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Effect of Temperature and Creep on Roller Compacted
Concrete Dam During the Construction Stages
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Abstract: Development of temperature rise in massive concrete structure such as
a roller compacted concrete dam is attributed to hydration of concrete and envi-
ronmental boundary conditions. These thermal changes in the material affect the
elastic, creep properties of the material, and in turn, the stress fields within the
structure. Therefore, the effects of temperature on the properties of RCC materi-
als( elastic, creep) has to be taken into account in order to determine the risk of
the thermally induced cracking in these dams. In the present work an attempt has
been made to consider the effect of temperature on the elastic and creep properties.
A viscoelastic model, including ageing effects and thermal dependent properties is
adopted for the concrete. Safety against a crack occurrence over the time is deter-
mined using crack criterion factor. The result has shown that, the increase of the
elastic modulus has been accelerated duo to the high temperature of hydration at
the initial stage, and consequently stresses are increased. The maximum principle
stresses increased by 40% in the initial stage.

Keywords: FEM; Roller compacted concrete dam; Thermal stress; Creep; crack
criterion factor.

1 Introduction

The design and construction of roller compacted concrete dams (RCC) involves
solving the problem of temperature control. In the recent years, many numerical
models have been proposed to predict realistic distribution of temperatures in these
types of massive concrete structures particularly during the constructions phases.
The proposed numerical models range from low level of the approximate methods
to highly accurate levels using the two or three dimensional sophisticated finite
element analysis.
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The temperature rising in RCC dams is due to hydration of cement and climatic
changes on the convective boundaries. In addition, the quick construction process
can induce a high thermal gradient in interior mass and exterior surface of the
dam [Noorzaei et al, 2006]. Temperature does not only influence the properties
of concrete such as elastic modulus and creep properties, but also induces thermal
stresses [Wu and Luna, 2001]. If these thermal stresses, in addition to the tensile
stresses resulting from other loads, exceed the tensile strength of RCC, crack will
develop in the dam body.

Details steps for performing a complete thermal study for a simple mass concrete
dam structure was discussed by Tarto [Tarto and Schrader.(1985)]. In the presented
work the incremental construction concept was incorporated into the model by as-
signing material placement times relative to a common time of origin to each de-
fined mode element. However, approximated air temperature was used in the work.
Later on, Saetta presented a finite element procedure for the stress-strain analysis
in concrete structures exposed to time-variable environmental conditions. In this
study, the authors ignored the effect of the variation of the elastic modulus with
time [Saetta et al. 1995].

A simplified thermal and structural analysis of Kinta RCC dam using ANSYS fi-
nite element computer program was presented by Crichton. The variation of the
elastic modulus with time, creep behavior and simulation of construction process
were considered in this study. However, the ambient air temperature is kept con-
stant through the whole year, and the temperature effect on the elastic and creep
properties has been ignored [Crichton et. al. 1999]. Jaafar dealt with the devel-
opment of a finite element modeling based computer code for the determination of
temperatures within the dam body. The finite element code was then applied to the
real full-scale problem to determine the impact of the placement schedule on the
thermal response of roller compacted concrete dam. In the presented study only
thermal analysis was preformed [Jaafar et al, 2007].

A distribution of temperature and stress of the Mianhuatan RCC gravity dam in
China was simulated by Zhang. Several factors of RCC affecting dam tempera-
ture and stress such as placing process, creep, heat of hydration, effects caused by
surrounding temperature were taken into account in the numerical simulation. The
main annual air temperature and mean annual river water temperature are used to
predict the temperature and stress fields for long-term operation period [Zhang and
Zhu.2003].

Noorzaei focused on the development, verification and application of a three-dimen-
sional finite element code for coupled thermal and structural analysis of roller com-
pacted concrete dams. The actual climatic conditions and thermal properties of
the materials were considered in the analysis. The structural stress analysis was
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performed using the elasto-plastic stress analysis. The studies conclude that, the
elasto-plastic analysis can redistribute the state of stresses and produces a more re-
alistic profile of stresses in the dam. However, the time dependent deformations
such as; creep and shrinkage have not been reported in their study [Noorzaei et al.
2009]

Araujo and Awruch (1998), investigate the cracking phenomena in concrete gravity
dams during the construction phase. Stresses due the self weight, thermal gradi-
ent, creep and shrinkage are computed taken into account different stages of the
construction process. A two dimensional finite element analysis was used in their
work during the construction phase. During the analysis, the temperature of the
surrounding air was assigned a fixed value which represents the observed mean
temperature at the dam site for a period of ten years.

