J Journal of Materials Science and Chemical Engineering, 2024, 12, 24-42

&%? Scientific e
‘ ’ Research https://www.scirp.org/journal/msce
9% Publishing ISSN Online: 2327-6053
< ISSN Print: 2327-6045

Effect of Seasonal Variations on the Behavior of
Flexible Pavements in Burkina Faso: Towards
Alternating and Periodic Loading of Multi-Axle
Heavy Goods Vehicles for

Road Durability

Kokoro Kobori!, Doua Allain Gnabahou?, Bouto Kossi Imbgal:2

"Laboratoire de Chimie Analytique de Physique Spatiale et Energétique, Université Norbert ZONGO, Koudougou, Burkina Faso
2Laboratoire d’Energie Thermique, Renouvelable, Université Joseph KI-ZERBO, Ouagadougou, Burkina Faso

Email: gnabahou@yahoo.fr

How to cite this paper: Kobori, K., Gna-
bahou, D.A. and Imbga, B.K. (2024) Effect
of Seasonal Variations on the Behavior of
Flexible Pavements in Burkina Faso: To-
wards Alternating and Periodic Loading of
Multi-Axle Heavy Goods Vehicles for Road
Durability. Journal of Materials Science and
Chemical Engineering, 12, 24-42.
https://doi.org/10.4236/msce.2024.126003

Received: May 12, 2024
Accepted: June 22, 2024
Published: June 25, 2024

Copyright © 2024 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

[ONom

Abstract

Bituminous materials are heat-sensitive, and their mechanical properties vary
with temperature. This variation in properties is not without consequences on
the performance of flexible road structures under the repeated passage of
multi-axles. This study determines the influence of seasonal variations on the
rate of permanent deformation, the rut depth of flexible pavements and the
effect of alternating loading of heavy goods vehicles following the tempera-
ture variations on the durability of roads. Thus, an ambient and pavement
surface temperature measurement was carried out in 2022. The temperature
profile at different layers of the modelled pavement, the evaluation of defor-
mation rates and rutting depth were determined using several models. The
results show that the permanent deformation and rutting rates are higher at
the level of the bituminous concrete layer than at the level of the asphalt gra-
vel layer because the stresses decrease from the surface to the depth of the
pavement. On the other hand, the variations in these rates, permanent de-
formations and ruts between the hot and so-called cold periods are more
pronounced in the bitumen gravel than in bituminous concrete, showing that
gravel bitumen is more sensitive to temperature variations than bituminous
concrete despite its higher rigidity. Of these results, we suggested a periodic
and alternating loading of the different types of heavy goods vehicles. These
loads consist of fully applying the WAEMU standards with a tolerance of 15%
during periods of high and low temperatures. This regulation has increased 2

DOI: 10.4236/msce.2024.126003

Jun. 25, 2024 24

Journal of Materials Science and Chemical Engineering


https://www.scirp.org/journal/msce
https://doi.org/10.4236/msce.2024.126003
http://www.scirp.org
https://www.scirp.org/
https://doi.org/10.4236/msce.2024.126003
http://creativecommons.org/licenses/by/4.0/

K. Kobori et al.

to 3 times in the durability of roadways depending on the type of heavy goods
vehicle.

Keywords

Pavement, Rutting, Permanent Deformation, Multi-Axle, Seasonal

1. Introduction

Bituminous materials are heat-susceptible, and their properties vary with tem-
perature [1] [2]. The road shoes are subject to significant variations in temper-
ature, depending on the season [3] [4] [5]. This temperature variation has a
considerable impact on the rigidity of these materials [6] [7] [8]. Like most
Sahelian countries, Burkina Faso presents two seasonal periods: A hot climate
from March to June and a relatively cold climate from July to February. Ac-
cording to data from the National Meteorological Agency of Burkina Faso
(ANAM) [9], the maximum ambient temperatures during the hot period reach
45°C. In April 2022, a temperature reading on the roadway indicated 67°C,
while the minimum ambient temperatures during the cold periods ranged be-
tween 14°C and 16°C on the road surface [9]. Moreover, the data reveal that
the thermal variation on the road surface reached 50°C over the year. Several
works have been carried out on the effect of temperature on roads. Meunier et
al. 2012 [10], Domec et al. 2004 [11] and Bodin et al 2014 [12]. investigated
the effect of temperature on the fatigue behavior of asphalt mixes. R. KTARI et
al. 2017 [4] worked on the thermal dependence of the fatigue performance of
these asphalt mixes. At the end of their work, they suggested a study on the
performance of pavements while considering seasonal temperature variations.
In this paper, we aim to investigate the impact of temperature variation on the
roadways in the seasonal variations context of Burkina Faso. Specifically, we
evaluate the temperature variations on permanent deformations and the evo-
lution of the rutting of materials during the life cycle of the pavement struc-
ture. Additionally, we determine the contribution of periodic alternating loading
of heavy goods vehicles following climatic variations on the durability of flexi-

