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PREFACE 

The National Center for Earthquake Engineering Research (NCEER) was established to expand and 
disseminate knowledge about earthquakes, improve earthquake-resistant design, and implement 
seismic hazard mitigation procedures to minimize loss of lives and property. The emphasis is on 
structures in the eastern and central United States and lifelines throughout the country that are found 
in zones oflow, moderate, and high seismicity. 

NCEER's research and implementation plan in years six through ten (1991-1996) comprises four 
interlocked elements, as shown in the figure below. Element I, Basic Research, is carried out to support 
projects in the Applied Research area. Element II, Applied Research, is the major focus of work for 
years six through ten. Element III, Demonstration Projects, have been planned to support Applied 
Research projects, and will be either case studies or regional studies. Element IV, Implementation, will 
result from activity in the four Applied Research projects, and from Demonstration Projects. 

ELEMENT I 
BASIC RESEARCH 

• Seismic hazard and 
ground motion 

• Soils and geotechnical 
engineering 

• Structures and systems 

• Risk and reliability 

• Protective and intellig~mt 
systems 

• Societal and economic 
studies 

ELEMENT II 
APPLIED RESEARCH 

• The Building Project 

• The Nonstructural 
Components Project 

• The Lifelines Project 

• The Highway Project 

ELEMENT III 
DEMONSTRATION PROJECTS 

Case Studies 
• Active and hybrid control 
• Hospital and data processing 

facilities 
• Short and medium span bridges 
• Water supply systems in 

Memphis and San Francisco 
Regional Studies 

• New York City 
• Mississippi Valley 
• San Francisco Bay Area 

ELEMENT IV 
IMPLEMENTATION 

• Conferences/Workshops 
• EducationlTraining courses 
• Publications 
• Public Awareness 

Research tasks in the Nonstructural Components Project focus on analytical and experimental 
investigations of seismic behavior of secondary systems, investigating hazard mitigation through 
optimization and protection, and developing rational criteria and procedures for seismic design and 
performance evaluation. Specifically, tasks are being performed to: (1) provide a risk analysis of a 
selected group of non structural elements; (2) improve simplified analysis so that research results can 
be readily used by practicing engineers; (3) protect sensitive equipment and critical subsystems using 
passive, active or hybrid systems; and (4) develop design and performance evaluation guidelines. 
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The end product of the Nonstructural Components Project will be a set of simple guidelines for 
design, performance evaluation, support design, and protection and mitigation measures in the form 
of handbooks or computer codes, and software and hardware associated with innovative protection 
technology. 

This report addresses seismic safety of computers and data processing systems. Under a joint 
research program with IBM, seismic tests on a variety of computer systems using a wide spectrum 
of installation methods were conducted in order to assess their effectiveness in mitigating damaging 
effects to these systems in a seismic environment. Results from three two-week test sessions are 
presented and analyzed in this report and the performances of several installation methods are 
evaluated 
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ABSTRACT 

The basic objective of the test program described in this report was to investigate seismic 

response of computers and data processing equipment and to evaluate a variety of 

possible earthquake resistant installation methods ranging from those currently in use to 

more advanced designs using energy absorbing materials. This report documents results 

and assesses their significant based on three two-week test sessions performed jointly 

by NCEER and IBM investigators from June, 1991 through June, 1992. 

These tests were conducted on different mainframe systems utilizing a variety of 

earthquake inputs and different installation methods. The equipment response to the 

earthquake inputs is analyzed to enable a quantitative evaluation of the installation 

methods. Discussions and conclusions regarding the equipment sensitivityto earthquakes 

and the performance of selected installation methods are presented. 
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SECTION 1 

INTRODUCTION AND TEST OBJECTIVES 

Equipment such as computers and data processing systems playa vital role in modern 

society. Industries and business concerns rely on computing centers for data processing, 

process control, communications, research and other functions. Any interruption or failure 

in the operation of these systems due to earthquakes and other vibrational effects can 

lead to total chaos and substantial economic loss. Moreover, life safety can be a serious 

concern when these systems are tied to life saving operations such as those performed 

in a hospital. 

Since the advent of sophisticated data processing facilities, there has been limited 

opportunity to evaluate the impact of earthquakes upon their design and function. Most 

information on seismic damage to computer equipment is obtained from reconnaissance 

reports and inspections following earthquake occurrences. While no quantitative damage 

measures can be cited, observations after recent earthquakes point to the importance 

of earthquake hazard mitigation measures for computer and data processing systems 

(Gates and Scawthorn, 1982; Green and Frey, 1990). 

The choice of an appropriate method of installation plays a key role in insuring seismic 

safety of computers. As one part of a joint NCEERlIBM research program, seismic tests on 

a variety of data processing equipment using a wide spectrum of installation methods were 

conducted in order to assess their effectiveness in preventing or minimizing damaging 

effects to these equipment in a seismic environment. The methods of installation selected 

represented a cross section of restraining techniques and covered the range from free 

casters to innovative energy dissipation devices. 

The seismic tests described in this report encompass three two-week test sessions 

conducted in June, 1991; August, 1991; and June, 1992. The major test objective was to 

evaluate different installation methods applied to typical and functional data processing 

equipment, and to gain insight into and assess their suitability for use in a given seismic 

region. Another objective was to include several different test inPl!ts in the program with 

the hope that the test results would lead to reductions and improved efficiency in future 

seismic tests. 

It is noted that some parts of these test series have been described in other 

publications. For example, the performance of wire ropes during the June 1991 test is 
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discussed in Demetriodes et al. (1992), and some of the test results and their implications 

are described in Frey (1992), Frey and Nikolsky (1992), and Holung and Lin (1993). This 

report provides comprehensive test results obtained from all three test series and an 

overall assessment of their significance. 
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2.1 The Earthquake Simulator 

SECTION 2 

TEST SET-UP 

The three test series were carried out on the shaking table at the State University of 

New York at Buffalo, which provided the base motion to the equipment being tested. 

The shaking table has a dimension of 3.66 mx3.66 m (12 ftx12 ft) with a capacity of 

50 mtons (110 kips) and an advanced control system. It has five degrees of freedom 

(OOF) actively controlled, with three OOF's programmable directions (horizontal, vertical, 

and roll) and the other two OOF's corrected for cross coupling only. The sixth degree of 

freedom horizontal-transverse} is restrained by hydrostatic bearings which provide free 

sliding with lateral displacement/force control. 

The system has two horizontal actuators with a capacity of 32 mtons (70 kips), which 

can provide a horizontal acceleration of 0.625 g with maximum payload. Four vertical 

actuators with a total capacity of 100 mtons (220 kips) can accelerate the system with 

1.05 g at maximum payload. With lighter payloads, the system can produce larger 

accelerations (up to 4.0g horizontally and 8.0g vertically). A schematic sketch of the 

system is shown in Fig. 2-1. 

2.2 Raised Floor 

All the tests were conducted on a 6 ftx6 ft raised floor surface that was constructed on 

top of a concrete slab attached to the shaking table. The installation details, as shown in 

Fig. 2-2, conform to standards normally applied to earthquake installations (FIMS, 1987). 

Additional braces were provided at the ends to simulate the added support of building 

walls and cut-outs in the raised floor surface to accommodate signal and power cable 

attachments. A photograph of the completed raised floor assembly is shown in Fig. 2-3. 

2.3 Instrumentation 

Horizontal and vertical acceleration measurements using accelerometers were made at 

many locations on the shaking table, the raised floor, and the equipment being tested. 

The placements and designations for the accelerometers attached to the equipment are 

shown in Fig. 2-4, although not all of the instruments were used in every test. A complete 
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listing of accelerometer locations and designations is provided in Table 2-1. For all 

measurements, the sampling rate was set at 100 samples/second. 

The horizontal displacements of the equipment were measured by means of perma­

nent markers attached to the front and rear surfaces, as shown in Fig. 2-5. For some 

of the early tests, Temposonic displacement transducers were attached to the shaking 

table and to the equipment although they were not used in many of the later tests due 

to attachment difficulties in some cases and excessive sliding motion of the equipment 

in some other cases. The locations of the Temposonic transducers attached to the 

equipment are shown in Fig. 2-6, and a complete listing is also given in Table 2-1. 

2.4 Input Accelerations 

Several types of input accelerations representing some typical past earthquakes and 

simJ,.llated test response spectra were used in the test program. In addition, simulated 

earthquake inputs at different floor levels of a seven-story reinforced concrete (RC) 

building were generated. The particular earthquake inputs selected were those of EI 

Centro (1940, lateral component = SOOE), and Taft (1952, lateral component = N21 E). 

The notation "EL C RC-X" or "TAFT RC-X" refers to the lateral or horizontal component 

of a simulated motion that would be experienced at story level X of the 7-story reinforced 

concrete building with EI Centro or Taft ground input. This short-hand notation is 

abbreviated even more in certain sections of this report for convenience. 

A test input proposed by Sellcore (Bellcore, 1988) for the upper stories in Zone 4 

earthquakes, and two IBM developed inputs (IBM, 1991), were also used. The IBM 

inputs, denoted by IBM1 and IBM2, represent two functional test levels. At the first level, 

the machine is expected to operate normally, and at the second level, also referred to as 

the structural/safety level, gross structural failures should not occur although the machine 

may not remain functional. The acceleration response spectra of these inputs are shown 

in Fig. 2-7, from which time histories were generated as input accelerations from the 

shaking table. The duration of IBM inputs was initially set at 40 seconds, consistent with 

the total recording time for the other inputs, but was shortened to 20 seconds later in the 

test program. Also, the IBM1 input was only used in a limited number of the early tests 

until it was observed that the machine could in fact withstand the 18M2 test level while 

operating. 

In some test runs, the actual recorded ground vertical accelerations for the EI 

Centro and Taft earthquakes were used instead of the 1/3-scaled amplitude of the lateral 
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component used in most cases. Also, in one test trial, the lateral and vertical components 

of the Pacoima earthquake were also used. These exceptions are marked accordingly in 

Sec. 4 when the test matrices and test results are discussed. A sample of the test inputs 

as measured on the raised floor surface is shown in Figs. 2-8 through 2-10. 
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Table 2-1 Accelerometer and Displacement Transducer 
Locations and Designations 

SHAKING TABLE 

ALAT 
AVRT 

DLAT 
DVRT 

reference accel. lateral direction (X-axis) 
reference accel. vertical direction (Z-axis) 

displ. lateral direction 
displ. vertical direction 

CONCRETE SLAB 

ASEX 
ASWX 
ASCZ 

accel. slab east x-direction 
accel. slab west x-direction 
accel. slab center z-direction 

RAISED FLOOR 

AFEX accel. floor east x-direction 
AFCZ accel. floor center z-direction 
AFEZ accel. floor east z-direction 
AFWX accel. floor west x-direction 
AFWZ accel. floor west z-direction 

EQUIPMENT 

LRFX accel. lower right front x-direction 
LRRX accel. lower right rear x-direction 
TRFX accel. top right front x-direction 
TRRX accel. top right rear x-direction 
LRRZ accel. lower right rear z-direction 
LRRY accel. lower right rear y-direction 
TRFZ accel. top right front z-direction 
TRRZ accel. top right rear z-direction 
TLEZ accel. top left front z-direction 
TLRZ accel. top left rear z-direction 
DSDX accel. DASD (IBM 9332) x-direction 
DSDY accel. DASD (IBM 9332) y-direction 
DSDZ accel. DASD (IBM 9332) z-direction 

DNEX displ. north east x-direction 
DNWX displ. north west x-direction 
DNWY displ. north west y-direction 
DSWY displ. south west y-direction 
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Fig. 2-2 Installation Details of Raised Floor 
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Fig. 2-3 Fully Assembled Raised Floor 
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Fig. 2-4 Accelerometer Locations 
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Fig. 2-5 Location of Markers 
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Fig. 2-7 Acceleration Response Spectra for IBM1, IBM2, and Bellcore Inputs 
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SECTION 3 

TEST EQUIPMENT AND INSTALLATION METHODS 

3.1 Test Equipment 

A wide variety of IBM mainframe computer systems and peripheral equipment were tested 

in the three test series. A description of the test equipment tested in each series is given 

below. 

3.1.1 June 1991 Test 

The test equipment for this series consisted of two IBM mainframe computer systems: 

An IBM 9370 system, with DASD and tape drive units, and a fully configured IBM 9371 

system. Both systems were configured with devices commonly found in data processing 

facilities and were fully operational. 

The overall sizes and weights of these two mainframe computer systems, shown in 

Fig. 3-1, are given in Table 3-1. In addition to the size differences, the two systems also 

differ in base style. The IBM 9370 system base consists of four casters, two in the front 

and two in the back. The two in the back are free to swivel, but the two in the front are 

not. Moreover, there is a stabilizing foot in the front as shown in Fig. 3-2, the purpose of 

which is to stabilize the body from tipping forward. 

The IBM 9371 system base consists of four glides, these are round in shape like a 

cylinder and about 1.0m in height. 