Evidently, roller compacted concrete dams are special structures, because they are
constructed in layers, the gravity load is changing with construction process, in
addition thermal stress will increase with time as volume of placed concrete is
increased. Moreover, each layer has different age, consequently different mechan-
ical, thermal and creep properties. Nevertheless, recently, the temperature problem
of incremental block has been solved and computer programs were developed and
many of them reported in the literature. In the greater part of them creep is consid-
ered very approximately [Majorana et al, 1990]. In several cases, standard codes
of practice were used. However, due to the significant influence of creep on the
stress values, especially in early age concrete [Santurjian and Kolarow, 1994] more
accurate creep model is essential. In addition, continuous efforts should be made to
establish reliably precise crack safety factor that, include the effect of temperature
and time on its formation for a correct evaluation of the dam behavior.

The present investigation is continuation of authors’ previous work [Noorzaei et al,
2006]. The primary objectives of the present research work;

a) To propose a viscoelastic model, which include the ageing and temperature ef-
fect on properties of concrete in its consideration.

b) To apply the proposed model to a simple concrete block and an actual RCC dam
to demonstrate the efficiency of the model.

c) To determine the effect of temperature on the elastic properties and distribution
of the stresses in the dam body during the construction phases.

d) To examine the probability of cracking occurrence in the dam body due to tem-
perature variation, dead load and creep.
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2 Constitutive Relationships

2.1 Heat Diffusion

The general partial differential equation governing heat flow in a two-dimensional
solid medium is expressed as [Incropera and DeWitt, 2002]:
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where T is the solid temperature (◦C); kx, and ky, are the concrete conductivity
coefficients in x and y directions respectively (W/m ◦C); Q̇ is the rate of the heat
introduced per volume (W/m3); ρ is the material density (kg/m3), and; c is the solid
specific heat (J/kg ◦C).

Two main types of boundary conditions are Drichlet and Cauchy boundary, which
can be written respectively as [Sergerlind, 1984]:

T = Tp (2a)

T = Tpkx
∂T
∂x

lx + ky
∂T
∂y

ly +q+h(Ts−Tf ) = 0 (2b)

where Tp is the known values of the nodal temperatures on the boundaries; q is
flowing heat from surface; h is the film coefficient; Ts is unknown temperatures at
the boundary nodal points; T f is the ambient temperature; lx, and ly are the direction
cosines of the outward normal to the surface under consideration [Noorzaei et al,
2006].

2.2 Creep of Concrete

There are several creep models available in the literature. Most of the models are
based on the assumption that creep varies linearly with stress [Westman, 1999], and
they obey Botlzamanns principle of superposition. The most common models: the
Bazant and Panula’s (BP) Model [Bazant and Panula, 1982], ACI Model [ACI209,
1978], CEB-FIP model, Emborg model, Westman model [Westman, 1999], and the
Exponential model [Bazant and Wu, 1974].

The exponential model has been attractive from the computation point of view,
because it can avoid storing the whole stress history and made the implementation
feasible comparing with other models.

The creep functions may be expressed with Dirichlet series [Bazant and Wu, 1974]
as

J(t,τ) =
M

∑
γ=1

1
µγ (τ)

[1− eyγ (τ)−yγ (t)] (3)
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where J(t,τ) is creep functions, µγ (τ) is function of one variable, called the reduced
times, τ is the loading age in days, yγ is experimental function[Bazant and Wu,
1974].

Neglecting temperature effects, a specific form of the compliance function is often
used [Zhu et al, 1976]

J (t,τ) = C (t,τ)+
1

E(t)
(4)

where C(t,τ) is creep compliance, it can be expressed as,

C (t,τ) =
3

∑
γ=1

ϕγ(τ)[1− e−sγ (t−τ)]

ϕ1 = α1 +β1τ
−δ 1 , ϕ2 = α2 +β2τ

−δ 2 , ϕ3 = De−s3τ (5)

where αγ , βγ , δγ , D, Sγ are constants determined from the experimental data.

