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ABSTRACT

The impact of seismic events on populations living in unreinforced adobe masonry buildings, mostly located in rural areas in Mex-
ico and the rest of Latin America, has given rise to research aimed at studying construction and structural aspects in order to guar-
antee the stability of dwelling and the safety of the people who live there. This study presents the analysis of the dynamic behavior 
on the earthquake shaking table to contrast the response of adobe models at 1:3 scale without additional reinforcement in walls and 
roof, and with concrete reinforcement in walls and roof. The tests consider frequency, acceleration, displacement and scale factor 
according to the similarity laws corresponding to the physical and mechanical properties of the specimen. The results and conclu-
sions show the stability advantages of adobe dwellings with the use of reinforcement based on concrete elements in a seismic event, 
compared to dwelling without reinforcement.

Keywords: Adobe; Concrete; Dwelling; Seismic; Stability; Structure.

RESUMEN

La afectación que han tenido las poblaciones que habitan construcciones con mampostería de adobe sin refuerzo, en su mayoría 
localizadas en zonas rurales en México y el resto de América Latina ante eventos sísmicos, ha dado pie a investigaciones dirigidas 
a estudiar aspectos constructivos y estructurales con el fin de garantizar la estabilidad de la vivienda y la seguridad de las perso-
nas que la habitan. En este estudio se presenta el análisis del comportamiento dinámico en una mesa vibratoria para contrastar 
la respuesta de modelos de adobe a escala 1:3 sin refuerzo adicional en muros y techumbre, y con refuerzo con elementos de 
hormigón en muros y cubierta. Los ensayos consideran la frecuencia, aceleración, desplazamiento y el factor de escala según las 
leyes de similitud correspondientes a las propiedades físicas y mecánicas del espécimen. Los resultados y conclusiones muestran 
las ventajas de estabilidad de la vivienda de adobe con uso de refuerzo a base de elementos de hormigón ante un evento sísmico, 
con relación a la vivienda sin refuerzo.
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1. INTRODUCTION

Adobe constructions are defined as a group of buildings con-
structed with pieces of unfired earth (1). Buildings of this type 
have shown a vulnerable behavior in seismic events, presenting 
significant damage, the lack of stiffness of the walls contributes 
greatly to the partial or total collapse of the structure (2), 
sometimes resulting in the loss of human lives (3).

Adobe is inexpensive an easy-to-use material for the construc-
tion of walls, vaults, houses, and churches, and in many regions 
of the world there are vestiges of entire villages that have defied 
time. This research addressed the stability problems of adobe 
dwellings, focusing especially on the junction between walls 
and between walls and roof. 

The earthquakes occurred in the second half of 2017 in South-
west and Central Mexico, and according to the report presented 
by the governmental agency (4), 171 925 dwellings with partial 
or total damages were registered in 7 federal entities of Mexico, 
of these 20% were adobe-based houses. (5).

Adobe houses are seriously affected by a medium or high-in-
tensity earthquake, due to the lack of nodal stiffness between 
walls and roof. Among the failure modes that are characteristic 
of other regions that use the same construction system are: 
in-plane and out-of-plane flexural failure (6), compression, 
flexural compression, shear, failure in wall joints, and wall-
roof joints (7).

The structural vulnerability of dwellings after the September 
2017 earthquakes in Central and Southeastern Mexico (8), 
evidenced the types of structural failure mentioned above, 
highlighting the lack of nodal stiffness K, this causes the walls 
to act with a larger effective length Le when the roof is not 
properly attached to the walls, causing instability, Figure 1.

Figure 1. Effective lengths factor K

Generally, in dwellings with adobe masonry, the roof systems 
are composed of wooden beams or trusses, covered with a 
layer of brick or mud, which works as flexible diaphragms, 
and generally do not offer stiffness to the structure. There are 
also hybrid systems with reinforced concrete roofs and adobe 
walls, of which there is little information on their structural 
response (9), but they have had a positive behavior under 
horizontal loads, greater than when there is no reinforcement 
or confinement.

Research on the stability of adobe constructions has been car-
ried out with more emphasis in the last fifty years, including 
experimental works on the behavior of walls with different 
types of reinforcements under seismic loads, such as: walls 
reinforced with concrete tie columns and tie beams (10); walls 
with plastic mesh reinforcement (3); walls with metal mesh 
reinforcement and plaster cement (11). However, there is little 
scientific literature on the dynamic behavior of buildings with 
adobe walls confined with concrete elements, which have been 
used mainly as independent walls or in walls.