3.1.2 August 1991 Test 

The equipment tested in this series consisted of two mainframe computer systems, a 

printer and some miscellaneous stand alone computer periphery. One of the mainframe 

systems was a fully functional IBM 9221 system with a 9348 tape drive, 9336 DASD, 

a CEC processor and a 5020 Beach "B" box; the other was a nonfunctional IBM 9221 

system consisting of two 9335 A units and four 9335 B units. The printer tested was a 

6252 printer unit. Only test results from the mainframe computer systems are considered 

here. The overall sizes and weights of these two mainframe computer systems can also 

be found in Table 3-1. 
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Both units are similar in base style to the IBM 9370 system, and both are designed to 

accommodate a stabilizer foot. However, the foot was not used during the test. 

3.1.3 June 1992 Test 

The equipment used for this test consisted of three mainframe computer systems: 

A half-frame Frame-8 computer system, a full-frame Frame-1 computer system, and 

a non-operational Endicott frame computer system (Fig. 3-3). The overall sizes and 

weights of these three mainframe computer systems are included in Table 3-1. 

3.2 Installation Methods 

A large variety of installation methods as described below were used in the three test 

series, representing a cross-section of typical installations as well as innovative passive 

energy dissipation devices. 

3.2.1 IBM 9370, June 1991 

Locked Casters. The casters were locked into position with thumb screws. The 

system was otherwise free to swivel and slide on the surface of the raised floor. 

This is a more typical installation, although it may not be entirely suitable if large 

sliding motion is expected. Less sliding motion is expected in the case of locked casters 

than that of free casters due to the additional frictional restraining force at the caster-floor 

interface. 

Free Casters. The casters were not locked into position and the system was free to 

roll on the surface of the raised floor without any external restraint. 

For this case, unrestrained motion of the system relative to the floor would be 

possible except where limited by attachment power or Signal cables which now acts as 

an (unintended) tether. This free-rolling installation approach is not typical. In practice, 

however, it may occur following service, installation, or when machines are moved from 

one location to another and the casters are mistakenly left in the unlocked position. 

Testing this free-rolling configuration required more care than most of the other 

methods because larger sliding motion was expected and the behavior of the system 

was unpredictable. For this reason, the input test levels were initially selected at a much 

reduced level and then gradually increased while observing the response of the system. 

3-2 



The final test level attained was one-third of the level used for the other installation 

methods. 

Bungee Cords (with tethers). Bungee cords, attached to eye bolts on each side of 

the rear casters, were secured through two-inch diameter cut-out holes in the raised floor 

to eye bolts attached to steel plates which, in turn, were bolted to the shaking table. The 

bungee cords were 14 inches in length and had metal hooks at each end as shown in 

Fig. 3-4. 

One of the purposes of evaluating the performance of bungee cords, as well as 

the spring restraints, was to examine the general feasibility of using tethers as a viable 

installation approach. The advantages of tethers are low cost, and the simplicity and 

adaptability it affords to a variety of field installations. 

Spring Restraints. Two springs, stretched to an estimated preload of 128 Ibs in each 

spring, were secured from eye bolts in the floor to eye bolts on either side of the casters 

via steel cables through the two-inch cut-out holes in the floor. This arrangement is shown 

in Fig. 3-5(a). Following tests on the two-spring installation, it was augmented with two 

more springs for a single test. This arrangement is shown in Fig. 3-5(b). 

Toggle Bars. The toggle bar installation (Foss and Nikolakopoulou, 1980) was 

essentially an adjustable threaded steel rod in tension. Four threaded rods, with 

turnbuckle adjustment, were attached from the base of the IBM 9370 near the casters 

through two-inch diameter clearance holes in the raised floor. The ends of the toggle 

bars were attached with steel hooks to eye bolts firmly attached to the floor. In use, the 

turnbuckles were adjusted to relieve all play in the rods. 

This installation approximates a fixed base condition, although some limited motion 

between the equipment and the base is possible because of the clearance hole. Two of 

the toggle bars can be seen in the photograph shown in Fig. 3-6. 

Viscoelastic Dampers. Four viscoelastic dampers, supplied by the 3M Company, 

were used to secure the system to the surface of the raised floor. The design of these 

dampers allowed direct attachment to the machine. During these tests, the casters were 

locked with the locking thumb screws. 

Two different designs were tested: One denoted as a 2-Hz, "type F" damper, and the 

other denoted as a 5-Hz, "type D" damper. These dampers were secured by brackets 

bolted to the machine and to the floor, as shown in Fig. 3-7. 
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Wire Ropes. Four coiled wire rope dampers were bolted directly to the IBM 9370 

base and the raised floor. The casters were also locked into place during the tests. 

A photograph of this restraint system installed on the IBM 9370 machine is shown 

in Fig. 3-8, where the foot-plate brace attached to the front of the machine had been 

removed to permit viewing. 

Fixed Base: The base of the IBM 9370 system was bolted directly to the raised floor 

by means of brackets mounted adjacent to the base of the casters. 

3.2.2 IBM 9371, June 1991 

While the majority of the tests were conducted on the IBM 9370 system, four different 

installation approaches were tested on the IBM 9371 machine. These are described 

below. 

Glines. The IBM 9371 system was placed on the raised floor and was not restrained 

in any manner. The system was supported at the base on glides and can slide freely on 

the raised floor, as shown in Fig. 3-1 (b). 

Viscoelastic Dampers in Rear. Two viscoelastic dampers, similar to those used for 

the IBM 9370 tests, but designated as 0.5 Hz, "type E" damper, were used to secure the 

rear of the system to a bracket on the raised floor. The front end of the machine was not 

secured. 

Fixed in Rear. The two type E viscoelastic dampers as mentioned above were 

removed and replaced with threaded rods which were used to bolt the rear of the machine 

to the bracket on the raised floor. The front of the machine was unrestrained. 

Fixed Base. The system was bolted directly to the slab through the cut-out holes 

in the raised floor using two threaded rods. The threaded rods were positioned at two 

diagonal corners of the system as shown in Fig. 3-9. 

3.2.3 IBM 9221, August 1991 

The installation methods used on the IBM 9221 mainframe computer system consisted 

of the following: 

Locked Casters. Same as described in Sec. 3.2.1. 
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Free Casters. Same as described in Sec. 3.2.1. 

Toggle Bars. Same as described in Sec. 3.2.1, but with 40 and 80 durometer 

grommets used at the floor interface. 

Fixed Base. Same as described in Sec. 3.2.1, except that the front and back were 

fixed. In some tests, the sides were fixed as well. 

Viscoelastic Dampers - Case 1. Four viscoelastic dampers were mounted vertically 

from the eye bolts on the bottom of the mainframe to the shaking table. This is a very soft 

mounting system due to flexibility of the viscoelastic dampers. 

Viscoelastic Dampers - Case 2. Viscoelastic dampers in this case were mounted in 

a criss-cross configuration, between the eye bolts of the computer system and the shaking 

table, at the front and back sides of the computer system. 

Viscoelastic Dampers - Case 3. Two viscoelastic dampers in this case were mounted 

vertically between the middle eye bolts of the front and back side of the computer system 

and the shaking table. 

3.2.4 Frame 1, Frame 8 and Endicott Frame, June 1992 

Toggle Bars. Same as described in Sec. 3.2.1. In this installation, the lateral 

displacement was controlled using bushings fitted into the raised floor surface. The 

bushings used during these tests consisted of two sets: An 80-durometer neoprene set 

and an aluminum set. 

Wire Cables. Either 3/16-in or 5/32-in wire cables were connected between the 

eyebolts in the floor and the computer system. A schematic of a typical installation is 

shown in Fig. 3-10 (Frey and Nikolsky, 1992). The bushings used here to control lateral 

displacements also consisted of two sets: An 80-durometer neoprene set and a Teflon 

set. 

Springs. Simple extension springs with spring constants of 570 Ib/in and 290 Ib/in 

were used. They were attached to respective eyebolts using wire cables. A schematic 

of a typical installation is shown in Fig. 3-11 (Frey and Nikolsky, 1992). Teflon bushings 

were used to limit the lateral displacements of the computer systems. 

Fixed Base. The computer system was bolted directly to ths concrete floor without 

the raised floor surface in between. These tests were for cases where there was no 

raised floor surfaces. 
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Levelers. The types of levelers used during these tests consisted of two types. One 

type, referred to as the normal leveler, was obtainable off the shelf. It consisted of a round 

foot with a plastic coating on it. This leveler could be adjusted to raise the casters off the 

floor. 

The other type, referred to as the NTT leveler, had an M20 tapped hole on the bottom 

of its foot. This hole was used for attaching either a toggle bar or a wire cable type 

anchoring device to the concrete floor surface. A schematic of a typical installation is 

shown in Fig. 3-12 (Frey and Nikolsky, 1992). 
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Tab1e 3-1 Sizes and Dimensions of Test Equipment. 

Unit Length Width Height Weight 
(mm) (mm) (mm) (kg) 

9370 884 650 1503 375.8 

9371 787 381 546 87.7 

9221 884 650 1600 395.3 
(Functional) 

9221 884 650 1575 426.5 
(Non-Functional) 

Frame-8 870 830 1775 420 

Frame-1 1640 835 1775 900 

Endicott 1067 749 1765 408 
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(a) IBM 9370 System 

(b) IBM 9371 System 

Fig. 3-1 IBM 9370 and 9371 Systems 
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FRONT FOOT 

~ 

/ 
FLOOR 

Fig. 3-2 Stabilizing Foot 
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(a) Frame-8 (b) Frame-1 

(c) Endicott Frame 

Fig. 3-3 Frame-8, Frame-1, and Endicott Frame 
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Fig. 3-4 Bungee Cord Installation 
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(a) Two Spring Installation 

(b) Four Spring Installation 

Fig. 3-5 Spring Installations 
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Fig. 3-6 Toggle Bar Installation 

Fig. 3-7 Viscoelastic Damper Installation 

3-13 



Fig. 3-8 Wire Rope Installation 

Fig. 3-9 Fixed Base Installation 
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SECTION 4 

TEST MATRICES AND TEST RESULTS 

4.1 Test Matrices 

A comprehensive test program was conducted over the three test periods in order to 

assess the performance of various installation methods as described in Sec. 3 under a 

wider spectrum of seismic input accelerations as described in Sec. 2. Due to practical 

constraints, not all installation methods were tested on every computer system and not all 

seismic inputs were used in every test. In addition, test objectives for different computer 

systems required different scale factors to be assigned to the seismic inputs. 

The most convenient way of describing the types of tests conducted for each computer 

system is to construct a test matrix for each case. 

4.1.1 June 1991 Test 

The complete test matrices for this test series are given in Tables 4-1 and 4-2. The 

maximum input acceleration levels are summarized in Table 4-3. 

4.1.2 August 1991 Test 

The complete test matrix for this test series is given in Table 4-4. The maximum input 

acceleration levels are summarized in Tabel 4-5. 

4.1.3 June 1992 Test 

The complete test matrices for the test series are given in Tables 4-6 to 4-8. The 

maximum input acceleration levels are summarized in Table 4-9. 

4.2 Test Results 

Test results of most practical interest are the maximum absolute acceleration level 

experienced by the computer system and its maximum lateral displacement. A selected 

set of these values for each installation method and for each mainframe computer system 

is given in the appendix. 

Figures 4-1 through 4-22 show performance comparisons of the installation methods 

for a selected series of test runs in terms of maximum absolute accelerations and lateral 
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displacements. The plots of only the best-case installation methods are shown, which are 

chosen on the basis of smallest lateral displacements and lowest maximum acceleration 

levels. In these plots, the maximum value at each accelerometer location is plotted on 

the y-axis with respect to the accelerometer location on the x-axis. 
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Table 4-1 Test Matrix For IBM-9370, June 1991 

I 9370 II SIMULATION RUNS I 
INSTAL. EC- EC- EC-7 Taft Taft Taft BELL IBM IBM 

TYPE 1 5 1 5 7 CORE 1 2 

Locked X X X X X X X X X 
Casters 

Free 33% 33% 33% 33% 
Casters 

Bungee 
Cords X X X X 
F.e. 

Bungee 
Cords X 
L.C. 

Two X X X X 
Springs 

Four X X X X 
Springs 

Four 
Toggle X 
Bars 

F VE X X 
Dampers 

DVE 50% X X 50% 50% 
Dampers 

2-Hz Wire 
Ropes X X 

4-Hz Wire 
Ropes X X X 

Fixed X X X X 
Base 
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Table 4-2 Test Matrix For IBM-9371, June 1991 

IBM-9371 SIMULATION RUNS 

INSTALATION TYPE EC-7 Taft-7 BELL CORE IBM-2 

Glides X X X X 

E VE Dampers X X X X 

Fixed to X X X X 
Rear Wall 

Fixed Base X X X X 

Table 4-3 Maximum Acceleration Levels for June 1991 

Maximum Slab X-Axis Floor Z-Axis Floor X-Axis 
Acceleration (g's) (g's) (g's) 
Values 

El Centro RC-7 0.66 0.24 0.71 

Taft RC-7 0.20 0.19 0.62 

IBM-1 0.68 0.24 0.71 

IBM-2 1. 02 0.33 1. 02 

Bellcore 1. 02 0.51 0.72 
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Tab1e 4-4 Test Matrix For IBM-9221, August 1991 

I IBM-9221 II SIMULATION RUNS I 
INSTALLATION EC-l EC-3 EC-7 IBM IBM 

TYPE 1 2 

Locked Casters X X X X 

Locked Casters X X 
Rotated 90 Deg. 

