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Chapter 1: Introduction

Introduction

Adobe mud blocks are 
one of the oldest and most 
widely used building ma-
terials. Use of these sun-
dried blocks dates back to 
8000 B.C. (Houben and 
Guillard 1994). The use of 
adobe is very common in 
some of the world’s most 
hazard-prone regions, such 
as Latin America, Africa, 
the Indian subcontinent 
and other parts of Asia, the 
Middle East and Southern 
Europe, as shown in Fig-
ures 1.1 and 1.2.

Around 30% to 50% of the world’s population 
(approximately 3 billion people) lives or works 
in earthen buildings (Rael 2009). Approximately 
50% of population in developing countries, in-
cluding a majority of the rural population and at 
least 20% of the urban population, live in earthen 
dwellings (Houben and Guillaud 1994). For ex-
ample, in Peru, according to the 2007 Census, 
almost 40% of houses are made of earth (that’s 
2 million houses inhabited by around 9 million 
people). In India, according to the 2001 Census, 
30% of all buildings are made out of earth (this in-
cludes 73 million houses inhabited by almost 305 
million people).

Adobe construction is mainly used in rural areas. 
Houses are typically one-story high, with wall 

heights of around 3.0 m and thicknesses ranging 
from 250 mm to 850 mm. In mountainous re-
gions with steep hillsides such as the Andes, hous-
es can be up to three stories high. In parts of the 
Middle East, earthen houses are often built one 
on top of the other, so that the roof of one house 
is used as the bottom floor of the house above. 
Adobe houses are found in the urban areas of most 
developing countries. In some countries, like Ar-
gentina and Chile, and in some cities, like San 
Salvador, adobe construction is banned by build-
ing codes because of its poor seismic performance 
(Blondet and Villa Garcia 2004). Typical adobe 
houses featured in the World Housing Encyclo-
pedia (www.world-housing.net) are presented in 
Figure 1.3.

Adobe is a low-cost, readily available construction ma-
terial, usually manufactured 
by local communities, as 
shown in Figure 1.4. Ado-
be structures are generally 
made by their owners be-
cause the construction prac-
tice is simple and does not 
require additional energy re-
sources. Skilled technicians 
(engineers and architects) 
are generally not involved 
in this type of construction, 
hence the terms “non-engi-
neered construction” and 
“informal construction”.

Figure 1.1 World distribution of earth architecture (source: De Sensi 2003)

Figure 1.2 World distribution of moderate and high seismic risk (source: De Sensi 2003)
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Figure 1.3 Typical adobe houses around the world: a) El Salvador (source: Lopez et al. 2002), b) Argentina (source: Rodriguez et al. 2002), c) 
India (source: Kumar 2002), d) Iran (source: Mehrain and Naeim 2004), e) Peru (source: Loaiza et al. 2002), and f) Guatemala (source: Lang et 
al. 2007)

Figure 1.4 Adobe construction performed by local communities: a) Block making in Peru (photo: M. Blondet), and b) Building construc-
tion in India (photo: S. Brzev)

a)

b)

c)

d)

e) f)

a) b)
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Chapter 2: Earthquake Performance

Earthquake Performance

In addition to its low cost and simple construction 
technology, adobe construction has other advan-
tages, such as excellent thermal and acoustic proper-
ties. However, adobe structures are vulnerable to the 
effects of natural phenomena such as earthquakes, 
rain, and floods. Traditional adobe construction 
responds very poorly to earthquake ground shak-
ing. The seismic deficiencies of adobe buildings are 
caused by its heavy weight, low strength, and brittle-
ness. During earthquakes, these structures develop 
high levels of seismic forces they are unable to resist, 
and often fail abruptly.

Considerable damage and loss of life has occurred 
in areas where adobe has been used. In the 2001 
earthquakes in El Salvador, 1,100 people died, 
more than 150,000 adobe buildings were severely 
damaged or collapsed (Figure 2.1a), and over 1.6 
million people were affected (Dowling 2004a). 
That same year, the earthquake in the south of Peru 
caused the deaths of 81 people. These deaths can 
largely be attributed to the 25,000 adobe houses 
that collapsed and the 36,000 that were damaged. 

Over 220,000 people were left without shelter 
(USAID Peru 2001). In the 2003 Bam earthquake 
in Iran, more than 43,000 people died and over 
60,000 were left without shelter, primarily due 
to the collapse of adobe buildings (EERI 2004), 
as shown in Figure 2.1b. The 2007 Pisco, Peru 
earthquake destroyed more than 75,000 dwellings. 
More than 600 people died and another 300,000 
were affected by the earthquake (INEI 2007). Ado-
be buildings were also damaged in the rural areas 
affected by the 2008 Wenchuan, China earthquake 
(EERI 2008) and the 2010 Maule, Chile, earth-
quake (Astroza et al. 2010).