E(t) is elastic modulus, and the model which developed by Conrad [Conrad et al,
2003], has been used in this study. This model expresses the variation of the elastic
modulus of RCC material with time

E (t) = Eceaτb
(6)

where Ec is the final elastic modulus, a and b are model parameters.

3 Temperature Effect

In the past, the material laws for hardening concrete were mainly based on the
age of concrete. However, in reality, the temperature also influences the material’s
mechanical properties. If the temperatures increase, it will accelerate the initial
elastic modulus of concrete, but the ultimate elastic modulus is not significantly
affected [Bazant et al, 2004]. The creep rate also grows with higher temperature
consequently creep strain is enlarged. It was shown that, a higher elastic modulus
in the initial stage reduces the creep rate, but the creep increase always prevails [Du
and Liu, 1994].

Bazant introduced the concept of the degree of hydration to include the tempera-
ture influence [Bazant et al, 2004]. Term equivalent age (τe), which represents the
hydration period for which the same degree of hydration is reached at a current
temperature as that one reached during the actual time (t) at a reference tempera-
ture. The concrete age, τ , will be replaced by equivalent age (τe ) in the exponential
model(Eq.5)[Wu and Luna,2001].

τe =
τ

∑
0

βτ (t)dt (7a)
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where β (t) is a function of current temperature and expressed as

βτ(t) = eΠh( 1
Tr

+ 1
T (t) ) (7b)

where T(t) is a current temperature, Tr = 20 0C, Πh is function of hydration degree
=2700 K. To consider the temperature effect on the creep compliance, a function
yγ(t) is introduced as

yγ (t) = Sγ

τ

∑
0

Ψτ (t)dt (8a)

where β (t) is a function of current temperature and expressed as

Ψτ(t) = eΠα ( 1
Tr

+ 1
T (t) ) (8b)

where Πα is function of activation energy of creep =5000 K.

Introducing the ideas mentioned above into equations (5, 6) respectively

C (t,τ) =
3

∑
γ=1

ϕγ (τe)
[
1− e−sγ (t−τ)

]
(9)

Using the introduced term of equivalent age (τe), which represents the hydration pe-
riod, the concrete age, τ , will be replaced with this equivalent age (τe) in the above
elastic modulus (Eq.(6)). So modified model includes the aging and temperature
effects on the elastic modulus.

E (t) = Eceaτe
b

(10)

4 Mathematical Model of Creep

Du and Liu, 1994, introduced the numerical procedure for creep strain in mass
concrete structure with temperature effects by modifying the exponential algorithm
for concrete developed by Bazant.

The total strain column vector within the nth interval may be generalized as

{∆εn}= {∆ε
e
n}+{∆ε

c
n}+

{
∆ε

T
n
}

(11)

where {∆εe
n} ,{∆εc

n} ,
{

∆εT
n
}

refer to elastic, creep, temperature strain increment
column vectors, respectively.

From t0 to t, the creep strain may be expressed as [Du and Liu, 1994]

{εc(t)}= [Q]{σ0}C (t, t0)+ [Q]
t

∑
t0

C (t,τ)
{

∂σ

∂τ

}
dτ (12)
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where σ , σ0 are the transient and initial stresses respectively. [Q] matrix can be
expressed as

[Q] =

 1 −v 0
−v 1 0
0 0 2(1+ v)

 (13)

where v is the Poisson’s ratio

The total time travel [t0, t] is subdivided into N steps, for the step [ti−1, ti] and
substituting equations 5and 6 into equation 12 and integrating the equation. The
resulting equation;

{εc(t)}=

[Q]
3

∑
γ=1

{
σ0ϕγ (t,0)

[
1− e−ys(t)

]
+

N

∑
i=1

∆σi

∆τi

ti

∑
ti−1

ϕγ (τe) [1− e−(ys(t)−ys(τ))]dτ

}
(14)

Performing the integral mean value theorem, Eq.14 can be rewritten as [Du and
Liu, 1994]

