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ABSTRACT

On October 12, 1992 a moderate earthquake M = 5.9 (Mg = 5.2) occurred about
18 km southwest of the center of Cairo and resulted in significant damage to numerous old
and/or poorly constructed structures. Soil liquefaction associated with the occurrence of
large sand—boils was observed close to the epicenter. In this study, the earthquake
characteristics, along with typical examples of induced damage, are discussed. The
observed liquefaction mechanisms provide valuable information on the seismic response of
Nile deposited alluvial soils. Such soils constitute much of the inhabited area of Egypt.
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SECTION 1
EARTHQUAKE CHARACTERISTICS AND STRUCTURAL DAMAGE

1.1 Introduction

The October 12, 1992 Cairo (Dahshure) Earthquake (Mp =5.9) occurred at about
3:00 p.m. It was estimated that about 8,300 dwellings were destroyed, 561 people were
killed, and 6,500 were injured (Hadjian, et al. 1992; JICA 1992; Khater 1993; Sykora, et al.
1993; Thenhaus, et al. 1993; Wight 1992; Youssef, et al. 1992). Many casualties resulted
from the rush to exit buildings during earthquake excitation. No strong motion
instruments were available to record the imparted seismic excitation. In fact, before this
earthquake, Cairo had not experienced any appreciable destructive seismic excitation since
1847 (Kebeasy 1990). At first, the sway of buildings was not attributed by most to
earthquake shaking, but rather to an imminent collapse solely under the action of own
weight (due to a perception of poor quality control practices).

The observed liquefaction near the earthquake epicenter occurred in an agricultural area of
alluvial Nile deposits. Throughout centuries, the Nile River flooded the plains along its
path every summer (until the construction of the Aswan High Dam in 1971). In the flood
period, sediments carried by water were deposited to constitute agricultural land along the
Nile Valley and Delta (figure 1-1). The October 12, 1992 earthquake demon3trated that
liquefaction may be an important seismic response mechanism at many densely populated
locations along the Nile’s South to North path throughout Egypt (figure 1-1).

1.2 Seismicity of Egypt

Egypt may be considered as an area of moderate seismicity. Evidence of earthquakes dates
back to as early as B.C. 2200 (Kebeasy 1990). It is believed that three main seismically
active trends exist (figure 1-1): i) along the Mediterranean, ii) along the Gulf of Aqaba in
the Northern Red Sea, and iii) along the Northern Red Sea—Gulf of Suez (active
extensional tectonics).  Kebeasy, et al. (1981) report 12 moderate earthquakes
50 <M < 7.0 to have caused significant damage in the densely populated areas of
Northern Egypt during the last 1,000 years. These areas (figure 1-1) include cities along
the Mediterranean (such a Alexandria), the Nile Delta, Cairo, and El-Fayum (about



100 km Southwest of Cairo). Two moderate, but destructive, earthquakes occurred in 1303
and 1847 at El-Fayum (near the epicenter of the recent 1992 earthquake; figure 1-1). In
1847 (estimated M = 6.2), 3,000 houses and 42 Mosques were reported to have been
destroyed (Kebeasy, et al., 1981; Ambraseys, 1991). Based on historical records, it is
inevitable that future destructive earthquakes will continue to occur in Egypt.

1.3 The October 12, 1992 Earthquake

The My =359 (Ms = 5.2) earthquake epicenter was located Southwest of Cairo
(figure 1-1) near the City of Dahshure. Currently, the information available about
epicentral coordinates, provided by the National Earthquake Information Service (NEIS),
are latitude 29.89° N and longitude 31.22° E (Thenhaus, et al. 1993). Focal depth
below ground surface was estimated at about 25km, with no visible surface fault
dislocation. A Northwest—striking fault plane (figure 1-2) was thought to be probable
based on the documented information about local geology (Thenhaus, et al. 1993).

A map that depicts the Modified Mercalli Intensity (MMI) distribution is shown in
figure 1-3. Soil liquefaction was observed in the maximum MMI zone VIII near the
Village of Manshiyat Fadil on the West side of the Nile River (figure 1-3).

1.4 Damage in Cairo

Most buildings in Cairo sustained minor damage in the form of hair-line cracks in masonry
walls and other non-bearing partitions (Youssef, et al. 1992; Khater 1993). Shear cracking
in unreinforced masonry walls reveals a level of shaking that is probably in excess of 0.1g
(figures 1-4 and 1-5). The structures in Cairo may be divided into four categories as

follows.

1. Modern reinforced concrete skeleton with infilled masonry walls

Only one such structure (14 story) was found to have totally collapsed (figure 1-6) due to
seismic excitation (Khater, 1992). This particular building was later found to have been
erroneously underdesigned and very poorly constructed. Despite the absence of any
aseismic design considerations in these structures, no significant damage occurred due to:
i) the static factor of safety, ii) the significant lateral resistance provided by the infilled
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masonry walls (these walls are not included in the original design as load bearing
components). JICA (1992) reports that the construction procedure in Egypt dictates that
the reinforced concrete beams are poured directly on the pre-constructed masonry walls;
thus providing for significant lateral resistance even at low-strain levels.

In the aftermath of the earthquake, post-earthquake inspections revealed reinforcement
corrosion at the basement level in some of the supporting reinforced concrete columns of
many buildings (long-term elevated groundwater problem not related to the earthquake
but due to malfunction of water and sewer systems in Cairo). Such columns have since
been retrofitted by constructing reinforced concrete jackets.

2. Masonry and Stone Load-Bearing Structures

Thousands of older structures (50 - 200 years old or more) in the cities of Cairo and
El-Faiyum are built of masonry or stone with mortar or cement bonding. The floor/roof
systems in these structures are often composed of wood beams with or without steel
reinforcement strips. Aside from typical cracks due to the imparted shear loads
(figures 1-7 and 1-8), much destruction was observed in non-structural elements such as:
i) plaster finish on outside (figures 1-9 through 1-12) and inside walls (figure 1-13);
ii) heavy masonry and plaster decorative ornaments (figure 1-14); iii) balcony and roof
parapets (figure 1-15), and sometimes entire nonstructural walls (Khater, 1992). Many of
the casualties and loss of property resulted from such falling objects during the earthquake.

3. Modern Poorly Constructed Reinforced Concrete Buildings

Some buildings were constructed recently without adequate inspection. A number of these
buildings sustained significant damage (without collapse) and were later demolished (in
Cairo, El-Faiyum and in the epicentral region).

Many side-by-side buildings were found to show signs of relative settlement after the
earthquake. Such buildings were often reported to have collided during the earthquake,
causing a loud fearful rumble. The most visible signs of earthquake-induced deformation
were manifested in: i) opening of a permanent gap between adjacent buildings (figures
1-16 through 1-24); and ii) tilting of some buildings relative to the adjacent structures
(figures 1-25 through 1-29). In general, a portion of these deformations might have existed
before the earthquake.

1-3



4. Antiquities

Cairo is known as the city of 1,000 minarets, denoting the large number of Mosques and
Churches that currently exist and date back to as much as 1,000 years or more. Site
reconnaissance efforts (Wight, et al. 1992; Sykora, et al. 1993) have pointed to an urgent
need to retrofit the foundations of these structures which have been severely compromised
by the presence of an elevated water table (primarily due to malfunction of water and
sewer systems). This water table has dissolved the silty mortar between stones, and
severely weakened the foundation stone walls.

The top sections of a number of Mosque minaretes suffered partial or full collapse (figure
30) during the earthquake. At Al-Hanafi Mosque, three of the four unreinforced stone top
minaret sections toppled and fell to the street (figures 1-31 through 1-36). Cracks, mostly
initiated prior to the earthquake, were abundant between minarets and attached buildings
due to the difference in inertial properties at Sultan El-Ghuri Mosque (figures 1-37
through 1-42). Shear cracks were intensified along window openings in large load bearing
stone walls (figure 1-43). In figures 1-44 through 1-46, a partially collapsed masonry

minaret top is shown.

A large program of retrofit and rehabilitation is necessary for these invaluable historical
structures. Along with aseismic retrofit, the elevated groundwater table problem must be
resolved in order to protect the underlying masonry foundations (Wight, et al. 1992,
Sykora, et al. 1993). Many tilting minarets (figures 1-47 through 1-49) should be
reinforced, and restored to their original vertical position as part of this retrofit process.