For the present study, the confinement of adobe walls with con-
crete elements joined to a lightened concrete slab is proposed; 
considering the properties of concrete and adobe, which have 
different chemical compositions and manufacturing processes, 
besides having different shrinkage indexes, compressive 
strength, modulus of elasticity and consequently, stiffness of 
the structural element (12), which makes the behavior between 
walls and roof to be affected when the interaction between 
them is not considered in their construction (13). 

The objective of the present work has been to contrast the 
results obtained from the study of the structural behavior 
under seismic simulation of a scale model of an unconfined 
adobe dwelling and a confined adobe dwelling with concrete 
elements and a ribbed concrete slab with polystyrene blocks.

This research shows the physical and mechanical properties 
of the elements that make up an adobe dwelling with confined 
walls attached to a lightened concrete slab. Reduced scale 
models are built taking into account the laws of scale or simi-
larity (14-16), which are subjected to dynamic loading, which 
gives an approximate parameter of the structural behavior of 
the dwelling in a seismic event.

A structural analysis is performed highlighting the stiffness 
contribution of the concrete elements to the adobe wall, plus 
the stiffness contribution of the lightened concrete slab to 
the confined wall. Conclusions and recommendations are 
given for the testing of the adobe dwelling specimen without 
confinement, and contrasted with the testing of the dwelling 
specimens with confinement based on concrete elements. 

2. MATERIALS AND TEST METHODS

2.1. Manufacture of adobe pieces

The composition of the soil, according to the analysis of gran-
ulometry and index properties of the material, is characterized 
by its content of inorganic clays of medium plasticity, with 
fine-grained dark brown sands (CL SUCS classification) (17).

The manufacturing process of adobe bricks consisted of mixing 
soil, sand, straw, and water in a 1:1:0.1 volume ratio until a 
paste-like composition was obtained, leaving it to stand for 
a minimum of 24 hours, and then proceeding to the manual 
manufacture of adobe pieces whose dimensions are, 10 cm 
wide, 16 cm long and 3 cm high, which were dried outdoors 
for 30 days.

2.2. Mechanical testing

The mechanical tests for adobe were carried out based on Peru-
vian Standard N.E. 080 (18) regarding design and construction 

https://www.linguee.es/ingles-espanol/traduccion/joint+stiffness.html
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with earth, and Standard NMX-C-464-ONNCCE-2010 (19) 
regarding clay and concrete pieces, the tests performed were 
as follows:

–	 Compressive strength of the adobe cube. 
–	 Compression test of adobe stacks, from which the design 

compressive stress, crushing stress and modulus of elas-
ticity were obtained.

–	 Diagonal compression test on adobe wallets, from which 
the shear stress and shear modulus values were obtained. 

–	 Tensile test bond strength of mortar. 
–	 Adherence testing between the adobe pieces and the 

concrete.

Table 1 shows the number of specimens, loading rate and 
allowable stress obtained in each test to know the physi-
cal-mechanical properties of the masonry to be used in the 
models.

Additionally, the compressive strength test of concrete spec-
imens was performed in accordance with Mexican standard 
NMX-C-083-ONNCCE 2014. (20); 3 cylinders identified with 
the letters CC, with an average resistance of f’c= 14.91 MPa, 
representing the concrete used in the confining elements and 
roof slab in models H-2 and H-3 at 1:3 scale, were subjected 
to compression tests.

2.3. Model test methods

For the seismic simulation, three dwellings models of 12.96 
m2 each were built, on a wooden and polystyrene base at a 
scale of 1:3, identified with the letters H, Table 2, Figure 2., 
with an interior area of 9.00 m2, value that represents an 
area to develop a rest-activity in a dwelling, the construction 
specifications are mentioned in the development of each one 
of them. 

For the three models, the foundation is 12 cm wide by 15 cm 
deep, based on a stone of 5 to 10 cm in diameter joined with 
cement-sand mortar 1:3. This type of foundation was chosen 
because it is the most commonly used for this type of construc-
tion in Mexico and Latin America (10). 

