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ABSTRACT: Deformation analysis of structural elements is a valuable tool for researching the relationship of lateral force versus shear,
sliding and flexural deformations, to assess the strength mechanism of failure mode, to assign suitable values of lateral stiffness, to estimate
the contribution of steel reinforcement to strength and displacement capacities, to calibrate analytical models, and to propose appropriate
parameters for performance-based seismic design. An experimental and analytical study was conducted to assess the components of
deformation of low-rise reinforced concrete walls. The experimental program included shaking table tests of 6 low-rise concrete walls. The
method and the instrumentation schemes to allow accurate assessment of the three components of deformations for squat walls and walls
with openings are proposed. It was found that the proposed method produce consistent results for the tests evaluated.
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RESUMEN: El andlisis de deformacién de elementos estructurales es una herramienta indispensable para investigar la relacion fuerza
lateral versus deformaciones de cortante, deslizamiento y flexion; evaluar el mecanismo de resistencia del modo de falla, asignar valores
adecuados de rigidez lateral, estimar la contribucion del acero de refuerzo a las capacidades de resistencia y desplazamiento, calibrar
modelos analiticos y, para proponer parametros apropiados para disefio sismico basado en desempefio. Para evaluar los componentes de
deformacion de muros de concreto de baja altura, se llevo a cabo un estudio experimental y analitico. El programa experimental incluy6
el ensayo en mesa vibratoria de seis muros de concreto de baja altura. Se recomienda el método y los esquemas de instrumentacion que
permiten la evaluacion adecuada de los tres componentes de deformacion de muros cuadrados y con aberturas. Se encontrd que el método
propuesto produce resultados que son consistentes con los ensayos evaluados.

PALABRAS CLAVE: Cortante, Deslizamiento, Flexion, Muro de concreto, Disefio sismico basado en desempeiio, Ensayos en mesa
vibratoria

1. INTRODUCTION called a high-rise wall, which is dominated by flexure.
When £ /I is lower than 1, it is called a low-rise or
Reinforced concrete (RC) walls are commonly used squat wall, which is dominated by shear. When £ /
to provide lateral strength in structures subjected to [ varies between 1 and 2, it is called a mid-rise wall,
earthquake loads. Due to its in-plane lateral stiffness, RC which is governed by both flexure and shear [1].
walls are also used to maintain the lateral displacement Performance-based seismic design has basically been
within rational limits. Reinforced concrete walls are applied to systems failing under flexural mode; thus its
employed in several types of buildings and can be implementation on systems whose behavior and failure
divided into three groups according to aspect ratio are controlled by shear deformations is still limited.

(h /1 ,height/length). When £ /I is higher than 2, it is
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Although several experimental studies on low-rise
RC walls have been carried out, most of their load-
displacement data have been presented in terms of
total displacement. Due to the difficulty in separating
total deformation into web shear, flexural, and
sliding deformations, very few data refer to the three
components of deformation. Deformation analysis of
RC walls is a valuable tool to [2,3,4] (a) reproduce
the true strength mechanism for assessing the failure
mode, (b) investigate the hysteresis curves in terms
of the three components of deformation, (c) assign
appropriate stiffness values for linear and nonlinear
modeling, (d) estimate the contribution of steel
reinforcement to strength and displacement capacities
of walls, (e) evaluate or calibrate analytical models of
nonlinear response, (f) define both the parameters for
performance-based seismic design and the requirements
for damage control and, (g) carry out preferential design
in favor of a more ductile mechanism over another.

Aimed at developing a method for estimating web
shear, flexural, and sliding components of the
deformation of low-rise RC walls under shaking table
excitations, an experimental and analytical study was
carried out. Instrumentation schemes for estimating the
components of deformation of walls with and without
openings are proposed. Verification of the proposed
method is conducted by means of the analysis of
response measured during shaking table tests of 6 RC
squat walls and walls with door and window openings.
Verification includes the discussion of failure modes,
the analysis of the contribution of the components of
deformation to total story drift, and the evaluation of
the dominant deformation mode of each wall.

