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Subject : ~ Dhaka Integrated Flood Protection Project (Bridging Period)

- Inception
o Report. :

Sir,

Lhave the honour to enclose herewith twenty five copies of the Inception Report for the Dhaka
ntegrated Flood Protection Project (Bridging Period) for favour of your kind disposal.

Lhe principal object of the report is to present the Work Plan for the activities to be carried out
inder the project.

- . o

Barik Bhuiyan) ’
cader

1C -‘x‘" :  As stated above.

Sena Kalyan Bhaban 7th Floor 195, Motijheel Commercial Area, G.P.O. Box: 2608 Dhaka-1000, Bangladesh
Phones: 865148, 865149, 862512, 865068, 865069, Telex: 642507 NT1 BJ
Cable: NIPTRADE, Dhaka Fax: 880 2 863310, 880 2 863465
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£ 1. Introduction

. The feasibility study on the Dhaka Integrated Flood Protection Project was completed in

: September 1991. With a view to continuing the project preparation uninterrupted following

;completion of the project preparatory technical assistance, the GOB decided to engage the ADB

'TA consultant to continue the services under the loan during the interim period before recruitment
f loan consultants. On the basis of the decision taken in the meeting of the National Committee
’ or Flood Control held on January 2, 1992, Technoconsult International Ltd. (Lead firm) in
; ociation with Desh Upadesh Ltd. and Associated Consulting Engineers Ltd. with inclusion of

key foreign personncl of Louis Berger International Inc:, has been selected for the mid-term

b

vided during the bridging period are (i) Project Management advisory services (ii) Detailed |

3 ngmeermg Design and Construction Supervision of work under the work programme for 1991- \
__ "__of executing agencies (BWDB, WASA, DCC and RAJUK). This Inception Report is for the lJ .
rvices (o be rendered under the Dhaka Integrated Flood Protection Project during the bridging 2

od and outlines the programme of activities under the project.



2. Report Objectives

' This Inception Report outlines the programme of activities under the project during the bridging
. period. The activitics may be broadly summarized under following items.

'ti) Field Survey and Investigation (which include topo-survey, engineering survey,
sub-soil boring, field and laboratory tests of soil) for collection of data needed for
preparation of design of different physical components under the project.

ii) Preparation of detailed design, construction drawings, specifications and tender
3 documents for various physical components of work under the project.

Review of design of drainage improvement works for first year's priority
programme of DWASA.

Assist:

- The PMO in pre-qualifying local/international contractors for different
components of work

- The PMO, WASA, DCC and RAJUK in tendering and evaluation of
tenders for the first year's work

- The PMO, WASA, DCC and RAJUK in preparation of quality assurance
and quality control programme and plan, and in implementation &
construction supervision.

3.1 -_. General

Dhal ‘___Intcgraled Flood Protection Project, phase I covers the western part of the Dhaka City and
_1,--_1,43; an area of about 137 Km? (Fig-1). In 1988 the Dhaka City along with greater part of
ot jﬁa&ch experienced a catastrophic flood. Following the said flood, the GOB undertook a




crash flood control programme for the Dhaka City which included the following physical
. components:

D) Construction of
i - flood embankment on western side of the city- 29.2 Km
- RCC flood wall bordering the south-western side of the city- 8.5 Km

- flood embankment around the ZIA International Air port

= new road- ‘2.0 Km

e e e

i - 6 drainage sluice on the western flood embankment

(i)  Improvement and raising of road on the eastern side of
the Project- 8.5 Km

(m) Cleaning and repair of drainuge khals and sewerage

T R e |

k system of the city.

| drainage programme undertaken by the GOB following the 1988 flood. The project consists of
 four part, viz. Part A: Flood Control, Part B: Drainage, Part C: Environmental Improvement
'Programmc and Part D: Implementation Assistance. As per Feasibility Study Report, the major

Specialized remedial works and foundation stabilization on 7.8 Km of the existing
embankment

Erosion control and slope protection over 11.5 Km of the existing embankment

Minor remedial works and slope protection over 24.2 Km of the existing embankment

3
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- Repair and stabilization of parts of 5.3 Km of the existing concrete flood wall
Construction of 1.6 Km of new flood v_vall/cmhnnkmcnt
. Construction of 5 additional sluices on the existing embankment

. Raising and flood proofing of the Central Spine Road (Tongi Rly Bridge to Friendship
Bridge over Buriganal) ¢ - oMo

- Construction of the first stage (capacity 22.5 cms) of the Pump Station No. 3 at
Goranchatbari on the western embankment

L Establishment of a maintenance programme and supply of maintenance equipment to safe
guard the flood protection investment

tﬁ' art B: Drainage

Rehabilitation and upgrading of 21 existing priority khals (including completion of the
crash programme initiated by the Government) over a length of 78.6 Km

Rehabilitation and construction of 50.7 Km of piped drains

———— ———————

Establishment of a maintenance programme and supply of maintenance equipment to safe
guard the drainage investment

:Bart C: Environmental Improvement Programme

\

}L Slum and squatter area improvement covering about 8725 families

;- Solid waste management, including supply of 30 new trucks and complementary waste
handling equipment

5 Sanitation improvement, including 30 public toilets and 5 mobile toilets, 5500 low-cost

sanitary latrines and 2 septic tank dislodging trucks




b

'art D: Implementation Assistance

\ Project Implementation Office hended by BWDB and strengthened by consulting and training
ervices, will be established to provide the following support:

Planning, detailed design, construction supervision, monitoring and evaluation
Co-ordination and management of project activities
Equipment and logistic facilities

Quality assurance and control, including establishment of materials testing laboratory to
complement and work in accordance with the existing laboratories

S—— Pvoce alws— o
3.2 Existing Flood Control Structures
The existing flood control structures under the project are
- flood embankment over a length of about 29.3 Km on the western side of the project area
- R.C.C flood wall over a length about 5.3 5.3 Km on the southern side of the project area
- 10 sluices on the flood embankment 7 0 o b7

The above structures were constructed during 1988-89 and 1989-90.

3.3 Existing Drainage System

IThc existing drainage system of the Dhaka city consists of about 110 Km of piped drains and
about 435 Km of khals. Besides, there is a storm water pumping station with a capacity of 9.60
mYsec. 21 major open drains totalling about 79 Km in length and 51 Km of piped drains of the
drainage system of city are included in the Dhaka Integrated Flood protection project, Phase - 1.



4 Problems

ue to exigency of the situation, the works on flood protection of the Dhaka City were taken up
y the Government without proper study and site investigation and were executed under extremely
ght time constraint and adverse site condition without adequate quality control and coordination
[ the inter-linking activities. Consequently, there has been serious failures at some points and
osion at many sections of the flood embankment and drainage congestion due to blocking of
e natural drainage channels. The flood control and the drainage system is neither complete nor
ily operative. The flood control measures and the piecemeal efforts made for flood control in
le past have gencrally been incffective and, in fact, have in some cases, inadvertently
pmpounded environmental and health hazards in the Dhaka City. Inadequate drainage has
sulted in polluted waters remaining stagnant in the low-lying land in density populated slum
reas for long periods of time. Uncoordinated collection and disposal of solid waste have
ontributed to localized flooding through clogging of drains. Besides, inadequate and ineffective

xcreta management has led to high level of exposure to water borne pathogens during floods.

. Performance of the Existing F.C Structures and Drainage System
1  Embankment

'he length of the embankment is 29.3 Km. The embankment provided some level of protection
D the western part of the project area against flooding. But the embankment is not in proper
hape and condition. The embankment has settled down at several locations and is vulnerable to
atastrophic failure. Besides, the R/S slope of the embankment has been eroded over a length
bout 8.5 Km in discontinuous stretches, which needs protection with hard materials. The R/S
lope of embankment in some other reaches totalling 15.6 Km in length needs patch repair with
teo-jute and sod protection. The R/S width of the berm over a length of 2.28 Km is less than the
?pecified width of 7.6 m.bBcrm of the specified width is required to be built over the said length
of the embankment. The embankment needs rehabilitation.