1.5 Damagein the MMI Zone VIII

The MMI Zone 8 encompassed a number of agricultural villages with many poorly
constructed residential structures. Widespread damage and total destruction of adobe
constructions (figure 1-50) prevailed in the MMI Zone VIII (figure 1-3).

Lateral seismic loads acting on a single span bridge resulted in shear damage to the
supporting masonry abutments (figure 1-51). Shear induced cracking also appears in an
adobe wall in the background (figures 1-51 and 1-52). Such cracking was intensified
around windows (and other open sections), and at interfaces between masonry and concrete
(figures 1-53 and 1-54).
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In figure 1-55, cracks along the end of a short 1.5 m high gravity retaining wall were
observed. A vertical crack appears along the wall-soil interface, and an inclined crack
demarks the deformed soil wedge boundary. Figures 1-56 and 1-57 show the failure of a
retaining wall constructed of cemented stone along with a portion of the supported backfill
soil. Soil liquefaction associated with the occurrence of large sand boils was observed close
to the epicenter. As a consequence, a main road suffered a maximum settlement of about
1.75 m. This liquefaction case history is discussed in the following sections.
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FIGURE 1-1  Distribution of earthquake
epicenters in Egypt, A.D. 796-1992 (after
Thenhaus et al. 1993).

FIGURE 12 A transparent earth model of
the Cairo region for the October 12, 1992
earthquake. The block is a 60.6 km square
on the surface and 40 km deep. Intercepts of
the plane of the activated fault are shown
with dashed lines, but new rupture is confined
to the black patch labelled "RP" (radius
2.6 km); down-dip parallel rulings show
unbroken parts of the fault plane around the
rupture patch. Arrow pairs show relative
horizontal and vertical sense of motion at the
rupture patch. Adapted from data of NEIS
and G. Ekstrom and M. Salganik of Harvard
University (Thenhaus et al. 1993).
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FIGURE 1-4 Shear crack in masonry wall,
Misr Elkadima district (Old Egypt).
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FIGURE 1-5 Shear crack in red brick wall,
Misr Elkadima district (Old Egypt).



FIGURE 1-6 Collapsed 14-story reinforced
concrete structure (Heliopolis district).
[Natii)na.l Geographic, Vol. 183, No. 4, April
1993.
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FIGURE 1-7 Shear crack at window corner
(Elsayyeda Zenab district).
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FIGURE 1-8 Shear cracks in masonry walls.
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FIGURE 1-9 Fallen plaster around window
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FIGURE 1-10
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FIGURE 1-11 Fallen plaster exposed wood
beams in ceiling.

FIGURE 1-12 Fallen plaster along wood
beam ceiling, Misr Elkadima district.
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FIGURE 1-13 [Fallen plaster and cracks
inside an apartment, Mohamed Ali Street.
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FIGURE 1-14 Fallen and dislocated heavy
stone ornaments in an antique building in
Elghouriah district.

FIGURE 1-15 Dislocated stone balcony
parapet (El-Khalaa district).
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FIGURE 1-17 Open crack between
reinforced concrete building 2 (Magless
Elshaab Street, close to Elsayyeda Zenab).
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FIGURE 1-18 Close-up of Figure 1-17.
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FIGURE 1-19 Open crack between
reinforced concrete building 3 (Kadri Street,
Elsayyeda Zenab).
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FIGURE 1-20 Open crack between
reinforced concrete building 4 (Kadri Street,
Elsayyeda Zenab).
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FIGURE 1-21 Close-up of Figure 1-20.
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FIGURE 122 Open crack between
reinforced concrete building 5 (Magless
Elshaab Street, across from building of Figs.
1-17 and 1-18).
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FIGURE 1-23 Open crack between
reinforced concrete building 6 (Elkalaa
district).
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FIGURE 124 Close-up of Figure 121
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FIGURE 1-25 Tilting reinforced concrete
building.
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FIGURE 126 Tilting reinforced concrete
building.
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FIGURE 1-27 Tilting reinforced concrete
building.

FIGURE 1-28 Group of tilting buildings; tilt
increased after earthquake and buildings were
evacuated (Elkalaa district, across from
Elsultan Hassan Mosque).
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FIGURE 129 Close-up of Figure 1
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FIGURE 1-30 Dislocated tip of minaret
(Elhossein Mosque).
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FIGURE 1-31 Al-Hanafi Mosque: missing
minaret top (Elsayyeda Zenab district).
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FIGURE 1-32 Close-up of Figure 1-31.
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FIGURE 1-33a Toppled minaret tops
(Al-Hanafi Mosque).
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FIGURE 1-33b Toppled minaret tops
Al-Hanafi Mosque).

Na.tii)na.l Geographic, Vol. 183, No. 4, April
1993.
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FIGURE 1-34 Toppled minaret tops
(Al-Hanafi Mosque).

FIGURE 1-35 Toppled minaret tops
(Al-Hanafi Mosque).
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FIGURE 1-36 Broken ornaments due to
toppled minaret top (Al-Hanafi Mosque).
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FIGURE 1-37 Crack between minaret and
Mosque El-Ghuri Mosque); cracks
aggravated by earthquake; Schaifelding was
placed for routine maintenance before
earthquake.
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FIGURE 1-38 Close-up of Figure 1-37.
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FIGURE 1-39 Crack between minaret and
Mosque  (El-Ghuri = Mosque); cracks
aggravated by earthquake.
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FIGURE 140 Sultan El-Ghuri Mosque:
Crack in mortar cemented stone wall (cracks
aggravated by earthquake).
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FIGURE 141 Sultan El-Ghuri Mosque:
Crack in mortar cemented stone wall (cracks
aggravated by earthquake).
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FIGURE 145 Close-up of Figure 1-44.
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FIGURE 146 Close-up of Figure 1—44.
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FIGURE 1-47 Slightly tilted minaret (tilting
increased due to earthquake).
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FIGURE 1-48 Tilted minaret of Figure 147
shown relative to adjacent building.

FIGURE 149 Close-up of Figure 1
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FIGURE 1-50 Poorly cemented collapsed
structure of adobe and stone fragments.
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FIGURE 1-51 Cracks
bridge due to lateral
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FIGURE 1-52 Shear cracking in masonry
wall.

FIGURE 1-53 Crack around windows and
along masonry-concrete interface.
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FIGURE 1-54 Crack around windows and
along masonry-concrete interface.

FIGURE 1-55 Cemented stone retaining wall
with cracks in backfill and wall-soil interface.
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FIGURE 156 Partially collapsed cemented
stone wall and backfill.
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FIGURE 157 Close-up of Figure 1-56.
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SECTION 2
LIQUEFACTION AND SAND BOILS

2.1 Mechanism of Sand Boils

One of the most commonly observed manifestations of soil liquefaction is the occurrence of
sand boils along the ground surface (NRC, 1985). In the United States, significant sand
boils have been observed during the earthquakes of Charleston 1886 (Clough and Martin,
1990), San Francisco 1906 (Lawson, 1908; Youd and Hoose, 1976), Alaska 1964 (Seed,
1970), Imperial Valley 1979 (Muir and Scott, 1982), and Loma Prieta 1989 (Bennett, 1990;
Seed, et al., 1990; Bardet and Kapuskar, 1993), among others. These volcano—like features
indicate that the earthquake shaking has generated high excess pore water pressures within
the soil deposit (liquefaction), causing upward flow of water laden with soil sediments.
Such flow, which is apt to concentrate in channels of relatively higher permeability (due to
soil inhomogeneity), eventually erupts to the surface in the form of a sand boil (Elgamal, et
al. 1990). The outflowing water typically carries sediments from the liquefied and
overlying layers.