ble pavements within the WAEMU standard regulations.

2. Materials and Methods
2.1. Materials

The pavement structure tested consisted of bituminous concrete pavement, bi-
tumen gravel base layer, crushed lateritic gravel foundation layer and lateritic
gravel form layer on a PF3 support platform. Figure 1 shows the structure under
test. The characteristics of these layers are shown in Table 1.

The modules of the BB surface layer and the GB3 base layer are tempera-

ture-dependent. The road surface temperature reading was made using an infra-
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red thermometer. The subdivision of the climate into two periods results from
the temperature measurements from January 01 to December 31, 2022. Figure
2(a) presents the ambient, maximum, average, and minimum daily temperature,
while Figure 2(b) shows pavement surface temperatures in 2022.

The traffic data and axle weighing are those obtained at the Nagréongo
weighing station. Table 2 and Table 3 show the different types of multi-axle
heavy goods vehicles most common on the road network of the WAEMU com-
munity. The loads defined as part of this work are those authorized by the cur-
rent WAEMU standard regulations [14] [15].

Scm/BB
10cm/GB3

& 20cm/GLN+crushed

30cm/subgrade

Ground support (PF3)

Figure 1. Pavement structure tested.

Table 1. Characteristic of the materials of the structure tested [13].

Thickness Poisson’s ratio
Layer Modulus (MPA
4 (cm) ( ) coefficient
Rollover: BBSG 5 Variable 0.35
Base: GB3 12 Variable 0.35
Foundation: GLAC 20 700 0.35
Shape layer 30 200 0.35
Floor support (PF3) Infinite 120 0.35
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Figure 2. Minimum, average, and maximum temperature (a) of ambient air, (b) at the pavement surface.
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Table 2. Permissible loading of heavy goods vehicles such as trucks P.

Codingof = Number Number Total Load Currently WAEMU
the main of front  of rear number Applied in standard
silhouettes axles axles of axles Burkina Faso (T) (T)
Trucks P11 1 1 2 23 18
Trucks P12 1 2 3 34 26
Trucks P13 1 3 4 41 31
Trucks P22 2 2 4 41 31
Trucks P23 2 3 5 45 36
Trucks P24 2 4 6 55 42
Trucks P25 2 5 7 90 60
Trucks P26 2 6 8 90 60
Trucks P35 3 5 8 90 60

Table 3. Permissible loading of heavy goods vehicles such as Trailer TS.

Coding of
the main
silhouettes
Trailer
T11S2
Trailer
T1183
Trailer
T11S84
Trailer
T12S2
Trailer
T12S3
Trailer
T1284
Trailer
T12S5
Trailer
T12S6

Number of Number of Number  Total Load Currently WAEMU

front axles interme- of rear  number Applied in standard
(tractor) diate axles axles of axles  Burkina Faso (T) (T)
1 1 2 4 50 38
1 1 3 5 57 43
1 1 4 6 66 48
1 2 2 5 61 46
1 2 3 6 68 51
1 2 4 7 74 56
1 2 5 8 90 60
1 2 6 9 90 60

2.2. Methodology

This analysis of pavement behavior considers a multilayer structure with elastic,
linear, homogeneous and isotropic behavior with static loading. [16] [17] [18].
The pavement sizing considers an average coefficient of aggressiveness equal to
1. The pavement design process ends with a mechanical evaluation, which con-
sists of verifying the following mathematical inequalities (calculated value < al-
lowable value) [19] [20] [21]. The approach refers to the principles of the French
method of pavement sizing based on a multilayer asymmetric Burmist model
used in the ALIZE L C P C software [16] [22] [23] [24]. This analysis of pave-

ment behavior considers a multilayer structure with elastic, linear, homogeneous
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and isotropic behavior with static loading [16] [17] [18]. The pavement sizing
takes an average aggressiveness coefficient equal to 1. The process of the design
ends with a mechanical evaluation consists of verifying the satisfaction of the
following mathematical inequalities (calculated value < allowable value) [19]
[20] [21].
For bituminous materials & < &udm Q)
For a bituminous seam stressed in bending extension, the permissible defor-

mation is calculated through equation (2).

