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SEC110Nl

INTRODUCTION

On Monday, October 12, 1992, a magnitude 5.4 (Msi Mb =5.9 based on the
National Earthquake Information Center, NEIC) earthquake struck Cairo, the

heavily populated capital of Egypt. The earthquake struck at 3:15 P.M. local
time, and strong ground shaking lasted a reported 30 seconds. The earthquake

was centered about 20 kilometer~ south of Cairo and was felt as far away as
Jerusalem, about 500 kilometers to the northeast. An estimated 541 people were
killed; 6,518 people injured (1,390 were hospitalized); and about 20,000 people
displaced from their homes. Most casualties resulted from people being
trampled in the rush to get out of shaking buildings. About 350 building
structures collapsed (mainly old unreinforced masonry buildings), ami 8,000

were damaged. An estimated 3,500 adobe-type buildings in the surrounding
villages collapsed. Among the most catastrophic seismic-induced events was the

collapse of a 14-story nonductile concrete building in Cairo, where 61 people

were killed. No strong motion instruments existed in the area.

There was no seismic design code in Egypt before the earthquake, and

most buildings were not designed for earthquake loads. A first-draft seismic

design code for Egypt had been in preparation, and was published a few days
after the earthquake. This draft seismic code divides Egypt into two zones. Zone

One, which covers most of Egypt including Cairo, represf'nts an area with the
potential for earthquakes of magnitude 6.0 or lower. Zone Two represents an
area with the potential for earthquakes of magnitude 7.0 or lower, and mainly

includes cities on the Red Sea, south Sinai, the city of EI-Faiyum, and the city of
Aswan.

This report summarizes the author's observations during a brief
reconnaissance visit to the area four days after the earthquake, as well as
information from other sources.
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SECTION 2

SEISMICITY

On October 12 an earthquake of magnitude 5.4 (M& Mb;;;; 5.9) occurred at

a depth of 25 kilometers--as reported by the National Earthquake Information

Center (NEIC)-near the Nile Valley, about 20 kilometers south of Cairo. The

location of the earthquake's epicenter has been estimated to be 29.83 Nand 31.23

E (NEIC). This event was destructive over a large portion of the Cairo

metropolitan area, which was entirely located at an epicentral distance of less

than one focal depth. Aftershock studies will determine the trend and

mechanism of the subsurface causative fault. A preliminary estimate of the

Modified Mercalli Intensity (MMI) distribution in Cairo was about VII on soft

soil, and about V on good soil. Figure 2-1 shows a geology map of Cairo and the

surrounding area.

Egypt is considered ont! of the few regions uf the world where evidence of

historic earthquakes activity has been documented during the past 4,800 years.

Information of histurical earthquakes is documented in the annals of ancient

Egyptian history and Arabic literature. According to Sieberg (1932), Ambraseys

(1961), Karnik (1969), Maamoun (1979), Ibrahim and Marzouk (1979), Poirier &

Taher (1980) and Savage (1984), about 83 events were reported to have occurred

in and around Egypt and to have caused damage of variable degrees in different

localities. Table 2.1 and Figure 2.2 summarize some of the histJric and recent

earthquakes in this area.

The most recent previous damaging earthquake (M=5.3) near the Nile

Valley occurred on November 14, 1981, about 60 kilometers southwest of Aswan

High Dam, and about 750 kilometers south of Cairo. Figure 2-3 shows the

intensity distribution to this event (Kebeasy 1990). Aftershock studies of that

event indicated right lateral strike-slip faulting at a 20-kilometer depth on an

east-west trend transverse to the Nile (Toppozada et a1. 1984. Kebeasy et a1.

1982).

Other damaging earthquakes have occurred near the Nile Valley

surrounding Cairo, as shown in Figure 2-2. In 1955 an earthquake of magnitude

6.7 offshore from Alexandria and Rashid (Figure 2-2, area a) killed 20 people,
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injured 106, and destroyed hundreds of buildings. In 1870 and 1698 similar

earthquakes occurred in the same general area (Maamoun 1979). In 1847 an

earthquake in the Faiyum area (Figure 2-2, area c), about 100 kilometers south

southwest of Cairo, killed over 212 people, injured thousands, and destroyed

thousands of buildings between Cairo and Faiyum. A similar earthquake

occurred near Faiyum in 1303 (Maamoun 1979). In 1754 an earthquake near

Tanta (Figure 2-2, area b), in the Nile Delta 50 kilometers north of Cairo,

damaged tens of thousands of buildings, and killed and injured thousands of

people. A similar earthquake occurred in 2200 B.c., near Zagazig about 50

kilometers east of the 1754 event (Maamoun 1979).

The Red Sea area is seismically active, but is lightly populated compared

to thlO' area surrounding the Nile Delta. The most recent damaging earthquake in

this area occurred in 1969 (M=6.8), near Shadwan Island offshore from Gemsa

and Hurghada, 380 kilometers southeast of Cairo. Three people were killed, 15

were injured, and 32 buildings were destroyed (Maamoun et al. 1978).
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Mediterranean Sea o 50
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Figure 2-1: Geology map of Cairo and the surrounding area.
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SECTION 3

EXTENT OF DAMAGE

Buildings in Cairo and the surrounding area have been divided into two

categories: (1) Nonengineered buildings, and (2) Engineered buildings.