Four Toggle Bars 
Free Casters X X X 
40-Dur. Bushings 

Four Toggle Bars 
Free Casters X X 
80-Dur. Bushings 

Front & Back Fixed X X X 

Sides Fixed X X X 

Two Console Series X X X X 
Fixed Front & Back 

Two Console Series X X X X 
Toggle Bars 

Two Console Series X X X 
Locked Casters 

VE Dampers, Case-l X X X 

VE Dampers, Case-2 X X X 

VE Dampers, Case-3 X X X 

Tab1e 4-5 Maximum Acce1eration Leve1s for August 1991 

Maximum Slab X-Axis Slab Z-Axis Floor X-Axis 
Acce1eration (g's) (g's) (g's) 
Values 

El Centro RC-l 0.45 0.24 0.53 

El Centro RC-3 0.50 0.24 0.57 

El Centro RC-7 0.82 0.23 l.15 

IBM-2 l. 83 0.34 2.04 
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Table 4-6 Test Matrix for Frame-S, June 1992 

I FRAME-S II SIMULATION RUNS I 
INSTALLATION EC-1 EC-3 EC-5 EC-7 EC- IBM IBM BELL 

TYPE 1.5 1 2 CORE 

Toggle Bars X X X X X X 
80-Durometer 

3/16 Wire X X X X X X 
Cable, 
80-Durometer 

3/16 Wire X X 
Cable, 
Teflon Bush. 

Springs X X X X X 
K=570 Ib/in 
Teflon Bush. 

5/32 Wire X X X X 
Cable 
Teflon Bush. 

Toggle Bars X X X X X X 
Alum. Bush. 

Toggle Bars X X 
Loose, 
Alum. Bush. 

Normal Lev. X X X X X 
x-Axis 

Normal Lev. X X X X 
Y-Axis 
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Table 4-7 Test Matrix for Frame-1, June 1992 

I FRAME-1 II SIMULATION RUNS I 
INSTALLATION EC-1 EC-3 EC-5 EC-7 EC IBM IBM BELL 

TYPE 1.5 1 2 CORE 

Casters X X 

NTT Levelers X X X X 

Normal lev. X X X X 

Toggle Bars X X X X X X 
80-Durometer 

Toggle Bars X X X X X X 
Alum. Bush. 

5/32 Wire 
Cable X X X X X X 
Teflon Bush. 

NTT Levelers 
Toggle Bars X X X X X X X 
Alum. Bush. 

NTT Levelers 
3/16 Wire X X X X X X 
Cable 
Alum. Bush. 

3/16 Wire 
Cable X X X X X X 
Teflon Bush. 

Springs X X X X 
K=570 
Ib/in. 

Springs X 
K=290 
1b/in. 

Fixed X X X X X X 
X-Axis 

Fixed X X X X X X 
Y-Axis 

Fixed 1-Bolt X X X X X X 
X-Axis 

4-7 



Table 4-8 Test Matrix for Endicott Frame, June 1992 

I 

ENDICOTT 

II 
SIMULATION RUNS 

I FRAME 

INSTALLATION EC-l EC-3 EC-5 EC-7 EC IBM IBM BELL 
TYPE 1.5 1 2 CORE 

Normal Lev. X X X X X 
x-Axis 

Toggle Bars X X X X X 
80-Durometer 

NTT Levelers 
Toggle Bars X X X X X 
80-Durometer 

Toggle Bars X X X X X 
Alum. Bush. 

NTT levelers 
Toggle Bars X X X X X 
Alum. Bush. 

Toggle Bars 
Loose X X 
Alum. Bush. 

Table 4-9 Maximum Acceleration Levels for June 1992 

Maximum Slab x-Axis Slab Z-Axis Floor X-Axis 
Acceleration (g's) (g's) (g's) 
Values 

El Centro RC-3 0.48 0.16 0.54 

El Centro RC-7 0.70 0.16 0.73 

IBM-l 0.78 0.30 0.91 

IBM-2 0.97 0.31 1. 80 

Bellcore 0.81 0.35 1.35 

4-8 
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SECTION 5 

DISCUSSION OF TEST RESULTS AND RECOMMENDATIONS 

Generally speaking, test results show that there is a trade off in the system response 

between the relative displacement and the maximum acceleration. Typically, a smaller 

relative displacement is accompanied by a larger maximum acceleration. The reverse of 

this also holds true. 

5.1 June 1991 Test 

For the IBM 9370 mainframe system, the test results show that, for the IBM2 input 

simulation runs, the fixed base case gives the overall best results. The maximum 

acceleration values in this case are all below 2.5 g's while the relative displacement is 

zero. 

The results from the Bellcore input simulation runs for the IBM 9370 mainframe system 

show that the locked casters case gives the overall best results. Here the maximum 

acceleration values are all below 2.0 g's and the relative displacement is 2.75 in. 

The results from Taft RC-7 input simulation runs for the IBM 9370 mainframe system 

show that the D VE dampers, 4-Hz wire ropes, and the fixed base cases all give similar 

acceptable results. The maximum acceleration values for all three cases are below 1.5 

g's, and the relative displacements are all between zero and 0.75 in. 

Similar observations can be made for the EI Centro RC-7 input simulation runs. The 

maximum acceleration values for all three cases are below 1.5 g's, and the relative 

displacements are all between zero and 2.50 in. 

For the IBM 9371 mainframe system, the results show that, for the IBM2 input 

simulation runs, the bolted-to-slab case gives the overall best results. The maximum 

acceleration values in this case are all below 3.0 g's with no relative displacements. 

The results from the Bellcore input simulation runs forthe IBM 9371 mainframe system 

show that the bolted-to-slab case also gives the overall best results with all maximum 

acceleration values below 2.0 g's. 

The results from Taft RC-7 input simulation runs for the IBM 9371 mainframe system 

show that E VE dampers give the best results. The maximum acceleration values are 
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all below O.S g's, and the relative displacement is 1.5 n. However, from EI Centro RC-7 

input simulation runs, the bolted-to-slab case provides the best result with all maximum 

acceleration values below 1.S g's with no relative displacements. 

The conclusion that can be drawn from these results is that the fixed-base and 

locked-caster installation methods appear to be a good low cost solution for anchoring 

mainframe computer systems to raised floors. 

5.2 August 1991 Test 

For the IBM 9221 mainframe system, the results show that, for the IBM2 input simulation 

runs, the VE dampers, case 3, gives the overall best results. The maximum acceleration 

values are all below 3.0 g's and the relative displacement is 4.75 inches. The same 

conclusion can be drawn from the EI Centro RC-7 input simulation results where the max­

imum acceleration values for this input are all below 1.5 g's and the relative displacement 

is 1.0 inch. 

The conclusion that can be drawn from these results is that, overall, the viscoelastic 

damper device provides sufficient stiffness and damping characteristics to offer a good 

solution for anchoring the IBM 9221 mainframe computer system to the raised floor. 

5.3 June 1992 Test 

For the Frame S system, the results show that toggle bars appear to satisfy the dual 

requirements, i.e., a small relative displacement and a small maximum acceleration. The 

bushings which seem to work best are the SO-durometer ones. 

For the Endicott Frame, the results show that toggle bars are promising, but the 

response is much improved if they are used with the NTT levelers. The trade off here 

between the displacement and the acceleration seems to hold true for all the runs except 

Bellcore. For this simulation run, the response shows a small relative displacement and 

a small maximum acceleration for the NTT levelers with the toggle bars. Again, the 

SO-durometer bushings seems to work best here. 

For the Frame 1 system, the results are not as clear cut. Here the 5/32-in wire 

cables performed well for the EI Centro RC-7 simulation runs. For the IBM1 and Bellcore 

simulation runs, the toggle bars with the SO-durometer bushings worked well. Finally, 

for the IBM2 simulation runs, the NTT levelers with toggle bars and aluminum bushings 
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appear to perform the best. Therefore, it appears levelers could help the response of the 

system. 

The conclusion that can be drawn from these results is that a restraint system 

consisting of toggle bars with 80-durometer bushings appear to be a good low cost 

solution for anchoring mainframe computer systems to a raised floor. To possibly improve 

this response in terms of relative displacement and maximum acceleration, NTT levelers 

with toggle bars and 80-durometer bushings could be used. This method of anchoring 

will also provide good results, but at a much higher cost. 

An assessment of the overall test results indicates that there is a need to formulate 

installation procedures for computers and data processing equipment according to their 

dynamic behavior in a seismic environment. It is clear that an optimum restraint system 

is one which provides, on the one hand, sufficient stiffness to limit lateral displacement of 

the computer system within acceptable range and, on the other hand, sufficient damping 

or energy dissipation capacity to minimize its absolute acceleration. The amount of 

stiffness and damping of the restraint system required is, in turn, a function of the system 

characteristics, its location in the structure, the structural characteristics, soil conditions, 

and seismic conditions at the site. Sufficient knowledge currently exists on the dynamics 

of these types of systems under conditioning specified above, and this knowledge base 

can be utilized in the formulation of realistic installation guidelines and in the development 

of efficient restraint systems. 
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APPENDIX 

SUMMARY OF TEST RESULTS 
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Table A-1 Maximum Acceleration Values(g's), Locked Caster Case, 
IBM-9370, June 1991 

LOCKED CASTERS 

June 1991 

IBM-9370 RUN-5 RUN-6A RUN-9 RUN-11A 

IBM-2 BELLCORE TAFT RC-7 EC RC-7 

SHAKER ALAT 1.30 1.00 0.47 0.74 
AVRT 0.35 0.38 0.16 0.22 

SlAB ASEX 1.40 1.00 0.48 0.78 

FLOOR AFEX 1.40 1.00 0.51 0.85 
AFCZ 0.56 1.00 0.24 0.35 

LOWER LRRX 1.06 1.60 0.40 0.48 
LRRY 2.83 0.85 0.26 0.46 
LRRZ 2.03 1.43 0.26 0.39 
LRFX 0.98 0.79 0.39 0.46 

TOP TRRX 1.55 1.91 0.47 0.72 
TRFX 0.90 0.99 0.43 0.42 
TRFZ 0.62 1.10 0.26 0.41 
TRRZ 1.04 1.30 024 0.37 

TLFZ 0.93 1.00 0.21 0.36 
TLRZ 1.19 1.22 0.22 0.38 

DSD DSDX 0.81 0.88 0.26 0.22 
DSDY 0.40 0.67 0.16 0.67 
DSDZ 0.90 0.85 024 0.96 

DISPL. [in.] 19.00 2.75 625 13.00 
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Table A-2 Maximum Acceleration Values(g's), Bungee Cords Case, 
IBM-9370, June 1991 

BUNGEE CORDS 

June 1991 

IBM-9370 RUN-16 RUN-17 RUN-18 RUN-19 

IBM-2 BELLCORE TAFT RC-7 EC RC-7 

RUN-19A 

EC RC-7 
FREE CASTERS I nr.l<l=n CAc:::n=1=l 

SHAKER ALAT 1.30 1.00 0.47 0.71 0.74 
AVRT 0.34 0.38 0.16 023 0.23 

SlAB AS EX 1.37 1.03 0.48 0.76 0.78 

FLOOR AFEX 1.50 1.19 0.50 0.85 0.85 
AFCZ 0.74 0.83 0.24 0.72 0.31 

LOWER LRRX 1.47 1.22 0.54 1.12 0.98 
LRRY 0.83 1.03 0.43 0.64 0.50 
LRRZ 2.02 2.24 0.24 0.37 0.55 
LRFX 1.69 1.11 0.48 0.40 0.64 

TOP TRRX 1.88 1.96 0.70 1.09 1.20 
TRFX 1.62 1.33 0.37 0.54 0.64 
TRFZ 1.80 1.82 0.30 0.35 0.49 
TRRZ 1.87 2.10 0.23 0.34 0.54 
TLFZ 1.70 1.19 0.19 0.37 0.61 
TLRZ 1.67 1.48 024 0.37 0.54 

DSD DSDX 1.08 1.00 0.34 0.70 0.83 
DSDY 0.52 0.40 0.16 0.34 0.38 
DSDZ 1.60 1.27 0.21 0.34 0.54 

DISPL. [in.] 18.00 15.00 6.00 16.75 15.00 
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. 