2. INSTRUMENTATION SCHEMES

To measure a specimen’s response, walls should
be instrumented internally and externally. Internal
instrumentation is designed to acquire data of the
local response of reinforcement through strain-gages
bonded to both the steel reinforcement and the concrete
surfaces. External instrumentation is planned in such
a way that we would be able to learn about the global
response through displacement, acceleration, and load
transducers, as well as through optical displacement
measurement system (with light-emitting diodes,
LEDs). To estimate the components of deformation
of squat and walls with openings under in-plane

seismic excitations reproduced by a shaking table,
external instrumentation schemes shown in Fig. 1 are
recommended. Proposed schemes were planed and
calibrated to fulfill two objectives: (a) to obtain key
information on wall behavior and (b) to maximize the
data to be recorded and post-processed.

To measure the lateral wall displacements and then to
estimate the displacement profile and the total story
drift, it is recommended to use linear displacement
transducers (LT). These should be placed along the
wall height in one or in the two wall edges and in
the longitudinal direction. Displacements should be
recorded at least in 5 or 6 target points along the height
of squat and wall with openings, respectively. To
measure the potential sliding of the foundation beam
of the specimen over a shaking table platform, an LT
should be used. These sensors must be attached to a
reference steel frame, which must be located off of
the shaking table. The period of vibration of the steel
frame, in the direction of the seismic excitations, must
be equivalent to 50% or lower of the period of vibration
of undamaged walls and of the predominant period
of vibrations of earthquake records. To measure the
vertical displacement at wall base and then to calculate
base rotation, an LT attached to a wall surface should
be used. Additionally, longitudinal displacements of the
shaking table platform should be measured using LTs.
In summary, it is recommended to use 10 LTs in squat
walls and 14 LTs in walls with openings.

Shear deformations are conventionally estimated from
changes in the length of two diagonals. To measure
the changes in the length, a diagonal displacement
device (DDD) should be used. A DDD is assembled
by a linear variable displacement transducer (LVDT)
and 2 aluminum pipes with free in-plane rotations
at its ends. The purpose of the DDD is to record, in
a roughly square area, the diagonal deformations
taking place between 2 opposite corners of the wall.
In slender wall segments of the wall with openings,
displacements should be measured in both the upper
and lower section of the wall segment. The DDD could
be placed vertically to measure the displacement at wall
edges and then to calculate flexural deformations at
different wall sections. In summary, it is recommended
to use 4 DDDs in squat walls and 26 DDDs in walls
with openings.
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Figure 1. Proposed instrumentation schemes: (a) squat walls, (b) walls with openings

To enhance or to replace the conventional
instrumentation, an optical displacement measurement
system with LEDs should be used. LEDs are connected
to a camera system and are employed to record the
3-dimensional position of a target point placed on the
specimen. The redundancy of sensors in some places of
specimens is a valuable tool when: (a) one or various
sensors are not able to record the displacement because
of the operating errors of the equipment, (b) some
sensors are unplugged or obstructed during the failure
of specimens.

LED sensors offer two valuable advantages: (a)
common problems associated with wiring are avoided
because a mechanical connection between the LED
and the target point is not required, (b) deterioration
or damage of equipment during specimen collapse
are avoided because the target points are the unique
device on the specimen. The LED’s optical ray must
be as perpendicular as possible to the selected plane
of movement, in this case, the surface of wall web.
Camera system must be fixed outside the shaking table
to prevent any seismic vibration. Using the optical
measurement system, LEDs should be placed in the
following target points: (a) two LEDs at each edge of
wall base (one at the foundation beam and one at the
shaking table platform) for calculating any rotation of
the shaking table and for verifying that the walls are
properly bolted to the shaking table platform, (b) one
LED at the base of squat walls and two LEDs at the
base of walls with openings for calculating the wall
sliding displacement, (c) one LED at the center of
the web of squat walls and two LEDs for walls with

openings for calculating any out-plane displacements
of walls, (d) 2 LEDs on top of the walls (one at each
side of the top slab) for calculating both the average
value of the story drift and the rotation of the top slab,
and (e) 3 LEDs at the door and window openings
for calculating the displacement profile of the 2 wall
segments. Additionally, 6 LEDs (3 on each side)
should be placed along the height of the squat walls
for calculating both the displacement profile and the
rotations at different wall sections. In summary, it is
recommended to use 14 LEDs in squat walls and 16
LEDs in walls with openings.