Performance, damage, and description of each type of these buildings are

discused in this chapter.

3.1 Nonengineered Buildings

This category of buildings has no seismic resistance and it includes: (a)

Unreinforced masonry buildings (brick or stone) with flexible diaphragms

(usually wood) or with rigid diaphragms (usually concrete or steel), and (b)

adobe type buildings with wood diaphragms.

Unrein/orced Masonry (URM) Buildings. In EgVpt, buildings with walls

of brick and stone masonry have long been regarded as solid construction,

providing weather and fire resistance, an attractive appearance, and a general

feeling of permanence and solidity. As a result, these materials abound in low

and mid-rise construction throughout older sections of Cairo and the

surrounding area.

No surprises were observed in the Oct. 12 event, regarding URM building

performance. Numerous collapses and severe damage occurred to such

structures throughout the affected area, especially in soft-soil areas (Figure 3-1).

Older URM buildings were generally the most damaged structures throughout

the area. These buildings were responsible for the great majority of life loss

associated with this earthquake. A reported 349 old URM buildings collapsed,

and about 7,800 URM buildings were damaged. An estimated 500,000 URM

buildings in Egypt are still in use today.

URM buildings experience different types of damage· including: (1)

Diagonal cracks due to insufficient wall thickness and the presence of big

openings (Figure 3-1a), (2) Lack of lateral support resulted in serious damage or

collapse of walls or parapets (Figure 3-1), (3) lack of adequate anchorage in the

wall diaphragm connection resulted in horizontal cracks between the wall and

3-1



...

Diagonal cracks
due to insufficent
wall thickness and
big openings

Figure 3-1a: Damage to unreinforced masonry buildings.
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Damage to laterally unsupported walls and vertical cracks at
wall connections due to lack of adequate anchorage.

Figure 3-1b: Damage to unreinforced masonry buildings.
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the diaphragms, and (4) Lack of adequate anchorage between walls resulted in
vertical cracks and separation in the corners at the connection between the walls
(Figure 3-1b). Buildings with adequate anchorage in terms of tie-beams did not

experience this type of crack.

Monuments. More than 150 monuments throughout Egypt were damaged

during the Cairo Earthquake. Ancient Islamic sites in Cairo were seriously
damaged. Damage included damage to mosques minarets, cracks at wall

connections and wall diaphragm connections, and damage to unsupported
parapets. The Valley of the Kings, the burial site of Tutankhamen, and Queen
Hatshepsut's temple at Deir el-Bahri in the south, which dates from the 15th
century B.C., sustained some cracking. Other well-known tourist attractions that

were cracked include the Oracle Temple at Siwa Oasis near Libya, Luxor Temple,
and Ramses II's mortuary temple opposite Luxor on the west bank of the Nile

River.

3.2 Engineered Buildings

This category of buildings include (1) Reinforced concrete buildings with
unreinforced masonry infill walls, (2) Reinforced concrete shear wall buildings,

and (3) moment resisting concrete frame or steel frame buildings.

In general, buildings in this category performed well during the October
12, Cairo earthquake. Damage to these type of buildings was due to special
conditions, induding soft stories, building irregularity, bounding, inadequate

detailing, and poor construction materials and workmanship. Examples of these
types of damage are discussed below.

Nonductile concrete buildings represent the majority of larger engineered
buildings in Cairo. Most of these buildings have not been designed for

earthquakes, howe~er. Ductile detailing in the form of beam stirrups, column
hoops, joint reinforcement, and development lengths as required by the Uniform
Buildinx Code is usually not provided in most of these buildings. A high

percentage of these buildings have a soft story, which represents a serious seismic

hazard.



First Stories (or Soft Stories). The ground floor of a building is frequently

the weakest part of the structure. Unlike the upper part of the structure, ground

floors are seldom enclosed on all four sides by walls capable of resisting shear (or

lateral earthquake-induced) forces. Ground floors are also generally taller than

upper floors. Ground-floor shops, stores, lobbies, or garages nonnally allot most

of their front wall area to doors or plate glass, leaving one side of the building

with no shear resistance. Bending and shear forces induced by strong ground

shaking are therefore concentrated in the ground-floor columns. The lack of

ductile detailing usually contributes significantly to failure of this soft story.

Among the most catastrophic collapses was the 14-story nonductile

concrete building in suburban Heliopolis (about 25 kIn from the epicenter) where

an estimated 61 people were killed (Figure 3-2). It was the only multistory

building failure or pancakt' collapse in Cairo. This building was of nonductile

concrete construction with a soft story (the building was built about 1986), and

had a water tank on the roof (about 30 cubic meters of water). It appears that

excessive deflection of the building caused collapse as column-beam connections

failed. As collapse began, the impact load of each floor slab striking the ground

or the floor below added to the overload and culminated in total collapse.

Inspection of the concrete indicated that it was of poor quality. Nondeformed

bars were used in this building, which contributed to the low bond between the

steel and concrete.

