SECTION 4
SUMMARY AND CONCLUSIONS

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.

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.

The quality of construction in Cairo is poor and clearly 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.

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 may or may
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not be designed as structural elements. If infill walls (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.

In general, the newer buildings performed well; however, this
earthquake did not provide the severe ground motions to
adequately test them.

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.

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.

Strong motion instrumentation is needed in Egypt.
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173246/A8).

“Scattering of Waves by Inclusions in a Nonhomogereous Elastic Half Space Solved by Boundary Element
Methods,” by P.K. Hadley, A. Askar and A.S. Cakmak, 6/15/89, (PB90-145699/A8).

“Statistical Evaluation of Deflection Amplification Factors for Reinforced Concrete Structures,” by HH.M.
Hwang, J-W. Jaw and A.L. Ch'ng, 8/31/89. (PB90-164633/A8).

“"Bedrock Accelerations in Memphis Area Due to Large New Madrid Earthquakes,” by H.HM. Hwang, C.H.S.
Chen and G. Yu, 11/7/89, (PB%0-162330/AS).
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“Seismic Behavior and Response Sensitivity of Secondary Structural Systems,” by Y.Q. Chen and T.T. Soong,
10/23/89, (PB90.164658/AS).

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

"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/A8S).

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

"On the Relation Between Local and Global Damage Indices,” by E. DiPasquale and A.S. Cakmak. 8/15/89,
(PB90-1738685).

"Cyclic Undrained Behavior of Nonplastic and Low Plasticity Silis,” by A.J. Walker and H.E. Stewart,
7/26/89, (PB90-183518/A8).

“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/A8).

"A Determministic Assessment of Effects of Ground Motion Incoherence,” by A.S. Veletsos and Y. Tang,
7/15/89, (PB90-164294/A8).

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

"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/AS).

"Centrifugal Modeling of Dynamic Soil-Structure Interaction,” by K. Weissman, Supervised by J.H. Prevost,
5/10/89, (PB90-207879/AS5).

"Linearized Identification of Buildings With Cores for Seismic Vuinerability Assessment,” by I-K. Ho and
AE. Aktan, 11/1/89, (PB90-251943/A8).
"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/AS).

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

"Earthquake Education Materials for Grades K-12,” by K.E.K. Ross, 4/16/90, (PB91-113415/AS).
"Catalog of Strong Motion Stations in Eastern North America,” by R.W. Busby, 4/3/90, (PBS0-251984)/AS.

"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 (PB%0-258062/AS).

"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).

"Site-Specific Response Spectra for Memphis Sheahan Pumping Station,” by H.H.M. Hwang and C.5. Lee,
5/15M90, (PB91-108811/AS).
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“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/AS).

"A Program to Generate Site Dependent Time Histories: EQGEN,"” by G.W. Ellis, M. Srinivasan and A.S.
Cakmak, 1/30/90, (PB91-108829/A8).

" Active Isolation for Seismic Protection of Operating Rooms,” by M.E. Talbott, Supervised by M. Shinozuka,
6/8/9, (PB91-110205/A8).

"Program LINEARID for Identification of Linear Structural Dynamic Systems,” by C-B. Yun and M.
Shinozuka, 6/25/90, (PB91-110312/A8).

"Two-Dimensional Two-Phase Elasto-Plastic Seismic Response
Yiagos, Supervised by J.H. Prevost. 6/20/90, (PB91-110197/AS).

of Earth Dams,” by AN,

"Secondary Systems in Base-Isolated Structures: Experimental Investigation, Stochastic Respense and
Stochastic Sensitivity,” by G.D. Marolis, G. Juhn, M.C. Constantinou and A.M. Reinhom, 7/1/90, (PB91-
110320/A8).

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

"Two Hybrid Control Systems for Building Structures Under Strong Earthquakes,” by J.N. Yang and A,
Danielians, 6/29/90, (PB®1-125393/AS).

“Instantanecus Optimal Control with Acceleration and Velocity Feedback,” by I.N., Yang and Z. Li, 6/29/90,
(PB91-125401/AS).

“Reconnaissance Report on the Northern Iran Earthquake of June 21, 1990," by M. Mehrain, 10/4/90, (PB%1-
125377/AS).

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

"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/AS).

"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 AM. Reinhorn, 10/11/90, (PB91-125415/AS).

“Dynamic Interaction Factors for Floating Pile Groups,” by G. Gazetas, K. Fan, A. Kaynia and E. Kausel,
9/10/90, (PB91-170381/A8).

"Evaluation of Seismic Damage Indices for Reinforced Concrete Structures,” by S. Rodriguez-CGomez and
A8 Cakmak, 9/30/90, PB91-171322/AS).

"Study of Site Response at a Selected Memphis Site,” by H. Desai, §. Ahmad, E.§. Gazetas and M.R. Oh,
10/11/90, (PB91-196857/A8).

“A User’s Guide to Strongme: 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/AS).

