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Abstract: This paper, presents creep behavior of the concrete bituminous and it evolution under three different
temperatures (17°C, 32°C, and 40°C) and their effect on the stress curves evolution at the upstream mask in the
bouhnifia dam (Algeria), who is considered a rock fill dam of 55m high sealed by an upstream sealing mask in
bituminous coating 20 cm thick. Creep is a time-dependent deformation resulting from constant load who is
characterized by a nonlinear behavior of the materials, in which the material continues to become deform under
a constant load. In this study, we have applied the Finite Element Method based on a model called (Time
Hardening Model) using the computer code ANSY'S 17.0 in order to simulate a creep behavior of the upstream
mask during 20000 hours of loading and the evolution stress curves under three different temperatures (17°C,
32°C, and 40°C) successively. First, we simulate the temperature distribution in transient conditions during a
day of sunshine on the facing, and then we evaluate the creep behavior of the mask under different temperatures
mentioned above.
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Introduction

The performance of bitumen in terms of waterproofing has been known since Antiquity. Today we see hydraulic
structures based on bitumen 3000 years old, such as the dikes of the Tigris, in Assur, in Mesopotamia still in
good condtion (Djemili & Chiblak, 2007; Chebbah 2020). Bituminous coatings are waterproof, durable,
insensitive to water, resistant to most common chemical agents and micro-organisms, they have a great ability to
solve many hydraulic problems; the flexibility of bituminous waterproofing allows them to adapt to the
settlement of their support without cracking or losing their properties (Lombari, 2005; Djemili et al., 2012).

Asphalt concrete provides waterproofing for dams, and it can be use on any inclination of the embankment dam,
where it has the capacity to take the movement of the foundation without any loss of waterproofing, due to its
sufficient flexibility. Asphalt concrete layers have enough durability due to the low air content in the compacted
layers, which reduces the effect of climate on these layers (Fadel, 2005). The ambient temperatures air influence
directly the structure temperatures, while atmospheric conditions (solar radiation, UV radiation, clouds, etc.) can
accentuate these phenomena (Rychen, 2013; Chebbah, 2021). The mechanical properties of asphalt concrete
change significantly with temperature. Surface heat transfer produces high stress gradients near the mask
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surface, diurnal temperature cycles can induce fatigue cracking and reeze-thaw cycles can cause cracks
(Mauduit et al., 2013; Chebbah, 2021). In this study we consider a rock fill dam of 55m high sealed by an
upstream sealing mask in bituminous coating 20 c¢cm thick see Figure 1. First, we simulate the temperature
distribution in transient conditions during a day of sunshine on the facing, and then we evaluate the creep
behavior of the mask under different temperatures mentioned above.
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Figure 1. Upstream mask modeling

Materials and Method

Based on the existing documentation at the level of the National Agency for Dams and Transfer (ANBT), the
data collection is summarized as follows: The waterproof mask is composed of a support layer (binder) 10 cm
thick on which are applied one or two layers of 10 cm thick each of waterproof bituminous concrete (bitumen
content: 7 to 9%, index of empty < 3%. The upstream mask includes the important details, such as :

Climatic sun protection "mastic",

10 cm of waterproof asphalt concrete,
8 cm de bituminous drain,

10 cm of waterproof asphalt concrete,
Binding layer,

Case Study

Figure 2, illustrate an dam overview which constitutes a basic model of the case study. The Bouhanifia dam
located in western Algeria, at 02°35°9 37’E of longitude and 36°9' 19.06"N of latitude. The dam structure is
made by a secured rock embankment on which an upstream sealing mask of bituminous concrete is placed. It is
a rock fill dam with an upstream bituminous concrete mask, inspired dy the Ghrib dam. Built between 1930 and
1941, the Bouhnifia dam is among the first rock-fill structures made with an upstream bituminous concrete
mask (Djemili, 2006; Ghouilem, 2014). The study site is characterized by a semi-arid climate. The dam
watershed has an area of 7,850 km? and the average annual flow reached 110.106 m3. The structure dam is
characterized by:

- Peak length : 464 m,

- Height above the talweg : 55 m,

- Crown width : 5m,

- Fruit of the slope variable upstream: 0,8/1 a 1/2,
- Fruit of the slope downstream : 1,25/1,

- Base massif width: 137 m,

- Dam capacity: 72.106m?.
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Structural Discretization

The finite element Analysis (FEA) method is a powerful computational technique for approximate solutions.
Several software programs adopt it, in particular the Anysy calculated code. The graphical user interface (GUI)
allows us to model the finite element structure, as shown in figure 4. Elements PLANE 55 are used to discretize
the upstream mask. They are designe for heat transfert problems. The structure dam is modeled by the elements
PLANE 183 with eight nodes, see figure 3. Figure 4 illustrat the structure discretization by the elements PLANE
183.