High-rise Buildings. In general, high-rise buildings in Cairo performed

well during the earthquake. Most high-rise buildings are locate,' on both sides

of the Nile River. Figure 3-3 shows a set of concrete towers (in the City of Maadi

about 15 kIn from the epicenter) that are 42 stories high. Each tower is supported

on 36 concrete columns on a pile foundation about 25 meters deep. These towers

performed well during the earthquake, only sustaining nonstructural damage as

shown in Figure 3-3.

Figure 3-4 shows nonstructural horizontal cracks in a 14-story concrete

building, and Figure 3-5 shows a 30-story concrete shear wall building, both in

the city of Maadi. The 3D-story building has an irregular, staircase shape and

s.ustained a vertical crack (about 2 centimeters wide, between the concrete shear

wall and the URM infill wall) at the corner of the third step, as shown in Figure

3-5.
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Figure 3-4:
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Nonstructural horizontal cracks in a 14-story concrete-frame
building.



Figure 3-5: Vertical crack in a 36-story shear wall concrete building due to
building irregularity.



Cairo Tower (Figure 3-6), a 30-year-old, 200-meter-high, cylindrical

concrete structure with a bO-meter-deep foundation, sustained no damage from

the earthquake. A restaurant located at the top of this building sustained various

types of nonstructural damage.

Figure 3-7 shows a new, 30-story cylindrical hotel (about 20 km from the

epicenter). The first three stories of the building are concrete, and the remaining

27 stories are of moment steel frame. The building is supported on wedge

columns as shown in Figure 3-7 and sustained only nonstructural damage from

the earthquake.

Pounding. Building pounding caused damage-some structural distress

but not collapse-in a number of locations. Typical damage caused by pounding

is shown in Figure 3-8. The tall building on the left pounded against the shorter

building, resulting in damage to the corner column and beams of the shorter

building.

Public School Buildings. Public school buildings were severely damaged

during the Cairo Earthquake. About 100 school buildings collapsed, and "bout

950 school buildings were damaged and need repair. Most of the damaged

buildings are old URM buildings on soft soil. Similar schools on good soil had

only minor or no damage from the earthquake.

Hospitals. Most, if not all, hospital buildings lacked seismic design, but

still performed well in the earthquake. A few sustained architectural damage,

but there were no operational interruptions. Figure 3-9 shows a five-story

hospital building (in the city of Maadi about 15 km from the epicenter) of

reinforced concrete moment frame with URM Will. This building had very

minor nonstructural damage from the earthquake.

3.3 Ufelines

Transportation

Road and Bridges. Roads and bridges performed well during and after

the earthquake. Lateral spreading caused about 300 meters of the main road

between Cairo and Asiot (near the village of El-Aiyat) (Figure 3-10), which is
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Figure 3-6: The tallest structure in Cairo (Cairo Tower) sustained only
nonstruetural damage.
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Figure 3-7: 3O-story cylindrical hotel sustained only nonstructural damage.
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Figufl' 3-H: Stnll·tuf.ll ctl1Il1,1gl' c.lusl'd bv pounding.
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known as "agriculture road," to settle about 0.5 meter. The road is parallel to the

Nile River, which is about 100 meters away.

There are eight bridges across the Nile River in Cairo, connecting the east

and west sides of Cairo. A steel girder bridge with a concrete deck, known as

Kasr EI-Nile Bridge (which is more than 60 years old and one of the oldest

bridges on the Nile), had minor damage to the concrete deck during the

earthquake. The center part of this bridge, as shown in Figure 3-11, can be

rotated to allow big ships to go through the Nile. This part of the bridge acts as a

double cantilever, and a section of about 1 by 0.5 meter of the concrete deck at

the end of the eastern part of this cantilever fell down. It was noted that a small

part of the concrete had been broken before the earthquake. Traffic on the bridge

was reduced while the broken deck was replaced, and was back to normal two

days after the earthquake.

Railroads. The underground system in Cairo, "the Metro," performed

well during the earthquake and sustained no damage. Operation was not

interrupted during or after the earthquake. There was no reported damage to

the main railroad system which connect Cairo with other cities.

Airports. Cairo's international airport (about 30 km from the epicenter)

performed well during the earthquake, and there was no reported damage to

airport structures or contents. Operation of the airport was not interrupted

during or after the earthquake.

Water and Sewage Systems

In general, the water and sewage systems performed well during the

earthquake. There was no reported damage to underground piping or treatment

plants. An elevated tank of about 5,000 cubic meters and about 30 meters above

ground (Figure 3-12) in the city of Giza had some damage in the roofing system.

The tank is supported by 64 columns (25 by 100 centimeters). The roofing system

has a skylight supported by posts (15-by-15-centimeter concrete columns), about

2 meters high. Four of these posts were damaged, and there were some cracks in
the roof.
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Figure 3-9: A 5-story concrete-frame hospital sustained only nonstructural
damage.
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FigurE" 3-10: A main road between Cairo and Asiot settled about 0.5 meters
due to lateral spreading.

3-16



Figure 3-11: An old steel girder bridge with concrete deck lost part of the
concrete deck.
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Figure 3-12: The roofing system of this elevated water tank in the City of Giza
was damaged during the earthquake.
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Electric System

The primary source of power generation in Cairo is hydroelectric plants

located at the High Dam (about 7S0 km from the epicenter). Long-distance

transmission is by a system of SOO-kilovolt lines and primary substations.