E (10Hz;10°c °
Eraam = €6 X # X[N—Ej xk, xk, xKg (2)
E (10Hz;30°c) 10

&: where is Tensile deformation at the bottom of the bituminous layer
€nam: Permissible tensile deformation at the bottom of the bituminous layer
&: Deformation at 1 million loading cycles

E(£T(°C)): Modulus of stiffness of asphalt layers at a temperature

NE: Number of axles equivalent to heavy goods vehicle traffic

K: Risk coefficient of variation in thicknesses and dispersion of fatigue tests
K¢ Calibration coefficient

K coefficient that depends on the type of support platform

For untreated materials and subsoil
gz < gzadm (3)

For a layer of untreated material and for the soil, the permissible load is the
vertical surface deformation of the layer, calculated according to equation (4)

Eraam = Ax(NE)° 4)

zadm

&z Horizontal deformation at the top of untreated layers or the platform

Ezam Permissible horizontal deformation at the top of the untreated layers or
the platform

A: Permanent deformation

B: Slope of the Material Fatigue Law

These admissible deformation parameters are performance data of the pave-
ment materials [16] [25]. These parameters are influenced by the type of traffic
on the roadway during its lifetime [11]. The cumulative traffic was evaluated
through equations 5, 6 and 7 [26] [27]. During the traffic assessment, only heavy
goods vehicle traffic, expressed as the cumulative number of heavy goods ve-
hicles expected during the lifetime of the roadway, is considered [17]. The con-
figuration of heavy goods vehicles, which present the most aggressive elements
in the traffic in Burkina Faso, has evolved rapidly, and the appearance of the
multi-axle vehicle has led to the consideration of the impact on the roads of

non-standard configurations following the UEMOA regulation 14 [28].

Np =365xTMJAXC (5)
1+7)" -1
c- o)t (6)
T
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NE = N,_xCAM (7)

NE: Number of heavy goods vehicles calculated for service life

TMJA: Annual average daily traffic

1: Road life

© Traffic growth rate

CAM: Average coefficient of aggressiveness

The different aggressiveness is calculated using the following equations:
-The aggressiveness of an axle is given by equation 8;

Pi a

-The aggressiveness of a heavy vehicle is calculated using equation (9);
Pi a
Ao = kx (—j 9)
i Po

-The aggressiveness of heavy goods vehicle traffic is determined by the equa-
tion (10).

pPL| 1 j=L

1 E P
CAM = {ZZ K,n, X(Foj } (10)

K constant dependent on axle geometry and pavement structure

a: constant dependent on the structural nature of the pavement

P;: Axle load 7

Pg: Load of the reference axle which is 13T

Since the materials that make up the pavement are considered isotropic, they
are then governed by the heat equation (11) [29] [30].

The values of parameters for equations 8, 9 & 10 are those defined in the
NF-P-98-086 standard [21]. These are conventional design values generally tak-
en for sizing. In this work, only the heavy vehicle weight (HVW) or the total au-
thorized rolling weight (TARW) according to WAEMU Regulation 14 [14] [15],
in addition to the tolerance granted in October 2022 by the Ministers of Trans-
port of the Community [15] is considered for each type of heavy good vehicles.

The mechanical behavior of asphalt concrete is largely temperature-dependent,
expanding with increasing temperature and contracting with decreasing tempera-
ture. The temperature profile within the bituminous layer, as an essential parame-
ter for this work, is determined using prediction models [31] [32].

To accurately predict pavement behavior, temperature prediction models [33]
[32] [34] are required. These must predict the temperature at any pavement
depth based on the ambient and surface temperature and the material properties
[35] [36] [37]. As isotropic materials for the pavement, the governing heat equa-
tion (11) [29] [30] is given by:

O°T(xt) 1 aT(xt
e

(11)
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where T'is the temperature, x defined the pavement Depth, ¢ corresponding to
the time and a referring to diffusivity of the material.