{εc(t)}= [Q]
3

∑
γ=1

[
σ0ϕγ0

(
1− e−ys(t)

)
+

N

∑
i=1

∆σiϕγi[1− fγie−ys(t)]dτ

]
(15a)

where

fγn =
1

∆τn

tn

∑
tn−1

eys(τ) (15b)

The creep strain increment column vector within step [tn−1, tn] may be generalized
as

{∆ε
c}= [Q]

3

∑
γ=1

[(
1− e−sγ Ψτn ∆τn

){
ωγn
}

+{∆σn}ϕγnhγn
]
= {ηn}+qn [Q]{∆σn}

(16a)

where;

{ηn}=
3

∑
γ=1

[(
1− e−sγ Ψτn ∆τn

){
ωγn
}]

(16b)

{
ωγn
}

=
{

ωγn−1
}

esγ Ψτn−1 ∆τn−1 +[Q]{∆σn}ϕγn−1 fγn−1e−Y n−1 (16c)
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qn =
3

∑
γ=1

ϕγnhγn (16d)

hγn = 1− fγne−Yn (16e)

Yn = Sn

n

∑
j=1

ΨT j∆T j (16f)

from Eqs.(11) and (16) the increment in the stresses at nth time interval.

{∆σn}=
[
D′n
]
({∆εn}−{ηn}−

{
∆ε

T
n
}
) (17a)

[
D′n
]
=

[Dn]
(1+qnEn)

(17b)

where [Dn] is the elastic matrix for plane strain problem at the nth time interval,
which has been calculated based on the model in Eq.10. Consequently, [Dn] can be
redefined as elastic matrix for RCC material which includes the aging and temper-
ature effect.

By the equilibrium equation of the finite element method, we obtain

[Kn]{∆δn}= {∆Pc
n}+

{
∆PT

n
}

+{F} (18)

where [Kn] is the global stiffness matrix, {∆δn} is the column matrix of nodal
displacement, {∆Pc

n} is equivalent load column matrix of nodal creep,
{

∆PT
n
}

is
equivalent load column matrix of nodal thermal force, {F} is external force.

The column matrix of nodal stresses at the moment of nth step is

{σn}= {σn−1}+{∆σn} (19)

5 Cracking Criteria

In the previous work of the authors the crack index has been used to evaluate the
safety of the dam against the crack, where the crack index presented the ratio of
the tensile strength to maximum principle stress which was approximate cracking
criteria. The assessment of the crack occurrence is performed by using the cracking
criterion coefficient suggested by Kupfer [Kupfer and Gerstle, 1973], which is a
function of the principal stresses. The safety coefficient against cracking criterion
is defined by the following formula:

C f =
σ1ult(t)
σ1(t)

(20)
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where σ1(t) and σ1(ult) are the RCC maximum and allowable principle stresses
respectively. σ1(ult) depends on the types of the maximum and minimum principle
stresses.

(i) For tension-tension, Kupfer and Gerstle suggested a constant tensile strength
equal the uniaxial tensile strength of concrete.

σ1(ult) (t) = ft(t) (21a)

(ii) For tension-compression, Kupfer and Gerstle suggested a straight line reduction
in tensile strength.

σ1(ult) (t) = ft (t)(1+0.8
σ2 (t)
fc (t)

) (21b)

where ft(t) is the RCC tensile strength at the time t. f c(t) is the compressive stress
of concrete.

If safety coefficient of crack is greater than one, the element will be considered safe
against crack. But if the coefficient is less than one, crack will develop in the dam
body.

6 Computational algorithm of creep and temperature effect

The computational procedures followed in this study to account for creep and tem-
perature effects are summarized as follows:

1. Using procedure in the section 2 the temperature field T(t) is computed.

2. Substituting T into Eqs (7), (8), βT and ΨT will be evaluated using;

βτ(t) = eΠh( 1
Tr

+ 1
T (t) ), Ψτ(t) = eΠα ( 1

Tr
+ 1

T (t) )

3. Determine the equivalent age and elastic modulus for the nth interval time

4. Generate the constants of Eq. (16)

5. Calculate qn , {ηn}

6. Calculate the equivalent nodal loads include, temperature, creep, external.

7. Solve Eq. (18) to obtain the column matrix of nodal displacement increment,
and based on that calculate the column matrix of stress increment at nth time
interval.
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8. Calculate the total stress at nth time using Eq.(19).

