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Practical Challenges for Construction of RCC Dams

1- Introduction

 Roller Compacted Concrete (RCC) is a CONCRETE, but

differs from traditional concrete principally in that it has a

consistency that will support a vibratory roller and an

aggregate grading and proportion suitable for compaction

by such a roller.

 Over 500 large RCC dams have been developed which are

more than 170 million cubic meters of RCC placed around

the world and experiment new shapes, as arch dams and

double curvature arch dams, confirming the general

acceptance of this technology.
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Practical Challenges for Construction of RCC Dams

1- Introduction

 At the second decade of the 21st Century, after more than

38 years of experiences in the concepts, design,

construction and operation of RCC dams, it is necessary to

highlight two main issues:
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• First: celebration of the successful application of RCC in dams.

• Second: good performance of this typology of dams.
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1-1-Distribution of RCC Dams around the world

Number of RCC dams constructed in the six leading RCC dam constructing 

countries. [1]
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2- RCC Concept with materials use and mix proportion

 Lean RCC: (70 to 100 kg/m3,) and with the placing of
mortar between layers.

 High-paste RCC: (150 and 270 kg/m3) with a high
proportion of fly ash.

 Medium-paste RCC: with mixes between those of the two
previous groups.

 RCD: Roller Compact Dams (Japanese dams): between 120
and 130 kg/m3 ), thickness of layers 50-100cm.

 CSG: CSG is defined as a material prepared by simple
mixing of rock-based raw materials such as muck and
riverbed gravel together with cement and water.
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Design philosophies used for RCC dams over the past 20 years. [1]

Paste content (kg/m3) w/(c+p) 

ratio
Cement Pozzolan Total Water

Hard-fill 60 13 73 135 1.86

Lean RCC 68 11 79 123 1.55

RCD 86 36 122 94 0.77

Medium-paste RCC 77 40 117 116 0.99

High-paste RCC 88 108 196 110 0.56

The  average  mixture  proportions  of  the  RCCs  using  each  of  the  different 

design concepts. [1]
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3- RCC aggregates

 The most popular MSA is tending towards 50 to 60 mm.

 Unwashed aggregates, Crusher fines and silty (no-

plastic fines) material are usually acceptable.

 The most important item is that the aggregates be

proportioned adequately and the mixtures comply with

the properties, at a low cost.

 Use of mineral admixtures: The advent of RCC led to

the use of higher contents of pozzolanic materials or

fillers in RCC mixtures.
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Practical Challenges for Construction of RCC Dams

3-1- Chemical Admixtures for Concrete

 Air Entraining Agents (for CVC)

 Set Retarder (for CVC & RCC)

 Plasticizers;  (for CVC & RCC)

 Super-Plasticizers (for Pumpable CVC)
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4- Site Mobilization for RCC Equipment

It is very important to choose the right equipment for the
construction of a RCC Dam.

4-1-Crushing plant

 Crushing plant should design properly to produce enough
material from quarry.

Crushing plant at Javeh RCC Dam with the capacity of 180 ton/hour for each one.
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4-2-Batching Plant

 Batching plants are usually Twin-shaft plant mixers with the
cement silos that make mixers produce faster and more
effective mixing and can be used for production of various
concretes type.

 The capacity of Batching plant is depend on maximum rate
of RCC placement which is required.
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Practical Challenges for Construction of RCC Dams

Batch plant  at Ralco RCC Dam difficult steep terrian

Twin-shaft batching plant mixers with the cement silos in Javeh RCC dam with the 

capacity of 160 m3/hour each one.

Twin-shaft plant mixers 
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4-3- cooling Systems

 To achieve the specified maximum placing temperatures at

certain times if the year cooling Systems is required.

 For example at Javeh RCC Dam flake ice plant and chiller

were installed an icemaker with capacity of 90 ton/day for

the two 160 m3/hour concrete plants.

 A water-chilling with a capacity of 100 m3/day was also

installed to supply chilled water not only to the ice plants

but also to the concrete plants themselves.
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5- Transportation of RCC 

5-1-Trucks or combination of trucks and conveyor system

5-2-All conveyor system

5-1-Trucks or combination of trucks and conveyor system

 Trucks for RCC could be used for total delivery from

the mixer to the placement, or a combined system

could be used such as loading trucks by conveyor

inside dam with final delivery by trucks to the placement.

 The main problem with trucks has been segregation when

filling the trucks, and segregation when dumping from the

trucks. Obviously, this can be minimized by simply adding

more cement, fly ash, water, and sand to the mix, or by

reducing the maximum aggregate size.
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RCC segregated after being dumped by truck. The same mix as but delivered by 

proper conveyor
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5-1-Trucks or combination of trucks and conveyor system

 Another concern with trucks that affect the dam schedule is

damage and contamination of the lift surface by truck

traffic This requires continually cleaning, often with

delays. Trucks are a major safety hazard for the full

time dedicated cleaning crew

Typical damage and contamination of lift joint surface by trucks
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5-2-All conveyor system

 The use of an all conveyor system for RCC delivery is
often faster and easier, allowing transporting RCC from the
production plant to the final placement location in large
volume and in a short period of time. Using a proper
proven all-conveyor delivery system will eliminate most of
the surface damage caused when trucks are used for
deliver

All conveyor delivery to crawler 

placer at Mujib Dam.
All conveyor RCC delivery system
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 The conveyor for the Javeh Dam has a nominal capacity of

200 m3/hour. Two hoppers below the each one of the

batching plant mixers feed the conveyor intervally.