The pavement layer temperature was evaluated while measuring first the
pavement surface temperature. An analytical approach drawn from the work of
SHAO et al. 1999 [38] and SOLAIMANIAN et al [39] has led to the develop-
ment of a simple computational method requiring less raw data. This method
includes the latitude effect, the location and the solar radiation. Mainly based on

the equilibrium, the calculations are defined as follows [10] [38] [40].
9, +0s -9, -9, —q, =0 (12)
with
Energy from diffuse and atmospheric radiation [41] follows:
q, =¢,xoxT* (13)
The energy absorbed by a horizontal pavement [10]:
gs =R, xa, x7,"*" xcos 2 (14)

The energy transmitted (or received) to the massif by convection surrounding
the air [42]:

0. = hc (Ts _Ta) (15)

The energy transmitted (or received) to the ambient air by conduction under
the paving surface: q, = —k-(TX -T, )/X (16)
The energy emitted by asphalt by radiation [33]:

q =¢-0 T, (17)

Ryxay x 7,/ xcosz+&, xox T, =h, x(T, -T,)

Either, (18)
—(k/x)x(T,-T,)—exox T,' =0

S

Ry Solar constant

a;: surface absorptivity

7, airmass transmittance coefficient

z angle of the Zenith (solar latitude-angle of declination)

& coefficient of atmospheric radiation

o: Stefan-Boltzman constant

T air temperature

T;: Pavement surface temperature

Ty temperature at depth X of the pavement

& emissivity factor of the pavement surface

A surface area coefficient for heat transfer

k Thermal conductivity factor

x. Pavement depth

The balance of energy exchanges is illustrated in Figure 3.

After determining the temperature gradient inside the different layers of the
pavement, the rates of permanent deformation were obtained using equations
(19) [43].
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Figure 3. Illustration of energy exchanges on the pavement.

£y = 9 ~%h x[ L }4><N‘1‘ (19)
2E(V,T) | 450V

&: Plastic deformation

N: Number of applied load

0y Main vertical constraints

o Main horizontal constraints

E(T,V): Modulus of stiffness of asphalt layers dependent on temperature and
speed

V: Vehicle speed

And the rutted depths of the bituminous layer are evaluated through the equ-
ation (21) [43]

u= Z h&y (20)

4 Rut depth
h;: Layer thicknessi

& Permanent deformation of the i-layer

3. Results and Discussions

3.1. Effect of Temperature on Permanent Deformations,
Permanent Deformations of Bituminous Concrete

Figure 4 shows the evolution of permanent deformations on the asphalt con-
crete layer by month and for a cumulative 20 years. From Figures 4(a), Figure 4
(c) and Figure 4(e), it is clear that the permanent deformations are higher dur-
ing March, April, May and June and smaller during January, February, July,
August, September and December. A rebound of these deformations was ob-
served during October. In Figure 4(a) and Figure 4(b), the deformation rates of
multi-axle heavy trucks indicate that the P25, P26 and P35 trucks generate high-
er deformation rates than other types of trucks. Figure 4(c) and 4d show the
deformation rates of twin-axle semi-trailers. For these types of heavy trucks, the

difference in deformation rates is insignificant. In Figure 4(e) and Figure 4(f),
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Figure 4. Effect of temperature on permanent deformations of asphalt concrete for a year and over 20 years. (a) and
(b) under the loads of heavy goods vehicles of the truck type P, (c) and (d) under the loads of heavy goods vehicles
semi-trailers with twin wheels, (e) and (f) under the loads of heavy goods vehicles semi-trailers with single wheels.

which represent the deformation rates of heavy goods vehicles such as
semi-trailers with isolated rear axles, the value recorded for the T12S5 with
single axles is higher than those of the other types of heavy goods vehicles
shown in these figures. Our finding is consistent with the work of BASSEM et
al. (2006) [44], which showed that single axles cause more damage to the
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pavement than twin axles. All the figures here show that the T12S5
semi-trailers with single axles contribute more to permanent deformation, fol-
lowed by the P25, P26 and P35 type trucks and all semi-trailers with twin axles.
P11, P12, P13, P22, P23 and P24 truck types contribute less to deformations.
These results complete our previous work (KOBORI et al. (2023)) [45], which
indicates that heavy goods vehicles were the most aggressive cause of perma-

nent deformation.