9. Repeat step (1) to (8) until the construction of the stage is completed.

Fig.1 illustrates the code flow chart based on the above computational steps.

7 Computational Procedures for Safety Evaluation Against Cracking

The crack analysis is determined by calculating the safety coefficient against crack-
ing criterion C f , which is given in Eq. 20. The variation in the compressive strength
with time is calculated according to ACI, which relates the elastic modulus to the
compressive strength as

E (t) = 4750
√

fc (t) (22)

where Ec (t) is the elastic modulus, that is determined based on the procedures in
section 3 of this article, which is time and temperature dependent.

In order to determine the tensile strength, the splitting tensile strength of RCC mate-
rial is evaluated using the model that developed by Zdiri [Zdiri et al, 2008] Eq.(23).
The latter (splitting tensile strength) will be changed to direct tensile strength using
Eq.(24) which is given by Malkawi [Malkawi and Mutasher, 2003].

fsp = 0.214 fc
0.69 (23)

ft = 0.722 fsp
0.9 (24)

By combining the above Eqs. (23), and (24) the direct tensile strength of RCC
materials could be expressed as:

ft = 0.18 fc
0.621 (25)

Finally, the allowable principle stress will be determined using Eq.(21) based on
that the crack safety factor is generated by Eq.(20). Fig.2 illustrates the above
computational steps.

8 Development of Finite Element Code

The two dimensional finite element software developed by Noorzaei et al. (2006)
have been significantly modified [Abdulrazeg, 2010]. The followings are the fea-
tures of development computer code:

a) Thermal analysis.
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Figure 1: Program flow chart for computational procedures of creep and temperature 
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Figure 1: Program flow chart for computational procedures of creep and tempera-
ture effect
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b) Thermal and structural analysis

c) Thermal and structural analysis including creep

d) Crack prediction.

The structure will be divided into stages according to construction schedule; each
stage will be divided into several times. The thermal analysis will be preformed
first, if only the temperature field analysis is desired, then the program moves to
the next time step. If the coupled analysis is also desired, then the computations for
stress analysis are activated, and in case the creep is taken into consideration, the
computational procedures in the section 5 will be preformed. The general proce-
dures followed in the stress analysis are presented in Fig .3[Abdulrazeg, 2010].

The developed finite element program is written in Fortran language and can work
under power station environment. The developed finite element program has the
capability to perform;

1. Thermal analysis

2. Structural analysis with or without creep effect

3. Thermal and structural analysis with or without creep

In structural or combined analysis the creep effect could be include. For this pur-
pose a predefined index such ICREEP has been assigned so that when ICREEP=0
is without creep, ICREEP=1 is with creep.

9 Verification of the Proposed Model

The validity of the proposed methodology has been established by analyzing a
concrete block and comparing the results obtained against those available in the
literature. The block geometry is shown in Fig.4. The material properties are sum-
marized in Table 1. The upper surface of the block is exposed to the air and the
ambient temperature is 10 ◦C. The creep constants for concrete material were ob-
tained from report done by Zahang and summarized on Table 2 [Zahang, 1995].

Fig.5 shows the temperature and the variation of the elastic modulus at the central
point of the concrete block. The temperature increase due to the heat produced
by hydration, then reaches a maximum point about 4 days after casting. Then the
block starts to cool down due to the interaction with ambient temperature. The plot
shows also the variation of the elastic modulus with time at the central point. It
is obvious form the plot, due to high temperature of hydration at the initial time
the elastic modulus will be accelerated. But the block starts to cool down and its
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The developed finite element program is written in Fortran language and can work under 
power station environment. The developed finite element program has the capability to 
perform; 
i. Thermal analysis 
ii. Structural analysis with or without creep effect 
iii. Thermal and structural analysis with or without creep 
 In structural or combined analysis the creep effect could be include. For this purpose a 
predefined index such ICREEP has been assigned so that when ICREEP=0 is without 
creep,  ICREEP=1 is with creep.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Program flow chart for computational procedures of crack coefficient 
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The creep constants for concrete material were obtained from report done by Zahang and 
summarized on Table 2 [Zahang, 1995]. 

