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ABSTRACT

Chang earthen dam is located in Kachchh district of Gujarat state, India, severely affected by the massive
earthquake of intensity 6.7 on Richter scale on 26th January 2001. Chang Dam, with a design capacity of
6.9 million cmt was constructed in 1963. Chang Dam is located in the heart of epicentral region. The
earthen dam has a total length of 1227 meter and the maximum height of 15.54 meter. The central hearting
consists of impervious clayey fill, augmented with a central masonry core wall. The upstream and down
stream shells are specified as semi pervious locally available silty sand, sandy silts and sandy clays. The
liquefiable , fine to medium sands and silt sands excavated and replace to a fixed depth primarily to reduce
leakage by under seepage and no attempts was made to remove all the potentially, liquefiable alluvium
beneath the upstream and downstream embankment sections. During the earthquake significant liquefaction
occurred below the upstream shell zone. A large translation slide occurred on the upstream side towards the
reservoir resulting in to dropping the crest as a series of garbed blocks, with maximum crest loss of 6.5
meters. The large slope movements also produced large cracks and fissures on the upstream face of the
dam. Silty sand boil ejects from the liquefied materials were observed at and near to the upstream toe. The
major upstream slippage occurred longitudinally along the dam axis with a length of approximately 85
meters. The detailed soil tests of the existing dam section and foundation were carried out. The standard
penetration value up to depth of 3.5m is found to be less than 14 so the loose layer is removed and it is
replaced by good semi pervious earth layer. Also to densify foundation material below 3.5mt depth,
wooden piles of 15 cm diameter in a 1.5 m grid throughout the full depth of the foundation is driven.
Stability analysis of existing dam suggests that it is unsafe against earthquake loadings. So, additional earth
work is added on u/s and d/s slopes. The present paper describes critically the damage due to earthquake
and rehabilitation carried out for the dam.

1.0 INTRODUCTION
The Chang dam site is situated near village Kakarva of Bhachau Taluka, 24 km away from Bhachau,
Gujarat. Chang is a zoned earthen dam having an uncoursed rubble masonry core wall in lime mortar,
constructed across river Chang, in 1963. The dam was designed in the 50’s, without accounting for the
seismic considerations. The overall length of the dam is 1266m. Maximum height of the dam is 15.54m,
above deepest riverbed level. The dam caters for a catchments area of 45.30 sq km. The storage capacity of
the reservoir is 6.943Mm3. The dam was badly damaged due to earthquake. From the extent of the damage
it falls in category III, which require rehabilitation and strengthening.

The scheme is providing water for irrigation to an area of 486 Ha. The average rainfall of the area is 36.50
cm, the maximum and minimum rainfall being 70 cm and 5 cm respectively.

2.0 DAMAGES CAUSED DUE TO EARTHQUAKE

Figure 1 shows a design cross-section for the maximum height, dam section across the stream
channel. The central hearting or core zone consists of impervious (clayey) fill, augmented with a central
masonry core wall. The surrounding upstream and downstream shells are specified as semi pervious
earthfill, and this reportedly consist of locally available silty sand, sandy silts, and sandy clays. The dam
was constructed prior to local awareness of the potential hazards associated with soil liquefaction; it was
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not designed/constructed to take potential liquefaction into account. Excavation and replacement of sandy
stream channel alluvium up to a fixed depth was carried out, primarily to reduce leakage by under seepage,
and no attempt was made to remove all the potentially liquefiable alluvium from the foundation during the
construction of dam in the year 1963. As a result, potentially liquefiable, fine to medium sands and silt
sands were left in place beneath the upstream and downstream embankment sections.

During the earthquake, significant liquefaction occurred beneath the upstream shell zone, where
the low dead water reservoir pool saturated the alluvium and the base of the shell. A large translation slide
occurred on the upstream side towards the reservoir. This pulled apart the central portion of the
embankment, dropping the crest as a series of graben like blocks, with maximum crest loss of up to 6.5
meters. The large slope movements also produced large cracks and fissures on the upstream face of the
dam. Silty sand boil ejections were observed at and near to the upstream toe.

Additional liquefaction, again as evidenced by fine sand and silty boils ejecta, was observed adjacent to a
small agricultural pond near the downstream toe, and minor bulging or lateral translation was observed at
the downstream toe. The major upstream slippage occurred longitudinally, with a length of approximately
85 meters along dam axis. In addition, relatively minor longitudinal cracking occurred along the crest of the
lesser height embankment sections away from the deep channel section.

Figure 3 shows a view of the failed maximum height channel section of the embankment. Fig. 4 shows
transverse cracks on the crest. This graben block, originally part of the crest, has displaced vertically
approximately 6m, in addition to lowering the apparent crest by more than 6m, cracks and fissures reduced
the effective crest height even further, and the impervious core zone and the upstream slide movement
massively disrupted masonry core wall. It is assumed that the transverse cracks in the gorge portion of the
dam are due to the presence of masonry core wall. The record of earlier experience indicates that the
embankment and the masonry core wall did not vibrate together when the dam foundation was shaken,
hence causing fracture and cracking in the portion.

3.0 IMMEDIATE MEASURES

The dam was opened to allow safe passage of floodwaters, as it was not possible to bring it to safe stage
within the very short period available before monsoon of 2001. A cut of 188m was made in the gorge
portion for this purpose, which was considered safe for the passage of the flood.

Rehabilitation & Reconstruction of Dam

The rehabilitation/reconstruction works of the dam included:

i) Field Investigations

ii) Design aspects

iii) Construction.