Table 1. Mechanical tests on Adobe specimens

Text
Drying time Number of 

specimens
Loading  

speed
Allowable  

stress
Standard E. 

0.80

days MPa/min MPa MPa

Compressive strength of the adobe cubes. 30 6 1.20 1.02

Compression test of Adobe stacks 59 6 0.97 0.86 0.61

– Design compressive stress 59 6 – 0.35 0.20

– Crushing stress 59 6 – 0.44 0.31

– Modulus of elasticity 59 6 – 258.74 –

Diagonal compression 71 6 1.29 0.077 –

– Shear stress 71 6 – 0.03 0.025

– Shear modulus 71 6 – 71.40 –

Tensile test bond strength of mortar 30 6 0.14 0.04 0.012

Adherence Testing between the adobe pieces and the concrete 30 6 0.86 0.04 –

Table 2. Dwelling specimens (models), scale 1:3

Specimen Confinement of 
concrete elements Roof Direction  

of the roof beams

H-1 No Timber Axis X

H-2 Yes concrete Axis X

H-3 Yes concrete Axis Y

Figure 2. Test specimens H-1, H-2, H-3

Table 3 shows the actual weights of the models obtained with 
a scale, as well as the calculated weight of the 1:1 scale pro-
totypes according to the volumetric weight of the materials 
(21), which serve as the basis for the analytical calculation of 
their displacements.

Table 3. Weight ratio between prototypes and 1:3 scale specimens

Structural  
element

Specimen Prototype Specimen Prototype

H-1 real scale 
1:1

H-2 and 
H-3

real scale 
1:1

kgf kgf kgf kgf

Walls 584 17 772 484 14 076

Tie column and beam – – 115 3 240

Roof 14 907 120 12 462

Total weight 598 18 679 719 19 778
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2.4. Construction process of specimen H-1, (scale 1:3)

Figure 3. Specimen H-1, scale 1:3

The walls are supported on stone foundations, the adobe 
pieces are glued with the same material they were made of, in 
a running bond pattern, and in overlapping form in the joints 
of two or more walls, Figure 3 and 4. 

 Figure 4. Foundation and wall construction

In the 1:3 scale model, the lintels on doors and windows are 
2 cm high by 10 cm wide, protruding from the span on both 
sides by 10 cm. The roof is made of wooden beams 2 cm wide 
by 6 cm high, with 18 cm spacing from axles, on which a 0.3 
cm wooden cover is placed, covered with sand. Figure 5.

Figure 5. Roof beams and framing in spans

2.5. Construction process of specimen room H-2 and 
H-3, (scale 1:3)

The structural plan and elevation drawings of both specimens 
are shown with their respective dimensions, the only difference 
between the two specimens is the direction of the lightened 
concrete ceiling beams in one direction; it corresponds in the 
X direction for room H-2, Figure 6a, and in Y direction for 
specimen H-3, Figure 6b. Two types of dimensions are noted 
on the drawing, the dimensions in parentheses indicate the 
actual dimensioning of the model, the dimensions not in 
parentheses indicate the dimensioning of a 1:1 scale prototype.

The vertical reinforcement elements that serve as confinement 
to the walls are anchored to the foundation. 

At the intersections of the walls, 10 cm × 10 cm K-1 ties 
columns have been placed, reinforced with 4 # 2 bars (∅ 6 mm) 
10-gauge stirrups every 6 cm, Figure 7a. In door and window 
openings, the K-2 tie piers, are reinforced 5 cm × 10 cm with 
2 # 2 bars, 10-gauge stirrups every 6 cm (21), Figure 7b.

D-1 lintels, Figure. 8a, are reinforced 5 cm x 10 cm with 2 # 2 
bars, 10-gauge stirrups every 6 cm (21). 10 cm × 5 cm; D-2 roof 
slab perimeter tie beam, Figure 8b, reinforced with 2 # 2 bars 
in the lower bed, 2 10-gauge bars in the upper bed, 10-gauge 
stirrups every 6 cm;

The roof slab L-1, is made of 7 cm thick concrete lightened with 
2.5 cm thick polystyrene plates (22), beams in one direction 
every 33 cm, with 4 cm × 7 cm section, reinforced with 2 × 
10-gauge bars, 12-gauge stirrups every 6 cm, Figure 9, the 
compression layer is 2 cm reinforced with 21-gauge mesh, the 
concrete ratio is 1:2:2 (one cement to two sand and two gravel).