1.2 Flood Wall

The length of the flood wall is 5.3 Km. The flood wall is not fully operative as there are some
angated openings in it. Besides, the wall is not in proper condition because of apparent design
feficiency. It has been damaged at many locations. The wall needs remedial measures to make

6
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1 stabie and tfuily operatve. The stability of the wail wiil e assessed and modified design wiil
be prepared, if necessary.

4.3 Sluices

There are 10 sluices on the western flood embankment. Of the 10 sluices, six have been
constructed by BWDB (one as deposn work of DCC) and the other four have been constructed
by the Bangladesh Army. The sluices constructed by BWDB are found stable and adequate in
capacny and are funcllomng satisfactorily. But the sluices constructed by the Army are of
madequate capacity. Besides, they will not be stable undcr the extreme condition. One of the said ~
sluices has already collapsed. They will have to be dismantled and removed on construction of
thc _new sluices. T )

4.4  Drainage System

The existing drainage system is not i proper shape and is not adequate for efficient drainage of
the city area covered by the project. The condition of the drainage system has deteriorated over
the years. The draining capacity of the system has been greatly reduced because of clogging of

/

khals with debris and blocking of drainage ways by indiscriminate construction of structures on :

them. The drainage problem of the city has aggravated over the years because of the following
reasons.

(1) Indiscrimate filling-up of the low'—lying areas of the city without keeping provision for
storm water disposal

(i)  Increased run off due to expansion of the city with pucca surface
(i)  Unplanned urbanization

(iv)  Increased refused water due to increase in the city population.



5 Work Plan (" ‘
5.1 Work Plan and Schedule N

work plan and schedule has been prepared keeping in view the work programme of the
 executing agencies and the extreme tight time constraint. The work plan and schedule is shown
tin fig 2. It is seen from the work plan that as many as 14 broad tasks will have to be
accomphshed in a period of little over 5 months. Of the said tasks, preparation of design and
drawmgs of the different physical components is the main and central task. Timely
lmplcrncntanon of priority work programmes for 1991-92 of the executing agencies depends upon
compIenon of design and drawings in due time. In view of the priority work programmes, which
includes construction of 4 sluices on the western embankment, slope protection, berm building
and borrow -pit filling (under BWDB) and construction of covered drains and culverts (under
"WASA), preparatlon of design and drawings, and review of the design of the work components
_;- oposed for execution during 1991-92, has been accorded top priority in the work plan. Time

schedule for top priority design and drawing work has been so prepared that execution of physical
works can be taken up as per schedule after completing all procedures and formalities. Timing
u period for necessary fieid survey and investigation for design data collection has been 30
aixed in the work plan that preparation of design does not suffer for want of field design data.
O n completion of preparation of d&iéh,_aﬁj\\};ﬁgs and estimates of the priority work, efforts will
be concentrated on design of 3 sluices on the Central Spine Road (the eastern boundary of the
'1- oject), flood embankment & flood wall remedial measures, flood embankment/ flood wall, sheet
}. mg and Central Spine Road raising. Flow chart of activities is shown in fig. 3.

1-power provided and time allowed for the Consultant's tasks in TOR, are too inadequate for

-: 1 by June, 1992.

It 1s evxdcnt from the work plan and schedule that work on construction of the 1€ proposed sluices
on the western flood embankment cannot be taken up before March, 1992. It might not be

possible to comp[etc the construcnon of the sluices by June, 1992 by takmg up the work in

March, 1992. And if it becomes so, about 6 m high ring bundh will have to be constructed
found the structure sites, which will IDVOI;IE —hugc cost. Moreover, the ring bundh will be
erablc to breaching and will need protcctlve measure, including raising in the event of
DNo ally high flood, during flood season. Ring bundh of nominal height (dwarf bundh) will
eIV e the purpose if construction of the sluices is completed in March or early April in one

uu season. And this is quite possible. Besides, the site condition of the location one of the
g q P

8

elr timely completion. It might not be possible to complete all the tasks included in the work ,‘
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sluices (sluice No. S-8 near Nawabgnnj Park) does not permit construction of ring bundh of the

—_—

required height. There is no other suitable site for the sluice. There is a pipe sluice on the
embankment near the site of the pmpor—;chd__sﬂ;é The existing sluice is linked with a sewer line
of the city. The inlet and the outlet of the existing sluice will be closed due to construction of
ring bundh of the required height. Further, the ring bundh will completely block the channel that

flows parallel to the embankment at the sluice site.

{

In view of above factors, it is advisable to defer construction of the sluices till November, 1992.
The BWDB may kindly consider the l'aclors before taking up the work on constructlon of sluices.
52  Field Surveys and Investigations
(a) Field surveys will be made for collection of necessary field design data and information
needed in connection with preparation design and estimates,_of the different structures. The types
of survey that will be made are mentioned below:
(1) Cross-section survey of

- the western flood embankment (29.3 Km)

- part (10.4 Km) of the Central Spine Road

- the drainage channels on which sluices will be constructed

- left bank with a part of the bed of Buriganga at the site of proposed sheet piling
(0.8 Km)

(i)  Plane-table and levelling survey of the sites of the proposed nine sluices

(iii) ~ Topographic survey of the catchment areas of different drainage khals.

The site of the proposed flood embankment/flood wall is in a densely populated area of the city.

Since it is not possible/feasible to make plane-table survey of such area, aerial photo map of the «a,vs
area is needed for fixing the ‘alignment of the embankment/flood wall. \




A
(b) Field investigation involves sub-soil boring and field testing of soil samples. Sub-soil boring

will be done at the following places/points:

- sites of the proposed sluices on the western embankment and the central Spine
Road

- different points along the alignment of the existing flood embankment and
proposed flood embankment/flood wall

- different points along alignment of drainage channels for a length of about 6.19
Km

- site of the proposed sheet piling.
(c) The field investigation and laboratory testing of soil samples in connection with design of
remedial measures for flood embankment will consist of the following :
(i) Sub-soil boring at about 80 locations

(i)  Setting up piczometer and observation well

(iif)  Field testing of soil samples (shear vane testing and permeability test)
(iv)  Standard laboratory tests
- natural moisture content

- wet unit weight and dry unit weight
- specific gravity

- atterberg Limits
- grain size distribution
- consolidation test

v) Specialized laboratory tests

- tri-axial (UU)
i‘ - tri-axial (CU)
i}
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- radial permeability

Detailed programme of field investigation, laboratory testing of soil samples and analysis of test
results, are furnished in Appendix A,

53 Detail Design, Construction Drawings and Specifications
5.3.1  Sluices on the Western Embankment and the Central Spine Road

In the FSR, five sluices have been proposed on the western embankment. It is found on field visit
and investigation that onc of five sluices is not nc&:dc_:é. Construction of the sluices is included in
programme of work for 1991-92. As such preparation of design and drawings of four sluices were
taken up in the 4th week of January, 1992 on priority basis and completed by the 3rd week of
February, 1992. Detailed specifications have also been prepared by the said time. Preparation of
design and drawings of the proposed sluices on the Central Spine Road will be taken up by the
first week of March, 1992 pending collection of sub-soil data. Sub-soil data will be collected
dunng the 2nd half of March and first half of April, 1992. Specification for construction of the

structures will be prepared during preparation of drawing of the sluices.