  
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Program flow chart (with temperature and creep modification) 
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Table 1: Thermal and structural properties of concrete block [Noorzaei et al. 2009]

Material RCC Rock
Heat conduction coeff. K
(W/m ◦C)

2.7 2.97

Heat convection coeff. h
(W/m2 ◦C)

8.0 8.0

Specific heat c (J/kg ◦C) 1150 800
Density ρ (kg/ m3) 2325 2650
Elasticity modulus E (MPa) 18200 24000
Poisson ratio ν 0.2 0.2

Table 2: Creep Constants[Zahang, 1995]

α β δ D
1 0.35494 0.48368 0.35361 . . . ..
2 3.7335 -0.186 0.012486 . . . ..
3 -

2.5644
0.13786 0.032642 0.83509

temperature drop below 20 ◦C the elastic modulus will be decelerated due to lower
temperature.

Fig.6. shows the thermal stress (σx) variation with age at the center of the block for
different cases (case I without temperature effect, case II with temperature effect).
The plot was made to study the effect of temperature on the thermal stress develop-
ment. It’s evident from the plot that, there is marginal different between two cases.
In the case. II the thermal stress has been decreased at the initial stage and was
increased later on the final stage, the similar response has reported by Du [Du and
Liu, 1994]

Fig.7 shows the stress development with age at the central of the block without
including thermal stress development (gravity load only). There is an increase in
the compression stress due to temperature and creep effect. Similar response was
reported by Yuan [Yuan and Wan, 2002]. A higher elastic modulus in the initial
stage reduces the creep rate, but the creep increase always prevails.Fig.8 shows the
cumulative increment of stresses (∑∆σy) at nth time for different ages of loading.
Age of loading play a significant role on the creep value, which is manifested by a
significant decrease of creep with the age at loading.
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Table 1: Thermal and structural properties of concrete block [Noorzaei et al. 2009]    
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Fig.5 shows the temperature and the variation of the elastic modulus at the central point 
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then reaches a maximum point about 4 days after casting. Then the block starts to cool 
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Elasticity modulus E (MPa) 18200 24000
Poisson ratio 0.2 0.2

 α β δ D

1 0.35494 0.48368 0.35361 …..

2 3.7335 -0.186 0.012486 …..

3 -2.5644 0.13786 0.032642 0.83509

500 cm 

700 cm

Concrete Block 

Rock

Central point 

500 cm 

100 cm 

Figure 4: (a): Concrete Block; (b): Discretization of the Concrete Block
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Figure 5: Temperature and elastic modulus variation at the central point

10 Analysis of Actual RCC Dam

The Sg. Kinta dam located approximately 12 km north east of Ipoh in Malaysia,
which froms part of the Greater Ipoh Water Supply Scheme phase II was completed
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Figure 6: Thermal stress at the central point of the block

 
 

 

-114.8

-114.6

-114.4

-114.2

-114

-113.8

0 50 100 150 200 250

Case.I Case.II

Age of Concrete (days) 

St
re

ss
 (k

g/
cm

2 ) 50 cm 

Figure 7: Stress Development at central point of the block with age

in 2006. The maximum height of the dam is 78 m and the crest length is 700 m
[SUNGAI Kinta dam (2002)]. The progress of the dam construction with respect to
time, materials properties, and the site recorded hourly environmental temperatures
were given in the previous work of author [Noorzaei et al. 2009]. They will not
be reproduced in the present work. The creep experimental data which reported in
the literature [Zhang, 1995] for RCC and CVC materials has been used in present
study, these data tabulated in the Table 3.
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Table 3: Creep data for RCC and CVC materials[Zhang, 1995]

Material α β δ D
CVC 1 0.35494 0.48368 0.35361 . . . . . . ..

2 3.7335 -0.186 0.012486 . . . . . . ..
3 -2.5644 0.13786 0.032642 0.83509

RCC 1 0.058864 0.38362 1.356 . . . . . . .

