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ABSTRACT 
Building embankment dams in areas with wet climate and no considerable dry season has some 
problems, the most important of which is the core material compaction. As core is the impervious part 
of the dam, fine grain materials, including clayey soils with low permeability, are the first choice. But 
the finer the material, the more difficult is its compaction in wet areas, especially if it is not possible 
to dry the soil due to continued rainfall and humid weather. Common heavy compactors sink in these 
wet soils and are not able to gain the Proctor standard factors and compaction effort. So the standard 
tests and compactors are not practical in these cases. This article contains a literature review of the 
trends which have successfully been used in this regard. Countries like Japan, Sweden and England 
are of those which have wet climates and are well experienced in this subject, these experiences are 
pointed out briefly, in addition to some case studies of old and recent dams built with wet construction 
methods all over the world.   
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INTRODUCTION 
Building embankment dams in areas with high rainfall has been discussed for a long time and many 
experts in dam engineering have talked about it. In these areas the water content of the soil _ specially 
the fine material proper for the core _ is usually much higher than the optimum water content, hence 
the compaction of these soils to maximum or 95-98% of maximum dry density is not possible because 
the soft wet material does not support the weight of heavy compactors which are commonly used in 
dam construction.  If the embankment site is located in a region where there are both wet and dry 
seasons, it is possible to concentrate on core construction in dry days, but there are lots of regions 
where there is no real dry season and it’s nearly always raining. This article explains what has been 
done till now in such regions and gathers the experiences which can be useful in dam design and 
construction in wet climates. 
 



1. MAJOR GUIDELINES 
1.1. Rock Fill Dams with Upstream Concrete Face  
One of the choices which always should be considered in dam type selection is rock fill dam with 
reinforced concrete face “Sherard (1981), Takahashi and Nakayama (1973)”. Dealing with granular 
materials for the body of the dam and construction of the concrete membrane is least subject to 
construction contingencies from wet weather, if dam foundation is of good rock  and there are enough 
suitable quarried rock borrows or pervious river gravel available. This kind of dam is not less 
conservative in seismic areas than dams including central earth core “Sherard (1981)”.  
 
1.2. Proper Materials 
There are some kinds of impervious material which can be handled in wet weather with heavy 
equipment. The reason why they are not considered conventionally is that the range of common 
materials used in the core of a dam does not include these types. Sherard “Sherard (1981)” divides 
these materials into two main categories: (1) soft and weathered rocks with low water content which 
can be excavated with earth moving equipment, and (2) coarse granular soils with relatively small 
content of cohesionless fines. 

Soft weathered rocks break to finer particles through hauling, spreading and compaction 
process and usually the final mixture becomes impervious enough for the core of a dam. However, in 
dams constructed of such materials, trial embankments in large scales have been constructed at first to 
see if the material can be handled under site conditions and perform as expected. The granular part of 
these soils even in a rainy weather remains stable enough to tolerate heavy equipments. Weathered 
rocks usually have low natural water content and do not easily absorb water under rain. Some 
examples of dams which are constructed with such materials are Swift Creek “Robert De Luccia 
(1958), Sherard (1981)”, La Honda, Taguaza “Sherard (1981)” and Santa Rita “Sherard (1981), 
Villegas et al. (1976)”.   
 
1.3. Reduction of Water Content  
As the main problem of wet areas is the high moisture content of the soil, decreasing the water content 
can be a method of dealing with such materials. Some methods experienced in past to reduce water 
content of soils in wet areas are as follows:  
 
1.3.1. Air Drying 
The easiest way to reduce water content of the soil is spreading it in relatively thin layers to be dried 
by air, which can be mixed with manipulation of the soil by harrows, rotary cultivators, disks, etc. and 
sprinkle the soil, if required “Knight (1986), Sherard et al. (1963)”. If there are sunny days in the site, 
soil can be spread in thin layers under sun shine to loose water content which may take some hours or 
some days _depending on soil and weather conditions_ to gain desirable water content. The only 
disadvantage is the long hauling way from borrow area to drying region and again from drying region 
to dam core location “Kutzner (1997)”. 