Typical earthquake damage patterns for adobe build-
ings include vertical cracking and separation of walls at 
the corners, diagonal cracking in the walls, and out-of-
plane wall collapse. Separation of roofs from walls in 
buildings without adequate wall-to-roof connections 
often leads to complete building collapse. Damage 
patterns characteristic of adobe construction are sum-
marized in Figure 2.2 and typical damage patterns ob-
served in past earthquakes are shown in Figure 2.3.

In the 2001 earthquakes in El Salvador, 1,100 people 
died, more than 150,000 adobe buildings were severely 
damaged or collapsed, and over 1.6 million people were 
affected.

Figure 2.1 Collapsed adobe buildings: a) 2001 El Salvador earthquake (photo: D. Dowling), and b) 2003 Bam, Iran, earthquake (source: 
Mehrain and Naeim 2004) 

a) b)
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Figure 2.3 Typical patterns of earthquake damage in adobe walls: a) Vertical cracking and separation of adobe walls after the 1997 Jabalpur, 
India earthquake (source: Kumar 2002), b) Out-of-plane wall collapse after the 2007 Pisco, Peru earthquake (photo: M. Blondet), c) Total col-
lapse of adobe walls after the 2001 El Salvador earthquake (source: Lopez et al. 2002), d) Diagonal cracking of adobe walls after the 2010 El 
Maule, Chile earthquake (source: Astroza et al. 2010), e) Roof collapse on an adobe building after the 2007 Pisco, Peru earthquake (photo: M. 
Blondet), and f) Parapet collapse on an adobe building after the 2003 Bam, Iran earthquake (source: Mehrain and Naeim 2004)

a)
b)

c) d)

e) f)

Figure 2.2 Seismic deficiencies of adobe buildings (CENAPRED 2000)

Roof collapse

Beams prone 
to collapse 
due to loss of 
support

Vertical cracks 
in the walls

Out-of-plane collapse 
of a long wall

Vertical cracks at the wall corners

Diagonal cracks

Failure of wall 
corners

Diagonal cracks 
above lintels

Collapse of mud 
and stone walls

Parapet collapse
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Chapter 3: Improved Earthquake Performance of New Adobe Construction

Improved Earthquake Performance of New Adobe 
Construction

Due to its low cost, adobe construction will con-
tinue to be used by impoverished people in many 
regions of the world, including those regions with 
high seismic risk. The implementation of cost-ef-
fective building technologies to improve the seismic 
performance of adobe buildings is critical to achiev-
ing seismic safety for a substantial portion of the 
global population. Based on state-of-the-art research 
and observations from past earthquakes, the key fac-
tors for improving the seismic performance of adobe 
construction are:

• Adequate soil properties and construction quality

•Wall construction

•Robust layout

• Use of improved building technologies with seis-
mic reinforcement

Adequate Soil Properties and Con-
struction Quality*  

The soil properties that have the greatest influence 
on the strength of adobe masonry are those related 
to the dry strength of the material and the drying 
shrinkage process, as discussed below.

• Clay is the most important component of the 
soil used for adobe construction. It provides dry 
strength, however it also causes drying shrinkage 
of the soil. 

• Controlled microcracking of the soil mortar due 
to drying shrinkage is needed for strong adobe ma-
sonry construction. Straw and, to a lesser extent, 
coarse sand are additives that control the micro-
cracking of the mortar due to drying shrinkage, and 
therefore improve the strength of adobe masonry.

• The quality of construction plays an important 
role in creating strong adobe masonry, resulting in 

* Based on Vargas et al. 1984

Figure 3.1 Dry strength test: a) Adequate soil, and 
b) Inadequate soil

a)

b)

broad strength variations up to 100%.
A review of tests for selecting adequate soil for earth 
construction was performed by Neves et al. (2009). 
The most relevant field tests and recommendations 
are summarized below. 

The “dry strength test” consists of making at least 
five mud balls with a diameter of about 20 mm 
from the selected soil. After the balls have dried for 
at least 24 hours, try to crush each ball between 
the thumb and the index finger, as shown in Figure 
3.1. If none of the balls can be broken, the soil con-
tains enough clay to be used for adobe construction 
(provided that microcracking of the mortar due to 
drying shrinkage is controlled). If some of the balls 
can be crushed (Figure 3.1b), the clay content is 
insufficient and the soil is inadequate. 
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The “roll test” consists of making a mud roll with a 
diameter of about 20 mm. Roll the mud using both 
hands and hold it vertically by the end so that it is 
hanging freely, as shown in Figure 3.2. If the con-
tinuous roll length is between 50 mm and 150 mm, 
the soil is adequate for use in adobe construction. If 
the roll breaks at less than 50 mm long, the soil is 
inadequate. If the roll breaks at more than 150 mm 
long, coarse sand must be added to the soil. 

Adding straw to the soil controls the microcracking 
effect caused by drying shrinkage. The maximum 
amount of straw added to the soil should still allow 
adequate workability. Figure 3.3 shows how straw 
can be added during the preparation of the soil.