3. CALCULATION OF COMPONENTS OF
DEFORMATION

Similar to real structures subjected to seismic
excitations, the total displacement of a RC wall under
shaking table excitations, A_, is defined as:

Ay ()= A7) + Ag () ()

where A’ is the relative wall displacement and A is
the shaking table displacement for a given time ¢. To
simplify, the term 7 will no be included in the notation.
The displacement A’ should be calculated as:

Ar'=Ar + Ay @)
where A_is the relative displacement associated to the

wall behavior itselfand A , is the relative displacement
caused by the external effects that may be observed
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during the shaking-table testing. Based on proposed
instrumentation schemes, A, can be calculated using
the following procedures:

3.1. Using the equation of total displacement
Replacing Eq. (2) with Eq. (1), A, is obtained as:

A=A, —As=Ay (3)
3.1.1. Total displacement, A, ,

This should be obtained from the displacements
recoded by two types of sensors: (a) the average of
displacement records of two LTs placed on top of a wall
slab (HI and H2) and, (b) the average of the horizontal
displacement records of two LEDs placed at the same
height as that of LT (SL/ and SL?2).

3.1.2. Shaking table displacement, A

It should also be obtained from displacements recoded
by two types of sensors: (a) the displacement record
of'an LT placed on the shake-table platform (H0), and
(b) the average of horizontal displacement records of
two LEDs placed on the shaking table platform (SP/
and SP2).

3.1.3. Displacement caused by external effects, A .

This should be calculated as:

Aop = Ad—ﬂ) + Ar—jb +A,, “4)

where A i and A,-_ﬂ, are the relative displacements
caused by the reduction of tensioning force in
prestressing bars used for bolting the foundation beam
of specimens to the shaking table platform. A b is
caused by the sliding of the foundation beam over the
shaking table platform [Fig. 2(a)],and A _ 2 is related to
a rotation caused by the relative vertical displacement
of the ends of the foundation beam [Fig. 2(b)].
Additionally, any rotation of the foundation beam can
cause horizontal displacement in specimens, labelled
as A__ [Fig. 2(c)]. Horizontal displacement caused by
sliding of the foundation beam over the shaking table

platform, A, . should be calculated as:

A A, —A (5)

d—fb = Rbeam
where A, is the average of the horizontal displacement
records of two LEDs placed at the foundation
beam (SV1 and SV2), and A, is the average of the
horizontal displacement records of two LEDs placed
on the shaking table platform (SP/ and SP2). Both
displacements A_, and A can be calculated directly
using Eq. (6):

Arffb + Arfst :[

where v and v, are the vertical displacements recorded
by LEDs SV (East) and SV2 (West), respectively, / is
the distance between those LEDs, and H is the height
on top of the wall slab (Fig. 2).

ve _VW

jH (6)

Using the deformation modes

Relative displacement associated to RC wall behavior
itself is related to web shear, sliding, and flexural effects
(Fig. 3). Therefore, the relative displacement A, can be
divided into three components:

AT:AC+Ad+Af @)

where A , A , and A  are the lateral displacements related
to web shear, sliding at the wall base and to the flexural
behavior of the wall, respectively. For earthquake-
resistant design, non-dimensional parameters are
used to characterize the global behavior of elements
or structural systems. One of these parameters is the
drift ratio, which can be measured on a local or a
global level. The drift ratio is commonly expressed
as a percentage of the story height, and consequently
it is called the story drift ratio. For one-story walls
tested under shaking table excitations, the drift ratio
is obtained by dividing the relative displacement
measured at mid-thickness of the top slab by the height
at which such displacement was measured (/). When
dividing the displacements by the height H, Eq. (7)
can be rewritten as:

R=y+R,+R y ®)
where R is the total lateral drift and, y, R, and R , are

the contribution of web shear, sliding, and flexural
deformations, respectively, to R.
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Figure 3. Displacement modes caused by wall behavior itself

3.2.1. Contribution of shear deformations, A,

The diagonal deformations of each panel can be
obtained from the principles of materials mechanics,
that is, from changes in the length of two diagonals
placed between two opposite corners of the wall.
Equation (9) should be used for squat walls (4 /I , =

1) [Fig. 4(a)].