Primary substations step power down to 230, 115, and 69 kilovolts for local

transmission.

Experience from past earthquakes has shown that high-voltage

substations are normally the weak link in earthquakes. The tall ceramic columns

on high-voltage switchyard equipment have a tendency for brittle fracture and

collapse. Additional problems are caused by the interacticn of ceramic columns

through rigid busbar connections, or by loads imposed on ceramic columns by

caMe whip from overhead lines.

The electric system in Cairo performed well during the earthquake. FOI

most of Cairo, electricity was not lost during or after the earthquake. Some

villages around Cairo lost power for few hours. A US-kilovolt substation a few

kilometers from the village of EI-Aiyat had very minor ceramic damage.

(Author's personal observation.)

Telecommunication System

In general, the telephone system performed well during and after the

earthquake. The flood of calls that normally follow an earthquake immediately

overloaded the system. Some private phone lines were temporarily blocked in

order to free access to emergency lines such as hospitals, fire stations, or police

headquarters. Some batteries fell off their racks in the Local Exchange Carrier

(LEe) and Inter Exchange Carrier (lEe) telephone switching centers in Cairo,

which caused loss of telephone lines in some areas of Cairo. (Personal

communictaions, Telephone Company employees.)
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SEcnON4

SUMMARY AND CONCLUSIONS

1. This earthquake demonstrated the need to increase education,
awareness, and preparedness at all levels of government and the

private sector. Mitigation programs should be accelerated to
include preparedness planning, response and recovery planning,
engineering vulnerability studies, and retrofit of hazardous

buildings and structures.

2. The primary cause of death was the lack of education and

awareness about earthquakes combined with the collapse of URM
buildings and the high-rise concrete building in Cairo.

3. The quality of construction in Cairo is poor and dearly contributed
to the number of collapses. This problem is not unique to Egypt.

To ensure that a structure is properly constructed and will perform
as designed, it is necessary to assure adequate quality, by having
the design engineer perform inspections during the construction
process.

4. Concrete-frame structures, one of the most popular types of design
construction, caused about 10% of the deaths in the Cairo
Earthquake. The technology to build safe concrete-frame structures

and strengthen existing ones is well developed and can be applied
by knowledgeable and skilled engineers. However, all too

frequently, inadequately designed structures are built. The cost to

strengthen existing concrete-frame buildings can be significant. It
is far more cost-effective to implement a seismic quality control

program during design and construction. The seismic performance

of reinforced concrete frames is significantly affected by many
factors. One of these is proper design and detailing to ensure a

ductile (flexible) system. Such a system is a more heavily

reinforced concrete frame that is capable of undergoing larger

deformations without failure. Concrete-frame buildings often have

infill walls of concrete block or other masonry, which mayor may
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not be designed as structural elements. If infill wails (which must

be reinforced) are designed as nonstructural elements, it is

necessary to allow for movements of the frame relative to by the

infill walls.

5. In general, the newer buildings performed well; however, this

earthquake did not provide the severe ground motions to

adequately test them.

6. Poor performance of old buildings was due to the use of brittle

construction materials, inadequate design and detailing, lack of

maintenance, or deficiency in workmanship. In many cases, all

these factors were present in a single structure.

7. URM buildings once again proved to be the most hazardous form

of building construction. The presence of rigid diaphragms

appeared to reduce the probability of total collapse of the
structures.

8. Strong motion instrumentation is needed in Egypt.

4-2



SECTION 5

REFERENCES

Ambraseys, N. N. 1961. "On the Seismicity of Southwest Asia (from XV Century

Arabic Manuscript)." Rev. pour"Etude des Calamites (Geneva), 37.

Ibrahim, E. M., & I. Marzouk. 1979. Seismotectonic Study of Egypt. Bull.

He/wan Inst. Astronom. Geophys. 191 pp.

Karnik, V. 1969. Seismicity of Europe, parts 1and 11. Academic Publishing House,

Czechoslovakia Acad. Sci., Prague.

Kebeasy, R. M. 1990. "Seismicity of Egypt." Helwan Institute of Astronomy and

Geophysics, Egypt.

Kebeasy, R. M., M. Maamoun, and E. M. Ibrahim. ]982. "Induced Earthquakes

and Seismotectonics of Lake Nasser, Egypt." Abstract, EOS Transactions,

American Geophysical Union. Vol. 63, No.5, p. 1267.

Maamoun, M. E. 1979. "Macroseismic Observations of Principal Earthquakes in

Egypt." Helwan Institute of Astronomy and Geophysics, Bulletin 183.

Egypt.

Maamoun, M. E., and H. M. Kashab. 1978. "Seismic Studies of the Shadwan

(Red Sea) Earthquake." Helwan Institute of Astronomy and Geophysics,

Bulletin 171. Egypt.

Poirier, J. P. & M. A. Taher. 1980. Historical Seismicity in the Near and Middle

East, North Africa and Spain from Arabic Documents (7th-Bth centuries).

Bull. Seism. Soc. Am. 70:2185-2201.

Savage, W. 19&4. Evaluation of Regional Seismicity. Woodward and Clyde

Consultants, Internal Report to Aswan High Dam Authority

(unpublished).