Table A-3 Maximum Acceleration Values(g's), 4-Toggle Bar Case, 
IBM-9370, June 1991 

4 - TOGGLE BARS 
June 1991 

IBM-937O RUN-20A RUN-21 RUN-22 RUN-23 

IBM-1 BELLCORE TAFfRC-7 EC RC-7 

SHAKER ALAT 0.68 1.00 0.47 0.74 
AVRT 0.21 0.38 0.16 022 

SLAB ASEX 0.70 1.04 0.48 0.76 

FLOOR AFEX 0.75 1.12 0.50 1.00 
AFCZ 0.33 0.65 024 0.94 

LOWER LRRX 3.33 4.50 224 3.34 
LRRY 1.39 4.69 1.09 1.00 
LRRZ 0.50 0.95 0.35 1.60 
LRFX 1.37 3.03 1.05 1.78 

TOP TRRX 3.50 4.58 2.47 2.95 
TRFX 2.33 322 1.94 2.30 
TRFZ 0.58 0.89 0.41 1.66 
TRRZ 0.51 0.94 0.36 1.64 

TLFZ 0.64 0.58 0.45 1.10 
TLRZ 0.79 0.91 0.48 1.10 

DSD DSDX 2.24 3.05 1.53 1.76 
DSDY 0.83 0.72 0.39 0.50 
DSDZ 0.56 0.54 0.41 1.13 

DISPL. [in.] 0.00 0.00 0.00 0.00 
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Table A-4 Maximum Acceleration Values(g's), 2-Spring Case, 

IBM-9370, June 1991 

2-SPRINGS 

June 1991 

IBM-9370 RUN-24 RUN-25 RUN-26 RUN-27 

IBM-1 BELLCORE TAFT RC EC RC-7 

SHAKER AlAT 0.67 1.00 0.48 0.72 
AVRT 0.21 0.38 0.16 0.22 

SLAB ASEX 0.69 1.03 0.48 0.77 

FLOOR AFEX 0.77 1.12 0.54 0.92 
AFCZ 0.89 1.79 0.25 2.64 

LOWER LRRX 0.78 2.16 0.54 3.20 
LRRY 0.55 1.11 0.36 1.18 
LRRZ 0.60 3.30 0.31 4.15 
LRFX 0.63 2.09 0.38 1.60 

TOP TRRX 1.04 3.17 0.79 3.07 
TRFX 0.85 1.99 0.49 2.17 
TRFZ 0.60 3.16 0.31 3.34 
TRRZ 0.63 2.86 0.30 3.74 

TLFZ 0.52 2.87 0.19 3.48 
TLRZ 0.58 2.73 0.37 3.16 

DSD DSDX 0.57 1.57 0.45 1.76 
DSDY 0.36 0.59 0.19 0.41 
DSDZ 0.54 2.65 0.31 3.14 

DISPL. [in.] 9.50 10.00 7.50 17.00 
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Table A-5 Maximum Acceleration Values(g's), 
F-Damper Case,IBM-9370,June 1991 

FVE DAMPERS 

June 1991 

IBM-937O RUN-30F2 RUN-31F2 

TAFT RC-7 EC RC-7 

SHAKER ALAT 0.47 0.35 
AVRT 0.16 0.11 

SLAB ASEX 0.48 0.35 

FLOOR AFEX 0.55 0.37 
AFCZ 0.33 0.19 

LOWER LRRX 1.11 0.60 
LRRY 0.50 0.13 
LRRZ 0.86 026 
LRFX 1.66 0.44 

TOP TRRX 1.30 0.54 
TRFX 0.79 0.51 
TRFZ 0.83 0.25 
TRRZ 0.84 0.27 

TLFZ 0.88 0.18 
TLRZ 0.68 0.19 

DSD DSDX 0.72 0.45 
DSDY 0.33 0.09 
DSDZ 0.83 0.20 

DISPL. [in.] 4.00 7.50 

A-6 



Table A-6 Maximum Acceleration Values(g's), 
D-Damper Case, IBM-9370, June 1991 

DVE DAMPERS 

June 1991 

IBM-9370 RUN-30D3 RUN-31 0 

TAFT RC-7 EC RC-7 

SHAKER ALAT 0.47 0.73 
AVRT 0.16 0.23 

SLAB ASEX 0.47 0.78 

FLOOR AFEX 0.51 0.97 
AFCZ 0.36 0.34 

LOWER LRRX 0.71 0.81 
LRRY 0.28 0.18 
LRRZ 1.02 0.43 
LRFX 0.56 0.87 

TOP TRRX 0.98 0.96 
TRFX 1.00 0.92 
TRFZ 0.73 0.50 
TRRZ 1.04 0.42 

lLFZ 0.56 0.38 
lLRZ 0.77 0.40 

DSD DSDX 0.68 0.77 
DSDY 0.19 0.16 
DSDZ 0.70 0.40 

DISPL. [in.] 0.00 2.50 
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Table A-7 Maximum Acceleration Values(g's), 4-Hz. Wire Rope Case, 
IBM-9370, June 1991 

4 - Hz. WIRE ROPES 
June 1991 

IBM-9370 RUN-W737A RUN-W438A RUN-W639A RUN-36 

BELLCORE TAFT RC-7 EC RC-7 IBM-2 

SHAKER ALAT 1.00 0.47 0.77 1.28 
AVRT 0.38 0.17 022 0.34 

SLAB ASEX 1.03 0.48 0.81 1.34 

FLOOR AFEX 1.15 0.57 1.00 1.55 
AFCZ 1.01 0.22 0.32 0.59 

LOWER LRRX 2.07 0.79 1.06 1.92 
LRRY 0.67 0.14 0.27 0.53 
LRRZ 2.44 025 0.87 1.68 
LRFX 1.90 0.78 1.01 1.82 

TOP TRRX 3.73 0.98 1.11 2.42 
TRFX 3.11 0.83 0.99 2.15 
TRFZ 2.09 0.31 0.88 1.54 
TRRZ 2.46 0.26 0.88 1.76 
TLFZ 2.89 0.30 0.43 2.34 
TLRZ 3.46 0.22 0.52 2.80 

DSD DSDX 2.35 0.64 0.81 1.67 
DSDY 0.28 0.10 0.17 0.35 
DSDZ 3.19 0.25 0.52 2.56 

DISPL. [in.] 2.75 0.75 125 2.50 
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Table A-8 Maximum Acceleration Values(g's), 4-Wire 
Rope Case, IBM-9370, June, 1991 

2 - Hz WIRE ROPES 
June 1991 

IBM-9370 RUN-W1338B RUN-W1739B 

TAFT RC-7 EC RC-7 

SHAKER ALAT 0.47 0.77 
AVRT 0.16 024 

SlAB ASEX 0.48 0.81 

FLOOR AFEX 0.59 1.30 
AFCZ 0.51 1.06 

LOWER LRRX 1.33 1.09 
LRRY 0.47 0.85 
LRRZ 0.91 2.99 
LRFX 123 3.77 

TOP TRRX 129 2.76 
TRFX 1.05 2.71 
TRFZ 0.90 2.71 
TRRZ 0.90 2.86 
TLFZ 1.22 4.39 
TLRZ 1.25 3.38 

DSD DSDX 0.71 2.42 
DSDY 0.36 0.74 
DSDZ 1.23 3.69 

DISPL. [in.] 3.75 2.75 
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Table A-9 Maximum Acceleration Values(g's), Fixed Base Case, 
IBM-9370, June 1991 

FIXED BASE 
June 1991 

IBM-9370 RUN-SO RUN-61 RUN-62C RUN-63 

IBM-2 BELLGORE TAFTRG-7 EG RG-7 

SHAKER ALAT 1.30 0.99 0.47 0.72 
AVRT 0.35 0.38 0.16 023 

SLAB ASEX 1.35 1.04 0.47 0.77 

FLOOR AFEX 1.52 1.08 0.58 0.71 
AFCZ 0.54 1.SO 024 0.32 

LOWER LRRX 2.15 1.41 0.72 0.98 
LRRY 0.40 0.31 0.09 0.12 
LRRZ 1.77 1.77 024 0.32 
LRFX 1.87 1.27 0.68 0.91 

TOP TRRX 2.07 3.17 1.06 1.07 
TRFX 2.21 2.77 1.09 1.14 
TRFZ 1.51 1.24 0.22 0.43 
TRRZ 1.76 1.70 0.24 0.34 

TLFZ 1.03 2.09 0.23 0.36 
TLRZ 1.06 2.70 024 0.31 

DSD DSDX 1.37 2.12 0.74 0.91 
DSDY 0.48 0.66 0.11 0.21 
DSDZ 1.10 2.64 0.27 0.33 

DISPL. ~n.l 0.00 0.00 0.00 0.00 
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Table A-10 Maximum Acceleration Values(g's), On Glides Case, 
IBM-9371, June 1991 

GLIDES 
June 1991 

IBM-9371 RUN-40 RUN-41 RUN-42B RUN-43 

IBM-2 BELLCORE TAFT RC-7 EC RC-7 

SHAKER ALAT 1.30 1.00 0.47 0.68 
AVRT 0.34 0.38 0.16 0.22 

SLAB ASEX 1.36 1.02 0.47 0.70 

FLOOR AFEX 1.54 1.06 0.54 0.87 
AFCZ 0.46 0.44 0.19 027 

LOWER LRRX 0.95 0.68 0.49 0.46 
LRRY 0.16 0.12 0.18 0.22 
LRRZ 0.64 0.52 0.30 0.39 
LRFX 0.89 0.73 0.62 0.60 

TOP TRRX 0.93 0.70 0.69 0.93 
TRFX 0.78 0.60 0.57 0.69 
TRFZ 0.70 0.62 0.45 0.59 
TRRZ 0.74 0.58 0.33 0.46 

TLFZ 0.79 0.68 0.58 0.44 
TLRZ 0.79 0.57 028 0.31 

DSD DSDX 0.75 0.63 0.47 0.51 
DSDY 0.65 0.51 0.56 0.59 
DSDZ 0.88 0.58 0.50 0.46 

DISPL. ~n.l 20.00 14.50 1.50 10.50 
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Table A-11 Maximum Acceleration Values(g's), E-Damper Case, 
IBM-9371, June 1991 

EVE DAMPERS IN REAR 
June 1991 ATIACHED TO WALL 

IBM-9371 RUN-44 RUN-45 RUN-46B RUN-47 

IBM-2 BELLCORE TAFT RC-7 EC RC-7 

SHAKER ALAT 1.30 1.00 0048 0.72 
AVRT 0.34 0.37 0.16 023 

SLAB ASEX 1.37 1.03 0048 0.75 

FLOOR AFEX 1.50 1.10 021 0.85 
AFCZ 0.45 0.46 0.20 0.30 

LOWER LRRX 1.78 0.95 0.68 0.96 
LRRY 0.59 0041 0.10 0.40 
LRRZ 0.43 0047 025 0.35 
LRFX 128 0.99 0046 0.61 

TOP TRRX 1.39 1.10 0.71 0.92 
TRFX 0.97 0.65 0049 0.61 
TRFZ 0.51 0.60 0.25 0.31 
TRRZ 0.48 0.46 029 0.42 
TLFZ 0.90 0.54 0.30 0040 
TLRZ 0.70 0.46 0.24 0.36 

DSD DSDX 0.94 0.62 0045 0.50 
DSDY 0.75 0.56 0042 0.62 
DSDZ 0.52 0047 028 0.35 

DISPL. [in.] 1.50 6.00 
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Table A-12 Maximum Acceleration Values(g's), Fixed in Rear Case, 
IBM-9371 , June 1991 

FIXED IN REAR ONL Y 

June 1991 

IBM-9371 RUN-64 RUN-65 RUN-66A RUN-67 

IBM-2 BELLCORE TAFT RC-7 ECRC-7 

SHAKER ALAT 127 0.99 0.47 0.72 
AVRT 0.35 0.37 0.16 0.22 

SLAB ASEX 1.34 1.01 0.47 0.76 

FLOOR AFEX 1.47 1.02 0.54 0.92 
AFCZ 0.51 0.51 0.18 0.28 

LOWER LRRX 3.31 4.94 0.80 1.43 
LRRY 0.53 0.68 0.29 0.38 
LRRZ 2.47 2.06 0.57 0.85 
LRFX 2.16 2.29 0.80 0.89 

TOP TRRX 2.85 2.41 1.06 1.69 
TRFX 2.73 2.90 0.93 1.16 
TRFZ 3.11 2.40 0.75 120 
TRRZ 2.64 2.24 0.66 0.87 

TLFZ 3.99 5.61 0.92 1.40 
TLRZ 2.51 3.42 0.83 1.44 

DSD DSDX 1.60 1.95 0.60 0.78 
DSDY 120 1.57 0.98 1.16 
DSDZ 4.24 5.40 0.86 1.50 

DISPL. [in.) 3.50 4.50 0.50 1.25 

A-13 



Table A-13 Maximum Acceleration Values(g's), Bolted To Slab Case, 
IBM-9371 , June 1991 

BOLTED TO SLAB 
June 1991 

IBM-9371 RUN-68 RUN-69 RUN-70 RUN-71 

IBM-2 BELLCORE TAFT RC-7 ECRC-7 

SHAKER ALAT 1.29 0.97 0.46 0.74 
AVRT 0.34 0.38 0.15 0.23 

SlAB ASEX 1.35 1.03 0.47 0.78 

FLOOR AFEX 1.36 1.06 0.54 0.96 
AFCZ 0.45 0.44 020 0.29 

LOWER LRRX 2.49 1.70 0.72 1.71 
LRRY 0.72 0.32 0.15 0.33 
LRRZ 1.21 1.22 0.45 0.87 
LRFX 1.42 126 0.58 1.11 

TOP TRRX 2.75 1.95 0.92 1.49 
TRFX 2.33 1.56 0.83 1.47 
TRFZ 127 1.46 0.36 0.99 
TRRZ 1.36 1.39 0.52 1.14 

TLFZ 1.45 0.99 0.36 1.03 
TLRZ 0.60 0.39 0.18 0.33 

DSD DSDX 1.82 1.44 0;62 1.05 
DSDY 1.44 0.65 0.53 0.74 
DSDZ 0.55 0.41 0.20 0.33 

DISPL. [in.] 
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Table A-14 Maximum Acceleration Values(g's), Locked Caster Case, 
IBM-9221, August 1991 