0, D, -9, D, o
21 h

where yis the web shear deformation, 6, and 5, are the

lengthening and contraction recorded by the DDDs 1

and 2, respectively; D, and D, are the initial length

of diagonals (undamaged wall) 1 and 2, respectively;
and / and / are the length and height of the undamaged

panel, respectively.

A, =yH= 9)

For the wall segment located at the east side of the door
opening (wall segment 1), Egs. (10) and (11) should
be used [Fig. 4(b)].

Acl =7§1H=(7/1 ];ll +7;lz hsz (10)
 t

y :54D4_§3D3. 252D2_51D1 (11)

: 20 h 7 21, h,

For the wall segment located between the door and
window openings (wall segment 2), Egs. (12) and (13)
should be used [Fig. 4(b)].

Ac:yszH: 73h3+74h4 H (12)
hy + h,
o, Dy — 0, D o, D, —o6,D
7/3: 8 8 7 7; .= 6 6 5 5 (13)
20, h, 210, h,
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Figure 4. Calculation of shear deformation: (a) squat wall, (b) wall with openings

DDD records linear displacements between two points
located directly on the wall web; therefore, shear
deformations are not affected by A .

3.2.2. Contribution of the sliding at the wall base, A,

Relative displacement at the wall base should be
calculated as:
A, =A,,,,— A (14)

base beam

where A, is the displacement recorded by the LED
placed at the wall base (SM2 in the squat wall and
SM2 and SM4 in wall segments 1 and 2, respectively,
of walls with openings) and A, is the average of the
horizontal displacement records of two LEDs placed
at the foundation beams (SV1 and SV2) (Fig. 4). To
extract the displacements associated to the sliding of
a foundation beam over the shaking table platform
(A dﬁﬂ)) from Eq. (14), the records of LEDs placed at
the foundation beam should be used instead of those
placed at the shaking table platform.

A

3.2.3. Contribution of flexural deformations, »

Flexural deformations on top of a wall should be
calculated from area of the rotation diagram of the
cantilever wall. The accuracy of calculating flexural
deformations depends on the information available
on the shape of the rotation diagram (Fig. 5). If the
area of actual rotation diagram were known, flexural

displacement will be accurately calculated. If only
the rotation on top of the wall were available, flexural
deformations would be overestimated.

If rotations are measured at least at three heights of the
wall, flexural deformation is adequately estimated [2.,4].
Based on a response measured during shaking table
tests carried out in this study, it is recommended that
one calculate the rotation at three sections of low-rise
concrete walls. For squat walls, the rotation of sections
should be measured using pairs of LEDs along the
wall height and one pair of LTs placed at the wall base.
Therefore, the contribution of the flexural deformations
to the total displacement should be calculated using
Egs. (15) to (17) [Fig. 5(a)].

(7 [ 0
Af=?‘hl+72(hl+h2)+73(h2+h3)+ (15)

+%%+m+%w+m

g = =)= =)

1

(16)

(17)

where v and v  are the vertical displacements recorded
by LEDs placed at the east and west sides, respectively,
atwall height /1, [ is the distance between these sensors
and v and v, are the vertical displacements recorded
by LEDs placed at east (SV'1) and west (SV2) sides,
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respectively, at the foundation beam. In this case,
rotations of both the foundation beam (A, /b) and
the shaking table platform (A_ ) are extracted from
the calculation of A, In Eq. (17) v, and v . are the
lengthening or contraction recorded by DDD placed
vertically at the east (V3) and west (V4) wall sides,