Coarse sand can also be used to control microcrack-
ing due to drying shrinkage. The best proportion of 
soil and coarse sand can be determined by perform-
ing the “microcracking control test”. A minimum of 
four “sandwiches” made of two adobe bricks joined 
with mortar need to be made using mortars with 
different proportions of soil and coarse sand (ap-
proximate particle size 0.5 mm to 5 mm). It is rec-
ommended that the soil-to-coarse sand proportions 
vary between 1:0 (no sand) to 1:3 in volume. The 
sandwich with the least amount of sand that shows 
no visible cracking when it is carefully opened after 

Figure 3.2 Roll test

Figure 3.3 Adding straw to the soil: a) Straw to be added, and b) Mixing the straw and soil

48 hours indicates an adequate soil-to-coarse sand 
proportion for mortar in adobe construction. Figure 
3.4 shows sandwiches with visible cracking.

Figure 3.4 Opened “sandwiches” with 
visible cracking

“Sleeping” the mud means leaving the soil with water 
for one day before preparing the mud and making the 
adobe bricks or mortar (Figure 3.5). This procedure, 
traditionally followed in Peru, improves the integra-

a) b)
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tion and distribution of water with the clay particles, 
thus activating their cohesive properties.

Wetting the adobe bricks prior to the construction 
is a good practice. All adobe surfaces should be wet. 
This can be achieved by soaking adobe bricks in wa-
ter for about 5 seconds, as shown in Figure 3.6.

Figure 3.5 "Sleeping" the mud

Figure 3.6 Wetting an adobe brick: a) Soaking the adobe in water, and 
b) Soaked adobe brick

Other construction recommendations include:

• Foreign matter should be removed from the soil.

• Mud should be mixed thoroughly and uniformly.

• Adobe bricks should be dried in the shade.

• Bricks should be cleaned before wetting and laying. 

Wall Construction
This section provides some key recommendations 
related to the construction of adobe walls.

A foundation made of concrete (Figure 3.7a) or 
brick masonry should be built to provide damp-
proofing for adobe walls. A liquid asphalt layer ap-
plied at the surface of the foundation before the wall 
construction increases damp-proofing, as show in 
Figure 3.7b.

Horizontal and vertical mortar joints should be uni-
form and completely filled, as shown in Figure 3.8, 
in order to make strong adobe masonry.

The adobe walls should be covered with mud plaster, 
as shown in Figure 3.9. Plaster increases the stiffness 
and the strength of adobe walls and provides envi-
ronmental protection.

Figure 3.7 Protection of adobe walls against damp: a) Adobe walls 
with a concrete foundation, and b) Liquid asphalt on a foundation

A foundation made of concrete or brick masonry should 
be built to provide damp-proofing for adobe walls. 

a) b)

a)

b)
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Figure 3.8 Mortar joins that are uniform and completely filled Figure 3.9 Mud plaster on an adobe house

Robust Layout
One of the essential principles of earthquake-resis-
tant adobe construction is the use of a compact box-
type layout. These principles are well covered in the 
publications by Coburn et al. (1995), PUCP/CIID 
(1995), and RESESCO (1997). The key recommen-
dations are summarized below (Figure 3.10):

• Build only one story high.

• Use an insulated lightweight roof instead of a 
heavy compacted earth roof.

• Select a wall layout that provides mutual support 
by cross walls and intersecting walls at regular inter-
vals in both directions (alternatively, buttresses can 
be used).

• Keep openings in the walls small, centered, and 
well-spaced.

• Build on a firm foundation.

Walls are the main load-bearing elements in 
adobe buildings. A number of empirical recom-
mendations regarding earthquake-resistant wall 
construction are as follows (Figure 3.11):

• The wall thickness should be at least 400 mm.

• The wall height should not exceed 6 times the 
wall thickness at its base, and in any case should 
not be greater than 3.5 m.

• The unsupported length of a wall between 
cross walls should not exceed 10 times the wall 
thickness, with a maximum of 7.0 m.

Figure 3.10 The safest building form is a squat, single-story house, 
with small windows and a regular, compact plan with frequent 
cross-walls (source: Coburn et al. 1995)

Figure 3.11 Empirical recommendations regarding earthquake-resistant 
wall construction (source: Blondet 2010)

• The length of wall openings should not exceed 
one-third of the total wall length.

• The length of openings should not exceed 1.2 m.

• The length of piers between openings and the dis-
tance from cross-walls to openings should be at least 
1.2 m.



 9    

Chapter 4: Seismic Reinforcing Systems for New and Existing Adobe Construction

Seismic Reinforcing Systems for New and Existing 
Adobe Construction

This section is mostly based on research performed 
at the Catholic University of Peru (PUCP) in the 
past 40 years. These research studies are described 
in several publications (Bariola et al. 1986, Blondet 
et al. 2002, PUCP/CIID 1995, Vargas et al. 2005). 
Reinforcing systems described below can be used for 
both new and existing adobe construction. Guide-
lines on adobe construction have been developed in 
several countries (e.g., IAS 2004).  For a comprehen-
sive overview of research studies and guidelines for 
adobe construction in Latin America the reader is 
referred to Papanikolaou and Taucer (2004).