K
L
® K
K.L O @
@ @
@
! J
) U pegenersted |
generate
Y rlangle © J
ior axiat) KEYORT(1) =0 KEYORT{1} =1
T—+ X {or radialh

Figure 3. Elements PLANE183 (ANSYS Element Reference)

Temperature Evolution on the Mask Surface

The upstream mask structure is made up of layers of different nature and different thermal characteristics (see
figure 2 above). In the study, we assume the following conditions:

- The structure temperature is not influenced by the heat input from the bituminous coating layer at a 1m of
depth,

- The different structure layers are considered isotropic and homogeneous,

- The wind speed is constant over the entire period.

- There is conservation of flow at every massif point,

- The solar radiation acts only on the surface. It therefore does not constitute an internal source of heat
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In reality, the upstream mask surface is subjects to the acts of solar radiation and convection of the surrounding
atmosphere. They will be considered as boundary conditions. The heat quantity emitted or absorbed by the
radiation thermal between the surface and the surrounding environment is given by the following equation (1)
(Incropera et al., 2002).

Parement amont
B
Digue en enrechochement
-
asd 7l

Figure 4. Structure discretization by the elements PLANE 183
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With: grad is Radiation heat flux (W/m?), &s is the emission surface coefficient (es =1 for a black body, and
0.85< €s < 0.95 for a bituminous concrete), Cs is the stephan-Boltzmann constant (Cs=5.67 .10-8 w./m 2 °C%),
Ts represent the mask surface temperature (°C) and Tair is the air temperature (°C). The modeling evolution of
temperature for each layers mask is given by the following thermal field equation:

a°T, 131"!._0 5
0% @, 9t )

with: a = Ap.c is the thermal diffusivity (propagation coefficient heat), A : Conductivity heat coefficient
(w/m.k), p : Density (kg/md),and c is the specific heat (j/kg.°C). The following empirical equation (3) giving by
(George KP & Husain S, 1986), estimate the surface temperature evolution (Ts) of the coating depending on
the ambient air temperature.

76.2 4.7
T, = Toir (‘l + )

— +33 (3

hy +304.8 hy +304.8 3)

With: Tsis the surface coating temperature, Tair: Air temperature, hi: bituminous layer thickness in cm. The
following Table 1 illustrates the temperature (Ts) maximal results achieved on the surface of upstream mask
using equation (3) above:

Table 1. Temperature evaluation (Ts) on the mask surface
Temperature Air (Tair)  17°C 32°C 40°C
Ts 27°C 43°C 54°C

The following Figures 5 bellow, illustrates the daily variation temperature (17°C, 32°C and 40°C) as a function
of time (t) on the mask surface. For the ambient temperature air of 17°C, we note that the maximal temperature
reached at the upstream mask surface is 31°C during 6h30° of exposure to the radiation solar. The evolution
temperature of 32°C over time reached a pic of 60°C after 4h of exposure to solar radiation. Finally a maximal
temperature of 65°C is reached on the surface upstream mask for the transient evolution of the temperature 40°C
after 3h of exposure to the radiation solar. We note that from these results, the maximum temperatures reached
on the surface mask are inversely proportional to the solar radiation time exposure. Figures 6, illustrates the
variation daily temperature (17°C, 32°C andt 40°C) depending on the mask depth. These curves are obtained by
the Fourier law (d?T/dx?= dTi/a;.dt). Table 2 bellow illustrates the surface temperature evolution.(Ts) as a
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function of the mask depth according to equation (3) and the temperature obtained by Ansys simulation.
Through the results obtained concerning the surface temperature (Ts), that there is a significant difference
between the Ansys simulation and the empirical equation (3). This can allow us to conclude that this equation
does not take into account time of exposure to solar radiation.
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Fiaure 5. Temoeratures evolution on the unstream ask

Creep Modeling Procedure by Ansys

Implicit creep is the most used method in the Ansys program for the reasons of efficiency. The command TB
with Lab = CREEP allows us to programme this method and choose the corresponding equation creep by
specifying the number of the model that it corresponding by using the TBOPT command, see example below.
TB, CREEP, 1,1,4,2

TBTEMP, 100

TBDATA,1, C1,C2,C3,C4
550
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Fiaure 6. Variation des temnératures surfaciaues en fonction de la nrofondeur du masaue

TBOPT = 2 : Specifies the behavior law of model 2 namely (time hardening). This equation described the strain
creep (£,,.) variation according to several parameters (C1, C2, C3, C4), such as the creep constants associated

with the equation (4) bellow. Figure 7, illustrate the introduction of law creep procedure in the Ansys interface.
In order to modeling the creep, the model used in our study is the model given in equation (4):

g, = C,a2tC3eC/T (4)