SL1

SL3 ECE

¥ b ——
SL4 SL7

respectively., In Eqgs. (15) and (17), A, and [, are the
height and the horizontal distances between these
sensors. Rotations A and A, must not be extracted
from these d1splacement records because DDD
measures the linear displacement between two points
located directly on the wall web.
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= h
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Figure 5. Calculation of flexural deformation: (a) squat wall, (b) wall with openings

For walls with openings, the rotations of wall sections
should be measured using both a pair of LEDs placed
on top of the wall and DDDs distributed vertically along
the height of the wall segments. Equations (18) and
(19) should be used for segments 1 and 2, respectively

[Fig. 5(b)].

6

Af—‘h+2(h+h)+ (hy, + hy) + (18)

+7“(h3 +h4)+?5(h4 +hs)+76(h5 + hy)

A, = §h+ (hy+h,)+ (19)
(h +h)+ (h +h,)

where 0, is calculated using Eq. (16) and 6, to 6, should
be calculated in a way similar to that expressed in Eq.
(17).

4. EXPERIMENTAL PROGRAM

The prototype is a two-story house built with RC
walls. Wall thickness and clear height are 100 mm
and 2400 mm, respectively; and nominal concrete
compressive strength is 15 MPa. To thoroughly study

the experimental behavior of walls under seismic
actions, shaking table testing was selected. Owing
to limitations in the payload capacity of the shaking
table equipment at UNAM, as well as for adequately
extrapolating the specimen’s response to the the
prototype’s response, models with a 1:1.25 geometry
scale factor were designed and built for shaking table
testing. Because lightly scaled models were used (80%
of the prototype), the simple law of similitude was
chosen [5].

4.1. Geometry and reinforcement layout

The experimental program included shaking table
testing of 6 thin walls, with low web shear reinforcement
(horizontal, p,; and vertical, p ), using deformed bars
and welded-wire mesh, and using normal- and light-
weight concrete. Squat walls (2 /I = 1) and walls with
door and window openings were studied. The main
characteristics of the specimens are shown in Table 1.
The thickness (¢ ) and height (4, ) of the wall models
were 80 mm and 1920 mm, respectively. For squat
walls, / = 1920 mm. For walls with openings, / =
640 mm,/ ,=720mm,/ ;=896 mm,/ =688 mm,/ ,
=96 mm, 4 , = 1680 mm, and & , = 960 mm (Fig. 5).
The details of the geometry and reinforcement layout
may be found elsewhere [6,7].



152 Carrillo et al

Table 1. Main characteristics of walls

Web _
Wall Geometry | Concrete shear Py = P
. (%)
reinfor.

MCN50m /L, =1 Normal Mesh 0.11
MCN100 h/l, =1 Normal Bar 0.28
MCL50m htl,=1 Light Mesh 0.11
MCL100 hJ/l, =1 Light Bar 0.28
MVN50m | Openings Normal Mesh 0.11
MVN100 Openings Normal Bar 0.28

4.2. Instrumentation

To calculate the components of the deformation of the
specimens, instrumentation schemes shown in Fig. 1
were used. Conventional transducers were connected
to a data control and recording system. LEDs of the
optical measurement system were connected to a
camera system where data were recorded.

4.3. Earthquake records and test setup

Aimed at studying wall performance under earthquake
records associated with different limit states, from the
onset of cracking to collapse, models were subjected
to three earthquake hazard levels. The main earthquake
characteristics and testing stages for the prototype
house are shown in Table 2. Specimens were tested
under progressively more severe earthquake actions,
scaled up by considering the value of peak ground
acceleration (PGA) as the reference factor until the
final damage stage was attained.

A mass-carrying load system for supporting the mass
and transmitting the inertia forces was used for testing
walls. The device was allowed to slide horizontally
on a fixed supporting structure located off of the the
shaking table [8].