Ring Beams* 

* Based on Blondet et al. 2002 and Coburn et al. 1995

Ring beams (also known as a crown beams, collar 
beams, bond beams, tie-beams, or seismic bands) are 
one of the most essential earthquake-resistant provi-
sions for load-bearing masonry construction. A ring 
beam ties the walls together and ensures that the 
building behaves like a box when subjected to earth-
quake ground shaking (a box effect is critical for sat-
isfactory earthquake performance). The ring beam 
must act like a belt and must be strong, continuous, 
and securely tied to the walls. It must be placed atop 
all walls, its width should match the wall width, and it 
must provide support for the roof. The ring beam can 
be made of wood, eucalyptus logs, or bamboo. Figure 
4.1 shows ring beams made of different materials.

A wooden ring beam (Figure 4.1a) is built using 
long timber members and transverse pieces nailed at 
400 mm spacing. The wooden beam is made of 75 
mm by 75 mm joints. A ring beam made of euca-
lyptus logs is shown in Figure 4.1b and a bamboo 
ring beam is shown in Figure 4.1c. The diameter of 
the elements for eucalyptus or bamboo ring beams 
should be about 100 mm to 120 mm. All the joints 
must be nailed together and firmly tied with galva-
nized steel wire.

Figure 4.1 Ring beams made of different materials: a) Wood, b) Eucalyptus logs, and c) Bamboo

Wall Reinforcement Schemes
During an earthquake, adobe walls are subjected to 
tensile stresses that they are unable to resist, thus 
cracks appear and the walls break into large pieces. 
This damage can lead to either the partial or total 
collapse of the structure. To prevent this, vertical and 
horizontal seismic reinforcement must be placed at 
critical locations. The reinforcement must be con-
tinuous and can be either inside the wall or attached 
to the wall surface.

Vertical reinforcement ties the wall to the founda-
tion and the ring beam, and it also restrains the 
out-of-plane bending and in-plane shear effects. 
Horizontal reinforcement transmits the bending 
and inertia forces in transverse walls (out-of-plane) 
to the supporting shear walls (in-plane). It also re-
strains the shear stresses between adjoining walls 

a) b) c)
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and minimizes vertical crack propagation. Hori-
zontal and vertical reinforcements should be prop-
erly tied to one another and also connected to the 
adjoining structural elements (the foundation, ring 
beam, and roof ). This reinforcing scheme results in 
a stable 3-D structure.

Reinforcement can be made using various mate-
rials compatible with adobe masonry, including 
bamboo, reeds, cane, vines, rope, timber, PVC 
tubes, steel bars, barbed wire, steel mesh, plastic 
mesh, and polymer mesh. More detailed descrip-
tions of these reinforcement schemes and their ef-
fectiveness can be found below. The results of re-
cent PUCP research studies suggest that the most 
effective reinforcement is polymer mesh surround-
ing all adobe walls.

Internal cane reinforcement

Several research studies on adobe buildings with 
cane reinforcement have been performed at PUCP 
(Blondet et al. 2002). In an experimental research 
study performed in 1972, adobe building models 
were built on a concrete platform. The testing con-
sisted of slowly tilting the platform and measuring 
the tilt angle at collapse (Figure 4.2). The lateral 
component of the weight of the model was then 
used to quantify the maximum seismic force. It 
was concluded that internal vertical reinforcement 
made of cane, combined with horizontal crushed 
cane placed in the wall at every fourth course, 
notably increased the lateral strength of the mod-
els.  In 1992, eight full-size models of a one-room 
single-story building were tested on a shake table 
(PUCP/CIID 1995). 
The test results showed 
that horizontal and verti-
cal cane reinforcement, 
combined with a solid 
ring beam, can prevent 
wall separation at the 
corners, even in the case 
of a severe earthquake. 
Structural integrity can 
be maintained even after the walls suffer significant 
damage. The reinforcement proved to be very effec-
tive in preventing building collapse.

Many adobe houses reinforced with cane have 
been built in Peru and El Salvador. The construc-
tion of a house in El Salvador is shown in Figure 
4.3a (Dowling 2002). Figure 4.3b shows the verti-
cal and horizontal cane mesh being tied together. 
In some cases in El Salvador, the crushed cane was 

Figure 4.2 Seismic performance of an unreinforced and a strength-
ened adobe building: a) Unreinforced specimen, and b) Specimen 
with cane reinforcement (Blondet et al. 2002)

replaced with barbed 
wire as horizontal rein-
forcement, as shown in 
Figure 4.3c (Dowling 
2002). Figure 4.3d shows 
a finished adobe house 
reinforced with internal 
cane mesh and pilasters 
in Peru.