The following illustrations show the assembly of roof slab L-1, 
for specimen H-2 in the X-X direction, Figure 10a; and for 
specimen H-3 in the Y-Y direction, perpendicular to the door 
and window openings, Figure 10b.
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	 a. Specimen H-2, beams in the X direction 	 b. Specimen H-3, beams in the Y direction 
The dimensions in parentheses indicate the actual dimensioning of the model

Figure 6. Specimen H-2 and H-3, scale 1:3

  Figure 7. Wall reinforcement cross-section

Figure 8. Wall reinforcement cross-section

Figure 9. Roof slab L-1

  a. Roof slab for H-2 specimen                   b. Roof slab for H-3 specime

Figure 10. Construction process of H-2 and H-3 specimen roof slab

Table 4 shows the ratio of the cross-sections of the structural 
elements and the areas of reinforcing steel between the 1:3 
scale specimen and the full-scale 1:1 prototype.

2.6. Vibration table for seismic simulation

The seismic simulation tests were carried out on a 1.20 m ×  
1.20 m shaking table, which can have three independent move-
ments: two horizontal movements (X and Y) with a load capacity 
of 900 kg, and a vertical movement (Z) with a load capacity of 
300 kg. Its source of movement is pneumatic with a maximum 
working pressure of 8 kg/cm2, frequency from 0.1 to 15 Hz, and 
a horizontal displacement of 7 cm, and 5 cm in the vertical axis. 

Its operation is through LabVIEW software, with which you 
can control the frequency, duration of the test, axis move-
ments, and obtaining data from motion sensors, Table 5, shows 
its functional characteristics.
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Table 4. Scale ratio for H-2 and H-3 specimens

Structural 
element

Scale 1:1 Scale 1:3

Size  
dimensions 

(cm)

Reinforcing 
steel % area

Size  
dimensions 

(cm)

Reinforcing 
steel % area

Foundation 80 width – 27 width –

Walls 30 thickness – 10 thickness –

Tie column K-1 30 × 30 1.13 10 × 10 1.27

Tie column K-2 15 × 30 0.63 5 × 10 1.27

Lintel 15 × 30 0.56 (t)* 1.5 × 3 1.27 (t)*

Roof 20 heigth – 7 heigth -

Beams 12 × 20 0.52 (t)* 4 × 7 1.13 (t)*

Concrete slab 5 0.12 0.5 0.42

* tensión

Table 5. Functional features of vibrating table

Features Range

Dimensions 120 cm × 120 cm

X axis load capacity 900 kgf

Y axis load capacity 300 kgf

Vertical Z-axis load capacity 150 kgf

Directional motion 3 degrees of freedom

Maximum displacement ± 70 mm

Speed range 0.1 a 10 m/s

Frequency a 15 Hz

2.7. Scale models testing methodology

The specimen (model) is placed on the dynamic simulation 
table and anchored to the base in such a way that it is ade-
quately secured, after which the linear and angular displace-
ment of the model is instrumented, after calibration of the 
sensors. The instrumentation is divided into two parts: the 
one corresponding to the X, Y, and Z axes of the vibrating 
table based on ultrasonic linear distance sensors with a speed 
of 7 readings per second and the one corresponding to the test 
model, with ultrasonic linear distance sensors and angular 
measurement bending sensors, both with a speed of 7 readings 
per second.

The frequency of movement of the table and the duration of 
its phase are programmed, the air pressure necessary for its 
operation is verified and the instrumentation is sending the sig-
nal correctly; the test is started and the data of displacement, 
accelerations, periods and damages in the testing process in 
the different phases are recorded.

For the dynamic test, frequencies from 0.6 Hz to 6 Hz are 
proposed, comprising periods of less than 0.3 seconds, close 
to the period of a one-story masonry dwelling house typology, 
with accelerations ranging from 10 to 600 gal; Table 6 shows 
the phases and accelerations for the 1:3 scale models.