 Materials can also be processed while excavating from borrow area in a way to loose water 
content and become drier, like what was done at Chivor dam where particles larger than 15 
centimeters were separated from gravelly clay material of the core through a screening plant. The 
process contained soil movement through some feeders and hoppers during which material was 
exposed to air “Morpurgo and Brezzi (1976)”.  
 
1.3.2. Heating 
Another way to reduce water content of the soil is to heat the material. It has been done since 1940 in 
Mud Mountain dam at Washington “Sherard et al. (1963)” and a recent example of the case is 
Castagnara dam in Italy in 1991, where a kiln with capacity of 800 to 1000 m3/day was used and the 
procedure resulted in a moisture content reduction of about 13-14% “Baldovin et al.1991”.  
 
1.3.3. Mixing with Drier Granular Material 
This method is mainly used in Japan “Takahashi and Nakayama (1973)” and there are some 
experiences in Iran too. By mixing coarse granular materials _mainly sands and gravels_ with a lower 



water content than fine grained materials, a mixture is obtained which has a higher modulus of 
deformation, more than or equal shear strength and lower water content and can be easily compacted 
by rollers. However percentage of each material in mixture should be chosen carefully “Kawakami 
and Fusayoshi (1958)”. The method has also been used in some locations where the soil _due to any 
reason_ had become saturated; the wet soil had been spread in a thin layer and mixed with coarse 
grained materials “Robert De Luccia (1958)”. It can also be used depending on weather condition; 
mixing can be done while raining and in periods between rains the finer material can be used 
extensively “Villegas et al. (1976)”.    
 
1.4. Using the Moist Material 
A method of dealing with wet material is using it at its natural moisture content even if it is much 
higher than the optimum limit. Using such wet materials as cores of dams has an old precedent in 
different parts of the world. Puddle clay cores in England had been used for a long time_ more than a 
century_ and there are many dams with puddle clay core in England with satisfactory behavior. In 
these dams clay was wetted to a relatively soft condition and kneaded into a homogeneous mass by 
the feet of laborers. The reason why the construction of these dams ceased was low rate of 
construction, Selset dam with a height of almost 40 meters completed in 1959 was of the last dams 
built with puddled core “Charles and Tedd (1991), Penman (1982), Sherard (1981)”.  

Hydraulic fill dams which were the world’s major dams before 1930-1935 are another example 
of dams with moist material. They had vertical central cores constructed by sluicing silt and clay fines 
into ponds of water, allowing the material to sediment, and thereby creating eventually “normally 
consolidated clays”. Hence, the cores were constructed in as soft and wet condition as it was possible 
to make them “Sherard (1981)”. 

Wet compaction method has been used in Scandinavian countries since 1951. The material of 
most of dams in these countries is of glacial moraine which is placed in wet, soft condition. Wet cores 
in comparison with rolled cores are more homogenous and impervious. The method has been accepted 
satisfactorily in all “Bernell (1958, 1964, 1967, 1982), Sherard (1981)”.   

There are also interesting experiences of wet clay cores in some dams like 85 meters high 
Manasavu dam in Fiji “Knight (1984, 1986), Knight et al. (1982, 1985)”, Scommonden dam in 
England with a height of almost 60 meters “Penman and Mitchell (1970)” and 121 meters high 
Wadaslintang dam in Java “Kerkes and Tarbox (1988)” that all have been successful in dealing with 
wet clayey materials.  

However, there should be some considerations in design and construction of wet core dams to 
gain better results and have more efficiency, which are pointed out in the following.  
 