In addition to a ring beam and cane reinforcement, 
the use of truss-like timber ties between the lintel 
and ring beam proved to be effective, based on the 
seismic simulation (shake table) tests performed at 
the PUCP (Blondet et al. 2002). The performance 
of an unreinforced adobe building model and a 
model with vertical and horizontal cane reinforce-
ment, a ring beam and truss-like ties is illustrated 
in Figure 4.4.

Horizontal and vertical cane 
reinforcement, combined with 
a solid ring beam, can prevent 
wall separation at the corners. 

b)

a)
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Figure 4.3 Construction with cane reinforcement in Peru and El Salvador: a) Placement of cane reinforcement, b) Vertical and 
horizontal reinforcement, c) Barbed wire as horizontal reinforcement, and d) House reinforced with cane and pilasters

Figure 4.4 Adobe building models after shake table tests: a) Unreinforced adobe building, and b) Strengthened adobe building

It is very difficult to find enough cane for massive 
reconstruction programs after a strong earthquake. 
As a solution for this problem, the PUCP tested in-
dustrial materials (which are available in large quan-
tities) as internal reinforcement for adobe buildings. 
An adobe model reinforced with an internal mesh 

made of vertical PVC tubes and horizontal plastic 
mesh subjected to a cyclical lateral load showed ad-
equate seismic behavior and proved the efficiency 
of this technique (Blondet et al. 2005, Madueño 
2005). Figure 4.5 shows the construction of an ado-
be model with internal PVC tubes and plastic mesh.

a) b)

c) d)

a) b)
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Figure 4.5 Construction of an adobe building with internal PVC 
tubes and plastic mesh

External cane and rope mesh

An external reinforcement system consisting of ver-
tical cane tied with horizontal ropes forming an ap-
proximately 450 mm square mesh can be used to 
wrap adobe walls, as shown in Figure 4.6. An adobe 
building model with this reinforcement system was 
tested on the PUCP shake table (Torrealva 2005) 
and even though severe cracking occurred, this re-
inforcement scheme successfully prevented collapse.

Figure 4.6 An adobe building model with external vertical cane
and horizontal rope reinforcement

External bamboo reinforcement with 
internal horizontal wire mesh

This system has been developed and tested at the 
seismic simulator of the University of Technology, 
Australia (Dowling et al. 2005). U-shaped adobe 
wall panels were reinforced with internal chicken 
wire mesh placed horizontally every three courses. 
Polypropylene strings were woven through the mesh 
and its ends were left free, perpendicular to the wall.  
After the wall was finished, the strings were used to 
attach vertical bamboo reinforcements placed exter-
nally on both sides of the wall. An upper timber ring 
beam completes the system. The vertical bamboo 
reinforcements were secured to the ring beam, thus 
ensuring the complete support of the wall, as shown 
in Figure 4.7. A variation of this system uses hori-
zontal instead of vertical bamboo externally on the 
outside of the wall (Figure 4.7b).

Testing has shown that this reinforcement system 
significantly improves the seismic behavior of wall 
panels, preventing their collapse.

Figure 4.7 Adobe building models with external bamboo: a) Vertical 
bamboo on both sides, and b) Vertical and horizontal bamboo

a)

b)
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Welded wire mesh 

The use of external welded wire mesh has been stud-
ied at PUCP as a reinforcement system that could be 
applied both to new and existing earthen construc-
tion (San Bartolome et al. 2008, Zegarra et al. 1997a, 
1997b, 2001). Welded mesh reinforcement consists 
of 1 mm diameter wires at 20 mm spacing nailed with 
metal bottle caps to the adobe walls, as shown in Fig-
ure 4.8a (Zegarra et al. 1997b). The mesh is placed in 
horizontal and vertical strips, simulating beams and 
columns, and it is covered with a 20 mm thick cement 
and sand mortar. Shake table tests were performed on 
U-shaped walls with and without reinforcement (Ze-
garra et al. 1997a). The walls were subjected to the 
same simulated earthquake shaking. An unreinforced 
model collapsed, while the reinforced model suffered 
damage, but did not collapse, as shown in Figure 
4.8b. For more information related to this technique 
refer to Quiun (**YEAR**).

A pilot construction program in the area affected 

by the 2001 Arequipa, Peru earthquake (Mw = 8.4) 
provided valuable information on the seismic per-
formance of buildings strengthened using this tech-
nique. Adobe houses that were built by the program 
with external welded mesh reinforcement covered by 
cement and sand mortar withstood the seismic event 
without any damage. Similar houses without rein-
forcement collapsed or were severely damaged. Fig-
ure 4.9a shows a house in Moquegua, Peru with ex-
ternal welded mesh reinforcement which remained 
undamaged (front), whereas a house without rein-
forcement (shown from the back in the same photo) 
was severely damaged in the earthquake (Zegarra et 
al. 2001). This seismic reinforcement scheme also 
proved to be effective during the 2007 Pisco, Peru 
earthquake (Mw = 8.0). Houses reinforced with 
welded wire mesh in Ica showed excellent seismic 
performance and did not suffer any damage (San 
Bartolome et al. 2008), as shown in Figure 4.9b. 
The collapsed adobe wall adjacent to the reinforced 
house (to the far right in the same photo) was built 
by the owner without any seismic reinforcement.