Design of sluices consists of 4 4 parts, namely hydrological analysis, hydraulic design, structural
design and foundation dccugn Rainfall pattern/ distribution and run off model followed by JICA
in the Study Report on Storm Water Drainage System Improvement of Dhaka City have been
taken as the basis of hydrological analysis for the sluices. As recommended in the JICA's report,
design discharge is estimated by rational formula. The hydraulic, the structural and the foundation
design of the sluices have been prepared as per set design criteria of the BWDB.

Detailed drawings of the structures will be prepared with all necessary details and dimensions.
Specifications for the different items of work will be furnished on the drawing sheets in clear
terms. In case of inconsistency between the drawings and specifications, the latter shall prevail,

5.3.2 Slope Protection of the Western Flood Embankment

Slope protection work of the embankment is one of priority work of 1991-92. Preparation of
design and drawings of the protection work was taken in the last week of January, 1992 on
priority basis and completed by first week of February 1992, Preparation of specifications for the

B
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WOTK was also compieted Dy the Irst week Of February 1992

Toe protection of the embankment for a length of 1.6 Km of the embankment at its extreme
downstream is found to be necessary. Design of the toe protection along with the slope protection
for the said length of embankment was also prepared by the first week of February, 1992.

- The slope protection work has been designed with hard materials and geotextile against flood
. height of 100 yr. return period. Specifications for geotextile have been fixed with due
consideration to grain size and permeability of the embankment soil.

5.3.3 Sheet Piling

Since sheet piling is not included in the work programme of 1991-92, preparation of its design
and drawings will be taken up in mid April, 1992 and completed by the 3rd week of May, 1992.
The soil properties and site condition will dictate the type of piling to be selected and designed.
Specifications for sheet piling will be prepared simultaneously with preparation of drawings.

5.3.4 Flood Embankment/Flood Wall

The embankment construction is not included in the work programme of 1991-92. Design and
drawings of embankment will be prepared during the period from mid April, 1992 to 3rd week
of May, 1992 on completion of sub-soil investigation by 1st week of May, 1992. The
embankment design shall be guided by' the limitations imposed by the soil properties and
construction practices, vis-a-vis the degree of compaction of embankment soil that can really be
achieved. The flood wall (as an alternative of embankment) will be designed keeping in view the
deficiencies of the existing flood wall and the limitations imposed by the site condition.
Specifications for the structures will be prepared during preparation of their drawings. The site
of the proposed structure is in a heavily populated area of the city along the Buriganga river. The
site condition will, to some extent, dictates the specifications for construction of the structures.

b 53.5 Flood Embankment Remedial Measures

Since remedy of the structure is not included in the work programme of 1991-92, preparation of
f"' their design has been accorded the 2nd priority in the consultant's work plan. Preparation of

12
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their design will be taken up in early April, 1992 and will be completed by end of June, 1992.
Their drawings and spccification will be prepared during June, 1992. The design of the remedial
measures for embankment will be guided by the desired degree and rate of consolidation of
embankment sub-soil.

It has been proposed in FSR to adopt A new technolngy, through use of geotextile, in designing
the remedial measures for the flood embankment. The remedial measure will be so designed that
the factor of safety of the sub-garde is 1.2 within 5 years. Wick drains, instead of the
conventional sand drains have been proposed for consolidation of embankment sub-soil. The
rclatlvc merits and demerits of sand drains and wick drains will be examined in the context of
(i) ease of installation (ii) stability during construction (iii) durability and (iv) cost of installation.
The dcmgn parameters of the remedial measures will be determined after characterizing the sub-

grade soil conditions and evaluation of soil properties through field investigation and laboratory
testing of soil samples.

5.3.6 Flood Wall Remedial Measures

Under the "Crash Program" beginning in 1989, the Government, as a priority program of works,
constructed 5.3 km of reinforced concrete flood walls along the southern boundary of the project

in densely populated area of the Dhaka City. Design top level of R/C wall is 0.80 m above the
100 yr. flood level.

From a recent reconnaissance survey the following existing conditions of the R/C walls have been
observed:

(1) Crack due to ehrinkage and scttlement have developed in the R/C wall at many places.

(i) * Atmany locations the walls have been breached to facilitate easy pedstrain and vehicular
access to the river.

. (i)  In some locations spalling out of concrete has occurred.

(iv)  Erosion under the R/C wall as observed at one location could lead to failure of the wall
during period of high water level. Moreover, the exposure of the wall foundation warrants
checking of its stability against lateral pressure during high water level.

13

22~






The remedial measure for the wall will be decided on detailed inspection, sub-soil investigation
and revicw of the design of the wall. The design and drawings of the remedial measures will be
prepared during the period from the 3rd week of May to 1st week of June, 1992.

5.4 Review of Design of Drainage Improvement Works
DWASA has prepared design, drawings and estimates of drainage improvement works included

in priority work programme of 1991-92. The priority programme includes (i) construction of 5
covered drains totalling 6.19 km in length (ii) construction of secondary and tertiary drains for

. alength 15.11 km and (iii) excavation of open drain for length of 1.56 km. The consultants have,

~ on priority basis, completed review of hydraulic design and checking of estimate of most of the
. priority work components by the end of February 1992. Design of the different components of
- work prepared by DWASA is found (o be based on inadequate data. The inadequacies found in
'j the design and drawings have been made up as for as possible by the consultants with cooperation
* of the DWASA official on collection of missing data. DWASA has been advised to maintain
> acceptable minimum standard in preparation of design and drawings. Review of design and
checking of estimate of remaining works under the priority work programme will be completed
- by the 3rd week of April on completion of Sub-soil boring by 2nd week of April, 1992.

. 55 Study on the Pump Station No.3 at Goranchatbari

A pumpmg stauon wnlh an -third of the final design capacity (22 00 cms out of flnal desrgn

'-: design capacny and one- lhlrd of the final capacity has been assessed during the feasibility study
. The effects as assessed from the study are as follows:

Pump capacity Return period of Retarding pond level Corresponding
storm tvent Flooded area
65.2 cms 5 years 40 m 19.9 km?
22.00 cms 5 yenrs 51m 32 km?
22.00 cms 2 yenrs 425 m 22 km?
22.00 cm annunl 3.6 m 12 km?
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As opined in the FSR, further studies are needed to ) determine the best combination of the
ultimate pumping capacity and the e corresponding flooded area. This study will be made during
the 1e bridging period of the project. As shown in the work plan for the bridging period, the study

on the pump station will be made during May and June 1992.

5.6 Estimate and Tender Documents
The design and drawings of the various physical components of the project as described above

are followed by preparation of estimales. The estimates for the following works under BWDB

were prepared and submitted to the Project Director, Project Management Office, BWDB by the
end of February, 1992 :

(1) Four sluices on the western embankment.
(i) Slope protection work with hard materials on the river side of western embankment.
(i) Slope and toe protection work on the riverside of western embankment.

(iv) ~ Berm building, borrow-pit filling, geo-jute and sod protection work including patch repair
work of the western flood embankment.

The cost estimates have been prepared as per the guidelines of BWDB. The estimates of the pipe
drainage works included in the programme of 1991-92 under WASA, have been checked.

The executing agencies are following their normal procedures of tendering for works to be done
through local competitive bidding. Assistance from consultant for tendering and evaluation tenders
will be provided as and when required by the executing agencies. The tender documents for
works to be executed through international competitive bidding will be prepared after preparation
of the design and drawings of the relevant work.

The detailed schedule for the preparation of estimate and tender documents for the works under
first year programme has been shown in fig. 2 (work plan and schedule).

15




5.7 Quality Assurance and Quality Control Programme and Plans, and Construction
Supervision

The quality control is of prime importance in execution of work. For maintaining the desired
quality of work, a quality control programme and plan is being formulated with due
consideration to the factors that affects the quality of work. A check list of the measures which
are required to be adopted in the process of quality control, is being prepared. The detailed
procedures of inspection and quality control measures will be established in consultation with the
concerned officials of the executing agencies. The consultant's Construction Supervision Engineer
will assist the executing agency in ensuring adoption of quality control measures. He will also
ensure that the set procedures of quality control measures are understood by the staff of the

executing agencics and the contractors. He will maintain necessary records of all matters relating
to quality control.