Consequently, the conveyor feed a movable hopper on the

dam surface and the trucks are fed from this hopper

Movable hopper on the dam 

surface at Javeh RCC Dam

Conveyor system for transporting the RCC at 

Javeh RCC Dam
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6- RCC Placement

The lift thickness should be determined by the designer and
specified in the project specifications. The most important
factor governing the placement and performance of RCC is the
selection of mixture proportions. Next in importance are the
dumping, spreading, and compacting of the RCC there are two
methods for RCC placement .

6-1-Horizontal Layers Method

6-2- Sloped Layer Method

6-1-Horizontal Layers Method

RCC layers are placed horizontally in 300mm or 400mm
thickness.
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6-2- Sloped Layer Method

 The ‘maturity index’, which is a function of lift surface age
and ambient temperature to which it has been exposed, has
been used to define the difference between ‘hot’, ‘warm’ and
‘cold’ joints and the degree of treatment required to the lift
joint surface. However since it is unusual to be able to place
more than one or two RCC lifts per day over the full area of
the dam, the initial and final set of the cement will have well
and truly occurred before the next lift is placed, especially
with un-retarded RCC mixes..

 The sloped layer method (SLM) of placing RCC was
conceived during the construction of Jiangya Dam in late
1997 and adopted from about mid height onwards. Placing
rates increased considerably and the project was thus
competed on target as a direct result of changing to the sloped
layer method.



IRANIAN Committee on Large Dams (IRCOLD)                                                                                         Feb-2015

Practical Challenges for Construction of RCC Dams

Explanation of the Sloped Layer Method.
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Murum Dam using SLM with a 3m 

thick lift to place RCC in a block 

from downstream to upstream in 

the river channel area

Al Wehdah RCC dam Sloped Layer Method of 

placement
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6-2-1- Advantages of the Sloped Layer Method:

 Achieves homogenous, monolithic RCC across layer joints.

 Reduces the horizontal construction lift joints by up to 90%.

 Importantly, reduces the area of young RCC exposed to rainfall or

subject to freezing and requiring protection works and also

reduces the potential for pre-cooled RCC to gain heat in warm

ambient conditions.

 Provides a low ‘notch’ or channel over the RCC placement area

allowing the works to be safely overtopped by floods with plant

parked up above the flood, thereby reducing subsequent clean up

work.

 Initial and final lift joint preparation and form lifting taken off the

critical path.

 Proven increases in RCC placement rates of + 30 to 50%.
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7- Forming the faces of RCC Dams

7-1-Conventional concrete against formwork

7-2-Use of precast concrete panels

7-3-Membrane (concrete or artificial) on the upstream face.

7-4- GEVR (Grout-Enriched Vibrated RCC)

Use of precast concrete panels
Miel I RCC dam, Colombia 2001 

Geomembrane system
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7-4- GEVR (Grout-Enriched Vibrated RCC)

 The difference in the proportions of the ingredient materials of

conventional internally vibratable concrete (CVC) and RCC is that CVC

has a greater quantity of cement and water than RCC. By simply adding

additional cement and water to unconsolidated, freshly spread RCC in

the form of grout, such that it is reasonably distributed throughout the

RCC, the RCC can be mobilized and the grout uniformly worked

through the RCC during consolidation by a poker vibrator. This is the

basic concept of grout enriched RCC (GERCC).

 For the GERCC process to ‘work’, the applied grout needs to fully drain

down into the spread RCC lift, to do this it is essential that the RCC is in

a loose, ‘as spread’ condition. Usually it is necessary to trim back by

hand the low windrow left by the dozer blade that develops along the

forms and to roughly level off the surface of the RCC to that expected of

the ‘final’ GERCC surface before applying the grout.
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Some examples of GERCC used for upstream facing, left Ralco Dam 

(155m high) in Chile and right Kinta Dam (90m high) in Malaysia.

Application of grout and poker vibration of GERCC at Kinta Dam.
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RCC compaction at Kinta Dam of a 
sloping RCC layer alongside the GERCC 
facing, followed by hand tamping the 

raised edge of GERCC.

Ralco RCC Dam (155 m high) GERCC 
downstream face with 0.6 m high steps



IRANIAN Committee on Large Dams (IRCOLD)                                                                                         Feb-2015

Practical Challenges for Construction of RCC Dams

7-4-1 Advantages of GE-RCC include:
 Provides a durable, impervious, high quality off-form finish for upstream 

and downstream facing to the body of the RCC dam.

 Forms a homogeneous and monolithic mass with its adjacent parent RCC,

 The entire procedure is simple, easily controlled and does not control the 
progress of RCC placing.

 A separate batching, mixing, transportation system is not required, unlike 
with CVC.

 Grout can be mixed by hand or by grout plant; tests on projects to date 
confirm the uniformity of GERCC is similar to the parent RCC. Coefficients 
of Variation below 10% have been achieved for compressive strengths.

 Ability to incorporate reinforcing steel, waterstops, pipe encasements etc.,

 Can be used between abutment rock and the RCC body to achieve good 
bond and the filling of all rock cavities, irregularities etc.

 Low cost.
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8- Contraction Joint Casting

 Molding the Contraction Joints can be performed as 

illustrated by Figures bellow, depending on Contractor’s 

criteria and cost.
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