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SYNOPSIS : Due to low topographic relief, floods and cyclones are frequent in Bangladesh that cause colossal loss of human life, livestock, 

agricultural production and infrastructure facilities. In order to mitigate these natural disasters, earth structures such as embankments, polders and 

killas (earth mound) are built along major rivers and in coastal areas. Performances of these structures are not satisfactory due to frequent failures. 

Most of these failures occur due to inadequate attention paid to geotechnical factors and the prevalent construction practice. Problems related to 

labour intensive 'head and basket method of construction is highlighted.

Some geotechnical properties o f coastal soils of Bangladesh are presented. Problems o f evaluation of insitu undrained shear strength of silty deposits of 

the coastal areas are discussed and it has been demonstrated that traditional correlations of strength and compressibility used for clays may be in error 

if applied to these soils. Adequate consideration of these factors are advocated in this paper.

INTRODUCTION

Bangladesh is almost entirely an alluvial, deltaic plain. Due to low 

topographic relief about 50 percent of the land lie between zero and 

eight metre above mean sea level. Some of the largest rivers o f the 

world drain through this land. As a consequence 59 percent of the 

country is flood vulnerable (BWDB, 1987). In 1987 and 1988, 

Bangladesh experienced two of the most severe floods on record. 

Widespread damage was caused to crops, roads, railroads, cities and 

towns, and more than three thousand people lost their lives.

The delta is located at the vertex of the funnel shapped Bay o f Bengal. 

Tropical cyclones are frequent in this area. Cyclone surges frequently 

inundate low lying areas and cause colossal damage to human lives, 

cattles, infrastructures and properties. The cyclone of April 1991 is 

one of the most devastating natural disaster in living memory. Wind 

speeds of upto 225 km/hour, accompanied with storm surges, leading 

to water depths upto 6.1 m overland, affected large areas in southern 

Bangladesh. A total o f 150,000 people were reported tb have lost their 

lives (IEB, 1991). The cyclone and storm surge produced colossal 

damage to livestock, agriculture, power system, telecommunication, 

housing and other physical infrastructure facilities.

Problems o f flood and cyclone protection have been a matter o f long 

study. A Master Plan developed for the purpose envisaged flood 

protection by a number o f measures, the principal being through 

construction of earthen embankments and polders. Being in a low lying 

area Bangladesh is also threatened with sea level rise. It is estimated 

that by the year 2050 the local rise in sea level may be between 130 and 

2090 mm. Under all these situations earth structures like embankments 

will play a very important role in hazard mitigation. Presently over 

7500 km o f embankments have been constructed in the country 

including some immense undertaking o f the Coastal Embankment 

Project to protect coastal areas from tidal flooding and moderate storm 

surges. These embankments failed to serve their purpose as very often 

some sections failed during flood. Many of these failures can be

attributed to inadequate attention paid to geotechnical factors and 

prevalent geotechnical engineering practice in the country. A number of 

issues pertinent to hazard mitigation through such earth structures are 

discussed in this paper.

PROBLEMS OF EMBANKMENT CONSTRUCTION IN 

BANGLADESH

Safiullah (1982 and 1992) reports a number of case studies o f failure of 

flood embankments in Bangladesh. A variety of failures are reported to 

have occurred that include toe erosion, seepage and piping, sliding of  

slopes, cracking in embankment, boiling and river encroachment. Most 

of these failures can be attributed to inadequate compaction of 

embankment soil, poor quality control o f fill material and poor 

maintenance after construction. Some of the conditions related to 

embankment design and construction are unique to Bangladesh. These 

involve labour intensive construction procedure adopted for a wide 

variety o f soil and compaction conditions and use of indigeneous 

techniques and materials. Presently no standard or code of practice is 

available that is consistent with these situations.