The Construction Supervision Engincer will impart training jo the staff of executing agencies and
the contractors in the efficient implementation of the quality control measures.

5.8 Project Implementation Monitoring and Evaluation

With the mobilization of project personnel and sequential progress of the work, a process of
regular monitoring and evaluation of the on-going, accomplished and future work has been
established for the timely execution of the work targetted for the contract period.

The M & E procedure will include (i) identification of the tasks to be accomplished within a
stipulated period (ii) formulation of work plan and schedule (iii) regular site visits, periodic
meeting with the concerned official of the executing agencies, review of progress at each phase
of work and preparation of progress report (iv) identification of the constraints and problems, if
any, that stand on way to smooth exccution of work (v) formulation of measures for removing
constraints and solving problem in cxecution of work.

The above mentioned procedures will be followed in monitoring and evaluation of project
implementation.
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5.9 Reports

Reporting requirements are specified in the Terms of Reference for the consultancy services under
the Dhaka Integrated Flood Protection Project (Bridging period).

The reports specified in the Terms of Reference are :
(1) Monthly progress reports commencing from March, 1992
(i)  Inception Report after 7 weeks from the date of commencement of consultancy services
(iii)Assignment completion report
- draft report will be submitted 10 days before the date of expiry of contract period

. final report will be submitted on 30th June, 1992 period.
The schedule of submission of the above reports are also shown in the work plan and schedule.

6. Implementation and Organisation

6.1 Summary of the Inception Phase Activities

During the Inception Phase, the consultants have maintained close contact with the Project
Director, PMO and have met the concerned officials of the executing agencies (BWDB, WASA,
DCC and RAJUK) for discussion on the relevant matters.

Submission of this report ends the Inception Phase of the project. As shown in the work plan,
quite a number of tasks were completed and some others were in progress during the Inception

Phase. The task completed and in progress during the Inception Phase are mentioned below.

Task completed

(1) mobilization

17



(ii) collection and review of available reports, maps and data
; (itf)  reconnaissance ficld visits

(iv)  field survey in connection with collection of field design data for the sluices

(v) site selection of 4 sluices on the western embankment

(vi)  site selection of sluice on the Central Spine Road

L (vii)  sub-soil investigation at the f[our sluice-sites
. (viii) cross-section survey of the western flood embankment (about 29.3 m)

(ix)  design, drawings and estimate of the slope protection work of the western embankment

(x)  design, drawing and estimate of berm building of the western embankment

(xi)  design, drawing and estimate of four sluices on the western embankment

1 (xii) review of hydraulic design of 7.75 km of drainage khals included in the programme of
1991-92 (WASA)

(xiii) review of hydraulic design and checking estimate of 15.11 km of piped drain included in
the programme of 1991-92 (WASA)

(xiv) preparation of detailed programme for field investigation of sub-soil and laboratory testing
of soil samples of the flood embankment in connection with design of its remedial
measures

(xv)  preparation of Inception Report, including a detailed work programme

Tasks in Progress

() sub-soil boring and field testing of soil samples of the western embankment in connection

with design of remedial measures

18
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(i1) estimate of borrow-pit filling of the western embankment

(iii)  reconnaissance survey in connection with demarcation of catchment area of one sluice on
the Central Spine Road

(iv)  sub-soil boring along the alignments of covered drains totalling 6.19 Km in length
(WASA)

(v) review of structural design of drainage system improvement works (WASA).

6.2 Project Implementation Summary

Project implementation will be completed through execution of the items of work and activities
described in chapter 5 and shown on the work plan and schedule. The schedile of works and
activities shown in the work plan conform to those as stipulated in the TOR except the item No.
6 of the work plan. The item of work as mentioned in the TOR under drainage system
improvement works is __ preparation of detailed engineering design, drawings, specifications and
contract documents. But design of the said work has been prepared by DWASA. So the design
is to be reviewed and estimates of works are to be checked.

The proposed work plan and schedule will permit execution of the works included in the work

programme for 1991-92 of executing agencics, except the flood proofing works (part 1) of the
Central Spine Road.

With the existing strength of Design Engineers in project team, it might not be possible to prepare

design, drawings and cstimates all the physical components as included in the work plan within
the contract period.

6.3 Project Organization

The organization chart of the consultant's project team is shown in figure 4. The lines of
responsibility within project team are indicated in the chart. Communication and contact with
BWDB and other exccuting agencies will be through the Team Leader. The Project Co-ordinator
is responsible for project implementation monitoring and evaluation. He will also coordinate the
activities of the expatriate and the domestic consultants as well as administrative and support

19
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service. The Project Implementation Advisor will advise and Assist the Team Leader on technical
matters and will coordinate the activitics of the expatriate staff of the team.

Mobilization of the stafl of the project team started on 8.1.1992. The Team Leader, the Municipal
Engineer and two Junior Engineers were mobilized on 8.1.92. The remaining domestic staff of
the team were mobilized on the dates as shown in table 2. Mobilization of domestic staff was
completed by 5.2.92 ana that of expatriate staff is expected to be completed by mid May, 1992.
The manning schedule is shown in figure 5.

The matrix of task responsibility of the consultants' staff is shown in figure 6.

7. Comments on Terms of Reference
rd

The Terms of Reference have been reviewed by the consultant. The scope of work in the TOR
is tailored to satisfy the objective of formulating work plan for the bridging period under the
project. The task involved are, in most cases, well defined. But the tasks and the consultant's
responsibility are found overwhelming in relation to the man-power provided and time allowed
for them. Preparation of detailed design, construction drawings and estimates of the different
components of physical work, are the main tasks of the consultants. Two Design Engineers as
provided for the design work are considered inadequate. It might not be possible to prepare
detailed design and drawings of all physical components of work by June 30, 1992 with two
Design Engineers.
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TABLE - 1

Existing and proposed physical components (major)
under the DIFP Project, phase-I

Quantity
Physical Components Total Existing Proposed Remarks
Part A : Flood Protection
1. Western Flood Embankment|29.3 km | 29.3 km Nil
2. Flood wall 6.1 km 5.3 km 0.8 km
3. Sheet piling 0.8 km Nil 0.8 km
4. Sluice
a) on the western
embankment 10 Nos. 10 Nos. 4 Nos. |Of the 10 sluices,
4 constructed by
b) on the central Army shall have to
spine road be dismantled and
13 Nos. Nil 13 Nos. |removed on comple-
tion of construct-
ion of four sluices
5. Pump House 1 No. Nil 1 No.
6. Central spine road g 8.0 km - 8.0 km
raising
Part B : Drainage
1. Khals 78.6 k 78.6 km - Need rehabilitation
and upgrading
2. Piped drains 50.7 k Nil 50.7 km
Part C : Environmental
Improvement prog.
1. Slum and squatter area 1 item - 1 item
improvement for 8725
families
2. Public toilet 35 Nos. Nil 35 Nos
3. Low cost Sanitary 5500 Nos Nil 5500 Nos