With : & is the Creep strain, o is the Equivalent stress, t represent the loading time, and C1, C2, C3, C4 :

Creep parameters, giving as follows: C1 = 41.10-8 1/s, C2 = 1.48, C3 = -0.63, finally Tis the Medium
temperature in Kelvin. Material is considered isotropic, and the basic solution method used is that of Newton-
Raphson. This behavioral law is defined in ANSYS as “Time Hardening model”
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Figure 7. Interface introduction of the law creep model

Table 2. Surface mask temperature (Ts) and in the mask depth

Air temperature (Ta) 17°C 32°C 40°C

Eq (3) Ansys Eq (3) Ansys Eq (3) Ansys
Ts at the mask surface 27°C 31°C 43°C 60°C 54°C 65°C
T° at 10cm of mask depth 29,5°C 50°C 55°C
T° at 20cm of mask depth 27.3°C 48°C 50°C
T° at 30cm of mask depth 14°C 45°C 47°C

Creep Phases

Under constant stress, the creep strain delayed is proportional to the load stress. It can therefore be classified as
a “linear viscoelastic” material. Figure 8 bellow a curve typic of creep strain. We note thought the curve, three
phases of creep, namely:

- Primary creep: represent the transient phase, during which the creep decreases with time, which
corresponding to the material increase resistance.

- Secondary creep: corresponding to the phase stationary, or even quasi —viscous, during which the strain rate
is constant over the time.

- Tertiary creep: in this phase, the strain rate grows until rupture.

From this figure, we see that the variation of “¢” and £ can be given by the following equation (5).
Eq = Eg+ &y + B3+ E3+ 5y (5]

With: =gt instantaneous deformation corresponding to the putting load, £, = At* : Primary creep with x < 1,

Eq is the secondary creep wich is a linear function.
= At¥: . .

2 = AL Tertiary creep with y > 1

The function &, €3 et &4, there are very large number of equations. The functions € which describe the creep

curves are the sum of power function with a linear and a logarithmic function.
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Figure 8. Creep curve typic under moderate load (1) and intense loading (2)
(Dieter, 1988, Ashby & Jones, 1991)

Primary Creep

Primary creep is commonly described as transient phase, where the creep rate decreases; Andrade’s law models
it as follows:

Eor = 5o + At?/9 (6)

cr

With: &, represents instantaneous creep , A.tl/q Andrad’s coefficient and q is a dimensionless constant
(Andrade, 1910 and Andrade, 1914). (Nabarro, 1997) formulated a primary creep equation given as follow :

£, = Ao"t™ (7)
With : 6 (MPa) is the applied loading, A (MPa—nhr-m), n et m are temperature dependent constants (Pantelakis,
1983).7

Secondary Creep

The Norton’s Power Law (Norton, 1929) describes the classical approach to the secondary creep model:

Eer = Algg (8)

With: A et n are a creep secondary constants.

During the secondary creep, the strain creep continues to grow under constant stress, it does so at constant
speed. Thus, it is identical to viscous flow and is usually referred to as viscous creep.

Tertiary Creep

Microstructural damage mechanism occurring during creep can be manifested in a number of ways, such as
micro cracks, cavities, voids, etc. in increased scale. Typically, creep damage is classed into two forms: trans
granular (ductile) damage and intergranular (brittle) damage. Trans granular (ductile) damage arises were slip
bands of plasticity forming under high stress and low temperature. Intergranular (brittle) damage is a micro
cracking process at grain boundaries under high temperature and low stress (Skrzypek, and Ganczarski, 1999).
Damage is an all-inclusive non-recoverable accumulation that exhibits the same dependences as creep
deformation: material behavior (i.e., creep constants), temperature, time, and stress. Generally, damage is
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considered to be in continuum, (i.e., homogenous thought a body) thereby the expression continuum damage
mechanics (CDM) is used. The damage phenomenon is closely aligned with the creep cracking and has been
used to in local and nonlocal CDM approaches to predict creep crack growth. Many comprehensive lists of
creep damage CDM-based formulations are available in literature (Skrzypek & Ganczarski, 1999;
Lemaitre,1986). Early work in the characterization of creep damage by Kachanov (1967) and Rabotnov (1969),

introduced the concept of scalar-valued damage evolution expressed as
w = fi{@, w) where o is uniaxial stress, is the current state damage. Damage is coupled within the creep strain
rate via current damage and is expressed as

g, = fio. ). Within the creep strain equation, arises a net/effective stress which relates the physical space of

damage where the presence of micro cracks and voids reduces creep strength, to an effective space, where
microstructural creep damage is replaced with an effective increase in the applied stress