LOCKED CASTERS 
August 1991 

IBM-9221 RUN-4 RUN-5 RUN-6 RUN-S 

EC RC-1 EC RC-3 EC RC-7 IBM-2 

SHAKER ALAT 0.13 0.47 0.S2 1.70 

AVRT 0.02 020 0.21 0.33 

SLAB ASEX 0.14 0.49 0.S6 1.80 
ASWX 0.14 0.49 0.S9 1.90 
ASCV 0.03 024 0.24 0.34 

FLOOR AFEX 0.17 0.56 0.96 2.04 
AFWX 0.20 0.52 0.S5 2.20 

LOWER LRRX 0.06 0.30 0.37 0.44 
LRRY 0.25 0.57 0.72 1.36 
LRRZ 0.08 0.39 0.43 0.85 
LRFX 0.23 0.45 0.62 0.84 
LRFY 0.00 0.00 0.00 0.00 

TOP TRRX 0.39 0.63 0.S1 1.27 
TRFX 0.25 0.52 0.77 1.06 
TRFZ 0.07 0.49 0.50 0.72 
TRRZ 0.07 0.38 0.41 0.77 
TLFZ 0.07 0.46 0.49 0.93 

TLRZ 0.88 0.42 0.43 0.67 

DSD DSDX 0.18 0.30 0.41 0.72 
DSDY 0.06 0.19 0.37 0.44 
DSDZ O.OS 0.43 0.45 0.72 

DISPL. ~n.l 4.75 S.OO 12.25 29.00 
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Table A-15 Maximum Acceleration Values(g's), VE Dampers, 
Case -1, IBM-9221, August 1991 

VE DAMPERS, CASE 1 
August 1991 

IBM-9221 RUN-57 RUN-58 RUN-59 

EC RC-1 EC RC-3 EC RC-7 

SHAKER ALAT 0.42 0.49 0.81 

AVRT 0.21 0.21 020 

SLAB ASEX 0.45 0.50 0.82 
ASWX 0.45 0.51 0.86 
ASCV 0.24 0.24 023 

FLOOR AFEX 0.53 0.57 1.15 
AFINX 0.48 0.54 0.94 

LOWER LRRX 0.18 0.15 0.50 
LRRY 0.82 0.96 3.04 
LRRZ 0.32 0.31 1.08 
LRFX 0.55 0.56 2.56 
LRFY 0.00 0.00 0.00 

TOP TRRX 0.71 0.97 2.20 
TRFX 0.59 0.71 2.14 
TRFZ 0.27 0.30 0.88 
TRRZ 0.31 0.31 1.03 
TLFZ 0.30 0.29 0.78 

TLRZ 0.29 0.31 0.66 

DSD DSDX 0.42 0.62 1.60 
DSDY 0.18 0.16 0.31 
DSDZ 0.29 0.31 0.70 

DISPL. pn.] 1.50 2.75 4.75 
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Table A-16 Maximum Acceleration Values(g's), VE Dampers, 
Case -2, IBM-9221, August 1991 

VE DAMPERS, CASE 2 
August 1991 

IBM-9221 RUN-50 RUN-61 RUN-62 

EC RC-1 EC RC-3 EC RC-7 

SHAKER ALAT 0.45 0.48 0.82 
AVRT 0.21 021 021 

SLAB ASEX 0.46 0.50 0.84 
ASWX 0.47 0.51 0.87 
ASCV 0.26 0.25 0.23 

FLOOR AFEX 0.51 0.56 1.19 
AFWX 0.50 0.51 0.79 

LOWER LRRX 0.20 0.46 0.75 
LRRY 0.78 1.05 1.94 
LRRZ 0.53 0.53 2.75 
LRFX 0.54 0.54 1.55 
LRFY 0.00 0.00 0.00 

TOP TRRX 0.79 0.95 2.36 
TRFX 0.60 0.82 2.10 
TRFZ 0.46 0.48 2.15 
TRRZ 0.52 0.52 2.73 
TLFZ 0.41 0.84 2.46 
TLRZ 0.38 0.78 2.47 

DSD DSDX 0.50 0.64 1.42 
DSDY 0.18 0.40 0.56 
DSDZ 0.39 0.82 2.66 

DISPL. ~n.] 2.00 2.50 6.50 
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Table A-17 Maximum Acceleration Values(g's), VE Dampers, 
Case -3, IBM-9221, August 1991 

VE DAMPERS, CASE 3 
August 1991 

IBM-9221 RUN-63 RUN-64 RUN-65 

EC RC-1 EC RC-3 EC RC-7 

SHAKER ALAT 0.43 0.47 0.80 

AVRT 020 020 021 

SLAB ASEX 0.44 0.49 0.83 
ASWX 0.45 0.49 0.86 
ASCV 025 024 0.26 

FLOOR AFEX 0.50 0.51 1.00 
APNX 0.46 0.50 0.77 

LOWER LRRX 0.00 0.00 0.00 
LRRY 0.35 0.34 0.34 
LRRZ 0.36 0.35 0.35 
LRFX 0.60 0.54 0.92 
LRFY 0.00 0.00 0.00 

TOP TRRX 124 120 1.31 
TRFX 1.08 0.95 0.98 
TRFZ 0.29 0.32 0.33 
TRRZ 0.35 0.35 0.35 
TLFZ 029 0.31 0.30 
TLRZ 0.34 0.34 0.32 

DSD DSDX 0.79 0.78 0.91 
DSDY 0.15 0.13 0.17 
DSDZ 0.33 0.35 0.33 

DISPL. [in.] 1.00 1.00 
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RUN-66 

IBM-2 

1.41 

0.33 

1.44 
1.50 
0.33 

2.18 
1.67 

0.00 
2.34 
0.83 
2.19 
0.00 

2.65 
1.95 
0.71 
0.80 
1.09 
1.04 

1.84 
0.52 
1.05 

4.75 



Table A-18 Maximum Acceleration Values(g's), 4-Toggle Bar Free Casters, 
40-Durometer, IBM-9221 , August 1991 

4-TOGGLE BARS FREE CASTERS 

August 1991 40-DUROMETER 

IBM-9221 RUN-12 RUN-13 RUN-14 

EC RC-1 EC RC-7 IBM-2 

SHAKER ALAT 0.45 0.78 1.39 

AVRT 0.20 0.20 0.29 

SLAB ASEX 0.46 0.83 1.43 
ASWX 0.48 0.85 1.50 
ASCV 0.25 0.26 0.30 

FLOOR AFEX 0.47 0.84 1.65 
APNX 0.49 0.86 1.69 

LOWER LRRX 0.31 0.46 0.58 
LRRY 0.96 1.44 2.79 
LRRZ 0.31 0.32 0.58 
LRFX 0.49 0.93 1.67 
LRFY 0.00 0.00 0.00 

TOP TRRX 1.10 1.44 3.59 
TRFX 0.78 1.45 2.92 
TRFZ 0.33 0.33 0.44 
TRRZ 0.31 0.32 0.47 
TLFZ 0.34 0.32 0.56 

TLRZ 0.30 0.30 0.61 

DSD DSDX 0.81 1.25 2.60 
DSDY 0.27 0.00 0.00 
DSDZ 0.32 0.32 0.60 

DISPL. [in.] 1.75 2.00 4.00 
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Table A-19 Maximum Acceleration Values(g's), 4-Toggle Bar' 
Free Casters, 80-Durometer, IBM-9221, August 1991 

4-TOGGLE BARS 
FREE CASTERS 

August 1991 80-DUROMETER 

IBM-9221 RUN-15 RUN-16 

EC RC-7 IBM-2 

SHAKER ALAT 0.83 1.39 

AVRT 021 0.33 

SLAB ASEX 0.88 1.44 
ASWX 0.90 1.50 
ASCV 026 0.35 

FLOOR AFEX 0.87 1.62 
AFWX 0.87 1.62 

LOWER LRRX 026 0.45 
LRRY 122 2.77 
LRRZ 0.34 0.56 
LRFX 0.88 1.89 
LRFY 0.00 0.00 

TOP TARX 1.49 3.08 
TRFX 1.31 2.99 
TRFZ 0.33 0.42 
TARZ 0.34 0.43 
TLFZ 0.32 0.60 

TLRZ 0.34 0.59 

DSD DSDX 1.20 2.24 
DSDY 0.29 0.49 
DSDZ 0.35 0.57 

DISPL. ~n.] 1.50 2.50 
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Table A-20 Maximum Acceleration Values(g's), Toggle Bars, 

80-Durometer Bushings, Frame-8, June 1992 

Toggle Bars 

IBM0692 80 - Durometer Bushings 

FRAME-8 

RUN-2 RUN-3 RUN-4 RUN-5 RUN-6 RUN-7 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 BELLCORE 

SHAKER MAT 0.45 0.70 0.59 0.75 0.95 0.87 
AVRT 0.11 0.11 0.17 0.26 0.29 0.32 

SLAB ASEX 0.47 0.71 0.57 0.77 0.96 0.B4 
ASWX 0.47 0.68 0.61 0.79 0.93 0.90 
ASCV 0.16 0.15 0.23 0.30 0.30 0.35 

FLOOR AFEX 0.54 0.73 0.59 0.90 1.20 1.30 

LOWER LRRX 0.82 1.08 0.85 1.00 2.29 2.71 
LRRY 0.63 0.36 0.21 0.26 0.32 0.35 
LRRZ 0.19 0.18 0.26 0.38 0.45 0.50 
LRFX 1.04 1.41 1.05 1.13 2.44 2.78 

TOP TRFX 2.53 2.90 2.23 2.04 4.09 4.00 
TRRX 1.70 2.15 1.75 1.60 4.05 4.09 
TRFZ 0.19 0.22 0.27 0.43 0.46 0.47 
TLRZ 0.25 0.22 0.28 0.47 0.83 0.63 

DSD DSDX 1.46 1.93 1.50 1.36 2.89 3.01 
DSDY 0.35 0.33 0.21 0.26 0.43 0.55 
DSDZ 0.46 0.39 0.55 0.74 0.70 0.63 

FSD FSDX 2.34 2.53 2.01 1.75 3.42 3.42 
FSDY 0.78 0.51 0.25 0.32 0.80 1.08 
FSDZ 0.53 0.28 0.41 0.99 0.89 0.67 

Displacement 1.00 1.00 1.00 1.00 1.00 1.50 
r in.] 
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Table A-21 Maximum Acceleration Values(g's), 3/16 Wire Ropes, 
80-Durometer Bushings, Frame-8, June 1992 

3/16 Wire Ropes 

IBM0692 80 - Durometer Bushings 

FRAME-8 

RUN-8 RUN-9 RUN-10 RUN-11 RUN-12 RUN-13 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 BELLCORE 

SHAKER ALAT 0.45 0.70 0.57 0.77 0.95 0.97 
AVRT 0.11 0.11 0.17 026 0.28 0.35 

SLAB ASEX 0.46 0.71 0.56 0.80 0.96 0.94 
ASWX 0.46 0.69 0.59 0.82 0.93 1.02 
ASCV 0.13 0.13 0.20 0.28 0.30 0.38 

FLOOR AFEX 0.50 0.94 0.63 0.88 1.36 1.91 

LOWER LRRX 0.49 1.70 1.15 1.56 4.09 4.09 
LRRY 0.12 0.32 0.24 0.32 0.49 0.80 
LRRZ 021 0.39 0.35 0.50 1.41 1.76 
LRFX 0.45 1.40 1.09 1.60 4.09 4.09 

TOP TRFX 0.61 2.50 1.92 2.59 5.54 6.33 
TRRX 0.68 2.60 2.19 2.89 5.78 6.81 
TRFZ 0.23 0.30 0.38 0.47 1.30 1.76 
TLRZ 0.21 0.30 0.34 0.67 1.79 1.62 

DSD DSDX 0.55 1.88 1.49 2.12 3.91 5.15 
DSDY 0.16 0.30 0.31 0.34 0.56 1.20 
DSDZ 0.46 0.50 0.61 0.86 2.33 2.39 

FSD FSDX 0.53 2.18 1.72 2.36 4.73 5.30 
FSDY 0.28 0.42 0.56 0.60 1.55 2.09 
FSDZ 0.43 0.43 0.62 0.91 2.68 2.16 

Displacement 1.00 2.50 2.00 2.50 3.00 3.50 
r in.l 
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Table A-22 Maximum Acceleration Values(g's), 3/16 Wire Ropes 
Teflon Bushings, Frame-8, June 1992 

3/16 Wire Ropes 

IBM0692 Teflon Bushings 

FRAME-8 

RUN-14 RUN-15 RUN-16 

EC-3 EC-7 EC-7 
(failed) 

SHAKER ALAT 0.45 0.70 0.70 
AVRT 0.11 0.11 0.12 

SlAB ASEX 0.46 0.72 0.71 
ASWX 0.45 0.68 0.68 
ASCV 0.13 0.16 0.16 

FLOOR AFEX 0.47 0.86 0.73 

LOWER LRRX 0.42 1.05 1.59 
LRRY 0.22 0.69 1.20 
LRRZ 0.20 0.78 0.35 
LRFX 0.45 1.06 1.45 

TOP TRFX 0.62 1.55 2.23 
TRRX 0.73 1.56 3.53 

TRFZ 0.23 0.95 0.24 
TLRZ 0.21 1.13 0.32 

DSD DSDX 0.56 1.04 2.02 
DSDY 0.20 0.48 0.32 
DSDZ 0.45 1.63 0.47 

FSD FSDX 0.53 1.35 1.98 
FSDY 0.31 0.84 0.85 
FSDZ 0.39 1.14 0.42 

Displacemet 1.00 36.00 3.00 
r in.l 
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Table A-23 Maximum Acceleration Values(g's), 5/32 Wire Ropes and 

Springs with Teflon Bushings, Frame-8, June 1992 

5/32 Wire Ropes With Springs, K=570 Iblin. 