Table 6. Acceleration phases for 1:3 scale models

Phase
1

Phase
2

Phase
3

Phase 
4

Time 12 s 23 s 53 s 130 s

Componente X X X X

Acceleration gal gal gal gal

Specimen H 1:3 scale 10 - 300 10 - 40 10 - 60 10 - 40

2.8. Analysis methods

In this stage, the parameters for the structural analysis of 
unconfined and confined walls are given, and the influence of 
the stiffness of the lightweight concrete slab (23) on the walls 
forming the test specimens, for the purpose of comparing 
their displacements and stiffness’s under seismic loading, 
considering the zone aspects, weight and properties of materials. 

The deformation analysis is performed according to the linear 
homogeneous and isotropic elastic behavior (24), using the 
wide column model. The horizontal seismic force Pi applied 
at the center of mass of level i acting on the 1:1 scale prototype 
is obtained Equation [1]:

[1] Pi = (Wi Hi / Σ Wi Hi) C Σ Wi 

 Where Wi is the weight of the level or story, Hi is the height of 
the force application mass Pi, and C is the seismic coefficient. 
The structure is classified according to its destination, soil type, 
and seismic behavior factor Q, (25). For the calculation of the 
displacement δ and lateral stiffness K at the centroidal point 
in solid unconfined cantilevered walls Figure 11, the following 
expressions, Equation [2 and 3], are used:

[2] δ = (Ph3/3EI) + (Ph/GA) 

[3] K = P/ δ 

Where P is the lateral force at its centroid point, h is the height 
of the wall, E is the modulus of elasticity, A is the cross-sec-
tional area of the wall and G is the shear modulus. 

a. Axis 2, A-B                                                        b. Axis A, 1-2

Figure 11. Structural analysis of walls, H-1 prototype

For the analysis of the adobe masonry walls confined with 
concrete elements, Figure 12, the wide column analogy model 
is used where the wall is replaced by a column in the geometric 
center (24). 

The system of equations is solved by means of the direct stiff-
ness method (26), the displacements d and the lateral stiffness 
of the wall K∆ are obtained with equations Equation [4 and 5]:
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[4] d = S–1P

[5] K∆ = P/d  

Where P is the force acting on the node, and S-1 is the inverse 
of the general matrix.

a. Axis 2, A-B                                                b. Axis A, 1-

Figure 12. Structural analysis of walls, prototype H-2 and H-3

Table 7 shows the walls of the 1:1 scale prototypes to be ana-
lyzed by the wide column model, according to the axes shown 
in Figures 11 and 12.

Table 7. Structural analysis of walls

Prototype Axis Condition

H-1 2. A-B Without confinement

H-2 , H-3 2. A-B Confined with roof

H-2 , H-3 2. A-B Confined without roof

H-1 A, 1-2 Without confinement

H-2 , H-3 A, 1-2 Confined with roof

H-2 , H-3 A, 1-2 Confined without roof

3. RESULTS / DISCUSSION

3.1. Seismic simulation results of 1:3 scale models 
with no confinement and flexible roof, and with 
concrete confinement and rigid lightweight con-
crete roof

Results are presented under horizontal dynamic loading 
applied to the three 1:3 scale models with 68 days of drying, 
which describes the response of the specimens in relation to 
the applied frequency and acceleration, the displacements of its 
base and the walls perpendicular to the movement are shown, 
according to the reading of the sensors placed specifically for 
this purpose. 

A comparison is made of the dynamic behavior of the 
specimens with emphasis on the wall-to-wall junction and the 
wall-to-roof junction.

Due to the characteristics of the type of construction, its 
natural period and the capacity of the vibrating table, periods 
between 1.67 and 0.17 seconds were used. The results shown 
include the scale factor according to the similarity laws 
corresponding to the physical and mechanical properties of 
the specimen.

3.2. Result of unconfined H-1 specimen

Three dynamic tests were applied to the model in the direction 
horizontal to the X-axis, parallel to the plane of door and win-
dow spans with factored time duration (t/3), Table 8. 

