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SUMMARY

Based on the observed damage on reinforced masonry buildings after the Chile
earthquake of March 3, 1985, characterized by shear cracks on walls, a model to
predict the inelastic response of those buildings is developed.

In this approach, a model of a reinforced masonry wall that behaves elas-
tically in bending and inelastically in shear is proposed with the aim of
having shear failure under a severe earthquake. The parameters of the model have
been determined by experimental tests. The model is used in the inelastic dyna-
mic analysis Of a tipical three story reinforced masonry building subjected to
the March 3, 1985 Chile earthquake (Melipilla N-S component).

INTRODUCTION

The observed behavior of some reinforced masonry buildings during the Chile
earthquake of March 3, 1985, showed the necessity of improving the procedures
for the analysis and design of this kind of structures. On the other hand, dama-
ge was mostly due to shear cracking. These considerations led to try to develop
a model of analysis capable of predicting inelastic behavior and level of damage
due to severe earthquakes in reinforced masonry buildings. It should also
provide relevant data to revise the design codes.

As a basis for the present study the models and propositions given by
Refs. 1,2,3,4 have been considered.

THEORETICAL MODEL

The parameters that characterize the theoretical model for a reinforced ma-
sonry wall have been mainly obtained from tests performed in Chile (Refs. 5,6).
Fig. 1 shows the load-displacement curve corresponding to a test reported in
Ref.5. The load is lateral and applied cyclically. From this plot, an envelope
curve of the load cycles can be obtained.

The envelope can he represented by the composite curve shown in Fig.2,
which depends on the parameters FbFz,ul, Uy, Usy and a.
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fig.1. lLoad-displacement Curve for a Wall Fig.2. Envelope of F-u Cycles

These parameters essentially depend on the masonry quality, the wall dimen-
sions, the amount and location of the steel reinforcement, the presence of ver-
tical load. From experimental tests (Refs. 5,6), they have the following expres-
sions :
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where M is the maximum bending moment due to the lateral load in the wall, V is
the shear force, d is the height of the wall cross section, A is the cross sec-
tional area, p is the horizontal reinforcement ratio, and f'm is the prismatic
compressive strength of masonry in kgf/cm?. F,/A is expressed in kgf/cm?.

The maximum strength F2 increases with axial load N according to the for-
mula (Ref. 3) :

Foy = Fa + 0.4 N (3)
The displacement parameters have the following expressions :
bmo= R (4)

where K = 1.2 h/AG is the initial stiffness of the wall, h is the height of the
wall and G is the shear modulus.

If there exists horizontal reinforcement
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U, = (- 4.51 % + 10.81) u, (5)

if not
U = (- 6.17 T2 v 14.52) u, (6)
Us = Uz if %H > 2 (7)
us = (- 0.38%",a +1.76) u: if %6 2 (8)
The value of o was estimated as
tge = - L (9)

u,

The wall model is an element having a shear spring Ks that behaves as
shown in Fig. 2; this spring is coupled with a flexible bar with linear elastic
flexural characteristics E and I. It also has rigid ends to represent joints
with large dimensions. A similar element, applied to reinforced concrete mem-
bers, was introduced in Ref. 1. Fig.3 shows the element and its deformed position.

Up
ua
B E
— 5 —
| L L
Tage 1 g Ty T

Fig.3. Finite Element of the Structural Model

The stiffness matrix, referred to the nodal displacements ¢_,o, ,u_,u, (see
Fig. 3), is : a’’b*"a’’b

_'r(3152+ 3 (1+1a)2_ q) Sim ]
r(3(ka+kb+2kakb) +q) r(3(1+2lb+2Kb2) -q)
3+€Xra 3+6Xb 6r
"o = A
r 3+6xra r3+6kb - br 6r
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where r = K 56 > O° 1-p, p = KT+
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SEISMIC ANALYSIS OF A 3 STORY RM BUILDING

A 3 story reinforced masonry building that typifies existing buildings is
analyzed using the element of Fig. 3. A typical plan and a couple of elevations
are shown in Fig. 4.
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Fig.4. Plan and Elevations of the 3 Story RM Building

All the floors are of reinforced concrete with 0.12 m thickness. All the
walls have 0. 14 m thickness. The story height is 2.47 m. An accelerogram from
the March 3, 1985 Chile earthquake (Melipilla N-S component) was used as seismic
load (representative of a severe earthquake). A step hy step dynamic analysis
using the computational program DRAIN-TABS (Ref.7) was performed in each direc-
tion x and y. The finite element developed in this work was incorporated in that
program. The masonry characteristics are:f'm=13.76 MPa, E=4000 MPa, G=1200 MPa.

From the analysis, the building cracking history was ohtained. Although it
gave a generalized cracking (F, was exceeded), maximum strength F, was never rea
ched. In fact,some walls absorbed up to 80% of F,. The greatest damage was pro-
duced at bhase level, which agrees with what was observed after the earthquake.

To assess the adequacy of the force amplification factors for working
stresses prescribed in the Reinforced Masonry Design Chilean Code (Ref.8), a li-
near-elastic dynamic analysis of the building was carried out. If gave wall
cross sectional areas smaller than the minimum estahlished by architecture :
0.14 thickness. With these areas the force F, would have been reached.

CONCLUSIONS
Supported by experimental evidence, a useful analytical model to predict
the inelastic seismic behavior of reinforced masonry buildings has been introdu-
ced. It can he used to compute levels of damage produced by severe earthquakes
and compare them with observed damage. In addition, it may provide relevant da-
ta for design.
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