Figure 4.8 Welded wire mesh reinforcement: a) Mesh installation, and b) Shake table testing of U-shaped walls

Figure 4.9 Reinforced adobe houses with welded wire mesh that withstood earthquakes in Peru: a) Reinforced adobe house in Moquegua, and 
b) Reinforced adobe house in Ica

a) b)

a) b)
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Polymer mesh 

A PUCP research team developed a seismic reinforc-
ing technology for adobe houses using externally ap-
plied polymer mesh (geomesh), which is commonly 
used for geotechnical applications (Blondet et al. 
2006, Blondet et al. 2008, USAID 2001, 2001a). The 
mesh is attached to adobe walls by plastic or nylon 
strings placed during construction. This reinforcing 
scheme demonstrated excellent seismic response dur-
ing high intensity shake table tests (roughly equiva-
lent to MM 7) on a full-scale adobe building model, 
as shown in Figure 4.10. The geomesh reinforcement 
increased the stiffness, strength and deformation ca-
pacity of the adobe walls. Total building collapse was 
prevented due to the confinement provided by the 
mesh. The researchers found that it is possible for 
the walls to disintegrate into large blocks during se-
vere ground shaking, however the mesh prevents the 
walls from falling apart, and collapse can be avoided 
(Blondet et al. 2006).

Construction details for the geomesh reinforcing 
scheme are shown in Figure 4.11. To prevent the 
house from sliding at the base of the wall during 
earthquake shaking, geomesh is anchored to the 
foundation (Figure 4.11a), and then attached to 
the adobe walls using plastic or nylon strings (Fig-
ure 4.11b). The mesh is also attached to the wooden 

Figure 4.10 Reinforced adobe house with geomesh dur-
ing a shake table test at the PUCP.

Figure 4.11 Construction details for the geomesh reinforcing scheme: a) Geomesh anchored to the foundation, b) Geomesh 
attached to adobe walls, c) Geomesh attached to the ring beam, and d) Geomesh covered with mud plaster

ring beam atop the adobe walls (Figure 4.11c). Fur-
thermore, the mesh must be covered by mud plaster 
to protect it from sunlight (UV light). The plaster 
is also effective in increasing the wall stiffness and 
strength (Figure 4.11d).

Construction booklets for the geomesh reinforcing 
scheme were developed by PUCP and CARE Peru 
after the 2007 Pisco earthquake. CARE Peru is an 
NGO experienced in developing training programs 
in rural areas. These booklets explain how to build a 

a)

b)

c) d)
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safe adobe house reinforced with geomesh for coastal 
(arid) areas and highland areas (Vargas et al. 2007a, 
2007b). Figure 4.12 shows some illustrations from 
the booklet for coastal areas. These manuals can be 
downloaded from the World Housing Encyclopedia 
website (www.world-housing.net).

The construction technique indicated in the manu-
als was re-validated with shake table tests at PUCP. 
Two adobe models were subjected to seismic motion 
to prove the efficiency of the geomesh technique 
(Bossio 2010). Figure 4.13 shows an adobe model 
reinforced with geomesh and covered with mud 
plaster during the shake table test.

After the 2007 Pisco earthquake, PUCP and CARE 
Peru implemented a training program on safe ado-
be construction (Blondet et al. 2008). Nine adobe 
houses were constructed by the previously trained 
owners. More than 800 community members par-
ticipated in the training and adopted the new tech-
nology. Figure 4.14a shows a model house featured 

Figure 4.12 Illustrations from the construction booklet for coastal (arid) areas (source: Vargas et al. 2007a)

Figure 4.13 Adobe model reinforced with geomesh and covered 
with mud plaster (source: Bossio 2010)

Figure 4.14 Reinforced adobe houses in Chincha, Peru built after the 2007 Pisco earthquake: a) A model house from PUCP-CARE’s 
booklet, and b) Reinforced adobe house built by CARE

in the PUCP-CARE booklet. Furthermore, cur-
rently (August 2010) more than 1000 adobe houses 
have been built using the geomesh technology by 
NGOs and International Cooperation Agencies in 
the areas affected by the Pisco, Peru earthquake. 
Figure 4.14b shows a reinforced adobe house built 
by CARE Peru.

a) b)
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Used car tire straps

This scheme uses circumferentially cut straps from 
the treads of used car tires for tension reinforce-
ment. Continuous straps pass through holes drilled 
in the adobe walls to wrap them horizontally every 
600 mm and vertically every 1.2 m approximately. 
This reinforcement enhances the in-plane and out-
of-plane resistance of adobe walls to seismic effects 
(Figure 4.15). Vertical straps pass under the founda-
tions, rise up the walls, and are nailed to the timber 
wall top plate. The scheme was developed at Victo-
ria University in New Zealand and shake table test-
ing was performed at PUCP. Results showed that 
the tire strap reinforcement system prevented build-
ing collapse, even during simulated ground shaking 
of high intensity (Charleson and Blondet 2010, un-
der review). A construction manual “………” that 
describes how the system can be applied to new and 
existing houses is available from the World Housing 
Encyclopedia website (***).

