3 sqIm area 

. 
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Type-I0 (continued)
 

Note condition of pavement in the undamaged

6 6 m portion of the section 

General over-all view of the satisfactory
 
condition of the undamaged 6 6 m 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 Iaincuts on Slope
 

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