Table 2. Testing stages for the prototype house

Record Magnitude,  PGA, ¢ Duration
(Limit state) My % g total, s
~ 50  0.19
CALE71 - 29.52
(cracking) 100 0.38
e 75 0.54
LTS 7.4 36.14
(strength) 100 0.72
- 1 75 098
CHLHEEE 8.3 99.78
(ultimate) 100 1.30

5. RESULTS AND DISCUSSION

Failure modes and the contribution of the three
deformation modes to total drift ratio are discussed
in this section. Further information on the specimen’s
response may be found elsewhere [6,7].

5.1. Failure modes

Shear failure mode was observed in all walls. Walls
reinforced in the web using welded-wire mesh exhibited
diagonal tension failure. Failure was governed by web-
inclined cracking at approximately a 45° angle, by
plastic yielding of most of web shear reinforcement,
and by the subsequent sudden fracture of wires. Walls
reinforced using deformed bars exhibited a mixed
failure mode, where diagonal tension and diagonal
compression were observed. In these walls, the yielding
of most web steel reinforcement and, simultaneously,
noticeable web crushing of concrete were observed.

5.2. Displacements caused by external effects

Relative displacements caused by effects that are
independent of wall behavior are shown in Table 3
[A,;» Eq. (4)]. These displacements are also expressed
as a percentage of the total displacement (A,). Values
are associated with the time when the maximum
relative displacement of walls was attained during
each earthquake record. Maximum values of A,
varied between 0.4% and 8.6%. The highest values
were associated with the CALE71 earthquake records
where A ), was very low (~0.30 mm). In all cases, A,
was included in the calculation of A, [Eq. (3)].

Table 3. Displacements caused by external effects

Record 71 77 83
Wall -

Intensity 50 100 75 100 75
=  Armm 228 551 928 1170
% Aoz, mm 017 035 032 048  —
2 Ax/An% 16 64 35 4l
= Anmm 227 629 983 13.98
g Aoz.mm 003 032 030 036 @ -
2 Aplag% 11 H1L 31 %6
= Anmm 174 420 7.81 1548
g Aoz, mm 006 027 015 013 -
s

Aoe/Ar, % 3.2 6.4 1.9 0.9
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Record 71 77 83
Wall

Intensity 50 100 75 100 75
3 Az, mm 217 536 7.70 1229  32.19
g Aog, mm 0.19 033 041 0.49 0.39
“ Aoe !/ Ar, % 8.6 6.2 5.4 4.0 1.2
3 Az, mm 1.84 506 811 11.80 31.63
5 Aog, mm 0.11 030 034 075 0.62
& Aoe !/ Ar, % 6.0 59 42 6.4 1.9
s Az, mm 1.92 510 815 1827 31.18
E Aog, mm 0.08 023 035 034 0.13
=

Aoe/ Ar, % 4.0 45 43 1.8 0.4

5.3. Error estimation in displacement measuring

In most of the experimental studies done on concrete
walls, the contribution of flexural deformations to
total drift ratio is calculated using the measurement
of 3 additional terms of Eq. (7); that is, using the
measurement of the total, the web shear, and the sliding
displacements. However, the instrumentation schemes
proposed in this study allow for the measurement of
the 4 terms of Eq. (7). Since the problem is overdefined
(more measured quantities than required), it was
possible to estimate the total error in the estimation
(discrepancy between measured and calculated total
displacement). By means of the difference between
results obtained using Egs. (3) and (7), the total error
involved in the estimation of the contributions was
evaluated, i.e., the total error was calculated as the
ratio between the calculation (the sum of 3 measured
contributions) and the measured total displacement.
Measured [A, , Eq. (3)] and calculated [A, , Eq. (7)]
relative displacements in terms of story drift are shown
in Table 4.