Polypropylene (PP) bands

PP-band retrofitting is a simple and low-cost method 
that consists of confining all adobe walls with a mesh 
of PP-bands. PP-bands are an inexpensive, durable, 
strong, and widely available material, commonly 
used for packing. Shake table tests were performed 
to verify the efficiency of this technique. Figure 4.16 
shows a full-scale adobe model reinforced with PP-
bands after a shake table test (Meguro 2008). The 
scheme was developed in Japan.

Figure 4.15 Shake table testing of an adobe building model 
reinforced with tire straps 

Figure 4.16 Full-scale adobe model reinforced with PP-
bands after a shake table test

Figure 4.17 Construction of a building model using the integral ma-
sonry system

Integral masonry system

This system consists of prefabricated electro-welded 
galvanized wire truss reinforcements which intersect 
in the three spatial directions, as shown in Figure 
4.17. A half-scale model of a two-story building was 
built using the integral masonry system and was test-
ed as a part of a joint research project between the 
Polytechnic University of Madrid and PUCP. Adobe 
block infill was used to provide enclosure and ensure 
sufficient stiffness (Adell et al. 2010). The model 
withstood seismic simulation without significant 
cracking. 

A model reinforced with 
tire straps withstood sim-
ulated ground shaking of 
high intensity
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Wall reinforcement 
scheme 

Type of 
building  Construction complexity  Cost  Seismic safety 

New  Existing  Simple  Moderate  Complex  Low  Moderate  High  Low  Moderate  High 

Internal cane 
reinforcement  X      X    X          X 
External cane and 
rope mesh  X  X  X      X          X 
External bamboo and 
internal wire mesh  X  X  X      X          X 
Welded wire 
 Mesh  X  X  X        X      X   
Polymer  
Mesh  X  X  X        X        X 
Used car  
tire straps  X  X    X    X        X   
Polypropylene band  X  X    X    X          X 
Integral masonry 
system  X        X      X      X 

Table 1 Reinforcement Schemes for Adobe Walls: A Comparison

Table 1 presents a comparison of various wall re-
inforcement schemes. The first parameter refers to 
the type of application (new or existing houses). 
The second parameter is related to the complexity of 
construction, ranging from simple to complex. The 
third parameter classifies each reinforcement system 
according to cost, ranging from low to high. The 
last parameter ranks the reinforcement systems ac-
cording to the seismic safety they provide. Note that 
the objective of providing seismic reinforcement in 
a building is to protect the lives of the building oc-
cupants, that is, life safety.

Buttresses and Pilasters
Buttresses and pilasters are provided at critical loca-
tions to increase the overall stability and strength of 
a building. Buttresses act as restraints, preventing the 
inward or outward collapse of walls. Buttresses and 
pilasters must be used in addition to wall reinforce-
ment to ensure adequate seismic safety. This section 
is based on the recommendations by IAEE (1986) 
and Dowling (2004b). 

The critical locations are:

• Corners, where buttresses take the form of over-
lapped (crossed over) walls

• Intermediate locations in long walls, where pilas-
ters are constructed as bracing walls in the transverse 
direction and are integrated into the wall structure

Buttresses and pilasters (Figure 4.18) were used to 
improve the seismic resistance of adobe construction 
in El Salvador as part of a grass root education and 
rebuilding effort following the 2001 earthquakes 
(Dowling 2004a). Furthermore, buttresses and pi-
lasters were effective in preventing the collapse of 
adobe buildings in Santiago during the 2010 Maule, 
Chile earthquake. Figure 4.19 shows adobe build-
ings with buttresses and pilasters in Chile.

The recommendations regarding the dimensions of 
buttresses and pilasters are summarized in Figure 
4.20 (IAEE 1986).

Figure 4.18 Adobe building with pilasters 
in El Salvador (source: Equipo Maíz 2001, 
Dowling 2002)
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Figure 4.19 Adobe buildings with a buttresses and pilasters in Chile (photos: M. Moroni, S. Brzev)

Figure 4.20 Guidelines for wall construction with buttresses and pilasters (source: IAEE 1986)

Buttresses and pilasters were effective in preventing the 
collapse of adobe buildings in Santiago during the 2010 
Maule, Chile earthquake.
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Seismic Protection of Historic Adobe Buildings 

Historic adobe buildings, regardless of their impor-
tant architectural or cultural value, are prone to earth-
quake damage like other adobe structures. It is impor-
tant to ensure earthquake life safety while performing 
minimal intervention on their original fabric. 