IBM0692 Teflon Bushings 

FRAME-8 

RUN-18 RUN-19 RUN-20 RUN-21 RUN-22 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 

SHAKER ALAT 0.45 0.70 0.57 0.77 0.95 
AVRT 0.11 0.11 0.17 0.26 0.28 

SlAB AS EX 0.46 0.71 0.55 0.79 0.97 
ASWX 0.46 0.68 0.58 0.81 0.93 
ASCV 0.13 0.15 0.22 0.32 0.31 

FLOOR AFEX 0.51 0.86 0.63 0.88 0.98 

LOWER LRRX 0.65 1.69 2.32 3.43 2.97 
LRRY 0.23 0.50 0.63 0.86 1.06 
LRRZ 0.27 0.86 1.97 1.98 1.82 
LRFX 0.49 1.78 2.15 3.07 3.19 

TOP TRFX 0.71 1.78 3.18 2.98 3.31 
TRRX 0.81 1.81 3.30 3.07 3.27 

TRFZ 0.27 0.77 1.89 2.00 1.98 
TLRZ 0.27 1.46 2.00 2.36 2.45 

DSD DSDX 0.61 1.50 3.76 3.83 3.83 
DSDY 0.12 0.42 0.59 0.91 0.94 
DSDZ 0.59 1.51 3.44 4.03 3.48 

FSD FSDX 0.64 1.44 2.84 3.14 2.99 
FSDY 0.24 0.62 0.91 1.39 1.32 
FSDZ 0.39 1.67 2.55 3.10 3.08 

Displacement 2.00 4.00 3.50 3.50 5.50 
r in.l 
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Table A-24 Maximum Acceleration Values(g's), 5/32 Wire Ropes and 
Brackets with Teflon Bushings, Frame-a, June 1992 

5/32 Wire Ropes & Brackets 

IBM0692 T eflon Bushin~ s 

FRAME-8 

RUN-23 RUN-24 RUN-25 RUN-26 

EC-3 EC-7 EC-1.5 IBM-1 

SHAKER ALAT 0.58 0.76 0.94 0.95 
AVRT 0.17 0.25 029 0.35 

SLAB ASEX 0.56 0.77 0.97 0.93 
ASWX 0.60 0.79 0.94 1.01 
ASCV 0.22 0.30 0.30 0.40 

FLOOR AFEX 0.61 0.94 1.79 2.20 

LOWER LRRX 1.06 1.69 4.09 4.09 
LRRY 0.35 0.54 1.12 1.02 
LRRZ 0.38 0.50 1.21 1.66 
LRFX 1.31 1.93 3.96 4.09 

TOP TRFX 2.25 3.10 6.65 6.95 
TRRX 1.82 2.51 5.96 7.99 
TRFZ 0.31 0.52 1.18 1.75 
TLRZ 0.31 0.45 1.61 2.05 

DSD DSDX 1.49 2.19 3.60 5.86 
DSDY 0.23 0.43 0.71 0.75 
DSDZ 0.71 0.97 1.98 2.18 

FSD FSDX 1.95 2.67 5.84 6.14 
FSDY 0.43 0.82 1.47 1.71 
FSDZ 0.48 1.17 2.21 3.60 

Displacement 1.50 2.00 2.50 2.75 
r in.' 
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Table A-25 Maximum Acceleration Values(g's), Toggle Bars, 

Aluminum Bushings, Frame-B, June 1992 

Toggle Bars 

IBM0692 Aluminum Bushings 

FRAME-8 

RUN-27 RUN-28 RUN-29 RUN-30 

EG-3 EC-7 EC-1.5 IBM-1 

SHAKER ALAT 0.44 0.71 0.57 0.76 
AVRT 0.11 0.11 0.16 0.25 

SLAB ASEX 0.46 0.72 0.56 0.75 
ASWX 0.45 0.69 0.59 0.76 
ASCV 0.13 0.13 0.23 0.31 

FLOOR AFEX 0.57 0.70 0.55 0.86 

LOWER LRRX 0.84 122 1.34 1.40 
LRRY 0.25 0.36 0.37 0.36 
LRRZ 020 0.17 0.28 0.41 
LRFX 0.95 1.32 1.36 1.25 

TOP TRFX 1.48 2.35 2.49 2.72 
TRRX 1.36 1.91 2.22 2.24 
TRFZ 0.17 020 0.29 0.43 
TLRZ 020 023 0.28 0.41 

DSD DSDX 0.03 0.03 0.02 0.03 
DSDY 0.03 0.03 0.03 0.03 
DSDZ 0.03 0.03 0.03 0.03 

FSD FSDX 0.05 0.05 0.05 0.04 
FSDY 0.07 0.07 0.07 0.06 
FSDZ 0.06 0.06 0.05 0.04 

Displacement 0.75 1.00 0.75 1.00 
fin.] 

A-26 

RUN-31 RUN-32 

IBM-2 BELLCORE 

0.95 0.97 
028 0.36 

0.96 0.94 
0.93 1.02 
029 0.37 

1.34 1.64 

3.33 3.67 
0.57 0.45 
0.71 0.77 
3.50 3.42 

4.32 5.48 
4.63 5.89 

0.64 0.69 
0.79 1.17 

0.03 0.03 
0.03 0.03 
0.03 0.02 

0.05 0.06 
0.07 0.07 
0.06 0.04 

1.50 1.75 



Table A-26 Maximum Acceleration Values(g's), Toggle Bars 
Loose, Aluminum Bushings, Frame-8, June 1992 

Toggle Bars Loose 

IBM0692 Aluminum BushinQs 

FRAME-S 

RUN-33 RUN-34 

IBM-1 IBM-2 

SHAKER ALAT 0.75 0.95 
AVRT 0.26 0.29 

SLAB ASEX 0.79 0.96 
ASWX 0.S1 0.93 
ASCV 0.30 0.29 

FLOOR AFEX 1.06 1.64 

LOWER LRRX 1.79 3.33 
LRRY 0.55 0.S7 
LRRZ 0.86 1.23 
LRFX 2.16 3.85 

TOP TRFX 2.52 5.57 
TRRX 2.92 6.95 

TRFZ 1.03 1.55 
TLRZ 1.17 1.73 

DSD DSDX 0.04 0.03 
DSDY 0.02 0.03 
DSDZ 0.03 0.03 

FSD FSDX 0.05 0.03 
FSDY 0.07 0.07 
FSDZ 0.05 0.06 

Displacement 1.75 2.50 
r in.] 
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Table A-27 Maximum Acceleration Values(g's), Normal Levelers­
Plastic Coating, X-Axis, Frame-B, June 1992 

Normal Levelers - Plastic Coating 

IBM0692 X-Axis, Raised Casters 

FRAME-S 

RUN-37 RUN-38 RUN-39 RUN-40 RUN41 

EC-1 EC-3 EC-5 EC-7 IBM-1 

SHAKER ALAT 0.36 0.44 0.39 0.71 0.74 
AVRT 0.11 0.11 0.11 0.11 0.25 

SLAB ASEX 0.35 0.46 0040 0.72 0.77 
ASWX 0.35 0.46 0.38 0.69 0.79 
ASCV 0.12 0.14 0.13 0.13 0.31 

FLOOR AFEX 0.46 0.49 0.45 0.79 0.96 

LOWER LRRX 0.60 0.67 0.70 0.68 0.75 
LRRY 0.15 0.15 0.19 020 0.28 
LRRZ 0.34 0.45 0.51 0.46 0.75 
LRFX 0.60 0.74 0.76 0.81 0.92 

TOP TRFX 0.60 0.68 0.61 0.84 0.88 
TRRX 0.63 0.73 0.67 0.73 0.97 

TRFZ 0.29 0.49 0.58 0.52 0.69 
TLRZ 0.52 0.38 0.50 0.44 0.63 

DSD DSDX 0.03 0.76 0.70 0.70 1.03 
DSDY 0.03 0.18 0.19 0.18 0.26 
DSDZ 0.03 0.64 0.63 0.62 1.13 

FSD FSDX 0.07 0.21 024 0.35 0.39 
FSDY 0.06 0.66 0.55 0.75 1.03 
FSDZ 0.06 0.46 0.52 0.44 0.79 

Displacement 4.00 4.00 4.00 S.OO 15.00 
Jin.J 
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Table A-28 Maximum Acceleration Values(g's), Normal Levelers­
Plastic Coating, Y-Axis, Frame-8, June 1992 

Normal Levelers - Plastic Coating 

IBM0692 Y-Axis, Raised Casters 

FRAME-8 

RUN-42 RUN-43 RUN-44 RUN-45 

EC-3 EC-7 IBM-1 IBM-2 

SHAKER ALAT 0.45 0.72 0.76 0.95 
AVRT 0.11 0.11 026 0.28 

SLAB ASEX 0.46 0.72 0.78 0.98 
ASWX 0.46 0.70 0.80 0.95 
ASCV 0.14 0.13 0.30 0.30 

FLOOR AFEX 0.50 0.85 0.95 1.31 

LOWER LRRX 0.21 0.36 0.46 0.81 
LRRY 0.58 0.56 0.74 0.70 
LRRZ 0.41 0.32 0.52 0.64 
LRFX 0.64 0.62 0.81 0.77 

TOP TRFX 0.70 0.70 0.84 0.97 
TRRX 0.34 0.47 0.59 0.82 
TRFZ 0.44 0.36 0.60 0.74 
TLRZ 0.41 0.36 0.61 0.74 

DSD DSDX 0.47 0.48 0.79 0.76 
DSDY 0.60 0.55 0.61 0.75 
DSDZ 0.60 0.48 0.92 0.98 

FSD FSDX 0.62 0.68 0.67 0.88 
FSDY 0.28 0.40 0.48 0.70 
FSDZ 0.50 0.48 0.87 0.99 

Displacement 5.00 10.00 9.50 16.00 
rin.] 
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Table A-29 Maximum Acceleration Values(g's), Normal Levelers­
Plastic Coating, X-Axis, Endicott Frame, June 1992 

Normal Levelers - Plastic Coating 

IBM0692 X-Axis, Raised Casters 

ENDICOTT 

RUN-46 RUN-47 RUN-48 RUN-49 

FRAME 

EC-3 EC-7 IBM-1 IBM-2 

SHAKER ALAT 0.45 0.71 0.75 0.96 
AVRT 0.12 0.11 0.26 0.29 

SLAB AS EX 0.48 0.72 0.77 0.97 
ASWX 0.48 0.69 0.80 0.95 
ASCV 0.14 0.14 0.30 0.30 

FLOOR AFEX 0.48 0.87 0.89 1.02 

LOWER LRRX 0.81 0.65 0.73 1.15 
LRRY 0.29 0.25 0.26 0.50 
LRRZ 0.00 0.48 0.84 1.44 
LRFX 0.65 0.60 0.65 1.13 

TOP TRFX 0.77 0.84 0.86 0.93 
TRRX 0.92 0.89 1.03 1.42 
TRFZ 0.36 0.45 0.78 1.23 
TLRZ 0.56 0.52 0.99 1.17 

DSD DSDX 0.70 0.59 0.65 1.10 
DSDY 0.27 0.17 0.17 0.32 
DSDZ 0.59 0.60 0.99 1.28 

FSD FSDX 0.50 0.46 0.64 0.81 
FSDY 0.17 0.14 0.12 0.19 
FSDZ 0.59 0.60 0.92 1.11 

Displcament 2.25 8.50 8.00 16.00 
[in.l 

A-30 

RUN-50 

BELLCORE 

0.96 
0.37 

0.94 
1.01 
0.35 

1.28 

0.81 
0.44 
1.50 
1.05 

1.01 
1.39 
1.55 
1.16 

0.81 
0.33 
1.16 

0.69 
0.26 
1.01 

24.00 



Table A-30 Maximum Acceleration Values(g's), Toggle Bars, 

80-Durometer, Endicott Frame, June 1992 

Toggle Bars 

IBM0692 80 - Durometer BushinQs 

ENDICOTT 

RUN-51 RUN-52 RUN-53 RUN-54 

FRAME 

RUN-55 

EC-3 EC-7 IBM-1 IBM-2 BELLCORE 

SHAKER ALA.T 0.45 0.70 0.78 0.94 0.97 
AVRT 0.11 0.11 0.26 0.28 0.36 

SLAB AS EX 0.47 0.71 0.79 0.95 0.95 
ASWX 0.47 0.68 0.81 0.93 1.03 
ASCV 0.15 0.15 0.31 0.30 0.36 

FLOOR AFEX 0.49 0.79 0.82 1.47 1.57 

LOWER LRRX 0.66 1.02 1.11 2.23 2.67 
LRRY 0.23 0.25 0.30 0.58 0.99 
LRRZ 0.19 0.21 0.43 0.32 0.50 
LRFX 0.64- 0.86 1.27 2.81 2.92 