"A Three-Dimensional Analytical Study of Spatial Variability of Seismic Ground Motions,” by L-L. Hong
and A.H.-8. Ang, 10/30/90, (PB91-170399/A5).
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NCEER-91-0014

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

"SARCF-II User’s Guide - Sexsmic Analysis of Reinforced Concrete Frames,” by §. Rodriguez-Gomez, Y.S.
Chung and C. Meyer, 9/30/90, (PB91-171280/AS).
"Viscous Dampers- Tesung, Modeling and Application in Vibration and Seismic Isolation,” by N, Makris and

M.C. Constantinou. 12/20/90 (PB91-190561/AS).

"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/A8)

"Proceedings from the Thud Japan-U § 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, (PBO1-179239/AS)

"Physical Space Solunons of Non-Proportionally Damped Systems,” by M. Tong, Z Liang and G.C. Lee,
1/15/91, (PB91-179242/A8).

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

"Damping of Structures: Part 1 - Theory of Complex Damping,” by Z. Liang and G. Lee, 10/10/91, (PB92-
197235/A8)

"3D-BASIS - Nonhinear Dynamic Analysis of Three Dimensional Base Isolated Structures: Part IL" by S.
Nagarajaiah, A M. Rewnhorn and M.C. Constantinou, 2/28/91, (PB91-190553/A8).

"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/A5).

"A Framework for Custormzable Knowledge-Based Expert Systems with an Applicanon to a KBES for
Evaluating the Seismic Resistance of Existing Buildings,” by E G. Ibarra-Anaya and S.J. Fenves, 4/9/91,
(PBS1-210930/A8).

"Nonlinear Analysis of Steel Frames with Serm-Rigid Connections Using the Capacity Spectrum Method,”
by G.G. Deierlein, S-H. Hsieh, Y-I. Shen and J.F. Abel, 7/2/91, (PB92-113828/A3).

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

"Phase Wave Velocmes and Displacement Phase Differences in a Harmonically Oscillating Pie,” by N.
Makris and G. Gazetas, 7/891, (PB92.108356/A8).

"Dynamic Characteristics of a Full-Size Five-Story Steet Structure and a 2/5 Scale Model,” by K.C. Chang,
G C Yao, G.C. Lee, D.S Hao and Y C. Yeh," 7/291.

"Sesmic 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/A8).

"Earthquake Response of Retaining Walls, Full-Scale Testing and Computational Modeling,” by S. Alampallh
and A-W.M. Elgamal, 6/2001, to be publhshed.

“3D-BASIS-M: Nonlinear Dynamic Analysis of Multiple Building Base Isolated Structures,” by P.C. Tsopelas,
S Nagarajmah, M.C. Constantinou and AM. Remhom, 5/28/91, (PB92-113885/A8)
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NCEER-92-0003

NCEER-92-0004

NCEER-92-0005

NCEER-92-0006

“Evaluauon of SEAOC Design Requirements for Sliding Isolated Structures,” by D. Theodossiou and M.C.
Constantinou, 6/10/91, (PB92-114602/A8).

“Closed-Loop Medal Tesung of a 27-Story Remforced Concrete Flat Plate-Core Building,” by H.R.
Somaprasad, T Toksoy, H. Yoshiyuki and A.E. Aktan, 7/15/91, (PB92-120980/AS).

“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/AS).

“Shake Table Test of a 1/8 Scale Three-Story Lightly Rewnforced Conerete Building,” by A.G. El-Anar, R.N.
White and P. Gergely, 2/28/91.

“Transfer Functions for Rigid Rectangular Foundations,” by A.S. Veletsos, AM. Prasad and W.H. Wy,
7/31/91, w be published

Hybnd Contol of Seismic-Excited Nonlinear and Inelastic Structural Systems,” by I N, Yang, Z. Li and A
Dantehans, 8/1/91, (PBS2-143171/AS).

“The NCEER-91 Earthquake Catalog. Improved Iniensity-Based Magmitudes and Recurrence Relanons for
1.S. Earthquakes East of New Madnd,” by L. Secber and J G, Armbruster, 8/28/91, (PB92-176742/AS).

“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/A8).

"A Study of Relability-Based Criteria for Seismic Design of Reinforced Concrete Frame Buildings,” by
H.H.M. Hwang and H-M Hsu, 8/10/91, (PB92-140233/A8).

“Experimental Venficatuon of a Number of Structural System Ideatfication Algonthms,” by R.G. Ghanem,
H. Gavin and M. Shinozuka, 9/18/91, (PB92-176577/AS)

Probabilistic Evatuaton of Liquefaction Potential,” by HH.M. Hwang and C.S. Lee,” 11/25/91, (PB92-
14342G/A8).

“Instantaneous Optumal Control for Linear, Nonlinear and Hysteretic Structures - Stable Controllers,” by J.N.
Yang and Z. L1, 11/15/91, (PB92-163807/AS).