1.4.1. Design Considerations 
1.4.1.1. Stress and Stability Analysis 
Wet material of soft cores initially has a very low shear strength _ cu ≈ 10-25 kN/m2 _ and due to high 
moisture content and low permeability, substantial pore pressure develops especially in construction 
period. So it is necessary to assume these phenomena in design analysis and hence determine the core 
geometry. For example in Scommonden dam a stability analysis was done assuming no shear strength 
development for the wet clay core_ w = 7% to 20% + opt _ and no excess pore pressure for the 
foundation shale of the dam and the result was a safety factor of 1.2 that resulted in toe weighting of 
the upstream slope “Penman and Mitchell (1970)”. 

Also in Monasavu dam with a very wet and soft clay core _ w = 20% + opt , the possibility of 
arching and hydraulic fracture of the core was carefully studied, including finite element stress 
analysis, and a core wider than the minima often adopted with more conventional materials was 
provided. Despite the temporary near zero strength of the core, adequate construction stage stability 
was attainable, subject to specified geometric constraints for relative core shell advancement “Knight 
et al. (1982)”.  

In Santa Rita dam stability analysis of the wet silty, sandy silt core of the dam_w = 2% to 10% 
+ opt_ resulted in flat slopes “Villegas et al. (1976)”. 

Wet cores behave at first like a dense fluid with nearly equal stresses in three dimensions and 
exert high lateral pressures to the adjacent shells. There is a tendency in these cores to increase width 



resulting in compression stresses to the shell rock fill. These stresses are usually higher than those 
exerted by reservoir hydrostatic head “Penman and Charles (1973)”. 

However due to compressibility of the wet material, these core may settle more and for a longer 
time in comparison with rolled cores “Sherard (1981)”.  
 
1.4.1.2. Hydraulic Fracture 
More safety against hydraulic fracture is of wet core dams benefits “Sherard (1981)”. Low shear 
strength of the core prevents substantial transfer of the core weight to the adjacent shells and thus 
vertical stresses in each elevation are greater than of those in the rolled clay cores with every thing 
else similar. Also the difference between minimum and maximum principal stresses in wet cores is 
less than rolled stiffer clay cores resulting in higher total stresses and thus more safety factor against 
hydraulic fracture “Sherard (1981)”. Sherard discusses that “a strong argument can be made that 
clayey cores placed in a wet, soft condition are less likely to develop concentrated leaks by hydraulic 
fracturing than cores of the same material type compacted in a stiffer state with a roller.” 

However although it is less probable, arching may happen even in wet core dams and 
conservative filter design seems the best defense against adverse consequences of hydraulic fracturing 
“Kerkes and Tarbox (1988)”. 

 If a concentrated leak develops through a fine grained core in a dam with downstream sand 
filter designed properly, of the general types used at Scommonden “Penman and Mitchell (1970)” and 
Monasavu “Knight et al. (1982)” dams, the engineer can be confident it will be safely controlled and 
sealed. 

High deformability of these cores reduces the risk of cracking in probable differential 
settlements. This is a natural advantage of wet clayey cores which in some other types of core 
_especially moraine cores that dissipate relatively rapidly the excess pore pressure_ has been gained 
by adding bentonit to the material “Penman (1982)”. 

To have a more homogenous core, it is better to keep a nearly constant water content for fill 
placement, even by adding water to soil in drier days. In this way probability of substantial 
differential settlements and arching is reduced due to uniform compressibility of the core material 
“Kerkes and Tarbox (1988)”.  
 
1.4.1.3. Compaction Test 
The procedure of compaction and index property tests influences on results of the experiments: drying 
the material and rewetting (ASTM) or reducing water content of the soil by air and performing tests 
(called Dry Back). It is important to choose the proper test method _with conditions similar to those in 
dam site _ and accept it as the criterion for dam construction. By dry back method _ which seems 
more similar to wet core conditions_ higher optimum water content and fewer magnitudes of density 
are gained “Kawakami and Fusayoshi (1958), Kerkes and Tarbox (1988)”. 
 