Table 4. Measured and calculated total drift ratio

Record 71 77 83

Wall

Intensity 50 100 75 100 75
= Arn% 0113 0272 0459 0578
% A% 0108 0250 0.468 0.566 -
= Ary/Az; 096 092 102 098
= Acn% 0112 0311 0487 0692
g Arn% 0103 0280 0477 0.664 -
>

Ary/ Ary 0.92 0.90 0.98 0.96

Record 71 77 83
Intensity 50 100 75 100 75

Wall

A, % 0.086 0.207 0.386 0.764

£

g Ars% 0093 0217 0387 0763 -
2 Ars/Az; 108 105 100  1.00

s A% 0107 0265 0380 0.607 1591
Z A% 0100 0239 0364 0611 1.543
2 Ara/An, 093 090 096 101 097
- Arn% 0091 0251 0402 0556 1.568
g Ar% 0087 0252 0385 0512 1458
% Aa/Am 096 100 096 092 093
s A% 0095 0251 0402 0901 1538
Z A% 0089 0259 0398 0883 1610
s

Az / Ary 0.94 1.03 0.99 0.98 1.05

Values in Table 4 are associated to the time when
maximum relative displacement of walls was attained
during each earthquake record. The error never exceeded
10% and was distributed proportionally among the three
deformation components (web shear, sliding and flexure).

5.4. Components of displacement

The contribution of deformation modes to the total drift
ratio of walls is shown in Fig. 6. Table 5 shows the
relative contributions associated to the time when the
maximum drift ratio of walls was attained during each
earthquake record. Relative contributions are expressed
as a percentage of the total drift ratio.

The behavior of squat walls (4 /[ =1) was always
controlled by web shear deformations. For walls with
web shear reinforcement made of welded-wire mesh
(MCN50m and MCL50m), the relative contribution of
each mode did not vary notably with drift ratio (Table
5). In contrast, for walls with web shear reinforcement
made of deformed bars (MCN100 and MCL100), shear
deformations increased significantly with drift ratio, but
flexural and sliding contributions diminished (Table 5).
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Figure 6. Components of drift ratio: (a) MCN50m, (b)
MCN100, (¢) MCL50m, (d) MCL100, (¢) MVN50m, (f)
MVN100.

Table 5. Relative contributions of drift ratio

Shear, Sliding, Flexural,

Wall % % %
MCN50m 55 9 36
MCL50m 72 7 21
MCN100 75 8 17
MCL100 73 5 22
Seg. 1 56 8 36

MVN50m
Seg. 2 76 2 22
Seg. 1 72 6 22

MVN100
Seg. 2 92 2 6

Response of walls with openings (MVN50m and
MVN100) was not controlled exclusively by shear
deformations. The wall segment located at the east side
of the door opening (wall segment 1) exhibited a high
contribution of flexural deformations, particularly for
story drifts lower than 0.2%. The behavior of the wall
segment located between door and window openings
(wall segment 2) was similar to that of squat walls (4, /
[ = 1), that is, shear was the major contributor to the
total displacement. For all cases, relative contributions
also revealed that wall sliding was minimal.

CONCLUSIONS

Aimed at evaluating the components of deformation
of low-rise RC walls, results of an analytical and
experimental study have been presented in this paper.

Based on these results, the following conclusions were
reached:

* Instrumentation schemes proposed herein for
squat walls and walls with openings were planned
and calibrated to maximize key information to be
recorded and post-processed. The method and the
instrumentations schemes are a valuable tool to
evaluate both the effect of each deformation mode
on total displacement of the wall and the prevailing
inelastic deformation mode in each specimen.

Modern design procedures give more emphasis to
the deformation capacity of a structure. For example,
performance-based seismic design (PBSD) requires
the explicit consideration of lateral displacement as
a performance indicator. One of the main obstacles
hindering the implementation of PBSD in low-rise RC
walls is the absence of suitable analytical models for
predicting the load-displacement curve. Negligible
measured sliding displacements during the tests
demonstrated that a load-displacement curve can be
based on a model in which the total displacement
is calculated as the sum of contributions related to
flexure and shear.

Shear failure mode was observed in all walls and thus,
the contribution of flexural deformation was always
lower than 36%. This trend allows for one to conclude
that a flexural failure mode may be observed in RC
walls where the contribution of flexural deformation
is higher than 40%. When predicting the governing
failure mode, it will be possible to design RC walls
in favor of a suitable strength mechanism.
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