Housner (1958) discussed the formation of sand boils in terms of soil porosity, permeability,
elasticity, and degree of consolidation. Sand boils were attributed to inhomogeneities in
permeability near the ground surface. Scott and Zuckerman (1972) present:ad both
experimental and analytical studies on the mechanics of liquefaction and sand boil
formation in sandy soil deposits. They found that the presence of silt or a similar fine
grained layer at the surface (above the liquefied layer) was conducive to the generation of
sand boils. In contrast to "piping," sand boils were observed to propagate from the source
of pressure to the outlet by a mechanism of cavity formation. Adalier (1992) also
demonstrated that stratified soil profiles are conducive to sand boil formation. It was
shown that low permeability and cohesion of an overlying upper layer may lead to the
formation of large sand boils, as the extruded water mainly travels through cracks and

weak zones within this upper layer.
2.2 Liquefaction Near Earthquake Epicenter

Two sites about 2.0 km apart (in the MMI zone VIII of figure 1-3) displayed significant
sand boil activity as described below. Both sites are located on the West side of the Nile
River, near the village of Manshiyat—Fadil (figure 1-3). This locality is seen to essentially
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coincide with the intersection of the activated fault plane with the Nile River (figure 1-2).
Thus, liquefaction may have been triggered by the strongest near—epicenter shaking, as
similar soils may be expected to exist along the Nile Valley throughout this area
(figure 1-3).

1. Site I: Upper Egypt (Giza—Assyut) Road West of the Nile

One of the two main roads that connect Cairo and Giza to the South of Egypt (Upper
Egypt) was found to have settled (at El—Atff, near the Village of El-Beleda) by as much
as 1.75 m shortly after the earthquake (figure 2-1). The road is composed of 2 traffic
lanes in each direction with an intermediate median and is about 25m in width
(figure 2-2). At the location of observed settlement (about 1.0 km away from the Nile),
the road is bordered on one side by an irrigation canal; and on the other by a drain and
agricultural land (figure 2-2). After the earthquake, the road was promptly repaired by: i)
building a new sub—base of crushed stone to bring the road to its original elevation, ii)
restoring the shoulders and slopes on both sides of the road, and iii) placing a new asphalt

pavement (figure 2-1).

It is believed that soil liquefaction below the road was the primary reason behind the
observed 1.75 m settlement. This settlement was gradual over a distance of about
200 m, and essentially uniform along the entire 25 m road width. Liquefaction effects
were evident in the agricultural field adjacent to the road (figure 2-2). In this field, water
laden with sediment erupted through fissures and spread along the ridged (due to prior
plowing) agricultural ground surface (figures 2-3 and 2-4). The fissures appeared at a
distance of about 20m away from the road, adjacent to the zone of settlement

(figure 2-2).

No clear signs of lateral spreading were observed, however. Settlement was essentially
vertical and was probably driven by the relatively higher elevation of the road with respect
to the surrounding terrain (figure 2-2); thus constituting a localized overburden vertical
stress. No sediments were observed to have flowed into the adjacent canal or drain (some
sediment migration might have occurred below the water level).

A soil profile and SPT-values from a boring near the road, taken after the earthquake is
shown in figure 2-5a. In figures 2-5b and 2-5c¢, CPT values at a nearby location along
with corresponding SPT values (Das, 1990) are shown. The SPT and CPT results denote
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that liquefaction could have occurred anywhere within the zone bounded by elevations
—3.0m to —9.0m. In this zone, significant stratification is evident, and low SPT silts
and sands appear to be prone to liquefaction. Indeed, the soil ejected to ground surface
during liquefaction was thought to be mostly constituted of fine silty sand. A more
thorough program of site investigation and laboratory dynamic testing is needed in order to
clarify the involved liquefaction mechanisms at this site.

2. Site II. Bedsa Village

The Village of Bedsa, about 2 km away from the road settlement zone consisted mostly of
1— and 2—story adobe buildings that were severely damaged during seismic excitation. In
a nearby agricultural field (away from Site I), large sand—boil craters occurred at the
locations shown schematically in figure 2-6 (2.5 km away from the Nile, and 1.0 km West
of El-Beleda Village). These craters are shown in figures 2-7 through 2-12.

Sand—boil activity was reported to have initiated immediately after the earthquake.
Ejection of sediment was thought to have continued for about 45 minutes after the
primary shaking event. Initially, the ejected sediment was claimed to have reached a
height of 2m or more above ground surface. No indications of lateral spreading were

observed at this site of fairly flat terrain.

The ejected soil was found to spread evenly by runoff, and cover a large area of ground
surface around each crater. About 20,000 m2? of surface area were covered with ejected
soil to a thickness of approximately 0.1 m (2,000 m3 of soil were ejected). A preliminary
grain size analysis of the ejected sediments is shown in figure 2-13. As may be noted,
about 65% is fine sand, with a 30% content of even finer silt— and clay—size particles
(mostly silt as noted by visual inspection). These fine particles appear to have remained in
suspension after ejection, and were thus spread along the ground surface by the observed
runoff process. The estimated 45 minute duration of sand—boil activity might have been
influenced by the presence of this significant fine—particle content. Such fine particles were
shown to reduce permeability and greatly prolong the post—liquefaction soil—
resolidification phase (Adalier, 1992).

The ejected soil was distinctly gray in color (original ground—surface soil was brown).
Careful visual inspection revealed the presence of shiny particles (roughly 5%), that were
thought to denote the possible presence of micaceous materials that may have influenced
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the observed liquefaction (Idriss, 1992). A sample of the ejected soil is currently being
chemically analyzed in order to identify its constituent minerals.

Figure 2-14a depicts the soil profile and SPT blow counts obtained from a boring at Bedsa.
CPT data and corresponding SPT data (Das, 1990) at a nearby location are shown in
figures 2-14b and 2-14c. Underlying a low permeability silty—clay stratum, low SPT blow
counts are seen to prevail in the upper 7 m of liquefiable sandy and silty soil materials
(elev. —8m to —15m). The gray color of these materials is similar to that of the
sediments ejected to ground—surface during the sand—boil process. Soil samples from this
site are needed in order to further analyze the involved pore-pressure and post-liquefaction

mechanisms.
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FIGURE 2-3 Ground fissure and sediment
eruption.
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FIGURE 2-7a An abandoned steel pipe
covered with a concrete block moved upwards
relative to the surrounding soil.

FIGURE 2—-7b Schematic of sand boil formed
around steel pipe (Figure 2-7a) after
earthquake (observed on videotape). Crater
No. 1 of Figure 2—6.
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FIGURE 2-9 Crater No. 5 of Figure 2—6.
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FIGURE 2—-10 Craters Nos. 6, 7, 8, 9, and 10
of Figure 2—6.

FIGURE 2—11 Close-up of Crater No. 7 of
Figure 2-6.
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FIGURE 2—12 Close-up of Crater Nos. 8 and

9 of Figure 2—6.
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FIGURE 2-13 Preliminary grain size

distribution of ejected material.
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FIGURE 2-14c SPT values calculated from
measured CPT values (Figure 2—14b) for the
area near sand boils at Bedsa.
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SECTION 3
SUMMARY AND CONCLUSIONS

Moderate levels of damage were observed to occur in the cities of Cairo and El-Faiyum,
and in many villages in the epicentral area. Most of the collapsed structures were old
adobe/stone structures with poor mortar materials. The earthquake resulted in soil
liquefaction and significant sand—boil activity in its maximum MMI zone VIII. A main
road was found to have settled by as much as 1.75m due to this liquefaction. In
addition, large sand—boil craters occurred in an agricultural field at the Village of Bedsa.

The soil profile characteristics at Bedsa might bear significant similarity to large areas
along the densely populated Nile Valley and Delta. Consequently, this liquefaction case
history is of particular importance, and might be representative of the seismic response of
vast areas along the Nile Valley. A thorough analysis of this case history would establish a
valuable benchmark for liquefaction susceptibility analyses of Nile sedimented soils
throughout its valley.
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"Optimal Control of Nonlinear Flexible Structures,” by I.N. Yang, F.X. Long and D. Wong, 1/22/88, (PB88-
213772).

"Substructuring Techniques in the Time Domain for Primary-Secondary Structural Systems,” by G.D. Manolis
and G. Juhn, 2/10/88, (PB88-213780).

"Iterative Seismic Analysis of Primary-Secondary Systems,” by A. Singhal, L.D. Lutes and P.D. Spanos,
2/23/88, (PB88-213798).

"Stochastic Finite Element Expansion for Random Media,” by P.D. Spanos and R. Ghanem, 3/14/88, (PB88-
213806).