1.4.2. Construction 
1.4.2.1. Construction Schedule 
For a higher efficiency, it’s better to work on more than one part of the dam at the same time so that if 
weather condition becomes adverse to work on a part, construction concentrates on other parts which 
have fewer problems and shut down days decrease in this way. So there should be consideration to 
use different materials in proper parts of dam while designing so that according to site different 
conditions work continues, for instance coarse grain and less plastic materials should be used in parts 
which can be easily constructed under rainy weather and confine other fills of weaker materials, and 
finer materials of the core can be used in dryer days. 

Rate of construction should be controlled by pore pressure development and decreased if high 
rates of pressure develop “Knight (1984, 1986), Knight et al. (1982, 1985), Morpurgo and Brezzi 
(1976), Villegas et al. (1976),…”. 

However in many wet core dams, core construction is done while it is not raining and whenever 
there are predictions of  rain, work on core ceases up to end of rain “Dixon et al. (1958), Morpurgo 
and Brezzi (1976), Knight (1984, 1986), Knight et al. (1982, 1985)”. 



It should be considered that hauling equipments can not easily travel on muddy site surfaces of 
these wet areas which reduces construction speed and efficiency. In some cases some ¾ inch steel 
plates and Bailey Bridges “Sherard (1981)” or steel frame mats with timber traveling surface “Knight 
et al. (1982)” have been used on soft core and filter surface to support heavy weight of hauling 
equipments and also preserve filter contamination and damage. Access roads constructed of hard rock 
which remains stable under heavy rain is also a proper way. These roads should be designed and 
located in a way that would not cause undesirable effects on the performance of the completed 
structure and are not allowed in core section in order to provide adequate imperviousness “Villegas et 
al. (1976)”. 
 
1.4.2.2. Compaction 
One of the most important features of wet core dams is the way of core compaction. The wet and soft 
material of these cores can not support heavy weight of conventional rollers and the compaction effort 
should be matched with the water content of the soil. In these cases lighter compactors like light 
crawler tractors, low ground pressure bulldozers, light pneumatic tire or vibratory rollers or improved 
light tamping rollers have been used successfully. In table1 some major wet core dams and their core 
property and compactors are pointed out. 
 

Table 1. Some major wet core dams: core material properties and compactors 

compactor 
optimum 

water 
content 

natural 
water 

content 
core material Height 

[m] Location construction 
period Name “reference” 

Tractors & 
bulldozers _ 4-6% 

>opt 
glacial 

moraine 
Up to 
100 

Scandinavian 
countries Since 1951 

Scandinavian dams 
(wet compaction) 
“Bernell (1958, 

1964, 1967, 1982), 
Sherard (1981)” 

Caterpillar 
D4 bulldozer 13-21% 20-40% clay &sandy 

clay 80 England 1966-1970 
Scammonden 
“Penman and 

Mitchell (1970)” 
Bulldozer & 

vibratory 
roller 

13% 
(modified 
proctor) 

20-26% sandy clay 
with gravels 237 Colombia 1972-1975 

Chivor (Esmeralda) 
“Morpurgo and 
Brezzi (1976)” 

Pneumatic 
tire roller, 

low ground 
pressure 

tracked D6 
bulldozer 

52% 70% 
weathered 

clayey 
sandstone 

85 Fiji 1979-1982 

Monasavu “Knight 
(1984, 1986), 

Knight et al. (1982, 
1985)” 

Equivalent 
Caterpillar 

D6 bulldozer 
48.6 59.2 halloysitic 

clay 121 Indonesia 1982-1987 
Wadaslintang 

“Kerkes and Tarbox 
(1988)” 

 
 

The thickness of core placement layers should be limited to gain more compaction by low 
ground pressure compactors. Thicknesses of 10 to 25 centimeters or more have been used successfully 
and compaction has been done satisfactorily. Despite lower core densities than conventional dams, 
enough horizontal total pressure has been provided to avoid hydraulic fracture. 
 