2 7.4729 -
11.115

0.08919 . . . . . . .

3 -5.2079 7.9619 0.078675 4.2808

10.1 Finite Element Modeling

The 2D finite element model of the deepest block is shown in Fig.9. Eight noded
isoparametric elements are used in the analysis. The mesh of the dam body is
generated in such a way to simulate the construction phase.

11 Result and Discussion

11.1 Temperature Distribution During Construction

The contours of the temperature distribution in the dam body for stages 10, 18, and
the final stage are presented in the Fig.10.

Fig.10(a) illustrates the contours of the temperature distributions within the dam’s
body after completion of the 10th stage. The maximum temperature observed was
44 ◦C, it was formed at the bottom of the dam. This is attributed to the use of
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202 m

Figure 9: 2-D Finite Element mesh

higher RCC placing temperatures combined with the higher insulating property of
this region due its massive volume compared with the other locations.

Fig.10(b) shows the isothermal contours obtained immediately after the end of con-
struction of the 18th stage. The maximum predicted temperatures was formed at the
top of the dam that because, the hydration process is still high in this area compar-
ing with other dam body. The temperature at the center of the dam was 42 0C and
it decreased to reach the air temperature at the boundary condition.

Isothermal contour plot at the end of the dam construction is shown in Fig.10-c.
The plot shows that, the higher temperature zone is at the center of the dam body
with maximum predicted temperature of 42 ◦C, which gradually decreased to reach
approximately the air temperature at the boundaries.

Generally, from the isothermal contour of different stages, it can be conclude that,
there are three different zones, which are outer zone, middle zone, and central zone.
The maximum temperature is formed at the central zone due to the width effect,
where the cooling takes place slowly. On the other hand, minimum temperature
has been observed at the outer zone, which almost reaches the air temperature due
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Figure 10: (a): Temperature Distribution for stage No. 10; (b): Temperature Dis-
tribution for stage No. 18; (c): Temperature distribution after completing the dam
construction

to the environmental active. The middle zone is representing the gradually change
of temperature from the maximum grade at the boundary of central zone to the
minimum grade at the boundary of outer zone.

After the temperature field was computed, the methodology proposed in the Sec-
tion 3 of this research has been activated to determine the variation of the elastic
modulus with time considering the temperature effect.

In order to illustrate the effect of the temperature on the variation of the elastic
modulus, Fig.11 has been plotted to show the temperature at the particular point
(a). The temperature increases due to the heat produced by hydration, then reaches
a maximum point at about 5 days after casting. It is obvious from the plot there is
a significant difference between the two curves of the elastic modulus during the
initial stage due to the high temperature of hydration. If the temperature effect was
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considered the elastic modulus is increased by 44% and 24% in the first two and
four weeks respectively. The ultimate elastic modulus is not significantly effect,
where there is increase in the elastic modulus by 4% after 300 days from casting if
the temperature was considered.
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Figure 11: Temperature and the variation of the elastic modulus at the central point

11.2 Stress Simulation during Construction

A viscoelastic model, including ageing and temperature effects was adopted for the
stress analysis. The same time interval for the heat transfer problem and the stress
analysis was used in this study. Initially the thermal analysis is preformed with time
step. The degree of equivalent hydration period is evaluated. Based on this degree
the elastic modulus and creep are calculated.

In order to illustrate the effect of temperature on the development of stresses within
the dam body maximum principle stresses have been drown for different axes of
the dam body as indicated in Fig.12.

Fig.13 shows the variation of maximum principle stress along axis of a-a within the
dam after completion of second stage within age of two weeks. It’s clear that, the
stress has been increased. When the temperature effects are considered, the maxi-
mum principle stresses increased from 0.87 MPa to 1.22 MPa by 40% in the initial
stage. This is because the temperature at the initial stage is high due to hydration
the elastic modulus is high also which increased the stress during this stage. How-
ever, the ultimate elastic modulus is not significantly affected by the temperature
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and higher elastic modulus reduces the creep rate. Therefore, the stresses will not
be much effected comparing with initial stage.
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Figure 13: variation of Maximum principle Stress along axis of a-a

Fig.14. Shows the variation of maximum principle stress along different axis’s (b-b,
c-c, and d-d) at the end of construction, these plots are made for the three sections
namely b-b, c-c, and d-d. Similar response to the axis a-a has been shown by
other axis. Since, each layer has different age, consequently different mechanical
properties, thermal and creep properties. Therefore, the effect of temperature and
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creep also different from layer to layer. Generally there is increasing in the stresses
if the temperature effects and creep were considered.