Sieberg, A. 1932. Erdbroengeogrllphit. Handbuch der Geophysik, Bd IV, Berlin.

5-1



Toppozada, T. R., F. K. Boulos, S. F. Henin, A. A. EI Sherif, A. A. EI Sayed, N. Z.

Basta, F. A. Shatiya, Y. S. Melik, C. H. Cramer, and D. L. Parke. 1984.

"Seismicity near Aswan High Dam, Egypt, Following the November 1981

Earthquake." Annals of the Geophysical Survey of Egypt. Vol. XIV, 1984,

Published 1988.

5-2



NATIO!'liAL CE~nR FOR EARTHQUAKE ENGINEERING RESEARCH
LIST OF TECHNICAL REPORTS

The National Center for Earthquake Engim:ering Resear~h (NCEER) pubbshes teehni~al reports on a 'Variety of subjects related
to eanhquake engineering wnnen by authors funded through NCEER. These reports are anllable from both NCEER's
Pubhcations Depanment and the National Techmcallnforrnallon Sel'Vice (NTIS). Requests for reports should be directed to the
Pubhcatul\ls Depanment. NatIOnal Center for Eanhquake Engineering Research. Slate Uninrsity of New York at Buffll1o. Red
JlIl:ket (Juadranr-Ie. Buffalo. New York 14261. Reports can abo be requested through NTIS, 5285 Port Royal Road. Springfield,
Vlfgima 22161. NTIS lIl:cessinn numbers are shown If1 parenthesIS. If available

NCEER·87-0)(ll "Ftrst- Year Program If1 Research. Education and Technology Transfer." 3/5/87, (PB88-134275/AS).

NCEER·87-(IX)2 "Expenmental E\laluahon of Instanlanec,us Optimal Algorithms for StruCtural Control," by R.C. lin, T.T.
Soong and A.M. Remhorn, 4/20/87. (PB88-13434I/AS).

NCEER-87 -0003 "Expenmentation Using the Eanhquake SimulalJon FaCilities at University at Buffalo," by A.M. Reinhom and
R.L. Keller. to be published.

NCEER-87-00Q4 "The System Characteristics and Performance of a Shaking Table," by l5 Hwang, K.C. Chang and G.C. Lee.
6/1/87. (PB88-1342591AS). This report is available only through NTIS (ue address gt'VeIl abo..e).

NCEER-87-OXJ5 "A Flf1lte Element Formulation for Nonltnear Viscoplastic Malenal Using a Q Mode!." by O. Gyebi and G.
Dasgupla. 11/2/87, (PB88-213764(AS).

NCEER·87-«X)6 "Symbohc Manipulation Program (SMP) - Algebraic Codes for Two and Three Dimensional Finite Element
Formulattons:' by X. Lee and G. Dasgu~a, J i~/87. (PB88-2195221AS).

NCEER-87-0007 "Instantaneous Optimal Control bws for Tall Buildmgs Under Seismic Excitations," by J.N. Yang. A.
Akbarpour and P. Ghaemmaghami, 6/10/87, (PB88-134333(AS).

NCEER-R7-lXXl8 "lDARC: Inelastic Damage Analysis of Remforced Concrete Frame - Shear-Wall Structures:' by Y.I. Parle,
A.M. Reinhorn and 'i.K. Kunnath. 7/20/87, (P888-134325/AS).

NCEER·87-(XXJ9 "uquefaclJlln Potential for New York Stale: A Preliminary Report on Sttes in Manhauan and Buffalo," by
M. Budhu. V. Vijayakurnar. R.F. Giese and L. Baumgras. 8/31/87. (PB88-163704/AS). This report is
aVailable only through NTIS (see address gl'Ven above).

NCEER-87-00IO "VerlJcaI and TUlSlonaI Vilnhon of Foundations m Inhomogeneous Media," by A.S. Veletsos IIId K.W.
Ootson. 6/)(87, <PB88-134291/AS).

NCEER-R7-0011 "Seismic Probabtlisu(; Risk Assessment and SeIsmiC Margins Studies for Nuclear Power Plants," by Howard
H.M. Hwang, 6/15/87, (pB88-134267/AS).

NCEER-87-0012 "Parametnc Studies of Frequen<;y Response of Secondary Systems Under Ground-Acceleration Excitations,"
by Y. Yong and Y.K. Lm, 6/10/87. (PB88-134309/AS).

NCEER-87-0013 "Frequency Response of Secondary Systems Under Seismic Excitation," by J.A. HoLung, J. Cli and Y.K. Lin,
7(31/87, (PB88-1343I7/AS).

NCEER-87-0014 "Modelling Earthquake Ground Motions in Seismically Active Regions Using Parametric Time Series
Methods: by G.W. Ellis and A.S. Cakmak. 8/25/87. (PB88-134283/AS).

NCEER-87-0015 "DeteclJon lIDd Assessment of Seismic Structural Damage:' by E. DiPasquale and A.S. Cakmak. 8/n/87,
(PB88-163712/AS).

A-I



NCEER-87-0016 "Pipeline Experunenl aI Parkfield, California," by 1_ Isenberg and E. RK:hardson, 9/15187. (PB88-163720/AS).
This report is available only through NTIS (see address given above).