Latrine




TABLE = 2

Dates of Mobilization of Project Personnel

81, Name Position Date of |Expected
No. Joining |Date of
Joining
A. DOMESTIC CONSULTANTS
” 01. Mr. Abdul Barik Bhuiyan Team Leader 08-01-92
02. Dr. M. Shadullah Project Co-ordinator 08-01-92
) 03. Mr. A.K.M. Akhtaruzzaman Geotechnical Engineer 16-01-92
04. Mr. Md. Abdus Sattar Design Engineer - 05-02-92
05. Mr. S.M. Muhibbullah Design Engineer 15-01-92
06. Mr. A.Y.M. Imtiazul Hoque |Municipal Engineer 08-01-92
07. Mr. Feroze Ahmed Drainage Engineer 01-02-92
08. Mr. Mohiuddin Construction’
a Supervision Engineer 11-01-92
09. Mr. G. Mostafa Junior Engineer 08-01-92
10. Mr. Abu Jalal Junior Engineer 08-01-92
11. Mr. B.A. Hamid Financial Specialist 07-03-92
12. Mr. waliullah Community Development
Specialist 07-03-92
B. INTERNATIONAL CONSULTANT
01. Mr. M. Williams Project Implementation 03-03-92
Advisor =
Not yet
02. Mr. D. Thirkill Drainage Engineer known
03. Mr. R. Berlin Municipal Engineer 15-01-92
04. Dr. N. William Geotechnical Expert 15-05-92
05. Mr. R. North Geotechnical Specialist 13-01-92|13-04-92
(Rejoin-

ing date)
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1. INTRODUCTION

1.1 ‘Scope

Field investigations will be located along and across the alignment of the existing western
embankment starting at Tongi Bridge and proceeding in a westerly and southerly direction.

1.2 Intent

Several contractors will be simultaneously involved in undertaking the field and laboratory
testing works described herein. It is therefore essential that minimum and uniform quality
standards, methods and report documents are used by all contractors. Sophisticated testing and
analyses will be performed as part of this project and it is of critical importance to obtain high
quality samples from the field program, and high quality results from the laboratory testing.

It is the intent of this document to provide a framework for the work to be completed in
a consistent manner. The Contractor should understand .and be aware of the contents of this
document and should ensure that involved personnel implement appropriate sections. All work
will conform to the standards of the American Society for Testing and Materials (ASTM) except
as described differently herein or as amended by the Consultant.

13 Objectives

Soft soils are present along the embankment alignment, and catastrophic failure of the
embankment has occurred in several locations due to the inability of the underlying soils to
support the embankment. The embankment has also sustained considerable damage due to erosion,
vectors, poor .construction, and poor construction quality control and quality assurance. Sections
of the embankment have been repaired. However, some repaired sections have failed after being
repaired and other sections of the embankment are considered to be at risk of further catastrophic
failure.

Louis Berger International, Inc. and their associates performed an investigation in February
1990 to determine the causes of failure and to develop remediation options. The findings of this

investigation were presented in "Interim Report No. 1, Dhaka Integrated Flood Protection, FAP-
88", dated May 1991.

The report characterizes the damaged sections into three Classes: I, II, and III, as those
requiring immediate (I), short-term (S), and medium- “to long-term (M) remedial actions,
respectively. The lengths of embankment in the different classes were as follows:
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Class Action Embankment Embankment

Level Length Length
(m) (%)
I I 4,700 16.1
11 S 3,050 10.4
I11 M 3,150 10.8
10,900 37.3

The objectives of the present field and laboratory testing program and subsequent analyses
will be to:

« better characterize the extent of the problems;

« refine the estimates of the limits of the Class I, IT and III areas;

« determine the interface between the embankment fill soils and the original soils;

« characterize the stratigraphy along the embankment alignment;

« perform in situ tests to obtain quantitative soil parameters;

« obtain disturbed and undisturbed soil samples for identification and laboratory testing;
« perform laboratory tests to obtain quantitative soil parameters; and

« use the data collected to perform remedial designs.

14

The Consultant recognizes that the proposed field and laboratory testing program comprises
a quantity of work which is beyond the capacity of a single contractor. The Consultant
anticipates that at least two contractors will be engaged to perform the field program. The
Consultant also anticipates that these contractors will also be capable of performing most of the
routine laboratory tests. However, the Consultant appreciates that additional laboratory tests
(namely: consolidation, unconsolidated undrained triaxial (UU), consolidated undrained triaxial
with pore pressure measurement (CU), and triaxial permeability) will require the services of
contractors other than the field program contractors. The Consultant will stipulate which other
contractor(s) will perform these additional tests and the Contractor entering into this agreement
will be responsible for transporting and delivering the soil samples to the laboratory testing
contractor(s) in a timely manner.

1.5 Document Organization

The remainder of this document is organized as follows:

« Section 2 details the soil borings that will be drilled and the procedures that will
adopted to drill the borings.
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Section 3 describes the field sampling procedures that will be followed to obtain
disturbed and undisturbed samples.

Section 4 describes the in situ field tests that will be performed and the procedures that
will be followed.

Section 5 describes the laboratory testing that will be performed and the procedures to
be followed.

Section 6 describes the periodic and final reports which are to be submitted.

Section 7 contains a list of references.




2. SOIL BORINGS

It is proposed to drill eighty-two borings (minimum 120-mm (5-in.) nominal diameter)
along the embankment alignment. The borings will be drilled from the top of the embankment
and on the side slopes of the embankment. Many of the borings will be drilled in areas where
embankment failures have occurred.

The borings will be located by the Consultant. The Consultant will also establish the
ground surface elevation and/or the elevation of a reference marker at each boring position. The
Contractor will use the reference elevations in performing and reporting field activities. The
Contractor will drill the boring within 0.5 m (1.5 ft) of the marked position; greater deviations
will require the approval of the Consultant. Companion in situ shear vane testing will be
performed within 0.5 m (1.5 ft) of a boring after the boring is completed.

The intent is to drill each boring through the silt and clay stratum, which is thought to®
underlic the embankment alignment, and a minimum of 3 m (10 ft) into a continuous sand
stratum. This depth may be increased if conditions at a particular location are thought to consist
of alternating clay and sand strata having thicknesses greater than 3 m (10 ft). It is anticipated

that boring depths will not exceed 35 meters (120 ft). The actual depths will be dependent on
the field conditions.

2.1 Boring Method

The borings will be drilled vertically using a wash boring technique and rotary equipment.
capable of pushing undisturbed sample shelby tubes by hydraulic pressure. Casing will be
installed in each boring as it is advanced to stabilize the upper part of the boring and to provide
a drilling fluid return conduit. Water will be used as the drilling fluid; however, if the sides of
the boring are unstable bentonite shall be mixed with the drilling fluid to increase its density,
and/or the casing will be advanced to a greater depth.

If the casing is driven by a free falling hammer the number of blows of the hammer and
the drop height of the hammer will be recorded for each 0.3 m (1 ft) of casing length. This

resistance to penetration information may be helpful as an additional guide to determining the
subsurface stratigraphy.

In situ tests will be performed in the borings and both disturbed and undisturbed soil
samples will be obtained from the borings.

Ground-water levels should be obtained in each boring as it is being advanced, as a
minimum when ground water is initially encountered and subsequently at the commencement and
end of each day's drilling. In addition, ground-water levels should be checked after breaks (eg.
equipment failure, delays, and meal times) and as casing is installed to different depths.



As a minimum the following information should be recorded for each ground-water leve]
recording:

¢ the elevation of the ground surface (or other reference position);

* the height of the top of the casing above the ground surface; and

+ the distance from the top of the casing to the water in the boring. This should be
recorded with a weighted tape or other device approved by the Consultant. The

In order to obtain the detailed information that is being sought by this field investigation
it is imperative that the top elevation and depths of the borings, samples, casing, etc., be known
at all times. Therefore the lengths of all drilling equipment must be accurately known and
recorded. Drilling rods and casing should all be of standard lengths. 'Odd' length equipment

should neither be brought to the site nor used. The Consultant may require that any such
equipment be removed from the site.

All equipment must be maintained in good and proper working condition. The Consultant
may direct that inadequately maintained or calibrated equipment not be used.

2.2 Sampling and Testing Intervals

Different sampling and in situ testing intervals and sequences will be used in depending on
the subsurface materials and circumstances. Four different conditions have been identified for
which different sequences are proposed, as follows, and as detailed in Table 2.1.