NCEER-88-0006

NCEER-88-0007

NCEER-88-0008

NCEER-88-0009

NCEER-88-0010

NCEER-88-0011

NCEER-88-0012

NCEER-88-0013

NCEER-88-0014

NCEER-88-0015

NCEER-88-0016

NCEER-88-0017

NCEER-88-0018

NCEER-88-0019

NCEER-88-0020

NCEER-88-0021

NCEER-88-0022

NCEER-88-0023

"Combining Structural Optimization and Structural Control," by F.Y. Cheng and C.P. Pantelides, 1/10/88,
(PB88-213814).

"Seismic Performance Assessment of Code-Designed Structures," by H.H-M. Hwang, J-W. Jaw and H-J. Shau,
3/20/88, (PB88-219423).

"Reliability Analysis of Code-Designed Structures Under Natural Hazards,” by H.H-M. Hwang, H. Ushiba
and M. Shinozuka, 2/29/88, (PB88-229471).

"Seismic Fragility Analysis of Shear Wall Structures,” by J-W Jaw and H.H-M. Hwang, 4/30/38, (PB89-
102867).

"Base Isolation of a Muiti-Story Building Under a Harmonic Ground Motion - A Comparison of Performances
of Various Systems,” by E-G Fan, G. Ahmadi and 1.G. Tadjbakhsh, 5/18/88, (PB89-122238).

"Seismic Floor Response Spectra for a Combined System by Green’s Functions," by F.M. Lavelle, L.A.
Bergman and P.D. Spanos, 5/1/88, (PB89-102875).

"A New Solution Technique for Randomly Excited Hysteretic Structures,” by G.Q. Cai and Y K. Lin, 5/16/88,
(PB89-102883).

"A Study of Radiation Damping and Soil-Structure Interaction Effects in the
by K. Weissman, supervised by J.H. Prevost, 5/24/88, (PB89-144703).

Centrifuge,”

"Parameter Identification and Implementation of a Kinematic Plasticity Model for Frictional Soils,"” by J.H.
Prevost and D.V. Griffiths, to be published.

"Two- and Three- Dimensional Dynamic Finite Element Analyses of the Long Valley Dam," by D.V. Griffiths
and J.H. Prevost, 6/17/88, (PB89-144711).

"Damage Assessment of Reinforced Concrete Structures in Eastern United States,” by A.M. Reinhorn, M.J.
Seidel, S.K. Kunnath and Y.J. Park, 6/15/88, (PB89-122220).

"Dynamic Compliance of Vertically Loaded Strip Foundations in Multilayered Viscoelastic Soils," by S.
Ahmad and A.S.M. Israil, 6/17/88, (PB89-102891).

"An Experimental Study of Seismic Structural Response With Added Viscoelastic Dampers,” by R.C. Lin,
Z. Liang, T.T. Scong and R.H. Zhang, 6/30/88, (PB89-122212). This report is available only through NTIS
(see address given above).

"Experimental Investigation of Primary - Secondary System Interaction,” by G.D. Manolis, G. Juhn and A M.
Reinhorn, 5/27/88, (PB89-122204).

"A Response Spectrum Approach For Analysis of Nonclassically Damped Structures,” by J.N. Yang, S.
Sarkani and F.X. Long, 4/22/88, (PB89-102909).

"Seismic Interaction of Structures and Soils: Stochastic Approach,” by A.S. Veletsos and A.M. Prasad,
7/21/88, (PB89-122196).

“"Identification of the Serviceability Limit State and Detection of Seismic Structural Damage," by E.
DiPasquale and A.S. Cakmak, 6/15/88, (PB89-122188). This report is available only through NTIS (see

address given above).

"Muliti-Hazard Risk Analysis: Case of a Simple Offshore Structure,” by B.K. Bhartia and E.H. Vanmarcke,
7/21/88, (PB89-145213).
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NCEER-88-0024
NCEER-88-0025
NCEER-88-0026
NCEER-88-0027
NCEER-88-0028
NCEER-88-0029
NCEER-88-0030
NCEER-88-0031
NCEER-88-0032
NCEER-88-0033
NCEER-88-0034
NCEER-88-0035

NCEER-88-0036

NCEER-88-0037

NCEER-88-0038

NCEER-88-0039
NCEER-88-0040

NCEER-88-0041

"Automated Seismic Design of Reinforced Concrete Buildings," by Y.S. Chung, C. Meyer and M. Shinozuka,
7/5/88, (PB89-122170). This report is available only through NTIS (see address given above).

"Experimental Study of Active Control of MDOF Structures Under Seismic Excitations,” by L.L. Chung, R.C.
Lin, T.T. Soong and A.M. Reinhorn, 7/10/88, (PB89-122600).

"Earthquake Simulation Tests of a Low-Rise Metal Structure,” by J.S. Hwang, K.C. Chang, G.C. Lee and R.L.
Ketter, 8/1/88, (PB89-102917).

"Systems Study of Urban Response and Reconstruction Due to Catastrophic Earthquakes,” by F. Kozin and
H.K. Zhou, 9/22/88, (PB90-162348).

"Seismic Fragility Analysis of Plane Frame Structures,” by H.H-M. Hwang and Y K. Low, 7/31/88, (PB89-
131445).

"Response Analysis of Stochastic Structures,” by A. Kardara, C. Bucher and M. Shinozuka, 9/22/88, (PB89-
174429).

"Nonnormal Accelerations Due to Yielding in a Primary Structure,” by D.C.K. Chen and L.D. Lutes, 9/19/88,
(PB89-131437).

"Design Approaches for Soil-Structure Interaction,” by A.S. Veletsos, A.M. Prasad and Y. Tang, 12/30/88,
(PB89-174437). This report is available only through NTIS (see address given above).

" A Re-evaluation of Design Spectra for Seismic Damage Control," by C.J. Turkstra and A.G. Tallin, 11/7/88,
(PB89-145221).

"The Behavior and Design of Noncontact Lap Splices Subjected to Repeated Inelastic Tensile Loading," by
V.E. Sagan, P. Gergely and R.N. White, 12/8/88, (PB89-163737).

"Seismic Response of Pile Foundations," by S.M. Mamoon, P K. Banerjee and S. Ahmad, 11/1/88, (PB89-
145239).

"Modeling of R/C Building Structures With Flexible Floor Diaphragms (IDARC2)," by A.M. Reinhom, S.K.
Kunnath and N. Panahshahi, 9/7/88, (PB89-207153).

"Solution of the Dam-Reservoir Interaction Problem Using a Combination of FEM, BEM with Particular
Integrals, Modal Analysis, and Substructuring,” by C-S. Tsai, G.C. Lee and R.L. Ketter, 12/31/88, (PB89-
207146).

"Optimal Placement of Actuators for Structural Control,” by F.Y. Cheng and C.P. Pantelides, 8/15/88, (PB89-
162846).

"Teflon Bearings in Aseismic Base Isolation: Experimental Studies and Mathematical Modeling," by A.
Mokha, M.C. Constantinou and A.M. Reinhorn, 12/5/88, (PB89-218457). This report is available only through
NTIS (see address given above).

"Seismic Behavior of Flat Slab High-Rise Buildings in the New York City Area,” by P. Weidlinger and M.
Ettouney, 10/15/88, (PB90-145681).

"Evaluation of the Earthquake Resistance of Existing Buildings in New York City," by P. Weidlinger and M.
Ettouney, 10/15/88, to be published.

"Small-Scale Modeling Techniques for Reinforced Concrete Structures Subjected to Seismic Loads,” by W.
Kim, A. El-Attar and R.N. White, 11/22/88, (PB89-189625).
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NCEER-88-0042

NCEER-88-0043

NCEER-88-0044

NCEER-88-0045

NCEER-88-0046

NCEER-88-0047

NCEER-89-0001

NCEER-89-0002

NCEER-89-0003

NCEER-89-0004

NCEER-89-0005

NCEER-89-0006

NCEER-89-0007

NCEER-89-0008

NCEER-89-0009

NCEER-89-R010

NCEER-89-0011

NCEER-89-0012

"Modeling Strong Ground Motion from Multiple Event Earthquakes,” by G.W. Ellis and A.S. Cakmak,
10/15/88, (PB89-174445).