NCEER-87-0017 "DIgital SimulatIOn of SeismIC Ground Motion," by M. Shinozuka, G. Deadatis and T. Harada. 8131187.
(PB88-155IY7/AS). This repon IS a\l&llable only through NTIS (see address given above)_

NCEER-87-0018 "Pra.:lical ConsnJeralJons for Structural Control: System Uncenainty. Syslem Time Delay and TruncalJon of
Small Contrul Forces," IN. Yang and A. Akbupour, 8/10187, (PB88-163738/AS).

NCEER-87 -0019 "Modal AnalysIs of Nondassically Damped Structural Syslems Using Canonical Transformation," by 1.N.
Yang, S. Sarkan' and F,X. Long. 9/27187, (PB88-187851/AS).

NCEER·87-m20 "A NonslatJOnary Solution In Random VibrallOn Theol)·... by 1.R. Rw-iione and p.o. Spanos, 1113187.
(PB88-163746/AS)

NCEER·87-0021 "Horizonlal Impedances for Ralhally Inhomogeneous VISCOelastic Soil Layers," by A.S. Veleuos and K.W.
Dolson, 10/15187. (PB88·150159/AS).

NCEER·87-0022 "SeIsmiC Damage Assessmenl of Reinforced Concrele Members." by Y.S. Chung, C. Meyer and M.
Shlllozuka. 10/9/87. (PB88-1S0867/AS). This repon is available only through NTIS (see address given
above).

NCEER-87-0023 "Aclive StrUClural Control III Civil Engineering," by T.T. Soong. 11111187. (PB88-187778/AS).

NCEER·87-W24 "Vertu;al and Tomonal Impedance. for Radially Inhomogeneou. Viscoelasbc Soil Layer.... by K.W. Dotson
and A.S VelelSOs. 12187. (PB88-1877I!6/AS).

NCEER·87-0025 "Proceedings from the Symposium on Seismic Hazards, Ground Motions. Sod·Liquefaction 81.... J:.:ngineering
Pra<;tice III Eastern North America," October 20-22.1987, edited by K.H. lawb. 12187, (PB88-188 115/AS).

NCEER-87-0026 "Repon on the Whittier-Narrows. California. Earthquake of October 1. 1987:' by 1.
Panlel~ and A. Remhorn, 11187, (PB88-1877521AS). This report is available only Ihrough NTIS (see address
given aboY.:).

NCEER·87-0027 "Design of a Modular Program for Transienl Nonlinear AnalysIS of Large 3-D Building Structures." by S.
SriyaslaY and I.E Abel. 12130187, (PB88·18795Or'AS).

NCEER·87·0028 "Second·Yeu Program in Research, Educallon and Technology Trlll1sfer," 3/8/88. (PB88·219480/AS).

NCEER·88-OOO1 "Workshop on SeismIC Computer Analysis md Desi,n of Buildiftls With Interactive Grlphics," by W.
M"Guire, 1.F. Abel and C.H. Conley, 1/18188. (PB88-187760/AS).

NCEER·88-OOO2 "Optimal Control of Nonlinear Flexible Structwes:' by IN. Van,. F.X. Long md D. Wong. 1/22188, (PB88
213772/AS).

NCEER·88-\XXl3 "Substructuring Techniques in the Time Domain for Primary-Secoodary Struetwal Systems:' by GD. MlII10lis
and G. luhn. 2110/88. (PB88-213780/AS).

NCEER-88-<XX)4 "Iteratiye Seismic Analysis of Primary-Secondary Syslems," by A. SinIhal. L.D. Lilla and P.O. Span05,
2f23188. (PB88·213798/AS).

NCEER-88-<XX1S "Stoellastic FI/lite Elemenl Eapansioo for Random Media," by P.O. Spanos and R. Ghanem. 3/14188. (pBlUI
2I3806/AS).

A-2



NCEER-88-0006 "Combining SlnIctural OptilDization and Structural Control," by F.Y. Chenl! and C.P. Panlelides. 1/10/88,
(PB88-213814/AS).

NCEER-88-0007 "Seismic Performance Assessment ofCode-Designed SlnK:tUJea." by HH-M. Hwang. I-W. Jaw and H-J. Shau.
3/20/88. (PB88-219423/AS).

NCEER-88-0008 "Reliability Analysis of Code-Designed SlnJclures Under Natural Hazards," by H.H·M. HW8ll1!. H. Ushiba
and M. Shinozuka. 2/29/88. (PB88-229471/AS).

NCEER-88-<XXl9 "Seismic Fragility Analysis of Shear Wan SlnJctures." by I-W law and H.H·M. Hwang. 4/30J88. (pB89
1021lfi7/AS)

NCEER-88-0010 "Base holation of a Multi-Story Building Under a Harmonic Ground Motion - AComparilon of PcrformlllK:eS

of Various Systems." by F-G Fan. G. Ahmadi and I.G. Tadjbakhsh, 5/18/118. (P889·122238/AS).

NCEER-88-001l "SeismiC Floor Response Spectra for a Combined System by Green's Functions," by F.M. Lavelle. L.A.
Bergman and P.O. Spanos. 5/1188. (pB89-102875/AS).

