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INTRODUCTION
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Moroccan map, including its Regions

First site (earthen architecture): Draa Tafilalet Region, 
including its Provinces
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"According to the rules of an outdated military art and 
in the manner of the monumental gates of cities"

Terrace H., Berber 
Kasbas of the Atlas 
and the Oases, Ed. 
des Horizons de 
France, Paris, 1938

Entrance gates of the Haratines and the 
ImazighnsKsar Ayt Yahya O’athmane

Mosque with terrace, 
Goulmima (2005)
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Ksar Ait Ben Haddou
in Ouarzazate

(UNESCO World Heritage)



The Moroccan Occidental High Atlas,
Geographical Area and the Climate, 
including Marrakech-Tensift-Al Haouz Region
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2nd Site (Stone and Earthen Architecture)  
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The climate

• The climate varies 
according to the region. 
On the coast, the winter 
is cool with some rain, 
while the summer is 
sunny and mild. The 
mountain ranges have 
cold winters and fairly 
hot, dry summers. 
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Decrease in rainfallIncrease in temperature

Hail aggressiveness

Drought prolongation

Decrease in snow cover

Perceived Changes in Ait Bouguemaz, High Atlas

Violent storms and frost



Source: Charte architecturale du Haut Atlas Central,  Agence Urbaine de Béni Mellal 

The Moroccan High Atlas entities: the territories and the human settlements ( Agdal,
Ighrem, Tighremt, Granary, etc.) as socio-ecological systems
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The Agdal
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The Agdal in the Moroccan High Atlas 
refers to all areas in common property 
whose access and uses are regulated by 
a local group (village, tribal fraction, 
etc.). Agdal is a strictly delimited 
territory. 
First, It is a spatial, geographical, and 
agroecological concept, characterized 
by a physical environment and specific 
biotic resources (trees, pastoral, 
agricultural resources, etc.)
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Architectural Typologies
And Construction Materials

Source: Charte architecturale du Haut Atlas Central,  Agence Urbaine de Béni Mellal 



Architectural & Material Vernacular Construction Systems
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Architectural & Material

Vernacular Construction

in Villages



16Architectural & Material Vernacular Construction Systems



SEISMIC VULNERABILITY OF EARTH AND 
STONE ARCHITECTURE



Agadir Earthquake, 1960 Al Haouz Earthquake, 2023

Before
and

After
Earthquake 



The location of 27 historical 
Monuments in 10 Provinces, 
affected by the earthquake 
(Source: Medias24, 2023, in 
French)



Peak Ground Acceleration-PGA Map, Al Haouz, Morocco earthquake of September 8, 2023, (Source: USGS)

Intensity of the earthquake felt according to the Mercalli scale 
(according to USGS)



0.04g for zone 0

0.07g for zone 1

0.10g for zone 2

0.14g for zone 3

0.18g for zone 4

Seismic zones: 
Acceleration 
coefficient

Source: RPS2011 Source: RPCT2011

The Seismic Building 
Regulations revised 
version 2011 for 
reinforced concrete 
structures

The Seismic Regulation 
of Earthen Construction 
(first version in 2011)



Decisions taken at the Meeting of the National Committee for Earthquake 
Engineering and the National Committee for Earth Construction on the 
reconsideration of the seismic zoning of the areas affected by the earthquake 
of September 8, 2023

-Validation, unanimously, of the proposed reconsideration of the seismic zoning 
of the disaster areas in anticipation of the general revision of the earthquake 
regulations;

- An integrated response must accompany the reconsideration of the seismic 
zoning, particularly on communication, monitoring and training components. 
Simple means of communication relating to the minimum construction 
provisions are to be respected and training sessions for the workforce will be 
put in place to contribute to the proper implementation.



Seismic vulnerability of built heritage

Vulnerability 
classes 
according to 
EMS-98
European 
Macroseismic
Scale 1998

The seismic vulnerability of a 
building refers to the likelihood of 
experiencing damage. A higher 
vulnerability indicates a greater 
potential for significant damage 
and harm.



Adobe test-house reinforced with 
polymer mesh and partially 
plastered. 

Comparison between compressive 
strength (Y-axis) and Angular 
distortion (X-axis) of: 
c) Adobe wall without polymer mesh –
Blue line,
b) Adobe wall without plastering- Pink 
line, 
and  a) Adobe wall with polymer mesh 
reinforcement- Orange line.
(Torrealva 2009)







Decree No. 2-12-666 Approving the
Paraseismic Regulation for Earth 
Constructions and 
Establishing the NC for Earth 
Constructions, 2013

Self-construction and earth construction with architect



The Earthquake-Resistant Regulations for Earth Constructions apply 
to:

Earth constructions subject to the obligation to use an architect and a design 
office to obtain a building permit. The main load-bearing elements are adobe, 
rammed earth, cob, or stone rubble walls with earth mortar. The earth 
material may be stabilized or not.

Constructions are limited to one level in maximum acceleration zones (from 
18%g to 20%g) and to two levels in maximum acceleration zones (from 
10%g to 16%g).

Earth constructions of vital importance such as hospitals, clinics, civil 
protection establishments, police stations, and administrative buildings of 
decision-making centers in the event of an earthquake, are limited to a single 
level in all zones.