TOP TRFX 1.49 1.60 1.93 4.18 5.26 
TRRX 1.39 1.73 1.86 3.30 4.45 
TRFZ 0.22 0.19 0.47 0.52 0.71 
TLRZ 0.31 0.29 0.57 0.91 0.84 

DSD DSDX 0.56 1.03 1.17 2.30 3.41 
DSDY 0.30 0.23 0.25 0.46 0.42 
DSDZ 0.41 0.41 0.68 0.54 0.63 

FSD FSDX 0.96 1.07 1.14 2.11 3.27 
FSDY 0.26 0.28 0.27 0.50 0.50 
FSDZ 0.35 0.35 0.66 0.74 0.65 

Displacement 0.25 0.50 0.50 0.50 2.50 
r in.l 
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Table A-31 Maximum Acceleration Values(g's), Toggle Bars and NTT Levelers, 
80-Durometer, Endicott Frame, June 1992 

Toggle Bars & NTT Levelers 

IBM0692 80 - Durometer Bushings 

ENDICOn 

RUN-56 RUN-57 RUN-58 RUN-59 RUN-60 

FRAME 
EC-3 EC-7 IBM-1 IBM-2 BELLCORE 

SHAKER ALAT 0.45 0.70 0.76 0.94 0.98 
AVRT 0.11 0.11 0.27 0.29 0.35 

SLAB ASEX 0.47 0.71 0.78 0.96 0.95 
ASWX 0.47 0.69 0.81 0.94 1.03 
ASCV 0.16 0.16 0.34 0.30 0.35 

FLOOR AFEX 0.48 0.75 0.93 1.34 1.35 

LOWER LRRX 0.47 0.71 0.93 1.39 2.34 
LRRY 0.11 0.16 0.30 0.40 0.46 
LRRZ 0.20 0.20 0.46 0.32 0.65 
LRFX 0.63 0.78 1.19 2.03 1.87 

TOP TRFX 2.05 2.33 1.90 3.52 3.66 
TRRX 1.92 2.34 1.91 3.06 326 
TRFZ 0.30 0.24 0.49 0.62 0.80 
TLRZ 0.33 0.31 0.65 0.73 0.74 

DSD DSDX 0.63 0.79 0.96 1.62 2.59 
DSDY 0.08 0.15 0.18 026 0.30 
DSDZ 0.46 0.35 0.71 0.50 0.60 

FSD FSDX 1.03 1.32 1.34 2.15 2.78 
FSDY 0.11 0.14 0.18 027 0.31 
FSDZ 0.36 0.41 0.79 0.64 0.62 

Displacement 0.00 0.50 0.50 1.00 125 
rin.] 
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Table A-32 Maximum Acceleration Values(g's), Toggle Bars and Casters, 

Aluminum Bushings, Endicott Frame, June 1992 

Toggle Bars & Casters 

IBM0692 Aluminum Bushings 

ENDICOn 

RUN-61 RUN-62 RUN-63 RUN-64 RUN-65 

FRAME 
EC-3 EC-7 IBM-1 IBM-2 BELLCORE 

SHAKER ALAT 0.44 0.69 0.75 0.93 0.95 
AVRT 0.10 0.11 026 029 0.35 

SlAB ASEX 0.47 0.70 0.78 0.96 0.94 
ASWX 0.47 0.67 0.80 0.93 1.01 
ASCV 0.14 0.15 0.31 0.30 0.35 

FLOOR AFEX 0.49 0.85 0.80 1.62 1.81 

LOWER LRRX 0.50 1.06 1.13 2.28 2.58 
LRRY 0.30 0.40 0.54 0.62 0.66 
LRRZ 0.21 0.19 0.46 0.40 0.56 
LRFX 0.84 1.21 1.51 3.04 2.87 

TOP TRFX 1.67 1.49 1.94 4.48 5.33 
TRRX 1.30 1.73 2.36 4.26 4.37 
TRFZ 0.21 0.21 0.48 0.62 0.74 
TLRZ 0.34 0.36 0.62 0.69 1.16 

DSD DSDX 0.53 1.06 1.09 3.13 3.38 
DSDY 0.26 0.29 0.33 0.55 0.92 
DSDZ 0.51 0.47 0.75 0.67 0.68 

FSD FSDX 0.68 1.05 1.17 2.78 2.92 
FSDY 0.27 0.26 0.39 0.66 0.58 
FSDZ 0.46 0.49 0.76 O.SO 0.84 

Displacement 0.50 0.75 1.00 1.25 1.75 
[in.l 
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Table A-33 Maximum Acceleration Values(g's), Toggle Bars and NIT Levelers, 
Aluminum Bushings, Endicott Frame, June 1992 

Toggle Bars With NTT Levelers 

IBM0692 Aluminum Bushings 

ENDICOTT 

RUN-66 RUN-67 RUN-68 RUN-69 RUN-70 

FRAME 

EC-3 EC-7 IBM-1 IBM-2 BELLCORE 

SHAKER ALAT 0.45 0.71 0.74 0.95 0.96 
AVRT 0.11 0.11 026 0.28 0.35 

SLAB ASEX 0.46 0.71 0.76 0.96 0.95 
ASWX 0.46 0.69 0.79 0.93 1.03 
ASCV 0.15 0.13 0.31 0.30 0.35 

FLOOR AFEX 0.48 0.72 0.89 1.37 1.66 

LOWER LRRX 0.41 0.70 1.01 1.41 2.42 
LRRY 0.23 0.17 0.29 0.36 0.56 
LRRZ 0.20 0.18 0.44 0.31 0.72 
LRFX 0.63 0.80 1.13 2.02 1.99 

TOP TRFX 1.62 2.09 1.65 3.92 3.57 
TRRX 1.88 221 1.77 3.11 3.41 
TRFZ 0.30 0.30 0.50 0.72 0.86 
TLRZ 0.34 0.30 0.58 0.85 0.84 

DSD DSDX 58.00 0.80 1.03 1.75 3.48 
DSDY 0.16 0.16 0.16 0.26 0.35 
DSDZ 0.48 0.43 0.66 0.56 0.62 

FSD FSDX 1.10 1.17 1.27 2.10 2.86 
FSDY 0.16 0.14 0.15 0.29 0.39 
FSDZ 0.42 0.45 0.76 0.63 0.75 

Displacement 0.00 0.50 0.50 0.75 1.25 
rin.l 
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Table A-34 Maximum Acceleration Values(g's), Toggle Bars Loose, 
Aluminum Bushings, Endicott Frame, June 1992 

Toggle Bars Loose 

IBM0692 Aluminum Bushings 

ENDICOTT 

RUN-71 RUN-72 

FRAME 
IBM-1 IBM-2 

SHAKER ALAT 0.76 0.93 
AVRT 026 029 

SLAB ASEX 0.77 0.96 
ASWX 0.78 0.93 
ASCV 0.34 0.32 

FLOOR AFEX 1.09 1.44 

LOWER LRRX 2.09 3.08 
LRRY 0.62 1.17 
LRRZ 1.71 2.48 
LRFX 1.99 3.16 

TOP TRFX 3.54 5.12 
TRRX 3.42 4.26 

TRFZ 1.79 2.27 
TLRZ 2.23 2.20 

DSD DSDX 2.46 3.98 
DSDY 0.50 1.31 
DSDZ 1.88 2.38 

FSD FSDX 1.79 3.68 
FSDY 0.28 0.46 
FSDZ 2.14 2.32 

Displacement 1.75 2.00 
[in.l 
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Table A-35 Maximum Acceleration Values(g's), Casters, 
Non Operational, Frame-1, June 1992 

Casters 

IBM0692 Non-Operational 

FRAME-1 

RUN-73 RUN-74 

EC-1 EC-3 

SHAKER MAT 0.37 0.45 
AVRT 0.11 0.11 

SLAB ASEX 0.35 0.46 
ASWX 0.35 0.46 
ASCV 0.14 0.12 

FLOOR AFEX 0.44 0.47 

LOWER LRRX 0.44 0.42 
LRRY 024 026 
LRRZ 021 0.28 
LRFX 0040 0.41 

TOP TRFX 0.40 0.42 
TRRX 0.53 0.49 

TRFZ 0.18 0.18 
TLRZ 0.20 0.20 

DSD DSDX 0.20 020 
DSDY 0.13 0.13 
DSDZ 0.15 0.18 

FSD FSDX 0.32 0.23 
FSDY 0.35 0.41 
FSDZ 0.67 0.70 

Displacement 5.00 12.00 
r in. 1 
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Table A-36 Maximum Acceleration Values(g's), NTT Levelers, 

Frame-1 , June 1 992 

NIT Levelers 

IBM0692 

FRAME-1 

RUN-75 RUN-76 RUN-77 RUN-78 

EC-1 EC-3 EC-5 EC-7 

SHAKER ALAT 0.36 0.45 0.38 0.71 
AVRT 0.11 0.11 0.11 0.11 

SLAB AS EX 0.35 O.4B 0.39 0.71 
ASWX 0.36 0.46 0.38 0.69 
ASCV 0.13 0.13 0.13 0.12 

FLoor:~ AFEX 0040 0.44 0.46 0.90 

LOWER LRRX 0.42 0.49 0.60 0.77 
LRRY 0.24 0.33 0.23 0.38 
LRRZ 0.28 0.30 0.36 0.49 
LRFX 0.51 0.69 0.51 0.76 

TOP TRFX 0.83 0.84 0.53 0.85 
TRRX 0.73 0.68 0.75 0.91 

TRFZ 0.19 0.26 0.19 0.25 
TLRZ 0.17 0.30 0.17 0.24 

DSD DSDX 0.38 0.47 0.41 0.49 
DSDY 0.16 0.25 0.10 0.23 
DSDZ 0.23 0.33 0.16 0.33 

FSD FSDX 0.51 0.49 0.34 0.50 
FSDY 0.43 0.50 0.40 0.65 
FSDZ 0.59 0.50 0.71 0.93 

Displacement 2.50 1.50 4.50 9.00 
r in.] 
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Table A-37 Maximum Acceleration Values(g's), Normal Levelers, 

Plastic Coating, Frame-1, June 1992 

Normal Levelers 

IBM0692 Plastic Coating 

FRAME-1 

RUN-79 RUN-SO RUN-81 RUN-82 

EC-1 EC-3 EC-5 EC-7 

SHAKER ALAT 0.37 0.44 0.38 0.71 
AVRT 0.11 0.11 0.11 0.11 

SLAB ASEX 0.36 0.46 0.39 0.71 
ASWX 0.37 0.46 0.38 0.69 
ASCV 0.13 0.14 0.12 0.14 

FLOOR AFEX 0.44 0.49 0.43 0.79 

LOWER LRRX 0.73 0.43 0.52 0.77 
LRRY 0.26 0.27 0.17 0.24 
LRRZ 0.35 0.33 0.32 0.36 
LRFX 0.59 0.57 0.59 0.95 

TOP TRFX 0.82 0.83 0.60 1.22 
TRRX 0.65 0.72 0.59 0.86 

TRFZ 0.23 0.39 0.20 0.22 
TLRZ 0.30 0.34 0.13 0.33 

DSD DSDX 0.41 0.39 0.41 0.45 
DSDY 0.13 0.12 0.17 0.28 
DSDZ 0.33 0.50 0.17 0.36 

FSD FSDX 0.42 0.44 0.36 0.41 
FSDY 0.34 0.33 0.47 0.46 
FSDZ 0.62 0.71 0.60 0.57 

Displacement 3.00 1.00 3.00 14.00 
r in.l 
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Table A-38 Maximum Acceleration Values(g's), Toggle Bars, 

80-Durometer Bushings, Frame-1, June 1992 

Toggle Bars 
IBM0692 80 - Durometer BushinQs 

FRAME-1 

RUN-83 RUN-84 RUN-85 RUN-86 RUN-87 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 

SHAKER ALAT 0.44 0.70 0.58 0.74 0.92 
AVRT 0.11 0.11 0.17 0.25 0.29 

SLAB ASEX 0.46 0.71 0.56 0.74 0.93 
ASWX 0.46 0.69 0.60 0.76 0.91 
ASCV 0.13 0.14 0.21 0.30 0.30 

FLOOR AFEX 0.50 0.83 0.59 0.87 1.59 

LOWER LRRX 0.44 1.25 1.03 1.22 2.01 
LRRY 0.16 0.22 0.40 0.41 0.73 
LRRZ 0.14 0.26 0.23 0.32 0.73 
LRFX 0.66 1.06 1.32 1.47 2.75 

TOP TRFX 0.79 1.75 2.00 2.03 3.51 
TRRX 0.65 1.57 1.31 1.40 4.73 

TRFZ 0.22 0.20 0.29 0.57 0.61 
TLRZ 0.16 0.20 0.40 0.43 1.09 

DSD DSDX 0.56 1.11 1.10 1.18 2.61 
DSDY 0.11 0.18 0.11 0.16 0.29 
DSDZ 0.17 0.18 0.25 0.47 0.63 

FSD FSDX 0.23 0.34 0.33 0.37 0.75 
FSDY 0.66 1.24 1.16 1.25 2.58 
FSDZ 0.39 0.78 0.67 0.78 2.17 

Displacement 0.00 1.00 1.00 1.25 2.25 
r in.] 
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RUN-88 RUN-89 