Sequence 1. Embankment fill soils will be sampled and tested continuously in all
borings using a combination of SPT's and undisturbed samples.

Sequence 2. The silt/clay stratum will be sampled and tested continuously in areas
where deep seated failures have occurred until the failure surface has
been reached. SPT's and undisturbed samples will be taken.



Sequence 3.  The silt/clay stratum will be sampled and tested at intervals in areas
where deep seated failures have not occurred and below the failure

surface in areas where they have occurred. SPT's and undisturbed
samples will be taken.

Sequence 4. The underlying sand stratum will be sampled and tested at intervals
using SPT's.

The sequences, test orders, and intervals described above and shown in Table 2.1 should
not be construed as fixed; they may be changed as the field program progresses to reflect
experience gained and may be changed in individual borings in response to individual conditions.
In developing Table 2.1 it has been assumed that both SPT's and undisturbed samples will have
a length of approximately 0.45 m (1.5 ft). A
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TABLE 2.1
IN SITU SAMPLING AND TESTING
CONTINUOUS SAMPLING INTERVAL SAMPLING
SAMPLE
AND IN
SEQUENCE SEQUENCE SEQUENCE | SEQUENCE
SITU
1 2 3 4
TEST
ORDER § ™"y " | "o | Mg nnos o
surface surface and in
(5) (2) non-tai:(l\;lze areas
1 SPT SPT SPT SPT
2 Undisturbed Undisturbed Undisturbed Gap
3 SPT Undisturbed Undisturbed SPT
L SPT BPT SPT Gap
5 Undisturbed Undisturbed Gap SPT
6 SPT Undisturbed SPT Gap
7 SPT SPT Undisturbed SPT
8 Undisturbed Undisturbed Undisturbed Gap
Notes:

B —

- Sequence 1, approximate undisturbed sample interval 1.5 m (5 ft).
- Sequence 2, approximate SPT interval 1.5 m (5 ft).

3. Sequence 3, approximate SPT interval 1.5 m (5 ft) and approximate
interval between pairs of undisturbed samples 3.0 m (10 ft).

4. Sequence 4, approximate SPT interval 1.5 m (5 ft).

5. Assumed SPT sample length approximately 0.45 m (1.5 ft) and

undisturbed sample length approximately 0.45 m (1.5 ft).

23 Sample Descriptions

In order to achieve consistency between different parties it is essential that a consistent
system of soil description be adopted. A description must be provided for every sample obtained.
Sample descriptions should follow ASTM D 2488. The following descriptors may be used to
indicate material composition of secondary constituents:

o trace < 10%,

o little 10 - 20%,

+« some 20 - 35%, and
o and 35 - 50%.
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Specimens must be classified using the following material limits:

« clay < 0.002 mm,

o« silt 0.075 - 0.002 mm, <#200 sieve,

« fine sand 0.425 - 0.075 mm, #40 - #200 sieve,

+ medium sand 2.0 - 0.425 mm, #10 - #40 sieve,

* coarse sand 4.75 - 2.00 mm, #4 - #10 sieve,

« fine gravel 19.0 - 4.75 mm, 0.75 in. - #4 sieve, and

* coarse gravel 75 - 19 mm, 3 in. - 0.75 in. sieve.

In addition the following descriptors should be used when appropriate (abbreviated
explanations/examples are provided, see ASTM D 2488 for complete explanations) and those

underlined should always be given:

* group name (e.g. Fill, Alluvium, Residuum),

« color,

* consistency (very soft, soft, firm, hard, very hard),
« moisture condition (dry, moist, wet),

+ dilatancy (none, slow, rapid),
* structure (stratified (>6 mm layers), laminated (<6 mm layers), fissured, slickensided
(polished failure planes), blocky, lensed (note thickness of lenses), homogeneous),

+ dry strength (none, low, medium, high, very high),

* cementation (weak, moderate, strong),

« angularity of coarse-grained material (angular, subangular, subrounded, rounded),

* particle shape (flat, elongated, flat and elongated),

* organic material, clay, silt, or peat,

« odor (particularly for organic deposits),

* toughness (low, medium, high), and

 additional data (roots, holes, mica, etc).
In the description the group name (if given) and the primary component should be capitalised.
The first letter of sccondary components should be capitalised. Descriptors should be separated

by commas. For example:

FILL. Light brown, red and grey, fine to medium SAND, little Gravel, some Silt
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and Clay, moist, roots of diameter less than 6 mm. Fines have moderate plasticity.

Records

The driller, or person responsible for each boring, shall maintain for each boring, at the
time of drilling, as a minimum the following details:

the project name and location;

the boring reference and location;

the date and time of drilling;

personnel information, as a minimum the name of the driller and any supervisory staff;
the make and type of drilling equipment used;

a sketch of the boring location including its position relative to site features;

soil descriptions of samples recovered;

sample records as described in Section 3;

details of casing installation;

details of ground-water readings;

details of piezometer or observation well installation;

details of other subsurface and drilling information, such as presence of hard or soft
layers, change of materials, change in return water color;

details of equipment breakdown, and intervals between continuous drilling (e.g. meal
breaks, shift changes and normal end of day and start of day breaks); and

other such information as may assist in interpreting the subsurface conditions.

To assist in the correlation and interpretation of the data the Consultant has prepared a
standard Field Boring Log to be used to record the boring information. A copy of this log must
be given to the Consultant at the completion of each boring. The Contractor may also use its
own field record in addition to the above log. The Consultant may also, at his discretion, develop
additional standard forms during the field program, that the Contractor will be required to
complete, to assist in record keeping.
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3. SAMPLING

Field sampling will be undertaken, at the intervals described in Section 2.2 above, to obtain
representative samples of the different subsurface materials encountered. Both disturbed and
undisturbed samples will be obtained. Each sample, whether disturbed or undisturbed, will be
identified as described in ASTM D 420 showing, as a minimum, the following information:

« the project name and location;
« the boring reference;

« the date;

» the sample reference; and

« the depth and interval below ground level of the sample;

Samples shall be transported to the laboratory, at least on a daily basis, for storage and
testing, in accordance with ASTM D 4220. In particular, undisturbed samples will be classified
as Group D (samples that are highly sensitive and which will be subjected to, inter alia,
consolidation, permeability and stress-strain tests) and shall be transported and stored in cushioned

purpose made containers which will permit the samples to remain in a vertical position.

3.1 Disturbed Samples

Disturbed soil samples will either be obtained by hand sampling from cuttings or from the
split-barrel sampler used to perform standard penetration tests. Hand samples will be collected
at the Consultant's or driller's discretion for visual identification and possibly classification type
laboratory tests.

Standard penetration testing and split-barrel sampling (SPT) will be performed in
accordance with ASTM D 1586. A split-barrel sampler, 1.38-in. (34.9-mm) internal diameter and
2.0-in. (50.8-mm) external diameter, is driven into the soil using a hammer weighing 140 Ib (63.5
kg) and falling freely from a height of 30 in. (0.76 m). The number of blows of the hammer
required to advance the split-barrel each of three consecutive 6-in. (150-mm) increments is
recorded unless one of the following has occurred:



gh

+ atotal of 50 blows is applied in any one of the three 150-mm (6-in.) increments;
+ a total of 100 blows have been applied; or
+ there is no observable advance of the sampler during the application of 10 successive

hammer blows.

The standard penetration resistance is recorded as the sum of the blows required to drive the split-
barrel sampler the final 300 mm (12 in.).