NCEER-88-0012 "A New Solution Technique for Randomly Exci1ed Hysleretic Structures," by G.O. Cai and Y.K, Lin, 5/16/88.
(PB89-1028831AS).

NCEER-88-llI13 "A Study of Radiation Damping and Soil-SlrUclUre InleractiOll Effects in the Centrifuge."
by K. Weissman. supervised by J.H. Prevost. S/2AI88. (PB89-144703/AS).

NCEER-88-0014 "Parameter identifICation and Implementation of a Kinematic Plasticity Model for Frictional Soils," by J.H.
Prevosl and D.V. Griffiths. to be published.

NCEER-S8-0015 "Two- and Three- Dimensional Dynamic Finile Element Analyses of the Long Valley Dam," by D.V. Griffiths
and I,H. Prevost. 6/17/88. (PB89-1447111AS).

NCEER·88-0016 "Damage Assessment of Reinforced Concrele Structures in Easlem United States," by A.M. Reinhom. MJ.
Seidel, S.K. Kunnath and Y.I. Park, 6/15/88. (PB89-122220/AS).

NCEER-88-0017 "DynamIC Compliance of Vertically Loaded Sttip Foundations in Multilayered Viscoel.tic Soils," by S.
Ahmad and A.S.M. lsrail. 6/17/88. (PB89-10289l1AS).

NCEER-88-OO1S "An Experimental Study of Seismic Structural Response With Added Viscoelutic Dampen." by R.C. Lin.
Z. Liang. T.T. Soo"ll and R.H. Zhml. 6/30188. (PB89·1222121AS). This report is availabk only throup
NTIS (see address given above).

NCEER-88-0019 "EJ.perimentallnvestigalion of Primary - Secondary Syltem lnIerxtion," by 0.0. Manolis. G. Iuhn and A.M.
Reinhom. SI27/88. (PB89-1222041AS).

NCEER-88-OO20 "A Response Spedl'Um Approach For Analysis of Nonc1auically Damped Structurea," by J.N. Yan&. S.
Sarkani and EX. Lons. 4/22/88. (PB89-102909/AS).

NCEER-88·0021 "Seismic Interaction of Structurea and Soila: SloChutic App'oach:' by A.S. VelellOs and A.M. Pruad,
7121/88. (PB89-122196/AS).

NCEER-88-0022 "Identification of the Serviceability Limit State and Ddeaion of Seismic Structural Damaac." by E.
DiPasquale and A.S. Cakmak, 6/15188. (PB89-122188/AS). This report is available only duoUJh NTIS (_
Iddress given above).

NCEER-88-0023 "Multi-Hu.-d Ria Analysis: Cue of a Simple Offshore Sanx:ture,.. by B.K. Bhania IDd E.H. VaamlrCb.
7121/88. (PB89·145213/AS).

A-3



NCEER-88-0024 "Automated Seismi<: Design of Reinforced Concrete Buildings," by Y.S. ChWlg. C. Meyer 11K! M. Shinozub,
71S188. (PB89-122170/AS). This report is available only through NTIS (see .ddress given above).

NCEER-88-002S "Experimental Study of Active Control of MOOF Structures Under Seismi<: Elicitations," by L.L. Chung, R.C.
Lin. T.T. Soong and A.M. Reinhom. 7/l0/88. (pB89-122600/AS).

NCEER-88-0026 "Earthquake Sunulation TeslS of a Low-Rise Metal Structure." by J.S Hwang. K.C. Chang, G.C. Lee and R.L.
Ketter. 8/1188. (PB89.102917/AS).

NCEER-88-0027 "Systems Study of Urban Response and Reconstruction Due to Catastrophi<: Earthquakes," by F. Kolin and
H.K. Zhou, 9/22/88. (PB90-162348/AS).

NCEER-88-0028 "Seismic Fragility Analysis of Plane Frame Structures," by H.H-M. Hwang and Y.K. Low. 7/31188. (PB89
13144S/AS).

NCEER-88-0029 "Response Analy.is of Stochasti<: Structures," by A. Kardara. C. Budlel' and M. Shinozub, 9/22/88. (PB89
I74429/AS).

NCEER-88-0030 "Nonnormal Accelerations Due to Yielding in a Primary Structure," by D.C.K. Chen 11K! L.D. Lutes. 9/19188.
(PB89-131437/AS).

NCEER-88-0031 "DesIgn Approaches for Soil-Slrlll.;ture Interaction," by A.S. Veletsos. A.M. Prasad 11K! Y. Tang, 12/30188.
(PB89-174437/AS). This report is available only through NTIS (see address given above).

NCEER-88-0032 "A Re-evaluation of Design Speclra for Seismic Damage Control," by C.J. Turkstra and A.G. Tallin. 11/7/88.
(PB89-145221/AS).

NCEER-88-0033 "The Behavior and Design of Noncontact Lap Spbces Subjected to Repeated Inelastic Tensile Loading." by
V.E. Sagan, P. Gergely and R.N. White. 12/8188. (PB89-163737/AS).

NCEER-88-0034 "Seismic Response of Pile Foundations," by S.M. Mamoon. P.K. Banerjee and S. Ahmad. 11/1/88. (pB89
145239/AS).