Construction o f embankments in Bangladesh is mostly done by manual 

labour. This is due to the fact that there is an abundance o f a cheap 

labour force and it is difficult and costly to procure and transport 

compaction equipments by local contractors to the remote sites where 

most of these structures are built. Also there is a scarcity o f compaction 

equipments. Starting from excavation, transportation and placement of 

fill, all is done manually by a 'head and basket method'. Soil from 

borrow pit located on the river side and close to the toe o f the 

embankment is picked up by a spade and placed in a basket. The basket 

is carried by head and the soil is dumped in the embankment. Soil thus 

placed is not usually compacted. Most clayey soil pieces picked up 

remain nearly intact when placed in the embankment and maintain large 

voids. Also the soil borrowed from excavation trench is sometimes 

saturated. Being placed above ground water level these soils usually 

gets drained and soil lumps get hardened from drying. Under dry
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Fig. 1. Typical embankment sections for the Coastal Embankment

condition the embankment soil develops sufficient strength to maintain 

its slope. When very wet plastic soil is used cracks appear in 

embankments due to shrinkage.

Due to rise in water level during flood or cyclonic surge soil clods in 

the uncompacted embankment lose their strength due to loss in 

suction. Also if the water level rises quickly air trapped within soil 

pores builds upward pressure At submersion, upward force due to 

trapped air, coi’pled with loss of strength on removal of capillary 

suction due to submersion, plays a significant role in loosening the 

embankment and thus leading to its failure.

Lessons from Failures

During cyclone of April 1991 a considerable portion of Coastal 

Embankments was damaged due to cyclonic surge. Typical 

embankment sections for Coastal Embankment Project are shown in 

Fig. 1. The three categories of embankment represent (a) the sea facing 

dike, (b) the interior dike and (c) the marginal dike. The sea facing 

dikes which has the most generous slope on. the sea side suffered 

maximum damage. Same section as in Fig. 1(a) is designed for all sea 

facing embankments irrespective of the soil type available. Since the 

embankment height was not sufficient to resist overtopping it was 

expected that most of the damage would be due to overtopping and on 

the land side. But a considerable portion of the damage actually 

occurred on the sea facing side of the embankment where the slope was 

flat, while country side slope remained intact. These failures suggest 

that the uncompacted soil clods lost its stability due to submersion and 

loss of strength by a process described earlier. Details of some of these 

failure are described by Safiullah (1992) and IEB(199I). The case 

studies suggest that the present construction process must be improved.

During the cyclone of 1991, it was also observed that some portions of 

sea dike where failure took place contained heterogeneous materials 

such as fine sand and silt. All exposed surfaces containing sandy soils 

were completely washed out.

Most borrow pits used for collecting soil for embankments are located 

on the river side at distances shown in Fig. 1. During flood, there is a 

strong flow parallel to the embankment toe and the river bank. If 

sufficient distance of the borrow pit is not maintained, scour may 

progress towards the embankment initiating sliding failure of the slope. 

In one case, a sand lens underlying the embankment was actually 

exposed on the river side which created a boiling condition on the 

country side. The boiling progressed toward the embankment resulting 

in complete breach (Safiullah, 1992).

CYCLONE SHELTER AND KILLAS

Existing Coastal Embankments are not designed to protect land from 

severe cyclonic surges. Such protection would require very high 

embankments (IEB, 1991) that are to be built all along the coast with 

necessary water control structures for river outlets. This is not an 

economically attractive solution for a poor country like Bangladesh. In 

order to save human life during a cyclonic surge an alternative proposal 

of building cyclone shelters is considered (IEB,1991). A cyclone shelter 

is a framed structure on reinforced concrete pillars or stilts that rises 

above surge level. The structure is designed to withstand live load of 

running water, wind and people sheltered during cyclone. A cyclone 

shelter can be built on existing ground or on a raised ground called 

killa. In the later case no stilted structure is needed. This reduces total 

cost of construction significantly with added advantage of provision of 

shelter for cattles on the high ground.

Construction of killa needs good quality control of the fill material and 

compaction control as foundation of the shelter structure is to be 

placed on it. Also weight of killa would produce settlement that should 

be within tolerable limits for the structures built on it. The slopes of the 

killa should be resistant to wave action developed during surge. Height 

of killa would depend on the expected height of surge during a major 

cyclone. An analysis by MPCSP (1992) estimated this height to be 

varying from 3 m to 6 m.