Table 8. Dynamic simulation phases, H-1 specimen

Phase Time (s) Acceleration (gal) Frequency (Hz)

1 12 7.53 a 244.40 0.6 a 6.0

2 23 8.27 a 36.55 0.6 a 1.8

3 53 8.10 a 53.18 0.6 a 1.6

Figure 13 shows the physical condition of the specimen before 
testing, which shows no damage. 

a. Front elevation                                  b. Back side elevation

Figure 13. Physical condition of specimen H-1 before dynamic testing

3.3. Horizontal dynamic test, phase 1, duration 12 
seconds

Description: Figure 14 shows the relationship of Accelera-
tion with respect to Displacement and Period. First visible 
damage appears for an acceleration between 90 gals and 174 
gals, with a displacement of 10 cm, which corresponds to a 
period between 0.30 s to 0.22 s, and moderate damage for an 
acceleration between 174 gals and 244 gals corresponding to 
a period between 0.22 s and 0.17 s.

Figure 14. Cracks around the door opening, front view

Figure 15 shows the damages where there is stress concen-
tration, mainly in the door and window openings, where 
cracks and fissures can be seen at an angle of approximately 
45°, which starts at the vertices of the span outwards from 
them, there is no damage to the rest of the structure. The 
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structure remains stable but with moderate damage that may 
be repairable.

 Figure 15. Cracks around the window opening, back side view

3.4. Horizontal dynamic test, phase 2, duration 23 
seconds

Description: Moderate to heavy damage is observed in 
an acceleration range between 10 gals and 40 gals, which 
corresponds to a period between 1.5 s to 0.56 s, fractures in the 
foundation for accelerations between 22 s and 36 gals, which 
corresponds to a period of less than 1.0 s.

Figure 16 shows how the cracks are more accentuated around 
the door and window openings, with an approximate angle of 
45° through the wall, door and window frames are separated 
from the wall, foundation failures are observed with different 
cracks in its perimeter, no damage is visible at the corner 
junction between walls, nor on walls perpendicular to the 
openings. Regarding the roof, the separation of the longitudi-
nal wooden beams from the adobe walls can be observed. The 
structure due to the damage severity, is considered unstable 
and uninhabitable.

3.5. Horizontal dynamic test, phase 3, duration 53 
seconds

Description: Heavy to extreme damage is observed in an 
acceleration range of 10 to 26 gal, which corresponds to a 

a. Large cracks around the door opening, front view b. Large racks around the window opening, interior view

Figure 16. Damage in dynamic test for H-1 specimen, phase 2

period between 1.6 to 0.63 s, for the period between 0.83 s 
and 0.71 s, fractures are accentuated in the entire structure 
until total collapse is reached.

Figure 17 shows the damage sequence, the total detachment 
between the span frames and the wall can be seen, cracks 
increase in size to the point of partial or complete separation of 
parts of walls, for the period between 0.83 and 0.71, fractures 
are accentuated throughout the foundation, shifting away 
from the wall axis., no damage is seen at the corner junction 
between walls, but total separation leading to collapse (out-
of-plane failure) in the central axis of the specimen passing 
through the spans, the roof is completely separated from the 
walls when collapse occurs.

In the specimen tests, 3 readings were taken with previously 
calibrated ultrasonic sensors to know the linear displacement 
on the outer walls perpendicular to the movement of the base 
(X-axis), and four readings with 5 cm high variable resistance 
bending sensors attached to the same exterior walls at a height 
of 2.00 m with previous calibration, to know the angular 
deformation caused by the different frequencies. 

The maximum displacement with the similarity factor applied 
was 0.61 cm at the stage of structural damage, phase 3 was 
not implemented to avoid damage to the sensors in the event 
of model collapse.

3.6. Result of specimen with confinement H-2 and H-3

Three dynamic tests were performed in the horizontal direction 
along the X axis equal to specimen H-1, the stability of the 
structures of H-2 and H-3, a fourth phase was added, all of 
them parallel to the plane of door and window openings with 
factored time duration (t/3), Table 9.

Table 9. Dynamic simulation phases, specimen H-2 and H-3

Phase Time (s) Acceleration (gal) Frecuency (Hz)

1 12 7.53 a 244.40 0.6 a 6.0

2 23 8.27 a 36.55 0.6 a 1.8

3 53 8.10 a 53.18 0.6 a 1.6

4 130 8.31 a 33.69 0.6 a 2.0



Informes de la Construcción, Vol. 76, 576, 6878, octubre-diciembre 2024. ISSN-L: 0020-0883. https://doi.org/10.3989/ic.6878 9

Dynamic behavior of two models of adobe masonry dwelling with and without the confinement of concrete elements

Comportamiento dinámico de dos modelos de vivienda de mampostería de adobe con y sin confinamiento de elementos de hormigón armado 

a. Extreme door damage and foundation fracture, front view 

b. Total collapse, side backside view.