"Nonstationary Models of Seismic Ground Acceleration,” by M. Grigoriu, S.E. Ruiz and E. Rosenblueth,
7/15/88, (PB89-189617).

"SARCEF User’s Guide: Seismic Analysis of Reinforced Concrete Frames,” by Y.S. Chung, C. Meyer and M.
Shinozuka, 11/9/88, (PB89-174452).

"First Expert Panel Meeting on Disaster Research and Planning," edited by J. Pantelic and J. Stoyle, 9/15/88,
(PB89-174460).

"Preliminary Studies of the Effect of Degrading Infill Walls on the Nonlinear Seismic Response of Steel
Frames," by C.Z. Chrysostomou, P. Gergely and J.F. Abel, 12/19/88, (PB89-208383).

"Reinforced Concrete Frame Component Testing Facility - Design, Construction, Instrumentation and
Operation,” by S.P. Pessiki, C. Conley, T. Bond, P. Gergely and R.N. White, 12/16/88, (PB89-174478).
"Effects of Protective Cushion and Soil Compliancy on the Response of Equipment Within a Seismically

Excited Building," by J.A. HoLung, 2/16/89, (PB89-207179).

"Statistical Evaluation of Response Modification Factors for Reinforced Concrete Structures,” by H.H-M.
Hwang and J-W. Jaw, 2/17/89, (PB89-207187).

"Hysteretic Columns Under Random Excitation,” by G-Q. Cai and Y.K. Lin, 1/9/89, (PB89-196513).

"Experimental Study of ‘Elephant Foot Bulge’ Instability of Thin-Walled Metal Tanks," by Z-H. Jia and R.L.
Ketter, 2/22/89, (PB89-207195).

"Experiment on Performance of Buried Pipelines Across San Andreas Fault,” by J. Isenberg, E. Richardson
and T.D. O’Rourke, 3/10/89, (PB89-218440). This report is available only through NTIS (see address given

above).

"A Knowledge-Based Approach to Structural Design of Earthquake-Resistant Buildings," by M. Subramant,
P. Gergely, C.H. Conley, J.F. Abel and A.H. Zaghw, 1/15/89, (PB89-218465).

"Liquefaction Hazards and Their Effects on Buried Pipelines,” by T.D. O’Rourke and P.A. Lane, 2/1/89,
(PB89-218481).

"Fundamentals of System Identification in Structural Dynamics,” by H. Imai, C-B. Yun, O. Maruyama and
M. Shinozuka, 1/26/89, (PB89-207211).

"Effects of the 1985 Michoacan Earthquake on Water Systems and Other Buried Lifelines in Mexico," by
A.G. Ayala and M.J. O'Rourke, 3/8/89, (PB89-207229).

"NCEER Bibliography of Earthquake Education Materials,” by K.E.K. Ross, Second Revision, 9/1/89, (PB90-
125352).

"Inelastic Three-Dimensional Response Analysis of Reinforced Concrete Building
Structures (IDARC-3D), Part I - Modeling,” by S.K. Kunnath and A.M. Reinhorn, 4/17/89, (PB90-114612).

"Recommended Modifications to ATC-14," by C.D. Poland and J.O. Malley, 4/12/89, (PB90-108648).
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NCEER-89-0013

NCEER-89-0014

NCEER-89-0015

NCEER-89-0016

NCEER-89-P017

NCEER-89-0017

NCEER-89-0018

NCEER-89-0019

NCEER-89-0020

NCEER-89-0021

NCEER-89-0022

NCEER-89-0023

NCEER-89-0024

NCEER-89-0025

NCEER-89-0026

NCEER-89-0027

NCEER-89-0028

"Repair and Strengthening of Beam-to-Column Connections Subjected to Earthquake Loading," by M.
Corazao and A.]. Durrani, 2/28/89, (PB90-109885).

"Program EXKAL2 for Identification of Structural Dynamic Systems,” by O. Maruyama, C-B. Yun, M.
Hoshiya and M. Shinozuka, 5/19/89, (PB90-109877).

"Response of Frames With Bolted Semi-Rigid Connections, Part I - Experimental Study and Analytical
Predictions," by P.J. DiCorso, AM. Reinhorn, J.R. Dickerson, J.B. Radziminski and W.L. Harper, 6/1/89, to
be published.

"ARMA Monte Carlo Simulation in Probabilistic Structural Analysis,” by P.D. Spanos and M.P. Mignolet,
7/10/89, (PB90-109893).

"Preliminary Proceedings from the Conference on Disaster Preparedness - The Place of Earthquake Education
in Our Schools," Edited by K.E.K. Ross, 6/23/89, (PB90-108606).

"Proceedings from the Conference on Disaster Preparedness - The Place of Earthquake Education in Our
Schools," Edited by K.E.K. Ross, 12/31/89, (PB90-207895). This report is available only through NTIS (see
address given above).

"Multidimensional Models of Hysteretic Material Behavior for Vibration Analysis of Shape Memory Energy
Absorbing Devices, by E.J. Graesser and F.A. Cozzarelli, 6/7/89, (PB90-164146).

"Nonlinear Dynamic Analysis of Three-Dimensional Base Isolated Structures (3D-BASIS),"” by S. Nagarajaiah,
AM. Reinhorn and M.C. Constantinou, 8/3/89, (PB90-161936). This report is available only through NTIS
(see address given above).

"Structural Control Considering Time-Rate of Control Forces and Control Rate Constraints," by F.Y. Cheng
and C.P. Pantelides, 8/3/89, (PB90-120445).

"Subsurface Conditions of Memphis and Shelby County,” by K.W. Ng, T-S. Chang and H-H.M. Hwang,
7/26/89, (PB90-120437).

"Seismic Wave Propagation Effects on Straight Jointed Buried Pipelines,” by K. Elhmadi and M.J. O’Rourke,
8/24/89, (PB90-162322).

"Workshop on Serviceability Analysis of Water Delivery Systems,"” edited by M. Grigoriu, 3/6/89, (PB90-
127424).

"Shaking Table Study of a 1/5 Scale Steel Frame Composed of Tapered Members,”
K.C. Chang, J.S. Hwang and G.C. Lee, 9/18/89, (PB90-160169).

by

"DYNA1D: A Computer Program for Nonlinear Seismic Site Response Analysis - Technical Documentation,”
by Jean H. Prevost, 9/14/89, (PB90-161944). This report is available only through NTIS (see address given
above).

"1:4 Scale Model Studies of Active Tendon Systems and Active Mass Dampers for Aseismic Protection,” by
A.M. Reinhorn, T.T. Soong, R.C. Lin, Y.P. Yang, Y. Fukao, H. Abe and M. Nakai, 9/15/89, (PB90-173246).

"Scattering of Waves by Inclusions in a Nonhomogeneous Elastic Half Space Solved by Boundary Element
Methods," by P.K. Hadley, A. Askar and A.S. Cakmak, 6/15/89, (PB90-145699).

"Statistical Evaluation of Deflection Amplification Factors for Reinforced Concrete Structures,” by H.H.M.
Hwang, J-W. Jaw and A.L. Ch’ng, 8/31/89, (PB90-164633).
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NCEER-89-0029

NCEER-89-0030

NCEER-89-0031

NCEER-89-0032

NCEER-89-0033

NCEER-89-0034

NCEER-89-0035

NCEER-89-0036

NCEER-89-0037

NCEER-89-0038

NCEER-89-0039

NCEER-89-0040

NCEER-89-0041

NCEER-90-0001

NCEER-90-0002

NCEER-90-0003

NCEER-90-0004

NCEER-90-0005

NCEER-90-0006

"Bedrock Accelerations in Memphis Area Due to Large New Madrid Earthquakes,” by H.H.M. Hwang, C.H.S.
Chen and G. Yu, 11/7/89, (PB90-162330).

"Seismic Behavior and Response Sensitivity of Secondary Structural Systems,"” by Y.Q. Chen and T.T. Soong,
10/23/89, (PB90-164658).

“Random Vibration and Reliability Analysis of Primary-Secondary Structural Systems," by Y. Ibrahim, M.
Grigoriu and T.T. Soong, 11/10/89, (PB90-161951).