Field Investigations

Detailed soil investigations were conducted and soil tests of existing dam section, borrow area soils for
restoration and foundation soils were carried out at Gujarat Engineering Research Institution (GERI).
Based on test results the design parameter of different zones of the earthen dam section was worked out.

Design Aspects
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A-Seismic Considerations

The seismic coefficient of 0.16g for the design with importance factor 2.5 has been considered. The revised
sections arrived at after taking into considerations of seismic co-efficient are much wider and massive. The
stability analysis showed that factors of safety under various conditions of loading are within required
limits.

B – Treatment against liquefaction:

In the cut portion (Gorge Portion), loose soil was removed up to 3.5 m depth. To densify the foundation
material, hammer driven flat bottom wooden piles of 15 cm diameter up to rock in cut portion and in a
width of dam seat plus 10 m on either side were driven. The number of piles driven was 4438, with their
total length 23935 Rmt. The depth of piles varied with respect to the rock strata and the minimum and
maximum depth till refusal of driving had been 2.20 to 6.70 m .

In other portion of the earth dam, on u/s side near the toe existing loose soil was removed in 12.5 m wide
and 1.0 m depth and replaced by pervious material. Above this compacted layer, loading berm of 11.0 m
and on u/s side rock toe was provided as a measure against liquefaction.

Construction

The construction started with the jungle clearance and procurement of materials required for different zones
of the dam.

Compaction of Earthen Dam Embankment

The quantum of earthwork involved has been:

(i) Clay core material (IP) / Hearting = 51,155 cum

(ii) Casing (SP) material = 1, 00,502 cum

(iii) Sand filter = 7,744 cum.

i) Clay core / Hearting Material

The impervious materials for central core was obtained from prosperous borrow areas. These fine-grained
soils mostly comprise of clay silts in varying percentages. The conventional physical characterizations like
gradation, atterberg limits, shear parameters, coefficient of permeability, proctor density as well as
compressibility indicated their acceptability as core materials. The clay content mostly varied from 18-25%
qualifying as CL / CI material. Proper compaction was done to achieve an earthquake resistant dam by
deploying appropriate compacting equipment. Normally loose layer of 20 to 25 cm was compacted to
around 15 cm by achieving dry density of 95% of MDD. Verification of compaction was done for each
layer.

ii) Casing Material

Similarly the casing material had been investigated from nearby borrow areas for its suitability in casing
zone. This material contained 5-10% clay qualifying as SC / SM material. For the casing zone, normally
loose layer of 30 cm was compacted to around 25 cm. The moisture content was kept 8-10% and 6-8 passes
of vibratory roller of 11-22 tonnes, were found enough for the necessary compaction. Verification of
compaction was done for each layer.
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Pitching on the Upstream Slopes of Dam Embankment

The hand placed riprap was provided on the u/s slope of the dam embankment as indicated in the drawing.
The riprap material consisted of the most durable rock fragment of approved quality selected from local
quarries. Care was taken to ensure that at least 80% of the area of riprap had stones weighing more than 25
kg.

Area of u/s pitching is about 52110 sqm. Headers in M10 concrete of size 150x150x600 mm have been
provided normal to slope protruding at least 15 cm above general surface of the riprap to dissipate wave
energy of reservoir water.

Pitching on Downstream Slope

Kachchh region is having arid climate and heavy cyclonic rains in monsoon; as such pitching is provided
on d/s slopes to prevent rain cuts. The size and qualities of the stones is the same as that provided for u/s
slope. The quantum of work for d/s pitching has been of the order of 13000 Sqm.

Graded filter Under Riprap Work

Graded filter has been placed underneath the riprap on the u/s slopes of embankment and in the u/s slope of
the rock toe separating it from the earth fill. The filter under upstream riprap has been placed in two
different layers i.e. the finest over the sub grade followed by coarser materials conforming to the
specifications.

4.0 CONCLUSION

In the Chang dam which is shaken by severe earthquakes; two primary types of damage have occurred:
longitudinal cracks at top of the embankment, and crest settlement. The crest settlement was not usually
great enough to threaten failure by overtopping, as the reservoir water level was quite low at the time of
earthquake.

Chang dam is founded upon potentially liquefiable alluvium in the stream channel that it serve to the dam.
During the earthquake, liquefaction beneath the earthen dam section led to lateral spreading and slow
failure. These low-density materials are one of the reasons of complete or partial failure Chang dam.

The damage to the dam appears to have been caused primarily by the horizontal component of the
earthquake movement in the upstream-downstream direction; that is, the direction transverses to the
longitudinal axis of the dam. Probably the amplitude and the acceleration of the horizontal component of
the movement of the crest in this direction is much larger than the movement of the foundation, and this
resulted in a whipping action of the thinner top of the dam, causing longitudinal cracks in dam.

Chang dam is a zoned earth dams with central concrete or masonry core wall. The damages of Chang Dam
indicate that the embankment and the concrete wall did not vibrate together when the dam foundation was
shaken.

The revised section arrived after taking in to consideration seismic coefficient as 0.16 g and importance
factor as 2.5 was much wider and massive.

The treatment against liquefaction was carried out in two ways. Firstly, in the cut portion loose soil was
removed up to 3.5 mt depth and foundation is densified by driving 4438 wooden piles.
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After the rehabilitation work the dam has been effectively utilized today for the purposes for which it was
constructed.
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Fig 1 Lateral spreading of a section of Chang dam

Fig 2 A view of the failed maximum Fig 3 Failed Maximum Height
height channel section Dam Section
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Fig 4 Transverse crack on the crest