 Figure 17. Damage in the dynamic test for H-1 specimen, phase 3

a. Front elevation                                       b. Interior view

Figure 18. Physical condition of H-2 after dynamic test

	 a.  Front elevation	 b. Back side and lateral elevation

Figure 19. Physical condition of H-3 after dynamic test

3.7. Phase 1, 2, 3 and 4 horizontal dynamic test

Description: No visible damage was observed during the four 
dynamic test phases, the reinforcements in door and window 

openings, wall junction, walls, foundation and roof, preserved 
their structural integrity.

Figure 18 and 19, show the structural integrity of specimen 
H-2 and H-3, there is no visible damage to the entire structure.

The model with structural confinement based on concrete 
elements in walls and roof slab, elements showed an efficient 
performance under the same dynamic loads as the model 
without confinement., there was no damage around the door 
and window openings, foundation and concrete roof.

The direction of the concrete roof beams parallel to the spans 
(specimen H-2), and perpendicular to them (specimen H-3), 
provided the necessary stiffness for the stability of the struc-
ture.

3.8. Structural analysis results

Structural analysis of unconfined and confined walls is carried 
out, and the stiffness contribution of the bond between the 
lightweight concrete slab and the adobe walls confined with 
concrete elements; the results of the displacements and lateral 
stiffness’s of the adobe walls analyzed are given below. The 
data on the mechanical properties of the materials are taken 
from section 2.1. Equation 1 was used to obtain the horizontal 
seismic force, and Table 10 shows the data and coefficient used.

Table 10. Proposed seismic strength for prototype analysis

Story Weight Height
Seismic  

coefficient

Seismic force (Pi)

No. kgf cm kgf

1 19778 270 0.44 8702

As they are unconfined walls and due to the type of wood 
sheathing roof proposed, their restriction at the junction with 
the wall is disregarded, and were therefore analyzed as cantile-
ver walls. For the evaluation of confined walls, the wide column 
method was used through the direct stiffness matrix method.

Table 11 shows the results of the displacement and lateral 
stiffness analyses of the walls under different constraint 
conditions. 

Table 11. Results of displacement and lateral stiffness of walls

Prototype Axis Condition

Displacement 
(δ)

Lateral 
stiffness (K)

mm kgf/cm

H-1 2. A-B Without 
confinement 3.53 35.31

H-2, H-3 2. A-B Confined with roof 0.034 0.34

H-2, H-3 2. A-B Confined without 
roof 0.041 0.41

H-1 A, 1-2 Without 
confinement 0.42 4.24

H-2, H-3 A, 1-2 Confined with roof 0.001 0.001

H-2, H-3 A, 1-2 Confined without 
roof 0.007 0.07
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4. CONCLUSIONS

Specimen testing based on scale models, gives an approximate 
parameter of the structural behavior of adobe dwellings in a 
seismic event. Conclusions from unconfined adobe specimen 
testing are given, and are compared with tests of specimens 
with confined concrete elements.

4.1. Mechanical material properties

1)	 Allowable compressive stress of adobe, obtained from 
the average allowable stacks stress was satisfactory, with 
an average of 43% higher resistance than the minimum 
required by E.080 Standard. 

2)	 Elastic modulus evaluated according to NMX-C-464-
ONNCCE-2010 Standard, may vary due to the difficulty of 
identifying the elastic zone of the stress-strain curve, adobe 
is considered a non-elastic material with less rigidity than 
the annealed clay bricks and concrete blocks considered 
in this standard. 

3)	 The admissible shear stress of adobe, obtained from the 
average allowable diagonal compressive stress of the walls 
was satisfactory, an average of 20% higher than the min-
imum required by E.080 Standard.

4)	 The ratio between the modulus of elasticity Em and shear 
modulus Gm was 27.6%, which does not correspond to 
that suggested by NMX-C-464-ONNCCE-2010 Standard 
of 0.4 of the modulus of elasticity, due to the low stiffness 
of the material. 