GEOTECHNICAL CONSIDERATIONS IN COASTAL AREAS

Construction of embankments and killas both need geotechnical 

considerations. A study was undertaken to assess geotechnical 

properties of some of the coastal soils. A soil investigation involving 

50 borings at 10 locations covering each physiographic unit of the 

coastal region of Bangladesh was made. The borings were carried to a 

depth of 20 m only. At each location 5 boreholes were made each 

within 100 m distance. Standard penetration tests (SPT) were 

performed at pre-determined depths. Undisturbed open tube samples 

were collected from intermittent strata. The details of the exploration 

are presented in MPCSP (1992) report. The soil profiles are generally 

highly stratified and discontinuous in horizontal direction within short 

distances at many locations. It is observed that upper 2 m of soil is 

desiccated at many locations followed by soft soil that has standard 

penetration N value between 0 and 4. There is no significant increase in 

N value with depth in most locations within first 10m.

Grainsize range and plasticity chart for soils from above 50 bore holes 

are shown in Fig.2. There is an absence of coarse or medium grained 

sands. Finer soils are usually close to the surface and are clays of low 
plasticity (CL) or silts of low plaslicity (ML).
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Fig. 2. Grainsize range and plasticity chart for soils from ten locations.

Evaluation of Undrained Shear Strength

One of the major problems of design of earth structures in Bangladesh 

is evaluation of shear strength parameters for insitu soil. There is a lack 

of geotechnical firms having adequate facilities for good quality 

sampling in low plastic silty soils. Most of the design works need to be 

based on simplified method of exploration such as open tube sampling 

and standard penetration test results. Such methods produce 

considerable error in strength prediction. In the above soil exploration 

study, undrained shear strength of undisturbed cohesive soils 

collected in open ended tubes were determined by pocket Torvane 

device immediately on sampling and also later in the laboratory by 

unconfined compression test. The two methods yielded widely 

different shear strengths. It was felt necessary to develop emperical 

relations for undrained strength with index soil properties.

Soils from nine locations mentioned in Fig.2 were sampled in open tube 

type samplers from four inch bore holes. The soils contained various 

percentage of clay (9 to 27 %) and are either CL or ML type according 

to Unified Classification System. The soils have varying OCR (over 

consolidation ratios). Each of these samples were isotropically 

consolidated in a triaxial cell to a pressure a c' equal 2.5 to 4 times the 

maximum preconsolidation pressure pc' to attain a stress level in the 

virgin compression line (i.e. normally loaded state). At the end of 

primary consolidation a deviator stress was applied in undrained state 

until failure took place. Stress ratio Su/ctc' is plotted against plasticity 

index, Ip for these soils in Fig.3, Su being half the deviator stress at 

failure. The vertical line for each sample indicates variation in Su/ctc' at 

two <Jc'/pc' ratios. Although there is some scatter, the Su/crc' values 

increase with decrease in Ip values, unlike Skempton's (1957) relation

No Location wL (%) Ip (%) Soil Type % Clay

1 KOYRA 44 21 CL 18

2 SARANKHOLA 39 13 ML 15

3 KALAPARA 45 19 CL 16

4 GALACHIPA 36 6 ML 9

5 CHARFASSON 40 14 ML 14

6 CHARMADRAJ 33 4 ML 9

7 MOGNAMA 45 20 CL 15

8 ANWARA 42 15 ML 27

9 HATIA 41 16 CL 16
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Fig. 3. Undrained shear strength ratio (Su/cc') on recompression 

against plasticity index for nine coastal soils.

Fig. 4. Comparison of undrained strength ratios (Su/ac') for un

disturbed block and reconstituted samples at different OCR's.

of Su/avo' for normally loaded sedimented clay ( a vo' being vertical 

effective overburden pressure). The Su/oc' values from tests are much 

higher at low Ip compared to Skempton's values, but converge at Ip 

close to 20%. An undisturbed block sample collected from one 

location (Kalapara) was consolidated to high pressure (2.5 to 4 times 

pc') and Su/ctc' relation at various OCR was obtained. The same soil 

was mixed with water 1.5 times the liquid limit to form a slurry and was 

consolidated in a Rowe cell. The reconstituted soil was tested at 

various OCR values. In Fig. 4, the stress ratios for block sample and 

reconstituted soil do show considerable difference in strength, 

particularly with increasing OCR. Since most soft clays are 

overconsolidated at surface, considerable underestimation of shear 

strength is likely due to sample disturbance effect.