Essential procedures in performing this test are:

+ clean the boring to the sampling elevation;
+ maintain the liquid level in the boring above the piezometric ground-water level;
« lower the sampler to the bottom of the boring; and

+ perform the test using a trip-hammer without interruption.
After removing the sampler from the boring it will be opened and the following performed:

+ the soil recovery will be measured, discounting any cuttings, and recorded;
+ the soil will be described by the driller on a field log; and

* asample of the soil will be preserved for laboratory testing.

32 Undisturbed Samples

Undisturbed samples will be taken to obtain samples suitable for laboratory consolidation,
permeability and triaxial stress-strain tests. Undisturbed samples will be obtained in clay and silt
deposits using thin-wall (shelby) tube and piston sampling techniques. The aim of this type of
sampling is to obtain soil samples of the highest quality that have been subjected to a minimum

degree of sample disturbance. .

The tubes will be circular in cross section and must be free of rust and dirt. The tubes shall
have a minimum diameter of 70 mm (3 in.) and a retrieved sample length of at least 0.45 m (1.5

ft). The drilling equipment must be capable of both pushing the tubes into the soil and extracting
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the tubes from the soil at a steady rate. Tubes should not be "hammered" into or out-of the soil.

The sampling procedures are described in ASTM D 1587. Essential sampling procedures
are:

+ clean the borehole to the sampling elevation;
¢ maintain the liquid level in the boring at or above the piezometric ground-water level
f during sampling;
] « lower the thin-wall sampler (or piston sampler) to the bottom of the hole;
| * push the sampler into the soil using a continuous motion at a rate of approximately 75
to 150 mm/sec (3 to 6 in./sec);
+ withdraw the sampler from the soil carefully-lo minimize sample disturbance; and
* remove disturbed cuttings from the upper end of the tube and measure the length of
sample; '
+ determine the shear strength of the sample using a hand operated miniature vane, in
accordance with ASTM D 4648 on the soil in the bottom of the tube;
* remove approximately 1 in. (25 mm) of soil from each end of the tube for identification
purposes and preserve separately; and

« seal both ends of the sample with wax and attach a protective cap to both ends of the
tube.




4. FIELD TESTING

In addition to the SPT tests, described in Section 3.1, and hand operated miniature shear
vane lests mentioned in Section 3.2, in situ permeability tests and shear vane tests shall be
performed. The actual test schedule will be determined at the time of drilling to reflect the actual
field conditions encountered and the test equipment available.

4.1 Permeability Tests

In situ permeability tests will be performed using either open hole rising or falling head
tests or double packer tests. Borings in which permcability tests are performed must be drilled
with clear water to reduce the possibility of forming a smeared zone along the walls of the
boring. When the boring has reached the desired depth _the boring is thoroughly cleaned by
washing with clear water until a clean surface of undisturbed material is present along the sides
and at the bottom of the boring.

In open hole tests, rising head tests will be preferred to falling head tests since with falling
head tests there is a possibility of clogging the soil pores with sediment from the water in the
boring. However, falling head tests will have to be performed if there is a risk that the soil at
the bottom of the hole will become quick due to the hydrostatic pressure gradient. The bottom
of the boring must be sounded after each rising head test to determine if the bottom of the hole
has heaved. The tests will be performed twice at each depth to ensure a consistent result.

Rising head tests will be performed by bailing water from the boring and recording the rate
of rise of water in the boring at intervals until the rate of level change becomes small. Falling
head tests are performed by filling the casing with water and recording the rate of fall of the
water level as the water seeps into the soil.

The appropriate reading intervals will depend on the-permeability of the soils but frequent
enough to establish an equalization diagram. The test time should be greater than 5 minutes.
Water level readings are usually taken 1, 2, and 5 minutes after the start of the test and at 5
minute intervals thereafter until the rate of change has become negligible.




Appropriate procedures for packer tests will be determined based on the equipment which
may be available.

For either test the following minimum information must also be recorded:

* the depth from the ground surface to the ground-water (piezometric) level before and
after the test;

« the inside diameter of the casing;

* the height of the casing above the ground surface;

¢ the installed length of casing,;

+ the diameter of the boring below the casing;

+ the depth to the bottom of the boring below the top of the casing;

« the zone being tested;

* the depth to the standing water level from the tap of the casing; and
+ adescription of the material being tested.

4.2 Vane Shear Tests

In situ vane shear tests will be performed in cohesive soils to obtain shear strength
information. Vane shear tests will be performed in accordance with ASTM D 2573 It is the
intent that vdne shear be performed in borings advanced adjacent to the borings used to collect

samples. However, at the Consultant's discretion, tests may be performed in the same boring
used to collect samples.

The Consultant recognizes that different types of vane shear equipment are available in
Dhaka and the Contractor's equipment may not comply with the requirements of ASTM D 2573.
Approval of such equipment will be at the Consultant's discretion and appropriate test methods

will be agreed. The following notes apply to the desired method of testing using equipment with
a drive gear mechanism. %

The vane shear test should be performed in such a way that friction between the soil and
rods and within the gear housing is determined. The recorded vane shear strength will be

adjusted to compensate for friction. The vane shear test will be conducted at a rate of angular
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rotation of less than 0.1 degree/sec (6 degree/min). It should be anticipated that time to failure
will be on the order of 5 to 10 minutes. If rapid failures occur the angular rotation rate will be
reduced. After the maximum torque has been determined the vane will be rotated rapidly through
at least 10 complete revolutions to remould the soil and the remoulded resistance determined
immediately using the same procedure as initially. The vane shear tests will generally be

conducted at an interval of 1 m (3.3 ft) in companion borings.

The following minimum information must be reported for each test:

« boring number;

« date and time of test;

« name of person performing test;

» size and shape of vane;

+ depth of vane tip;

« torque readings at 1 degree intervals during undisturbed test and 2 degree intervals
during remoulded test and maximum torque readings;

« time to failure;

« rate of rotation; and

« notes on deviation from standard practice.

Prior to performing any tests on the project the equipment must be calibrated and friction
components determined. The friction components must be rechecked at regular intervals during
the project. The appropriate interval will be determined by the Consultant depending on the type
of equipment, its performance and (reatment in the field.




5. LABORATORY TESTING

Laboratory tests will be performed to evaluate the properties of embankment and subgrade
soils. The laboratory program is designed to obtain parameters to analyze the stability of the
existing embankments and to design appropriate remedial measures.

The tests detailed in Table 1.1 and described in the subsections below are planned.
References of the ASTM designations given in the text are presented in Section 6. Other tests
or variations of the proposed (ests may be deemed necessary during execution of the Field
Investigation Plan depending on the soils encountered and the results obtained. The actual *
laboratory test schedule will be determined by the Consultant as the field work is performed.

All equipment used, including gauges, balances, load cells, etc. must be calibrated and the
j documentation made available for inspection.

In order to assist in the compilation and analysis of the laboratory data the Consultant will
prepare forms for all or some of the tests and the Contractor will be required to submit the data
to the Consultant upon the completion of each test.

5.1 Moisture Content

Moisture content determinations will be routinely performed on all samples. The tests will
be performed in accordance with ASTM D 2216,

52 Wet and Dry Unit Weights

Wet and dry unit weights will be routinely determined on all undisturbed samples.

5.3 Atterberg Limits Tests
Atterberg Limits tests will be routinely performed on all plastic inorganic and organic
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samples. The tests will be conducted in accordance with ASTM D 4318.

5.4 Particle Size Analysis

Particle size determinations will be routinely made on cohesive and cohesionless samples.
The tests will be conducted in accordance with ASTM D 422. Sieve analyses will be performed

on all samples and hydrometer analyses on samples passing the No. 10 (2.00-mm) sieve.

Sieve tests will be performed using, as a minimum, the following sieve sizes: 3/4 in. (19
mm), 1/2 in. (12 mm), 3/8 in. (9.5 mm), No. 4 (4.75 mm), No. 10 (2.00 mm), No. 20 (0.85 mm),
No. 40 (0.425 mm), No. 60 (0.250 mm), No. 100 (0.150 mm), and No. 200 (0.075 mm).