3.2. Effect of Temperature on Permanent Deformations,
Permanent Deformations of Gravel Bitumen

Figure 5 shows the permanent deformations of the gravel bitumen’s seam under
the stresses of the various heavy goods vehicles over the course of a year (Figure
5(a), Figure 5(c) and Figure 5(e).) and over 20 years (Figure 5(b), Figure 5(d).
and Figure 5(f)). In general, it appears that the same heavy goods identified as
being the most contributors to the rate of permanent deformation at the level of
the bituminous concrete layer also turn out to be the most severe in the asphalt
gravel layer. These permanent deformations in the gravel bitumen layer (Figure
5) are less significant than in the asphalt concrete layer (Figure 4) because gravel

bitumen is stiffer than asphalt concrete.
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Figure 5. Effect of temperature on permanent deformations of gravel bitumen for a year and over a period of 20 years.

(a) and (b) under the loads of heavy goods vehicles of the type P, (c) and (d) under the loads of heavy goods vehicles
semi-trailers with twin wheels, (e) and (f) under the loads of heavy goods vehicles semi-trailers with single wheels..

On the other hand, in terms of seasonal variation, the gravel bitumen layer
experiences more variation in permanent deformation than the asphalt concrete
layer. The difference in these deformations between the warm and cold periods
is more pronounced in the case of gravel bitumen than in bituminous concrete
since bitumen is more sensitive to temperature variation than asphalt concrete
(6] [40] [46].

3.3. Effect of Temperature on Pavement Rutting

3.3.1. Rutting of the Bituminous Concrete Layer

Figure 6 shows the effect of temperature over a year on the appearance of ruts
and the accumulation of these ruts 20 years on the bituminous concrete layer,
under the stress of heavy trucks with multi-axles. By referring to Figure 6(a),
Figure 6(c) and Figure 6(e), the rutting depth appears higher during the warm
period, consistent with existing results in the literature [44] [47] [48]. It is twice
as large during the hot period as the cold one, under stress from all types of
heavy goods vehicles.

The cumulative rutting depth is greater than 5 mm for single-wheel
semi-trailers and P25, P26 and P35-type trucks. For dual-wheel semi-trailers, it
is of 4 mm order and less than 3.5 mm for P11, P12, P13, P22, P23 and P24 type
trucks.

3.3.2. Rutting of the Gravel Bitumen’s Layer

Figure 7 shows the rutting depths generated on the gravel bitumen for a year
(Figure 7(a), Figure 7(c) and Figure 7(e)) and the cumulative rutting for 20
years (Figure 7(b), Figure 7(d) and Figure 7(f)) under multi-axle loads. A
comparison with the results in Figure 6 shows that the rutting depth is two
times higher for the asphalt concrete level than that of asphalt gravel by the
stress levels and temperature in the gravel bitumen, which are lower than those

of asphalt concrete. We also observe that gravel bitumen gives sharp peaks of
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ruts during the hot period due to the very high sensitivity of this material to
temperature. These results confirm the work of R.F DOLIN et al (2021) [49],

which showed that temperature plays a role in the ruts formation in flexible

pavements.
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Figure 6. Effect of temperature on rutting of the asphalt concrete layer for a year and over a 20-year period. (a) and
(b) under the loads of heavy goods vehicles such as trucks P, (c) and (d) under the loads of heavy goods vehicles
semi-trailers with twin wheels, (e) and (f) under the loads of heavy goods vehicles semi-trailers with single wheels.
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Figure 7. Effect of temperature on gravel rutting for a year and over 20 years. (a) and (b) under the loads of heavy

goods vehicles such as trucks P, (c) and (d) under the loads of heavy goods vehicles semi-trailers with twin wheels,

(e) and (f) under the loads of heavy goods vehicles semi-trailers with single wheels.