A compairson of shear strength obtained from pocket Torvane or 

unconfined compression (qu) test with that obtained from stress-ratio,
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Table 1 V ariation in S trength Estim ates

Location Platicity

Index

*P

SPT

N

value

Shear strength (kPa) from 

Torvane qu/2 Stress-ratio in 

Fig. 3

KoyTa 19 3 50 57 38

Sarankhola 13 2 30 24 57

Galachipa 19 2 49 - 73

Char Fasson 10 3 36 22 76

Char Madraj 10 0 17 48 76

Hatia - 4 30 - 40

Ramgoti 7 5 37 50 115

Su/ac' value shown by dotted line in Fig. 3 is shown in Table 1. The 

later value is on the assumption that the soil is normally loaded and 

does not actually represent stress history of the sample. Neverthless, 

data suggest underestimation of shear strength if evaluation is based on 

simple test like unconfined compression test. Research by Fleming and 

Duncan (1990) on Alaskan silt have shown that stress-deformation 

characteristics of silts are quite different from clays and that silts in situ 

are likely to have strengths greater than the strengths measured in UU 

tests on 'undisturbed' samples, and greater than measured in AC-U 

laboratory tests performed using higher pressure than those that 

actually exist in situ. Clearly there is a need for further research on 

shear strength and deformation characteristics of these silty soils.

The above suggest that more importance should be given to field tests 

(such as plate load) than laboratory tests for estimation of base stability 

in silty clays of Bangladesh.

Compressibilty

Compressible formations exist within the coastal areas. An analysis of 

one dimensional consolidation data for nine locations mentioned in 

Fig. 2 show compression index (Cc) values range from 0.07 for non

plastic silts to 0.41 for plastic clays. A correlation between Cc/(1+ e0) 

value and liquid limit (w l ) shown in Fig. 5 has a correlation coefficient 

of 0.81. Some scatter at higher liquid limit is apparent.

Settlement analysis using above consolidation parameters for some 

sites indicate that settlements as larger as 1 m can be expected due to 

weight of a 6 m high fill. Therefore in the estimation of killa height an 

allowance should always be made for settlement. The same also applies 

for embankments in preventing overtopping. Large differential 

settlement is also expected between center of the fill and outer 

perimeter. If most of the consolidation settlement is not developed 

during construction of the killa, it may affect the structure built on it. In 

a case study involving precompression by preloading in a silty clay soil, 

settlement rate has been found to be much higher than computed from 

typical Cy data obtained from laboratory consolidation test ( Ali, 1993). 

Installation of vertical drains or prefabricated strip drains may enhance 

rate of settlement so that most settlement occur during placement of 

the fill and problem of differential settlement is eliminated.

Resistance to Wave Erosion

Embankment slope in these soils of low cohesion is vulnerable to wave 

erosion. Growth of selected vegetation cover now used for this 

purpose has shown some success although experimentation is needed. 

Use of geosynthetics are under consideration in some projects. In some
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Fig. 5. Correlation between liquid limit and C,7(l+ e0) for coastal soils.

areas trees are grown on embankment slopes. Trees create depression 

in slopes and allows collection of running water that is detrimental to 

slope stability and creates maintenance problem.

CONCLUSIONS

Embankments and killas ( earth mound) play a vital role in mitigation of 

natural disaster in low lying areas of Bangladesh. Inadequate design 

standards and specification for construction of these structures cause 

frequent failures. Analytical and probabilistic method of estimating 

stability of uncompacted embankments subjected to drying and 

submersion and built by a 'head and basket method is needed. 

Development of such method would be beneficial for developing 

countries where mechanised compaction is difficult to implement.

Evaluation of insitu shear strength of silty deposits needs to be better 

understood as it has been demonstrated that traditional emperical 

correlations for strength and compressibility used for clays may be in 

error if applied to these soils.
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