"Experimental and Theoretical Study of a Skiding Isolation Systern for Bndges,” by M.C. Constantinou, A.
Kartoum, A.M. Remnhorn and P. Bradford, 11/15/91, (PB92-176973/AS).
“Case Studies of Liquefacuon and Lifehne Performance During Past Earthquakes, Volume 1: Japanese Case

Studies,” Edued by M. Hamada and T. O'Rourke, 2/17/92, (PB92-197243/A3).

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

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

"Proceedings from the First U S - Japan Workshop on Earthquake Protective Systems for Bridges,” 2/4/92,
to be published.

“Seisrme Ground Motion from a Haskell-Type Source in a Multiple-Layered Half-Space,” AP Theoharis,
G Deodatis and M. Shinozuka, 1/2/92, to be published.

“Proceedings from the Site Effects Workshop,” Edited by R. Whitman, 2/29/92, (PB92-197201/AS).
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"Engmeenng Evaluation of Permanent Ground Deformations Due to Sessmically-Induced Liquefaction,” by
M.H. Bazar, R. Dobry and A-W M. Elgamal, 3/24/92, (PB92-222421/A8S).

"A Procedure for the Seismic Evaluation of Buildings n the Central and Eastern United States,” by C.D.
Poland and ] O Malley, 4/2/92, (PB92-222439/A8).

“Experimental and Analytical Study of a Hybrid [solaton System Using Fnction Controllable Shding
Bearings," by M.Q. Feng, S Fuju and M. Shmmozuka, 5/15/92.

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

"The Hysteretic and Dynamic Behavior of Brick Masonry Walls Upgraded by Ferrocement Coatings Under
Cyclic Loading and Swong Sumulated Ground Motion,” by H Lee and S.P. Prawel, 5/11/92, 1o be published.

"Study of Wire Rope Systems for Seismic Protection of Equipment 1n Buildings,” by G F. Demetriades, M.C.
Constantinou and A.M. Rewnhorn, 5/20/92.

"Shape Memory Structural Dampers: Matenial Properties, Design and Seismic Testing,” by P.R. Witung and
F.A. Cozzarell, 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.
Grigonu and § Balopoulou, 6/11/92, (PB93-127496/AS)

"Gravity-Load-Designed Reinforced Concrete Buildings Seismic Evaluation of Existing Construction and
Detaihing Strategies for Improved Seismic Resistance,” by G.W Hoffmann, 8.K. Kunnath, 7.B. Mander and
A.M Reinhorn, 7/15/92, to be published.

"Observations on Water System and Pipeline Performance 1n 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/AS).

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

“Proceedings from the Fourth Japan-U.S. Workshop on Earthquake Reststant Design of Lifeline Facilites and
Countermeasures for Soil Liquefaction,” Edited by M. Hamada and T.D. O'Rourke, 8/12/92.

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

"Empincal Analysis of Horizontal Ground Displacement Generated by Liquefaction-Induced Lateral Spreads,”
by 5.F. Bartlett and T L. Youd, 8/17/92, to be published.

"IDARC Version 3.0: Inelastic Damage Analysis of Reinforced Concrete Structures,” by 5.K. Kunnath, A.M.
Remnhom and R F. Lobo, 8/31/92, to be published.

"A Semi-Empinical 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.

“Sesmic Behavior of Reinforced Concrete Frame Structures with Nonductile Detals, Part I: Summary of
Expenimental Findings of Full Scale Beam-Column Joint Tests,” by A Beres, RN White and P. Gergely,
9/30/92, to be published.

"Experimentat Results of Repaired and Retrofitted Beam-Column Jont Tests in Lightly Rewnforced Concrete
Frame Buldings,” by A. Beres, S. El-Borgi, R.N. White and P. Gergely, 10/29/92. to be published.
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"A Generalizauen of Optimal Control Theory: Linear and Nonlinear Structures.” by I.N. Yang, Z. Li and S.
Vongchavalitkul, 11/2/92,

“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, AM. Reinhom and I.B.
Mander, 12/1/92, to be published.

"Seismic Resistance of Rewnforced Concrete Frame Structures Designed Only for Gravity Loads: Part II -
Expenmental Performance of Subassemblages,” by L.LE Aycardy, J.B. Mander and A M. Reinhom, 12/1/92,
to be published.

"Setsmic 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
IB Mander, 12/1/92, to be published.

"Evaluanon of Seismic Reryofit of Reinforced Concrete Frame Structures Part I - Experimental Performance
of Retrofited Subassemblages,” by D. Choudhuri, J.B. Mander and AM Reinhorn, 12/8/92, to be published.

"Evaluation of Seismic Retrofit of Reinforced Concrete Frame Structures: Part [I - Experimental Performance
and Analyncal Study of a Retrofitted Structural Model,” by J.M. Bracci, A M. Reinhorn and J B. Mander,
12/8/92, to be published.

"Expentmental and Analytical Investigation of Seismic Response of Structures with Supplemental Flnd
Viscous Dampers,” by M.C. Constantiiou and M.D. Symans, 12/21/92, to be published.

“Reconnaissance Report on the Cairo, Egypt Earthquake of October 12, 1992," by M Khater, 12/23/92

A-12