3.4. Impact of Periodic and Alternating Loading of Heavy Goods
Vehicles on the Life of the Bituminous Layer

Figure 8 illustrates the durability of a bituminous seam under multi-axle loads

as a function of three types of loading. Loading in compliance with WAEMU
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Regulation 14 [14] [15]; then a loading following the recommendations of the
Ministers of Transport of the WAEMU Community Area with the tolerance of
15% overload and to an alternating loading during a year which consists of a
loading in compliance with Regulation 14 during the so-called hot season and a
loading following the recommendations for the cold period. The results of the
simulation show that alternating loading can double the durability of the bitu-
minous layer under the stresses of heavy goods vehicles such as P25, P26 and
P35. This lifetime of the bituminous layer is tripled for the full application of
WAEMU Regulation 14 (Figure 8(a)) [14] [15]. The same finding was observed
in Figure 8(b). Figure 8(c) shows the durability of the bituminous layer under
loads of heavy semi-trailers with insulated wheels as a function of load. Conse-
quently, the road life is tripled for alternating loading and quadrupled for load-
ing following the entire application of the WAEMU standard for a year. Howev-
er, it is pointed out that the work was based on the French method of sizing
pavements. This is a method that does not include cracks in pavements. If the
analysis of the results showed that the flexible pavement is vulnerable in high

temperatures. Because during this period, rutting formation and deformation
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Figure 8. Impact of periodic and alternating loading of heavy goods vehicles on the service life of the bituminous

seam. (a) under the loads of heavy goods vehicles of the P truck type, (b) under the loads of heavy goods vehicles

semi-trailers with twin wheels, (c) under the loads of heavy goods vehicles semi-trailers with single wheels.
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rates are higher. Several studies have also shown that periods of low temperature
are also harmful to the road. These studies have shown that this so-called cold

period is favourable to the formation of cracks on flexible pavements. [50] [51]

3.5. Impact of Periodic and Alternating Heavy Truck Loading on
the Service Life of Granular Materials

Figure 9 shows the evolution of the durability of granular materials as a function
of multi-axle heavy truck loading. From this figure, the durability of these mate-
rials increases by 1.5 times for seasonal alternating loading and more than three
times the loading according to WAEMU Regulation 14 [14] for heavy trucks of
P25, P26 and P35 types (Figure 9(a)). There has also been a significant change
in the durability of materials for alternating loading under the load of multi-axle
semi-trailers with twin wheels (Figure 9(b)). Figure 9(c) shows that the dura-
bility of granular materials is multiplied by two for seasonal alternating loading
and more than three times for loading complying with WAEMU standards under
the stresses of semi-trailers with insulated wheels. Although the properties are in-

sensitive to temperature variations, the durability of granular materials increases
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Figure 9. Impact of alternating heavy truck loading on the service life of the bituminous layer. (a) under the loads

of heavy goods vehicles of the P truck type, (b) under the loads of heavy goods vehicles semi-trailers with twin

wheels, (c) under the loads of heavy goods vehicles semi-trailers with single wheels.
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with the alternation of loading due to the variation in the stress levels resulting
from the decrease in the stiffness of the bituminous layer. These results are ac-
ceptable because the period from July to October is considered cold and wet in
Burkina Faso. However, studies have shown that the strength of granular mate-
rials decreases with humidity. This period can then be detrimental to granular

materials [47].

4. Conclusion

This paper discusses the impact of seasonal variations on the behavior of flexible
pavements. It also discusses the effect of alternating loading of heavy goods ve-
hicles following this seasonal variation on the durability of the pavement. The
results show that the period from March to June, the hottest of the year in Bur-
kina Faso, is the key contributor in terms of rutting depth and permanent de-
formation rates under the load of multi-axle heavy goods vehicles. By proposing
alternating loading of heavy goods vehicles, which consists of applying a load
according to WAEMU regulation 14 during periods of high temperature and the
rest of the year, the loading is according to the recommendations of the Minis-
ters of Transport of the WAEMU area, namely an overload tolerance, it is possi-
ble to increase the durability of the pavements by two times under the stresses of
the most aggressive heavy trucks. As for a strict application of WAEMU Regula-
tion 14, the durability of the pavement is multiplied by more than 3 to 4 times
under the same type of heavy goods vehicle loads. For perspective, it is desirable
to complete this work with a study that integrates the impact of seasonal varia-
tions on pavement cracking and considers the effect of capillary rise in granular

materials.

Acronyms

R14 + Add: loading of heavy goods vehicles according to the recommenda-
tions of the WAEMU transport ministers for a surface tolerance of 15%

R14 + Add + Alt: loading of heavy goods vehicles according to the recom-
mendations of the Ministers of Transport of the WAEMU area for a surface to-
lerance of 15% during the so-called cold period and during the hot period full
application of WAEMU Regulation 14.

R14: Loading in full accordance with WAEMU Regulation 14. Loading in full
accordance with WAEMU Regulation 14.
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