Results and Discussion

Figures 9, 10 and figure 11 illustrates the contour plot of creep strain €5 and g% and stress and stress of Von
Mises in the structure dam and the upstream mask. The creep deformation results show that the creep curves are
very spread in the plastic phase. The following equation allowed us to calculate the maximal plastic

deformations( €%, £})
Eor = Egl + Znl = 201 T Eop T Eg

Therefore, we will have as results:

£ = £F— 28l = 56207 — 0.1975 = 5.42355 mm/m

ey = &y — £y = 80,058 — 0,167 = 79.8913 mm/m

Through the results, we see that the elastic deformation values
£z .&y. remain low compared to the plastic deformations. Furthermore, the plastic deformations are

macroscopically homogeneous. In other words, they reflect the fact that the upstream mask is uniformly
deformed, we can conclude this:

- During the primary creep, there is mainly creation and propagation of dislocations. In general, these
dislocations do not form particular cellular structures, they are entangled. We observe dislocations formed
by sliding, deformation bands and slip lines more or less spaced depending on the applied loading (stress and
temperature) and the creep time.

- During the secondary creep, the dislocations assemble to form a more or less clear cellular structure. These
cells are less formed when the temperature is low.. They often show an elongation depending on the type of
sliding activated. The dislocation density remains stable during this stage. The substructure is constantly
being formed and destroyed: there is a equilibrium between the formation processes and annihilation of
dislocations. In contrast, the disorientation between sub grains increases with time.

Temperature Effect on the Creep

The variation of creep strain (£} increases with temperature, it is thermally activated. it is follows an
Arrhenius equation type:

2
Egp = Ae BT e

whith: &..: Creep strain during the secondary creep, A : Sinzing parameter, Q (J.Mol-1) : Activation energy, R :

Gas Constant molar (8.314 J.mol*.K'), T is Temperature in Kelvin, Figure 12 and 13 illustrates the creep strain
curves under threes temperatures of 17°C, 32°C and 40°C respectively.
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Effect of Temperature on StresSes

The following figures 14, 15 and figure 16 illustrates the temperature effect on the stress evolution over time,
we constat that the stress evolution is carried in three phases:

The first phase speared over
a time interval of (0 <t < 1000h) were we note a stress maximal values of (oy), and a low values of elastic
deformations. In this phase the upstream mask and the dam structure resist to the applied loads.
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Figure 9. Creep strain contour plot
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In the second phase, the stress decreases slightly to remain constant over a time interval (1000h <t < 2500h),
this is the start process of thermal activation. At the end phase, the stress decrease suddenly. The third stage,
characterized by a progressive increase in the stress up to a value of 2000Pa. This phase corresponds to the
phase of secondary creep or the speed of deformation remains constant and the material hardened (work
hardening). At the time of this phase, dislocations are assembled to form cellular at least clear, that corresponds
to a polygonization of the slip. The density of dislocations remains stable during this stage, on the other hand,

confusion between under grains increases with time.
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Conclusion

On a constaté a travers les résultats obtenus que le taux de déformations au fluage (&) atteint pratiquement
30% des déformations au bout d’un mois et 59% au bout de 6mois pour les différentes températures et
chargement considérés. A 20000h du chargement constant, ces déformations atteignent une moyenne de 6.65
fois les déformations instantanées {47

The objective of this study was to evaluate the stability of the bituminous concrete upstream mask in the rock-
fill dams and to determine if it is possible to continue to build this type of mask upstream out of concrete the
bituminous one on deposits of granular alluvia of average compactness in regions arid and semi-arid wine the
temperature can reach the 60°C. The results obtained allowed to demonstrate the influence of temperature on
the creep strain rate, and stress evolution applying the model of equation (4). It was found that the temperature
increases the creep deformations, and the slope of the creep curve increases with the increase under temperature
and we note through the results obtained that the rate of creep strain reached practically 30% of the
deformations after one month and 59% after 6 months for the different temperatures and loading considered. At
20,000 hours of constant loading, these deformations reach an average of 6.65 times the instantaneous
deformations.

The creep study, shows that the values of final creep are very important with high temperatures. The
temperature of asphalt mixture has a great effect on deformation resistance ability, the higher the temperature,
the more quickly the deformation resistance decrease. The total average deformations of creep reach 8,7 and 6
times the instantaneous strains for the temperatures of 17°c, 32°c and of 40°c respectively. Speeds of creep
increase at the beginning of the loading and decrease then during time. The rate of viscous flow increases with
the increase in viscosity A and consequently the deformability of the binder increases. The increase in the
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temperature has an impact on the parameters intrinsic of the asphaltic concrete, because they increase viscosity A
and decrease rigidity E.
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Notes

This article was presented as a poster presentation at the International Conference on Technology, Engineering
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