As part of the Getty Seismic Adobe Project (GSAP) 
sponsored by the Getty Conservation Institute, 
nine small-scale (1:5) model buildings were tested 
on the shake table at the John A. Blume Earthquake 
Center at Stanford University in Palo Alto, Califor-
nia (Tolles et al. 2000). Two large-scale (1:2) mod-
el buildings were tested during the final phase of 
the GSAP program at the Institute of Earthquake 
Engineering and Engineering Seismology (IZIIS), 
Republic of Macedonia. The most effective retro-
fitting provisions studied in the project are briefly 
described below.

• Nylon straps made of 3 mm wide, flexible, woven 
nylon were placed horizontally or vertically, forming 

a loop, either around the entire building or around 
an individual wall. The straps were passed through 
small holes in the wall and the two ends were knot-
ted together. Vertical straps were most effective in 
reducing the risk of out-of-plane wall collapse. This 
retrofit provision is shown in Figure 5.1.

• Vertical center-core elements were drilled through 
the adobe walls. These elements consisted of 3.0 mm 
or 4.8 mm diameter steel rods anchored with an epoxy 
grout. Prior to drilling the rods into the wall, each end 
was flattened into a V-shaped form. These elements 
were found to be particularly effective in increasing 
both the in-plane and out-of-plane wall resistance.

• Wood bond beams were anchored to the walls with 
coarsely threaded screws or partial wood diaphragms.

• Cross-ties made out of nylon cord were installed to 
reduce the differential displacement across the cracks 
and to provide a through-wall connection.

Figure 5.1 Building elevation showing retrofit provision for an exterior wall (source: Tolles et al. 2000)

Cross-tie locations

Nylon 
strap 
around 
exterior

Nylon strap 
on both sides 
of wall

Vertical core 
rods (ø 1.4 cm)
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Figure 5.2 Grout injection procedure: a) Crack injection, and b) Repaired wall

Figure 5.3 Repairing seismic cracks on adobe buildings at PUCP: a) Crack injection on adobe module, and b) Repaired module being tested

Earthquake-induced cracks are a serious problem 
for historic adobe buildings. These cracks cause a 
decrease in the strength and stiffness of adobe walls, 
thus increasing the risk of collapse in future earth-
quakes (Blondet et al. 2007). A PUCP research 
team developed a technique to repair the cracks in 
historic adobe buildings and restore the original 
strength of the structure by injecting mud-based 
grout into the wall. The grout is pumped into the 
cracks through 3 mm diameter holes made of plas-
tic tubes, as shown in Figure 5.2. Before grouting, 
the cracked surfaces need to be sealed with gypsum 
and injected with water. 

Grout compositions considered in this study were 
mud-based, either plain, or stabilized with cement, 
lime, and/or gypsum. Many indirect tension tests 
were performed using adobe “sandwiches” (two 
adobe blocks joined by mud mortar) to establish 
which grouts provided an adequate bond between 
the mortar and the adobe blocks. The thickness of 
the mortar joints ranged from 2 to 10 mm. The 
soil used for the mortar mix was sifted to remove 
particles larger than 2 mm. Some mortar mixes 
were stabilized with cement and lime (5%, 7%, 
and 10% ratio), and gypsum (5%, 10%, and 20% 
ratio). The results showed that sandwiches with a 
thinner mortar joint result in an increase in adobe 
masonry strength.

Diagonal compression tests were performed on re-
paired adobe panels with the most efficient grouts. 
The results showed that grouting is an effective 
method for repairing cracks in adobe walls when 
crack widths are in the range of 3 mm to 5 mm. 
Mud-based grout using soil sifted with a #10 (2 mm) 
sieve and moisture content ranging from 30% to 
40% was carefully injected in the walls. Tests showed 
that the wall was restored to its original strength. The 
grout mix consisting of soil stabilized with gypsum 
(20% to 30% ratio) also proved to be effective, how-
ever the injection process was more complex.

Another PUCP research team studied the feasibility 
of grouting seismic cracks of less than 3 mm wide. 
The conclusion was that to ensure efficient grout-
ing, it is necessary to make thin cracks wider, so 
the grout can be applied totally. This technique was 
used to repair adobe modules previously subjected 
to a cyclical lateral load (thus, with “real” seismic 
cracks). The grout used to repair the opened cracks 
on the adobe modules was a mixture of straw and 
soil sifted by a #10 sieve (with a moisture content 
of around 35%). The tests on the repaired adobe 
modules concluded again that grouting is an effi-
cient way to restore the original strength of adobe 
walls with minimal intervention on their original 
fabric. Figure 5.3 shows a crack injection and the 
cyclical lateral load test.

a) b)

a) b)
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Conclusions

The main recommendations for the improved seismic performance of adobe construction are summarized in 
Figure 6.1.

Figure 6.1 Guidelines for earthquake-resistant adobe construction (Sketch by Equipo Maiz 2001; text by Dowling 2002)
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