1.4.2.3. Drainage 
Sealing materials in areas of high rainfall seems necessary to avoid water content increase by rain 
absorption. Both borrow area and embankment construction surface are usually protected by sloping 
to gradients up to 1:30 “Dixon et al. (1958), Kawakami and Fusayoshi (1958), Knight (1984, 1986), 
Knight et al. (1982, 1985), Little (1958), Robert De Luccia (1958), Villegas et al. (1976)”, passing 
light tracks _ like Caterpillar D6C _ or smooth compactor to have a smooth surface “Dixon et al. 
(1958), Knight (1986), Villegas et al. (1976)”, using plastic “Penman (1982)” or some kinds of 



tarpaulin “Knight (1984, 1986), Knight et al. (1982, 1985)” or asphalt “Sherard et al. (1963)” for 
borrows. Excavated loose materials should be compacted soon to avoid rain exposure and more water 
absorption. 

The way of excavation is also important. This can be done through gentle slopes to prevent 
slope failure “Knight (1986)” or in nearly vertical faces to mix drier materials with wetter superficial 
ones “Little (1958), Robert De Luccia (1958)”. 
Surfaces of borrow area and embankment should also be ditched to conduct drained water out of the 
area. Piling materials in a covered shelter near dam also prevents water absorption while raining 
“Morpurgo and Brezzi (1976)”. 
 
1.4.3. Instrumentation 
By instrumentation fill performance will be monitored and controlled and probable problems can be 
precluded. For instance when high ratios of pore pressure develop, rate of core construction is 
decreased to provide more dissipation of water, or when substantial settlements more than forecasted 
occur, toe weighting of slopes can be added to design. In some cases additional drains have been 
added to design “Sherard (1981)” or considered drains have been omitted “Robert De Luccia (1958)” 
with accordance to measured pore pressures during construction. 

Arching can also be monitored by measuring core and shell relative settlements which is gained 
by instrumentation. 
 
1.4.4. Field Experiments 
Like any dam, conventional experiments are performed in wet core dams. What is important here is 
the way to control compaction and achieve the required density in soft wet materials where it is 
difficult to do conventional density test, because soft materials, fill the hole made by sampling and it 
is difficult to measure the volume of the samples. How ever there are some ways to do this like the 
Swedish net basket technique, in which samples contained by the basket, when excavated, are 
submerged in diesel oil to determine its volume “Penman (1982)”.   

Another method of controlling fill placement is by observing the penetration rate of light 
compactors_like tracks or dozers_ in the wet soil “Bernell (1982), Kerkes and Tarbox (1988)”. 

There is also another method of impervious embankment construction control, developed 
initially in England, using tests of undrained shear strength, which is well adopted for wet weather 
construction “Penman (1982), Sherard (1981)”.  
 
2. CONCLUSION 
Dam construction practice in wet areas mainly include these major guidelines:  

I) Considering rock fill or earth fill dam type with upstream concrete face as an 
alternative 

II) Use of proper materials easily handled under rainy weather  
III) Reduction of water content by soil mixing, air drying or heating 
IV) Using the moist material at its natural water content, considering lighter compactors 

together with proper dam design and construction details 
To achieve the best construction schedule and gain better results, a combination of different 

methods may be used with accordance to project conditions, like mixing coarse grained materials at 
lower elevations of the core to avoid high pore pressure and using wetter clay materials for higher 
elevations to avoid arching “Penman (1982)”. 

However, the experiences in using wet material at natural water content confirms that the 
science of soil mechanics enables almost any fill to be used in dam construction and these are 
economic decisions that play important roles to choose dam type and material “Penman (1982)”. 
There is ample experience and justification from theoretical considerations and basic understanding of 
soil behavior to conclude that dams constructed with central cores in soft condition can be made 
completely safe with appropriate design details “Sherard (1981)”. 
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