"Proceedings from the Second U.S. - Japan Workshop on Liquefaction, Large Ground Deformation and Their
Effects on Lifelines, September 26-29, 1989," Edited by T.D. O’Rourke and M. Hamada, 12/1/89, (PB90-
209388).

"Deterministic Model for Seismic Damage Evaluation of Reinforced Concrete Structures,” by J.M. Bracci,
A M. Reinhorn, J.B. Mander and S.K. Kunnath, 9/27/89.

"On the Relation Between Local and Global Damage Indices,” by E. DiPasquale and A.S. Cakmak, 8/15/89,
(PB90-173865).

"Cyclic Undrained Behavior of Nonplastic and Low Plasticity Silts,” by A.J. Walker and H.E. Stewart,
7/26/89, (PB90-183518).

"Liquefaction Potential of Surficial Deposits in the City of Buffalo, New York," by M. Budhu, R. Giese and
L. Baumgrass, 1/17/89, (PB90-208455).

"A Deterministic Assessment of Effects of Ground Motion Incoherence,” by A.S. Veletsos and Y. Tang,
7/15/89, (PB90-164294).

"Workshop on Ground Motion Parameters for Seismic Hazard Mapping,” July 17-18, 1989, edited by R.V.
Whitman, 12/1/89, (PB90-173923).

"Seismic Effects on Elevated Transit Lines of the New York City Transit Authority,” by C.J. Costantino, C.A.
Miller and E. Heymsfield, 12/26/89, (PB90-207887).

"Centrifugal Modeling of Dynamic Soil-Structure Interaction,” by K. Weissman, Supervised by J.H. Prevost,
5/10/89, (PB90-207879).

"Linearized Identification of Buildings With Cores for Seismic Vulnerability Assessment,” by I-K. Ho and
A.E. Aktan, 11/1/89, (PB90-251943).
"Geotechnical and Lifeline Aspects of the October 17, 1989 Loma Prieta Earthquake in San Francisco," by

T.D. O’Rourke, H.E. Stewart, F.T. Blackburn and T.S. Dickerman, 1/90, (PB90-208596).

"Nonnormal Secondary Response Due to Yielding in a Primary Structure,” by D.C.K. Chen and L.D. Lutes,
2/28/90, (PB90-251976).

"Earthquake Education Materials for Grades K-12," by K.E.K. Ross, 4/16/90, (PB91-251984).
"Catalog of Strong Motion Stations in Eastern North America,” by R.W. Busby, 4/3/90, (PBS0-251984).

"NCEER Strong-Motion Data Base: A User Manual for the GeoBase Release (Version 1.0 for the Sun3),”
by P. Friberg and K. Jacob, 3/31/90 (PB90-258062).

"Seismic Hazard Along a Crude Oil Pipeline in the Event of an 1811-1812 Type New Madrid Earthquake,”
by HH.M. Hwang and C-H.S. Chen, 4/16/90(PB90-258054).
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NCEER-90-0007

NCEER-90-0008

NCEER-90-0009

NCEER-90-0010

NCEER-90-0011

NCEER-90-0012

NCEER-90-0013

NCEER-90-0014

NCEER-90-0015

NCEER-90-0016

NCEER-90-0017

NCEER-90-0018

NCEER-90-0019

NCEER-%0-0020

NCEER-90-0021

NCEER-90-0022

NCEER-90-0023

NCEER-90-0024

"Site-Specific Response Spectra for Memphis Sheahan Pumping Station,” by H.H.M. Hwang and C.S. Lee,
5/15/90, (PB91-108811).

"Pilot Study on Seismic Vulnerability of Crude Oil Transmission Systems," by T. Ariman, R. Dobry, M.
Grigoriu, F. Kozin, M. O’Rourke, T. O’Rourke and M. Shinozuka, 5/25/90, (PB91-108837).

"A Program to Generate Site Dependent Time Histories: EQGEN," by G.W. Ellis, M. Srinivasan and A.S.
Cakmak, 1/30/90, (PB91-108829).

" Active Isolation for Seismic Protection of Operating Rooms," by M.E. Talbott, Supervised by M. Shinozuka,
6/8/9, (PB91-110205).

"Program LINEARID for Identification of Linear Structural Dynamic Systems,” by C-B. Yun and M.
Shinozuka, 6/25/90, (PB91-110312).
AN.

"Two-Dimensional Two-Phase Elasto-Plastic ~Seismic of Barth Dams," by

Yiagos, Supervised by J.H. Prevost, 6/20/90, (PB91-110197).

Response

"Secondary Systems in Base-Isolated Structures: Experimental Investigation, Stochastic Response and
Stochastic Sensitivity," by G.D. Manolis, G. Juhn, M.C. Constantinou and A.M. Reinhorn, 7/1/90, (PB91-
110320).

"Seismic Behavior of Lightly-Reinforced Concrete Column and Beam-Column Joint Details,” by S.P. Pessiki,
C.H. Conley, P. Gergely and R.N. White, 8/22/90, (PB91-108795).

"Two Hybrid Control Systems for Building Structures Under Strong Earthquakes,” by J.N. Yang and A.
Danielians, 6/29/90, (PB91-125393).

"Instantaneous Optimal Control with Acceleration and Velocity Feedback," by J.N. Yang and Z. Li, 6/29/90,
(PB91-125401).

"Reconnaissance Report on the Northern Iran Earthquake of June 21, 1990," by M. Mehrain, 10/4/90, (PB91-
125377).

"Evaluation of Liquefaction Potential in Memphis and Shelby County,” by T.S. Chang, P.S. Tang, C.S. Lee
and H. Hwang, 8/10/90, (PB91-125427).

"Experimental and Analytical Study of a Combined Sliding Disc Bearing and Helical Steel Spring Isolation
System," by M.C. Constantinou, A.S. Mokha and A.M. Reinhorn, 10/4/90, (PB91-125385).

"Experimental Study and Analytical Prediction of Earthquake Response of a Sliding Isolation System with
a Spherical Surface,” by A.S. Mokha, M.C. Constantinou and A.M. Reinhorn, 10/11/90, (PB91-125419).

"Dynamic Interaction Factors for Floating Pile Groups,” by G. Gazetas, K. Fan, A. Kaynia and E. Kausel,
9/10/90, (PB91-170381).

"Evaluation of Seismic Damage Indices for Reinforced Concrete Structures,” by S. Rodriguez-Gomez and
A.S. Cakmak, 9/30/90, PB91-171322).

"Study of Site Response at a Selected Memphis Site," by H. Desai, S. Ahmad, E.S. Gazetas and M.R. Oh,
10/11/90, (PB91-196857).

"A User’s Guide to Strongmo: Version 1.0 of NCEER’s Strong-Motion Data Access Tool for PCs and
Terminals,” by P.A. Friberg and C.A.T. Susch, 11/15/90, (PB91-171272).



NCEER-90-0025

NCEER-90-0026

NCEER-90-0027

NCEER-90-0028

NCEER-90-0029

NCEER-91-0001

NCEER-91-0002

NCEER-91-0003

NCEER-91-0004

NCEER-91-0005

NCEER-91-0006

NCEER-91-0007

NCEER-91-0008

NCEER-91-0009

NCEER-91-0010

NCEER-91-0011

NCEER-91-0012

NCEER-91-0013

"A Three-Dimensional Analytical Study of Spatial Variability of Seismic Ground Motions,"” by L-L. Hong
and A.H.-S. Ang, 10/30/90, (PB91-170399).

"MUMOID User’s Guide - A Program for the Identification of Modal Parameters,” by S. Rodriguez-Gomez
and E. DiPasquale, 9/30/90, (PB91-171298).

"SARCEF-II User’s Guide - Seismic Analysis of Reinforced Concrete Frames," by S. Rodriguez-Gomez, Y.S.
Chung and C. Meyer, 9/30/90, (PB91-171280).

"Viscous Dampers: Testing, Modeling and Application in Vibration and Seismic Isolation," by N. Makris and
M.C. Constantinou, 12/20/90 (PB91-190561).

"Soil Effects on Earthquake Ground Motions in the Memphis Area,” by H. Hwang, C.S. Lee, K.W. Ng and
T.S. Chang, 8/2/90, (PB91-190751).