Hydrometer tests will be pcrforméd using a hydrometer of type 151H or 152H for which
a composite correction graph has been determined. The composite correction graph, showing the

date of calibration, should be submitted to the Consultant for approval prior to performing any
hydrometer tests.

5.5 One-Dimensional Consolidation Test

One-dimensional consolidation tests will be performed on cohesive soil samples. The tests
will be performed in accordance with ASTM D 2435. Precautions must be taken to minimize
disturbance to the soil samples during preparation of the samples. Specific gravity determinations
will be made in accordance with ASTM D 854 on samples adjacent to the test specimen. The
following procedures will be used for the consolidation test:

+ the specimen will be subjected to a load increment ratio (LIR) of one to produce a
doubling of pressure on the soil. Values of 12, 25, 50, 100, 200, 400, 800 and 1,600
kN/sq. m (0.12, 0.25, 0.5, 1.0, 2.0, 4.0, 8.0 and 16.0 tons/sq. ft), or a similar sequence
will be used. Smaller increments may be used at low pressures in the region of the
preconsolidation pressure if poorly defined curves are consistently produced;

« the loading will be continued to a pressure of at least four times the preconsolidation
pressure;



=

5.6

an unload-reload cycle will be performed at a pressure approximately 1.5 to 2 times
greater than the preconsolidation pressure. A load increment (decrement) ratio of two

will be used during unload-reload cycles and unloading will span two pressure
decrements;

an unloading schedule will be performed after application of the maximum load using
an LIR of two.

the change in height of the sample will be read for each load application, as a
minimum, at times of 0.1, 0.25, 0.5, 1, 2, 4, 8, 15 and 30 minutes and, as necessary,
at 1, 2, 4, 8, and 24 hours. Each load will be left in place until at least two cycles of
secondary compression have occurred; however, load increments may be applied at 24
hour intervals if primary consolidation has completed;

time-deformation curves will be produced for each load increment using both the log
of time method and the square root of time method. The coefficient of consolidation
and the time for primary consolidation will be computed from the average of the log
of time and the square root of time methods and secondary compression coefficients
will be determined from the log of time curves;

the consolidation readings will be adjusted to determine the deformations at the end of

primary consolidation for each load;

a curve of cumulative work done at the end of primary consolidation (vertical effective
stress * cumulative strain) (y-algebraic scale) versus vertical effective (x-algebraicscale)
will be prepared (Becker, 1987);

a curve of strain at the end of primary consolidation versus log of pressure will be
prepared,

the recompression ratio (RR), virgin compression ratio (CR), and preconsolidation

pressure (P.) will be determined, using the methods of Casagrande, Schmertmann
(1955) and Becker (1987); and

a graph of coefficient of consolidation versus log of pressure will be prepared.

idated d

UU tests will be performed on cohesive samples in accordance with ASTM D 2850. Three

specimens will be tested from each specimen at different confining pressures. The pressures will

be approximately 0.5, 1, and 2 times the in situ vertical total stress.
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5.7 . . . s :

Neither in situ vane shear tests nor laboratory UU tests can relate changes in strength to
increases in consolidation in a rational manner. In addition, both shear vane and UU tests may
give unreliable estimates of shear strength due to sample disturbance and the applied shear
system. CU type testing will be performed to overcome these deficiencies. These tests will be
performed generally in accordance with ASTM D 4767. However, to obtain data that can be used
and interpreted rationally, the tests will be run to obtain normalized soil parameters using the
SHANSEP method developed by Ladd and Foott (1974).

The following general procedures will be used. However, the Consultant will develop

specific procedures in consultation with the contractor(s) who will perform these tests:

test specimens will be consolidated anisotropically under a K stress system based on

the stress history data gathered from consolidation tests;

« some specimens will be consolidated to different pressures above the preconsolidation
pressure and then sheared (i.e. at an overconsolidation ratio (OCR) of 1). Other
specimens will be consolidated to pressures above the preconsolidation pressure and
then unloaded to different stress levels, to simulate overconsolidation (i.e. to produce
specimens with OCR's >1), and then sheared;

+ all specimens will be sheared in compression (unless the capability exists to perform
extension tests) with pore pressure measurements; and

« shear strength data will be presented in terms of p, q stress path plots; and

+ in addition, at least the following plots will be required for each test:

(p, - py) versus axial strain;

(p,/p4) versus axial strain;

change in pore pressure versus axial strain; and

pore pressure parameter "A" versus axial strain.

5.8 I'riaxial Permeability Test

Triaxial permeability tests will be performed on cohesive soil samples. The tests will be
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conducted generally in accordance with ASTM D 5084. Two test methods may be used. One
method follows ASTM D 5084 and permits only vertical drainage to obtain the vertical
permeability. The other method developed by GeoSyntec Consultants only permits radial
drainage and prevents vertical drainage. The Consultant will develop specific procedures in

consultation with the contractor(s) who will perform these tests.
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6. REPORTING

The Contractor will be required to prepare a final report which, as a minimum, contains the
following:

« details of the field and laboratory work performed;
+ details and descriptions of the methods employed;
» data from the work performed;

» test results;

P » analysis of test results where appropriate;

« conclusions and recommendations.
The report format shall contain a mixture of text, tables, graphs and location plans.

In addition, the Contractor will be required to submit such reports and documents necessary

to enable the Consultant to remain current with the testing program and to verify the Contractor's
monthly invoices.
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7. REFERENCES

ASTM D 420 Standard Guide for Investigating and Sampling Soil and Rock.

ASTM D 422 Standard Test Method for Particle-Size Analysis of Soils.

ASTM D 854 Standard Test Method for Specific Gravity of Soils.

ASTM D 1586 Standard Method for Penetration Test and Split-Barrel Sampling of Soils.
ASTM D 1587 Standard Practice for Thin-Walled Tube Sampling of Soils.

ASTM D 2216 Standard Test Method for Laboratory Determination of Water (Moisture) Content
of Soil, Rock, and Soil-Aggregate Mixtures.

ASTM D 2435 Standard Test Method for One-Dimensional Consolidation Properties of Soils.

ASTM D 2488 Standard Practice for Description and Identification of Soils (Visual-Manual
Procedure).

ASTM D 2573 Standard Test Method for Field Vane Shear Test in Cohesive Soil.

ASTM D 2850 Standard Test Method for Unconsolidated, Undrained Compressive Strength of
Cohesive Soils in Triaxial Compression.

ASTM D 4220 Standard Practices for Preserving and Transporting Soil Samples.

ASTM D 4318 Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of
Soils. -

ASTM D 4648 Standard Test Method for Laboratory Miniature Vane Shear Test for Saturated
Fine-Grained Clayey Soil.
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ASTM D 4750 Standard Test Method for Determining Subsurface Liquid Levels in a Borehole
or Monitoring Well.

ASTM D 4767 Standard Test Method for Consolidated-Undrained Triaxial Compression Test on
Cohesive Soils.

ASTM D 5084 Standard Test Method for Measurement of Hydraulic Conductivity of Saturated
Porous Materials Using a Flexible Wall Permeameter.

Becker, D.E., Crooks, J.H.A., Been, K., and Jeffries, M.G. (1987). "Work as a Criterion for
Determining In Situ and Yield Stresses in Clays." Journal of Canadian Geotechnical Journal,
Volume 24, pp 549-564.

Ladd, C.C,, and Foott, R. (1974). "New design procedure for stability of soft clays." Journal of
Geotechnical Engineering Division, ASCE, 100(7), pp 763-786.

Schmertmann, J.H. (1955). "The undisturbed consolidation of clay." Transaction ASCE, 120, pp
1201 to 1233.
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