Fig.15 shows the principal stress distribution σ1 (MPa) for different construction
stages, It is clearly observed from these plots, the presence of high tensile stresses
at the dam bottom and the boundaries. While compressive stresses contours are
concentrated the dam body with high values at the lower levels of the upstream face.
Generally, it is observed that most of the dam body under compressive stresses and
it increased with construction stages.

Fig.16 shows the distribution of the minimum principal stress σ3 (MPa) for differ-
ent construction stages. High compressive stress zones concentric at the bottom
of the dam which gradually reduces toward the boundaries. In addition small re-
gions of high compressive stresses have been observed lower points of upstream
and downstream.

11.3 Cracking Criteria and Safety Evaluation

After the stress analysis is preformed, the crack safety factor will be calculated
based on the Eq.(20) for each Gaussian point. Hence, all the properties of the
materials are time and temperature dependent, especially elastic and strength prop-
erties, the variation of the crack factor with time and temperature are determined.
Thus, this factor will be more realistic to represent the crack occurrence.

The crack safety factor with time for two levels (2.4 m and 11.4 m) across the dam’s
width has been shown in the Figs.17, 18. It is clear from the plots that the dam is
safe against cracking for points P1 and P2, even though the factor at the elevation
of 11.4 m drops below the allowable limit (1.0) for P1, but this drop was in the
initial time where the concrete can be considered to be young concrete.

In case of P3, which is located at downstream side. It is obvious from the Fig.14
the tensile stress which developed at the downstream is higher than those developed
at the upstream, which leads to this drop in the crack safety factor in this zone, it
can be concluded that special attention should be paid to this side in design. It
can conclude that, the upstream and the downstream regions at this level (toe and
hill) are the most probable crack regions where the crack index values are dropped
below the limit value.

12 Conclusions

The temperature effect on the elastic and creep properties of RCC dams has been
ignored by the most of the earlier researcher. In addition, the creep phenomena in
the structural response of RCC dams have not been addressed sufficiently, partly
because of the complexity of the problem and the extensive computational effort
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Figure 14: Variation of the maximum principle stress with the dam’s height
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        Figure 15: Maximum Principal Stresses σ1 (MPa) 
 
Fig.16 shows the distribution of the minimum principal stress σ3 (MPa) for different 
construction stages. High compressive stress zones concentric at the bottom of the dam 
which gradually reduces toward the boundaries.  In addition small regions of high 
compressive stresses have been observed lower points of upstream and downstream.  
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Figure 15: Maximum Principal Stresses σ1 (MPa)

required carrying out such phenomena. Hence, the proposed viscoelastic model
can be effectively used for analysis of RCC dams by considering the ageing effects
and thermal dependent properties for the RCC materials.

Based on the present study, the following points can be drawn;

1. A viscoelastic model, that include ageing and temperature effects on proper-
ties of RCC materials was developed.

2. The Conrad’s model which expresses the variation of the elastic modulus of
RCC material with time, has been further modified to account for tempera-
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ture effect.

3. The result has shown that, If the temperature effects are considered, the max-
imum principle stresses increased by 40% in the initial stage. This is because
the temperature at the initial stage is high due to hydration the elastic modu-
lus is high also which increased the stress during this stage.

4. The crack index variation can give a good indication of the probability of
cracking with time.

5. The exposed dam boundaries posses the same air temperature at the end of
each stage of analysis.

6. The tensile stress which developed at the downstream is higher than those
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Figure 18: Crack Safety factor variation at level of 11.4 m

which developed at the upstream, which leads to this drop in the crack safety
factor in this zone, it can be concluded that special attention should be paid
to this side in design.

7. Remarkably high tensile stress was observed at the downstream side. Hence
special attention should be paid to this side in design.
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