"Proceedings from the Third Japan-U.S. Workshop on Earthquake Resistant Design of Lifeline Facilities and
Countermeasures for Soil Liquefaction, December 17-19, 1990," edited by T.D. O’Rourke and M. Hamada,
2/1/91, (PB91-179259).

"Physical Space Solutions of Non-Proportionally Damped Systems,” by M. Tong, Z. Liang and G.C. Lee,
1/15/91, (PB91-179242),

"Seismic Response of Single Piles and Pile Groups,” by K. Fan and G. Gazetas, 1/10/91, (PB92-174994).

"Damping of Structures: Part 1 - Theory of Complex Damping," by Z. Liang and G. Lee, 10/10/91, (PB92-
197235).

"3D-BASIS - Nonlinear Dynamic Analysis of Three Dimensional Base Isolated Structures: Part II," by S.
Nagarajaiah, A.M. Reinhorn and M.C. Constantinou, 2/28/91, (PB91-190553).

"A Multidimensional Hysteretic Model for Plasticity Deforming Metals in Energy Absorbing Devices,” by
E.J. Graesser and F.A. Cozzarelli, 4/9/91, (PB92-108364).

"A Framework for Customizable Knowledge-Based Expert Systems with an Application to a KBES for
Evaluating the Seismic Resistance of Existing Buildings," by E.G. Ibarra-Anaya and S.J. Fenves, 4/9/91,
(PB91-210930).

"Nonlinear Analysis of Steel Frames with Semi-Rigid Connections Using the Capacity Spectrum Method,”
by G.G. Deierlein, S-H. Hsieh, Y-J. Shen and J.F. Abel, 7/2/91, (PB92-113828).

"Earthquake Education Materials for Grades K-12,” by K.E.K. Ross, 4/30/91, (PB91-212142).

"Phase Wave Velocities and Displacement Phase Differences in a Harmonically Oscillating Pile," by N.
Makris and G. Gazetas, 7/8/91, (PB92-108356).

"Dynamic Characteristics of a Full-Size Five-Story Steel Structure and a 2/5 Scale Model,” by K.C. Chang,
G.C. Yao, G.C. Lee, D.S. Hao and Y.C. Yeh,"” 7/2/91, (PB93-116648).

"Seismic Response of a 2/5 Scale Steel Structure with Added Viscoelastic Dampers,” by K.C. Chang, T.T.
Soong, S-T. Oh and M.L. Lai, 5/17/91, (PB92-110816).

"Earthquake Response of Retaining Walls; Full-Scale Testing and Computational Modeling,” by S. Alampalli
and A-W.M. Elgamal, 6/20/91, to be published.
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NCEER-92-0003

NCEER-92-0004

NCEER-92-0005

"3D-BASIS-M: Nonlinear Dynamic Analysis of Multiple Building Base Isolated Structures,” by P.C. Tsopelas,
S. Nagarajaiah, M.C. Constantinou and A.M. Reinhorn, 5/28/91, (PB92-113885).

"Evaluation of SEAOC Design Requirements for Sliding Isolated Structures,” by D. Theodossiou and M.C.
Constantinou, 6/10/91, (PB92-114602).

"Closed-Loop Modal Testing of a 27-Story Reinforced Concrete Flat Plate-Core Building,” by H.R.
Somaprasad, T. Toksoy, H. Yoshiyuki and A.E. Aktan, 7/15/91, (PB92-129980).

"Shake Table Test of a 1/6 Scale Two-Story Lightly Reinforced Concrete Building," by A.G. El-Attar, R.N.
White and P. Gergely, 2/28/91, (PB92-222447).

"Shake Table Test of a 1/8 Scale Three-Story Lightly Reinforced Concrete Building," by A.G. El-Attar, R.N.
White and P. Gergely, 2/28/91, (PB93-116630).

"Transfer Functions for Rigid Rectangular Foundations,” by A.S. Veletsos, A.M. Prasad and W.H. W,
7/31/91.

"Hybrid Control of Seismic-Excited Nonlinear and Inelastic Structural Systems,"” by J.N. Yang, Z. Li and A.
Danielians, 8/1/91, (PB92-143171).

"The NCEER-91 Earthquake Catalog: Improved Intensity-Based Magnitudes and Recurrence Relations for
U.S. Earthquakes East of New Madrid,” by L. Seeber and J.G. Armbruster, 8/28/91, (PB92-176742).

"Proceedings from the Implementation of Earthquake Planning and Education in Schools: The Need for
Change - The Roles of the Changemakers," by K.E.K. Ross and F. Winslow, 7/23/91, (PB92-129998).

“A Study of Reliability-Based Criteria for Seismic Design of Reinforced Concrete Frame Buildings," by
H.H.M. Hwang and H-M. Hsu, 8/10/91, (PB92-140235).

"Experimental Verification of a Number of Structural System Identification Algorithms," by R.G. Ghanem,
H. Gavin and M. Shinozuka, 9/18/91, (PB92-176577).

"Probabilistic Evaluation of Liquefaction Potential,” by HH.M. Hwang and C.S. Lee,” 11/25/91, (PB92-
143429).

"Instantaneous Optimal Control for Linear, Nonlinear and Hysteretic Structures - Stable Controllers,” by J.N.
Yang and Z. Li, 11/15/91, (PB92-163807).

"Experimental and Theoretical Study of a Sliding Isolation System for Bridges,” by M.C. Constantinou, A.
Kartoum, A.M. Reinhorn and P. Bradford, 11/15/91, (PB92-176973).
"Case Studies of Liquefaction and Lifeline Performance During Past Earthquakes, Volume 1: Japanese Case

Studies,” Edited by M. Hamada and T. O'Rourke, 2/17/92, (PB92-197243).

"Case Studies of Liquefaction and Lifeline Performance During Past Earthquakes, Volume 2: United States
Case Studies,” Edited by T. O’Rourke and M. Hamada, 2/17/92, (PB92-197250).

"Issues in Earthquake Education,” Edited by K. Ross, 2/3/92, (PB92-222389).

"Proceedings from the First U.S. - Japan Workshop on Earthquake Protective Systems for Bridges," Edited
by 1.G. Buckle, 2/4/92.

"Seismic Ground Motion from a Haskell-Type Source in a Multiple-Layered Half-Space,” A.P. Theoharis,
G. Deodatis and M. Shinozuka, 1/2/92, to be published.
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"Proceedings from the Site Effects Workshop," Edited by R. Whitman, 2/29/92, (PB92-197201).

"Engineering Evaluation of Permanent Ground Deformations Due to Seismically-Induced Liquefaction,” by
MH. Baziar, R. Dobry and A-W.M. Elgamal, 3/24/92, (PB92-222421).

"A Procedure for the Seismic Evaluation of Buildings in the Central and Eastern United States,” by C.D.
Poland and J.O. Malley, 4/2/92, (PB92-222439).

"Experimental and Analytical Study of a Hybrid Isolation System Using Friction Controllable Sliding
Bearings,” by M.Q. Feng, S. Fujii and M. Shinozuka, 5/15/92, (PB93-150282).

"Seismic Resistance of Slab-Column Connections in Existing Non-Ductile Flat-Plate Buildings,” by A.J.
Durrani and Y. Du, 5/18/92.

"The Hysteretic and Dynamic Behavior of Brick Masonry Walls Upgraded by Ferrocement Coatings Under
Cyclic Loading and Strong Simulated Ground Motion," by H. Lee and S.P. Prawel, 5/11/92, to be published.

"Study of Wire Rope Systems for Seismic Protection of Equipment in Buildings,” by G.F. Demetriades, M.C.
Constantinou and A.M. Reinhorn, 5/20/92.

"Shape Memory Structural Dampers: Material Properties, Design and Seismic Testing," by P.R. Witting and
F.A. Cozzarelli, 5/26/92.

"Longitudinal Permanent Ground Deformation Effects on Buried Continuous Pipelines,” by M.J. O’Rourke,
and C. Nordberg, 6/15/92.

"A Simulation Method for Stationary Gaussian Random Functions Based on the Sampling Theorem,"” by M.
Grigoriu and S. Balopoulou, 6/11/92, (PB93-127496).