Earth constructions intended for the general public such as schools, 
universities, libraries, museums, large places of worship, shopping centers, 
etc., are limited to a single level in maximum acceleration zones (from 18%g 
to 20%g). The maximum height of earth load-bearing walls is 4m for a single-
level construction and 6.5m for a two-level construction.



Sites for earthen construction installation:
-It is necessary to ensure that the site where the new construction is to be built is not crossed by a fault 
that is recognized as active (differential movements on the surface). If a fault is recognized as active, it is 
not permitted to build on the fault or in a strip 200 m wide on either side of its path.

-It is not permitted to build on a slope presenting a risk of instability due to sliding.

-Earthen constructions are recommended on sites with maximum slopes of 35% (inclination less than 
20°) that do not present a significant topographic amplification effect.

-Earthen constructions built on sites with slopes greater than 35% must be made of blocks arranged in 
terraces. Constructions on a sloping site, made in a single block with foundations located at different 
levels are not tolerated in seismic zones 4, 3, and 2.

-Earth construction must not be founded on sandy and loose soil, soft or expansive clayey soils, loose or 
poorly compacted soils, marshy and unstable soils

-Earth constructions must not be on sites exposed to flooding, landslides or geologically unstable soils.



Walls and openings:

-Minimum thickness of load-bearing walls: 0.4 m

-Minimum thickness of partition walls: 20 cm

-The width of an opening must not be greater than 1.2 m (window or door)

-The distance between an external angle and an opening will not be less than 1.2 m

-The total sum of the widths of the openings of a wall must not exceed 40% of the total length of the 
wall in seismic zone 1

-The support length of the lintels (lintel anchoring) on   each side of the opening must not be less than 50 
cm

-The length of the wall between two successive walls that are orthogonal to it must not be greater than 
10 times the thickness of the wall nor greater than 64t²/h, with h is the height, t is the thickness of the 
wall.



CLIMATE VULNERABILITY 
& ADAPTATION



Thermal Construction Regulations in Morocco (RTCM)

Publication of the decree in the Official Bulletin:
Decree 2-13-874, relating to the General Construction
Regulation setting the Energy Efficiency Rules for
construction, November 6, 2014



extraits du décret… 
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-Reduce heating and cooling needs of buildings
-Improve thermal comfort inside buildings



34

Climate zoning of Morocco 
according to the RTCM
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• Szokolay/Givoni bio climatic diagram and Mahoney’s tables have been used. 
There are still useful tools to give general considerations of the comfort zone 
with some recommendations for the design of the building.

• According to the Szokolay/Givoni climatic diagram, there is a possibility to 
extend the comfort zone for the cold months by internal gains and in some 
severe cases by heating.

Bioclimatic Analysis and EE of Stone and Earth Housing in High Atlas

Bioclimatic analysis using Szokolay/Givoni psychrometer and Mahoney’s tables

• Based on a diagnosis of some climatic indicators, the Mahoney tables give the performance 
specifications and the design recommendation for buildings in the Haut Atlas in order to have the 
best indoor climate:

-Layout: orientation north and south (long axis east-west); 
-Spacing: compact layout of estates; 
-Air movement: No air movement requirement; 
-Openings: small openings (15-25 %) to medium openings, 25-40 %; 
-Walls and floors: heavy, over 8h time-lag; 
-Roofs: heavy, over 8h time-lag.



Average temperatures and 
precipitation

Maximum temperatures

Cloudy, sunny, and rainy days

36Source: https://www.meteoblue.com/

Cold zone



Mahoney Tables: 
General Recommendations
Haut Atlas
Latitude 31°N
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Cold zone
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Szokolay bioclimatic Chart

Szokolay bioclimatic 
chart for Midelt

(Source: Awrash)

The average comfort
limits between 19.5°C
and 25.5°C with an
average of 40% relative
humidity

Cold zone
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Cold zone



Earthen architecture
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Climatic data in Errachidia, Temperatures 
(www.meteoblue.com)

Hot zone

Average temperatures and 
precipitation

Maximum temperatures
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Szokolay bioclimatic Chart

Szokolay bioclimatic 
chart for Errachidia

(Source: Awrash)

The average comfort
limits between 21°C
and 27°C with an
average of 35% relative
humidity

Hot zone
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Thermal performance of construction elements:

The U value

Roof

Wall

Hot zone



43

U value

- Poor thermal quality: U > 1.5 W/m² °C
- Average thermal quality: 1 < U < 1.5 W/m² °C
- Fairly good thermal quality: 0.8 < U <  1. W/m² °C
- Good thermal quality: 0.5 < U <  0.8 W/m² °C
- Outstanding thermal quality: 0.3 < U <  0.5. W/m² °C
- Excellent thermal quality: U < 0.3 W/m² °C

Hot zone
Cold zone 
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The High Atlas Agdal = natural, social and cultural heritage.
Its preservation is essential in the face of the challenges posed by CC.
Its resilience and that of its population depend on the collective capacity to support sustainable
practices and to value the cultural and natural wealth of this ecosystem.

Heritage sites of earth and stone architecture can be better equipped to face the challenges posed
by CC and continue to play their cultural, social and economic roles for future generations:

-By integrating climate considerations into heritage conservation efforts,
-By involving local communities,
-By promoting research and innovation on materials combining traditional properties and
increased durability,
-By advocating for favorable policies to strengthen resilience to climate and seismic shocks as
well as the overall capacity of socio-ecological systems.

Conclusions


