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FIG. 1.—Relationship of Q-Model to Multistory Structure: {a) Static Lateral Loads;
(b} Q-Model; (c) Force-Displacement Relationships - e
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FIG. 3.—Test Structures H1, H2, MF1, and MF2
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FIG. 6.—Base Acceleration and Displacement Histories for Test Structures H1 and
H2
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Fig. 3-31: Story Drift Definition

° Global displacement represents the displacement relative to the base of an equivalent
SDOF system representing the structure. In this chapter, it has been consistently
described by the variable .

® Roof displacement refers to the lateral displacement of the roof of the building with 3
respect to the base. The term u,,r has been used here to describe it. |

o Interstory drift is the relative horizontal displacement between two adjacent floors |
bounding the story. The term 4; is used here to describe its value at story i. |

° Drift ratio corresponds to the interstory drift divided by the story height Ay, with i; |
being the vertical distance between the floors.

e Average drift refers to the roof dis'placement divided by the total height of the building
Agve = uroof/ hmof-
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ANALISI PUSHOVER SCUOLA COCCONI: CURVE DI PUSHOVER
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ANALISI PUSHOVER SCUOLA COCCONI: TELAIO EQUIVALENTE
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Lateral Load Tests on a Two-Story Unreinforced
Masonry Building

Tianyi Yi'; Franklin L. Moon?; Roberto T. Leon? and Lawrence F. Kahn*

Abstract: A full-scale two-story unreinforced masonry (URM) bu
properties of existing URM structures and to assess the efficiency o

ilding was tested in a quasistatic fashion to investigate the nonlinear
£ several common retrofit techniques. This paper presents the main

experimental findings associated with the nonlinear properties of the original URM structure. The test structure exhibited large initial
stiffness and its damage was characterized by large, discrete cracks that developed in masonry walls. Significant global behavior such as
global rocking of an entire wall, and local responses such as rocking and sliding of each individual pier were observed in the masonry
walls with different configurations. In addition, formation of flanges in perpendicular walls and overturning moments had significant
effects on the behavior of the test structure. A comparison between the experimental observations and the predictions of FEMA 356
provisions shows that major improvements are needed for this latter methodology.

DOl: 10.1061/(ASCE)O733-9445(2006)132:5(643)

CE Database subject headings: Masonry; Seismic effects; Failure investigations; Full-scale tests; Retrofitting.

Introduction

Unreinforced masonry (URM) construction has shown poor per-
formance in past earthquakes. This type of construction, which
has been widely used in the United States, therefore presents a
large threat to life safety and regional economic development in
seismic aréas. While numerous experimental investigations have
been conducted on URM elements, particularly piers (Epperson
and Abrams 1989; Abrains and Shah 1992; Magenes and Calvi
1992; Anthoine et al. 1995; Manzouri et al. 1995; ATC 1999 to
name a few), relatively few have been carried out on complete
URM structural systems (Costley and Abrams 1996; Paquette and
Bruneau 2003). Although these studies provided valuable insight
into the nonlinear properties of URM structures and resulted in
guidelines for the evaluation of existing structures (FEMA 356,
ATC 2000), much work is still needed to characterize the true
three-dimensional (3D) behavior of URM buildings.

In order to develop strength evaluation and rehabilitation strat-
cgies for URM buildings in the mid America region, several
coordinated research projects were conducted in the 1996-2002
period under the sponsorship of the Mid-America Earthquake
(MAE) center. Those projects included the characterization of

Structural Engineer, Stanley D. Lindsey and Associates, Ltd.,
Atlanta, GA 30339 (corresponding author). E-mail: tyi@sdl-atl.com

2 Assistant Professor, Dept. of Civil, Architectural and Environmental
Engineering, Drexel Univ., Philadelphia, PA 19104-2816.

3professor, School of Civil and Environmental Engineering, Georgia
Institute of Technology, Atlanta, GA 30332-0355.

“Professor, School of Civil and Environmental Engineering, Georgia
Institute of Technology, Atlanta, GA 30332-0355.

Note. Associate Editor: Yan Xiao. Discussion open until October 1,
2006. Separate discussions must be submitted for individual papers. To
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the ASCE Managing Editor. The manuscript for this paper was submitted
for review and possible publication on September 9, 2004; approved on
February 17, 2005. This paper is part of the Journal of Structural Engi-
neering, Vol. 132, No. 5, May 1, 2006. @ASCE, ISSN 0733-9445/2006/
5-643-652/525.00.

URM building inventory in mid America (Project SE-1, French
and Olshansky 2001), guasistatic in-plane strength and retrofit
tests on URM piers (Project ST-6, Franklin et al. 2003), and their
analyses (Project ST-4, Craig et al. 2002), shake table tests on
URM out-of-plane walls (Project ST-10, Simsir et al. 2002) and
their analyses (Project ST-9, Goodno et al. 2002), and testing of
flexible wood diaphragms (Project ST-8, Peralta et al. 2000) and
their analyses (Project ST-5, Kim and White 2002). As a capstone
of those projects, a full-scale quasistatic test on a two-story URM
structure was conducted at Georgia Tech (Project ST-11). In par-
allel, a 1/2-scale shaking table test of the same structure was
conducted at the US Construction Engincering Research Labora-
tory (CERL) (Project ST-22).

Based on the component behavior found from other related
MAE center projects, the full-scale test was aimed at evaluating
the global nonlinear properties of URM structures and investigat-
ing appropriate rehabilitation approaches at the structure rather
than the component level. This paper is the first of a series pre-
senting the findings of this experimental research, and it describes
the findings related to the nonlinear properties of existing URM
structures. Two other papers, including one on numerical simula-
tion and one on design implications and recommendations for
changes of current FEMA 356 provisions, have also been submit-
ted for publication (Moon et al. 2006; Yi et al. 2006). The out-
come of the associated retrofit approaches can be found in Moon
(2004).

Objectives

Previous research has revealed that URM piers are the most im-
portant structural components of a URM building (Bruneau
1994). The nonlinear behavior of a URM pier is dependent pric
marily on its material properties, aspect ratio (the height divided
by the width), and vertical stress. Based on a review of previous
experimental research results, evaluation guidelines have been
proposed (ATC 2000). These guidelines provide strength evalua-
tion equations for the basic failure mechanisms for a URM pier:
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