"Gravity-Load-Designed Reinforced Concrete Buildings: Seismic Evaluation of Existing Construction and
Detailing Strategies for Improved Seismic Resistance,” by G.W. Hoffmann, S.K. Kunnath, A.M. Reinhorn
and J.B. Mander, 7/15/92.

"Observations on Water System and Pipeline Performance in the Limén Area of Costa Rica Due to the April
22, 1991 Earthquake," by M. O’Rourke and D. Ballantyne, 6/30/92, (PB93-126811).

"Fourth Edition of Earthquake Education Materials for Grades K-12," Edited by K.E.K. Ross, 8/10/92.

"Proceedings from the Fourth Japan-U.S. Workshop on Earthquake Resistant Design of Lifeline Facilities and
Countermeasures for Soil Liquefaction,” Edited by M. Hamada and T.D. O’Rourke, 8/12/92, (PB93-163939).

"Active Bracing System: A Full Scale Implementation of Active Control,” by A.M. Reinhom, T.T. Soong,
R.C. Lin, M.A. Riley, Y.P. Wang, S. Aizawa and M. Higashino, 8/14/92, (PB93-127512).

"Empirical Analysis of Horizontal Ground Displacement Generated by Liquefaction-Induced Lateral Spreads,”
by S.F. Bartlett and T.L. Youd, 8/17/92, (PB93-188241).

"IDARC Version 3.0: Inelastic Damage Analysis of Reinforced Concrete Structures,” by S.K. Kunnath, A.M.
Reinhom and R.F. Lobo, 8/31/92, (PB93-227502, AQ7, MF-AQ2).

"A Semi-Empirical Analysis of Strong-Motion Peaks in Terms of Seismic Source, Propagation Path and Local
Site Conditions, by M. Kamiyama, M.J. O'Rourke and R. Flores-Berrones, 9/9/92, (PB93-150266).

"Seismic Behavior of Reinforced Concrete Frame Structures with Nonductile Details, Part I: Summary of
Experimental Findings of Full Scale Beam-Column Joint Tests,” by A. Beres, R.N. White and P. Gergely,
9/30/92, (PB93-227783, A0S, MF-AQ1).

A-11



NCEER-92-0025

NCEER-92-0026

NCEER-92-0027

NCEER-92-0028

NCEER-92-0029

NCEER-92-0030

NCEER-92-0031

NCEER-92-0032

NCEER-92-0033

NCEER-92-0034

NCEER-93-0001

NCEER-93-0002

NCEER-93-0003

NCEER-93-0004

NCEER-93-0005

NCEER-93-0006

NCEER-93-0007

"Experimental Results of Repaired and Retrofitted Beam-Column Joint Tests in Lightly Reinforced Concrete
Frame Buildings," by A. Beres, S. El-Borgi, R.N. White and P. Gergely, 10/29/92, (PB93-227791, A05, MF-
AO01).

"A Generalization of Optimal Control Theory: Linear and Nonlinear Structures,” by .N. Yang, Z. Li and S.
Vongchavalitkul, 11/2/92, (PB93-188621).

"Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part I -
Design and Properties of a One-Third Scale Model Structure," by J.M. Bracci, A.M. Reinhorn and J.B.
Mander, 12/1/92.

"Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part I -
Experimental Performance of Subassemblages,” by L.E. Aycardi, J.B. Mander and AM. Reinhorn, 12/1/92.

"Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part IIT -
Experimental Performance and Analytical Study of a Structural Model," by J.M. Bracci, A.M. Reinhorn and
J.B. Mander, 12/1/92, (PB93-227528, A09, MF-AQ1).

"Evaluation of Seismic Retrofit of Reinforced Concrete Frame Structures: Part I - Experimental Performance
of Retrofitted Subassemblages,” by D. Choudhuri, J.B. Mander and A.M. Reinhorn, 12/8/92.

"Evaluation of Seismic Retrofit of Reinforced Concrete Frame Structures: Part II - Experimental Performance
and Analytical Study of a Retrofitted Structural Model," by J.M. Bracci, A.M. Reinhorn and J.B. Mander,
12/8/92.

"Experimental and Analytical Investigation of Seismic Response of Structures with Supplemental Fluid
Viscous Dampers,"” by M.C. Constantinou and M.D. Symans, 12/21/92, (PB93-191435).

"Reconnaissance Report on the Cairo, Egypt Earthquake of October 12, 1992," by M. Khater, 12/23/92,
(PB93-188621).

"Low-Level Dynamic Characteristics of Four Tall Flat-Plate Buildings in New York City," by H. Gavin, S.
Yuan, J. Grossman, E. Pekelis and K. Jacob, 12/28/92, (PB93-188217).
"An Experimental Study on the Seismic Performance of Brick-Infilled Steel Frames With and Without

Retrofit,” by J.B. Mander, B. Nair, K. Wojtkowski and J. Ma, 1/29/93, (PB93-227510, A07, MF-A02).

"Social Accounting for Disaster Preparedness and Recovery Planning,” by S. Cole, E. Pantoja and V. Razak,
2/22/93, to be published.

"Assessment of 1991 NEHRP Provisions for Nonstructural Components and Recommended Revisions,” by
T.T. Soong, G. Chen, Z. Wu, R-H. Zhang and M. Grigoriu, 3/1/93, (PB93-188639).

"Evaluation of Static and Response Spectrum Analysis Procedures of SEAOC/UBC for Seismic Isolated
Structures,” by C.W. Winters and M.C. Constantinou, 3/23/93, (PB93-198299).

"Earthquakes in the Northeast - Are We Ignoring the Hazard? A Workshop on Earthquake Science and Safety
for Educators,” edited by K.EK. Ross, 4/2/93.

"Inelastic Response of Reinforced Concrete Structures with Viscoelastic Braces,” by R.F. Lobo, .M. Bracci,
K.L. Shen, A.M. Reinhorn and T.T. Soong, 4/5/93, (PB93-227486, A05, MF-A02).

"Seismic Testing of Installation Methods for Computers and Data Processing Equipment,” by K. Kosar, T.T.
Soong, K.L. Shen, J.A. HoLung and Y.K. Lin, 4/12/93, (PB93-198299).
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"Retrofit of Reinforced Concrete Frames Using Added Dampers,” by A. Reinhorn, M. Constantinou and C.
Li, to be published.

"Seismic Applications of Viscoelastic Dampers to Steel Frame Structures,” by K.C. Chang and T.T. Soong,
to be published.

"Seismic Performance of Shear-Critical Reinforced Concrete Bridge Piers,” by J.B. Mander, S.M. Waheed,
M.T.A. Chaudhary and S.S. Chen, 5/12/93, (PB93-227494, AO8, MF-A02).

"3D-BASIS-TABS: Computer Program for Nonlinear Dynamic Analysis of Three Dimensional Base Isolated
Structures," by S. Nagarajaiah, C. Li, A.M. Reinhorn and M.C. Constantinou, 8/2/93.

"Effects of Hydrocarbon Spills from an Oil Pipeline Break on Ground Water," by O.J. Helweg and HH.M.
Hwang, 8/3/93.

"Simplified Procedures for Seismic Design of Nonstructural Components and Assessment of Current Code
Provisions,” by M.P. Singh, L.E. Suarea, E.E. Matheu and G.O. Maldonado, 8/4/93.

"An Energy Approach to Seismic Analysis and Design of Secondary Systems,” by G. Chen and T.T. Soong,
8/6/93.

"Proceedings from School Sites: Becoming Prepared for Earthquakes - Commemorating the Third
Anniversary of the Loma Prieta Earthquake, Edited by F.E. Winslow and K.E.K. Ross, 8/16/93,
to be published.

"Reconnaissance Report of Damage to Historic Monuments in Cairo, Egypt Following the October
12, 1992 Dahshur, Earthquake,” by D. Sykora, D. Look, G. Croci, E. Karaesmen and E. Karaesmen, 8/19/93.

"The Island of Guam Earthquake of August 8, 1993," by S.W. Swan and S.K. Harris, 9/30/93.

"Engineering Aspects of the October 12, 1992 Egyptian Earthquake,” by A.W. Elgamal, M. Amer, K. Adalier
and A. Abul-Fadl, 10/7/93.
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