NCEER-88-003S "Modeling of RIC Building Structures With FlCllible Floor Oilphragms (IDARC2)." by A.M. Reinhom, S.K.
Kunnath and N. Panahshahi. 9/7188. (PB89-207IS3/AS).

NCEER-88-OO36 "Solution of the Dam-Reservoir Interaction Problem Using a Combination of FEM. BEM with Particular
Integrals. Modal Analysis. and Substructuring." by CoS. Tsai. G.C. Lee and R.L. Ketter. 12/31/88. (pBI9·
207I46/AS).

NCEER-88-OO37 "Optunal Placement of Actuators fOl' Structural Control," by F.Y. Cheng and C.P. PMllelides. 811S/88, (pB89
162846/AS).

NCEER-88-OO38 "Teflon Bearings in Aleilmic Bue 1so1alion: Experimenlal Studies and MIIIlcmatiW ModcJin&," by 1-_
Mokha. M.C. Constanlinou and A.M. Reinhom. 1215188. (PB89-2184S7/AS). This !eport ia available only
through NTIS (ICC address given above).

NCEER-88-OO39 "Seismic Behavior of Flat Slab High-Rise BuildinJS in the New York City Area," by P. WeidJinaer and M.
Ettouney. IOIlS/88. (PB90-14S68I/AS).

NCEER-88-0040 "Evaluation of the Earthquake Raiatance of Existing BuiktinlS in New York City," by P. Weid1inIer and M.
Ettouney. 10/15/88. to be published.

NCEER-88-0041 "Small-Scale Modeling Teclvliques for Reillforced Concrde StructuleS Subjocced to Sciamil: Loada," by W.
Kim. A. EI-Allar and R.N. White, 11/22188. (PB89-18962S/AS).

A-4



NCEER·88-0042 "Modeling Strong Ground Motion from Multiple Event Earthquakes," by G.W. EUis and A.S. Cakmak,
10/15/88, (PB89-174445/AS).

NCEER·88-0043 "Nonslationary Models of Seismic Ground Acceleration," by M. GrilOriu, S.E. Ruiz and E. Rosenbluelh,
7/15/88, (PB89-189617/AS).

NCEER·88-0044 "SARCF User's Guide: Seismic AnalysIs of Reinforced Concrete Franes," by Y.S. Chunl, C. Meyer and M.
Shinozuka, 1119188, (P889-1744521AS).

NCEER·88-0045 "First Expert Panel Meeting or. Di!l&Sler Research and P1anniI18," edited by 1. Pmtelic IIId J. Stoyle, 9/15/88,
(PB89-174460/AS).

NCEER·88-0046 "Prehminary S!udies of the Effect of D.:grlldil18 lordl WaUs on the Nonline. Seismic Response of Sleel
Frames," by C.Z. Chrysostomou, P. Gergely and I.F. Abel, 12119/88, (pB89-208383/AS).

NCEER-88-0047 "Remforced Concrete Frame Component Tesling Facility - Design, ConlllnK:tion, Instrumentation .lld
Operation," by S.P. Pessiti, C. Conley, T. Bond, P. Gergely and R.N. White, 12116/88, (PB89-174478/AS).

NCEER-89-OCXJI "Effe<:ls of Protective Cushion and Soil Compliancy on the Response of Equipment Wilhin a SeismicaUy
Excited Building," by lA. HoLung, 2116/89, (PB89-2071791AS).

NCEER-89-OCXJ2 "Slalistical Evaluation of Response Modification FlK'ton for Reinforced Concrece StI1K:luRs," by H.H-M,
Hwang and I·W. law, 2/17/89, (PB89·207187/AS).

NCEER-89-OOO3 "Hysteretic Columns Under Random Excitation," by G-Q. Cli and Y.K. Lin, 119/89. (PB89-196513/AS).

NCEER-89-0004 "Experimental Study of 'Elephant Foot Bulge' Instability of Thin-WaUod Metal Tanks," by Z-H. Jiaand R.L.
Ketter, 2f22/89, (PB89-207195/AS).

NCEER-89.OCX)S "Experimenl on Performance of Buried Pipelines Across San Andreas Fault," by 1. lsenbea'., E. Richardson
and T.D. O'Rourke, 3/10/89. (PB89·21844O(AS).

NCEER·89-<nJ6 "A Knowledge-Based Approach to Struclura1 Desiln of Earthquake·Resistant Buildinas," by M. Subnmani,
P. Gergely. C.H. Conley, IF. Abel and A.H. Zaghw. 1/15/89, (PBB9·218465/AS).
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and A.H.-S. Ani. 10/30190. (p1l91-170399/AS).

A-8



NCEER-90-0026 "MUMOID User's Guide - A ProJl'am for the Identification of Modal PllIIIIetcn," by S. Ro<k-i,ucz-Oomcz
and E. DiPasquale. 9130190. (PB91-171298/AS).

NCEER-90-0027 "SARCF-II User's Guide - Seismic Analysis of Reinforced COl'lCJele Frames," by S. RodriBUCZ-GomcZ. Y.S.
Chung and C. Meyer. 9/30190. (PB91-1712801AS).
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