4.2. Specimen without confinement H-1

5)	 First visible damage occurred at 0.25 to 0.17 s after 4 Hz 
frequency and 244 gal acceleration, taking as a reference 
that the earthquakes in 2017 in the southwest of Mexico 
that affected dwellings had a period of fewer than 0.3 
seconds.

6)	 Nodal stiffness at the wall-to-wall junction showed high 
fragility to in-plane and out-of-plane forces, by not having 
a connecting element between the walls.

7)	 Poor structural behavior under dynamic actions due to low 
stiffness and inelastic response of adobe.

8)	 Wood lintels, due to their discontinuity, do not contribute 
to the stiffness of the structure because they do not have 
continuity and anchorage with a structural element.

9)	 The roof with no connection to the walls, causes them to 
vibrate independently and act as cantilever walls, affecting 
the stability of the dwelling and causing partial or total 
collapse of the dwelling.

4.3. Specimen with confinement and lightened con-
crete slab H-2 y H-3

10)	No structural damage was recorded in slabs or walls; the 
specimens maintained their structural integrity during the 
whole test process.

11)	 Wall confinement with vertical and horizontal concrete 
elements, provided stability to door and window spans, 
dissipating the kinetic energy thanks to the stiffness pro-
vided by these elements.

12)	The ribbed concrete slab with polystyrene blocks transmits 
the inertia loads through the tie beams to the tie columns 
and wall, while at the same time linking these elements, 
acting like a rigid diaphragm.

13)	The difference in damage and stability between the con-
fined and unconfined model at the same frequencies and 
accelerations could be appreciated, being the confined 
specimen showing high structural stability compared to 
the unconfined specimen.

14)	The use of horizontal and vertical elements of reinforced 
concrete, in addition to the concrete ribbed concrete slab, 
provides the necessary stiffness to the adobe construction 
to mitigate the damages that may be generated in a seismic 
event.

4.4. Structural analysis

15)	The analysis performed by the wide column model 
confirms the results obtained in the specimens in relation 
to the displacement of a wall under a horizontal load.

16)	The confinement of walls with concrete elements greatly 
increases the stiffness of the wall.

17)	The confined wall with concrete elements attached to a 
lightened concrete slab as roof, increased the stiffness of 
the wall by 20%.

18)	Mathematical simulation tested by experimentation allows 
transpolations to other dwelling models.

5. RECOMMENDATIONS

Based on the studies related to the subject of this paper, the 
experimentation carried out and the conclusions drawn from 
it, the following recommendations are suggested that can be 
used to carry out similar research studies or in the construction 
process of this type of dwelling.

a)	 This research refers only to the samples tested, indepen-
dent tests should be carried out for each type of mix for 
adobe manufacture (as future research work), in order to 
obtain accurate data for each site where confined concrete 
construction is manufactured or carried out, due to the 
different degrees of plasticity of the clays.

b)	 Studies should be carried out to obtain the modulus of 
elasticity of adobe more accurately, (these tests will be 
carried out in the course of future research). Although the 
standard procedures for annealed clay bricks and concrete 
blocks can be followed, identification of the elastic zone 
in the stress-strain curve is uncertain, because the adobe 
has mechanical properties of compressive strength and 
stiffness in different proportions compared to annealed 
clay bricks. 
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c)	 In the ratio between the modulus of elasticity and shear 
modulus of adobe less than 30%, the shear modulus should 
be adjusted so that there is congruence in the deforma-
tions.

d)	 In the construction of confined dwelling units with rein-
forced concrete elements, steel bars must be continuous, 
or have the necessary overlapping at the junction of the 
tie column with the tie beam and the lightened concrete 
slab, to ensure adequate stress transmission.

e)	 The dynamic tests considered maximum spans between 
walls of 3.30 m, and window and door spans of 0.90 m; 
for larger clearances, the corresponding analysis must be 
performed.

f)	 A minimum wall thickness of 0.30 m is recommended for 
structural integrity; the tie columns must have a minimum 
width equal to the thickness of the wall.

g)	 In the instrumentation of the test models, in addition to 
using linear displacement sensors, it is advisable to use 
angular displacement or bending sensors, this type of 
sensor gives a measurement of wall flexure when the wall 
is in motion.

h)	 For the wide column model analysis considerations must 
be made for shape factors, where the transformed section 
of the wall is involved, which will depend on the ratio of 
modulus of elasticity of the materials
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