BELLCORE BELLCORE 
(failed) 

1.01 1.05 
0.35 0.35 

1.00 1.05 
1.06 1.11 
0.37 0.36 

1.50 1.33 

2.56 2.94 
0.99 0.60 
1.58 0.96 
2.92 2.90 

4.63 5.13 
5.20 4.97 

0.85 0.95 
0.97 1.09 

2.96 2.95 
0.60 0.46 
0.76 0.73 

1.07 0.72 
3.84 3.13 
4.55 2.29 

2.75 



Table A-39 Maximum Acceleration Values(g's), Toggle Bars, 

Aluminum Bushings, Frame-1 , June 1992 

Toggle Bars 
IBM0692 Aluminum BushinQs 

FRAME -1 
RUN-go RUN-91 RUN-92 RUN-93 RUN-94 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 

SHAKER ALAT 0.44 0.70 0.57 0.75 0.93 
AVRT 0.11 0.11 0.17 0.26 0.29 

SLAB ASEX O.4B 0.70 0.5$ 0.74 0.94 
ASWX 0.46 0.68 0.60 0.76 0.92 
ASCV 0.12 0.14 0.18 0.31 0.30 

FLOOR AFEX 0.50 1.00 0.66 1.17 1.48 

LOWER LRRX 0.70 1.23 1.48 1.39 2.66 
LRRY 0.24 0.30 0.46 0.24 0.76 
LRRZ 0.20 0.33 0.38 0.36 0.83 
LRFX 0.88 1.32 1.50 1.68 2.93 

TOP TRFX 1.34 2.19 2.47 2.76 3.95 
TRRX 1.07 1.77 1.80 1.96 4.70 

TRFZ 0.20 0.26 0.31 0.48 0.61 
TLRZ 0.21 0.23 0.40 0.42 1.05 

DSD DSDX 0.71 1.47 1.34 1.36 2.45 
DSDY 0.16 0.24 0.22 0.31 0.35 
DSDZ 0.20 0.20 0.27 0.50 0.78 

FSD FSDX 0.26 0.38 0.47 0.56 0.98 
FSDY 0.82 1.39 1.51 1.66 2.93 
FSDZ 0.55 0.78 0.81 0.86 2.38 

Displacement 1.00 1.25 1.00 1.25 1.75 
r in.] 
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RUN-95 

BELLCORE 

0.94 
0.35 

0.95 
1.01 
0.35 

2.24 

2.81 
0.80 
0.76 
3.42 

5.00 
4.61 

0.72 
1.42 

2.94 
0.42 
0.99 

1.12 
3.01 
2.17 

2.25 



Table A-40 Maximum Acceleration Values(g's), 5/32 Wire Ropes, 
Teflon Bushings, Frame-1, June 1992 

5/32 Wire Ropes With Brackets 
IBM0692 Teflon Bushinqs 
FRAME -1 

RUN-96 RUN-97 RUN-98 RUN-99 RUN-100 RUN-101 

, 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 BELLCORE 
(failure) 

SHAKER ALAT 0.45 0.39 0.58 0.72 0.91 1.07 
AVRT 0.11 0.11 0.17 0.26 0.29 0.34 

SLAB ASEX 0.46 0.40 0.57 0.74 0.92 1.05 
ASWX 0.46 0.39 0.60 0.75 0.90 1.09 
ASCV 0.14 0.13 0.19 0.31 0.30 0.33 

FLOOR AFEX 0.52 0.44 0.64 0.86 1.49 1.93 

LOWER LRRX 0.49 0.62 1.11 1.69 2.53 3.96 
LRRY 0.25 0.16 0.24 0.47 0.98 3.01 
LRRZ 0.16 0.15 0.32 0.48 1.02 2.16 
LRFX 0.48 0.67 1.23 1.84 4.09 4.09 

TOP TRFX 0.65 1.19 2.08 3.26 4.95 6.30 
TRRX 0.68 1.02 1.83 2.71 5.65 7.96 
TRFZ 0.19 0.20 0.34 0.50 1.56 2.96 
TLRZ 0.15 0.17 0.24 0.65 1.54 2.08 

DSD DSDX 0.46 0.74 1.26 1.85 2.83 3.27 
DSDY 0.15 0.11 0.28 0.37 0.66 1.26 
DSDZ 0.16 0.18 0.28 0.56 1.14 3.15 

FSD FSDX 0.32 0.25 0.59 0.74 1.08 2.00 
FSDY 0.59 0.78 1.29 1.91 3.50 5.71 
FSDZ 0.32 0.35 0.78 1.23 4.05 5.85 

Displacement 1.00 1.50 1.75 2.25 3.00 
r in.l 
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Table A-41 Maximum Acceleration Values(g's), NTT Levelers with Toggle Bars, 
Aluminum Bushings, Frame-1, June 1992 

NTT Levelers With Toggle Bars 
IBM0692 Aluminum Bushings 

FRAME -1 
RUN-102 RUN-103 RUN-104 RUN-105 RUN-106 RUN-107 RUN-108 

EC-3 EC-5 EC-1.5 EC-7 IBM-1 IBM-2 BELLCORE 

SHAKER ALAT 0.45 0.38 0.58 0.00 0.74 0.92 1.06 
AVRT 0.11 0.11 0.17 0.00 0.25 0.28 0.35 

SLAB AS EX 0.46 0.39 0.57 0.00 0.74 0.93 1.03 
ASWX 0.46 0.39 0.60 0.00 0.74 0.91 1.09 
ASCV 0.14 0.14 0.20 0.00 0.31 0.30 0.35 

FLOOR AFEX 0.42 0.43 0.67 0.00 0.81 1.21 2.27 

LOWER LRRX 0.45 0.52 0.86 0.01 0.98 2.13 2.19 
LRRY 0.15 0.09 0.27 0.00 0.27 0.44 0.40 
LRRZ 0.20 0.16 0.28 0.00 0.41 0.57 0.64 
LRFX 0.66 0.55 0.86 0.Q1 1.26 2.80 2.82 

TOP TRFX 1.60 0.84 2.45 0.01 1.86 3.87 5.77 
TRRX 0.83 0.70 1.56 0.01 1.59 3.89 3.89 

TRFZ 0.24 0.23 0.31 0.00 0.48 0.45 0.63 
TLRZ 0.17 0.17 0.28 0.00 0.39 0.91 1.26 

DSD DSDX 0.79 0.60 1.20 0.04 1.03 2.10 3.03 
DSDY 0.14 0.Q7 0.18 0.03 0.17 0.29 0.44 
DSDZ 0.20 0.18 0.25 0.03 0.43 0.57 1.03 

FSD FSDX 0.31 0.17 0.42 0.07 0.42 0.63 0.92 
FSDY 0.78 0.64 1.20 0.07 1.07 2.35 2.97 
FSDZ 0.42 0.42 0.54 0.06 1.08 1.10 1.09 

Displacement 0.00 0.00 0.00 0.75 0.75 1.25 1.75 
r in.l 
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Table A-42 Maximum Acceleration Values(g's), NIT Levelers with 3/16 
Wire Ropes, Aluminum Bushings, Frame-1, June 1992 

II NIT Levelers With 3/16 Wire Ropes 
IBM0692 Aluminum Bushinqs 
FRAME -1 

RUN-109 RUN-110 RUN-111 RUN-112 RUN-113 RUN-114 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 BELLCORE 

SHAKER ALAT OAB 0.70 0.57 0.76 0.94 0.97 
AVRT 0.11 0.11 0.17 0.25 0.28 0.35 

SLAB ASEX 0.47 0.71 0.56 0.76 0.96 0.96 
ASWX 0.46 0.69 0.59 0.77 0.93 1.02 
ASCV 0.14 0.13 0.20 0.31 0.31 0.35 

FLOOR AFEX 0.50 0.84 0.70 0.99 1.35 1.42 

LOWER LRRX 0.40 0.77 0.80 0.95 2.23 2.44 
LRRY 0.13 0.20 0.14 0.21 0.50 0.64 
LRRZ 0.14 0.18 0.22 0.31 0.54 0.76 
LRFX 0.56 1.09 0.92 1.29 2.82 2.59 

TOP TRFX 1.27 1.77 2.79 2.08 4.13 5.93 
TRRX 0.82 1.27 1.22 1.29 3.39 4.15 

TRFZ 0.18 0.24 0.32 0.40 0.63 0.74 
TLRZ 0.14 0.25 0.25 0.38 0.77 1.00 

DSD DSDX 0.66 0.98 1.26 0.99 2.15 3.35 
DSDY 0.12 0.14 0.22 0.15 0.30 0.41 
DSDZ 0.21 0.28 0.31 0.53 0.81 1.11 

FSD FSDX 0.35 0.44 0.52 0.38 0.95 1.10 
FSDY 0.64 0.98 1.17 0.93 2.42 3.10 
FSDZ 0.42 0.35 0.61 0.92 1.39 1.89 

Displacement 0.25 0.75 0.75 0.75 1.25 2.00 
J in. n 
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Table A-43 Maximum Acceleration Values(g's), 3/16 Wire Ropes, 
Teflon Bushings, Frame-1, June 1992 

3/16 Wire Rope 
IBM0692 Teflon Bushinqs 
FRAME -1 

RUN-115 RUN-116 RUN-117 RUN-118 RUN-119 RUN-120 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 BELLCORE 

SHAKER ALAT 0.45 0.71 0.58 0.77 0.93 0.96 
AVRT 0.11 0.12 0.17 0.25 0.29 0.36 

SLAB ASEX 0.47 0.71 0.57 0.77 0.95 0.95 
ASWX 0.46 0.69 0.60 0.79 0.93 1.01 
ASCV 0.15 0.14 021 0.32 0.31 0.35 

FLOOR AFEX 0.48 0.87 0.62 1.09 1.53 1.71 

LOWER LRRX 0.57 1.20 0.74 1.08 2.32 3.96 
LRRY 0.24 0.32 0.31 0.31 0.73 1.03 
LRRZ 0.17 0.33 022 0.36 0.82 1.31 
LRFX 0.80 1.55 1.54 1.73 3.69 4.09 

TOP TRFX 0.97 2.30 2.40 3.32 6.35 7.60 
TRRX 0.67 1.91 1.55 2.43 4.16 5.96 

TRFZ 0.24 0.34 0.35 0.60 1.84 2.29 
TLRZ 0.16 0.36 0.37 0.77 1.33 1.87 

DSD DSDX 0.34 1.39 0.94 1.65 2.91 3.51 
DSDY 0.13 0.24 0.36 0.41 0.56 0.70 
DSDZ 0.20 0.25 0.29 0.55 1.01 1.83 

FSD FSDX 0.35 0.47 0.56 0.50 1.22 1.78 
FSDY 0.53 1.51 1.10 1.57 2.67 3.78 
FSDZ 0.35 0.66 0.52 0.88 3.35 4.57 

Displacement 0.75 2.25 1.25 2.25 2.75 4.00 
r in.l 
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Table A-44 Maximum Acceleration Values(g's), Springs 

with 3/16 Wire Ropes, Frame-1, June 1992 

Springs With 3/16 Wire Ropes 
IBM0692 K=570 Ibs/in 
FRAME -1 

RUN-121 RUN-122 RUN-123 RUN-124 

EC-3 EC-7 EC-1.5 IBM-1 

SHAKER ALAT 0.45 0.71 0.60 0.75 
AVRT 0.12 0.11 0.17 0.26 

SLAB ASEX 0.46 0.72 0.57 0.78 
ASWX 0.46 0.68 0.61 0.80 
ASCV 0.15 0.13 0.22 0.36 

FLOOR AFEX 0.52 0.94 0.83 1.20 

LOWER LRRX 0.46 2.14 2.56 2.14 
LRRY 0.20 0.64 0.96 1.19 
LRRZ 0.14 1.27 2.13 1.92 
LRFX 0.63 2.37 2.92 2.96 

TOP TRFX 0.84 2.23 4.05 3.53 
TRRX 0.82 2.27 3.13 3.26 
TRFZ 0.23 1.31 2.21 2.05 
TLRZ 0.18 1.23 1.45 1.97 

DSD DSDX 0.41 1.28 1.33 1.42 
DSDY 0.12 0.46 0.23 0.55 
DSDZ 0.17 1.25 1.39 2.50 

FSD FSDX 0.16 0.90 0.60 0.98 
FSDY 0.48 2.07 1.45 2.28 
FSDZ 0.41 2.26 3.41 5.09 

Displacement 0.75 4.00 4.00 4.75 
r in.l 
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Table A-45 Maximum Acceleration Values(g's), Springs 
with 3/16 Wire Ropes, Frame-1, June 1992 

Springs, K=230 Ibs/in. 
IBM0692 3/16 Wire Ropes 
FRAME -1 

RUN-125 

EC-3 

SHAKER ALAT 0.45 
AVRT 0.11 

SLAB ASEX 0.46 
ASWX 0.46 
ASCV 0.13 

FLOOR AFEX 0.59 

LOWER LRRX 1.88 
LRRY 0.65 
LRRZ 1.48 
LRFX 2.43 

TOP TRFX 3.22 
TRRX 2.13 

TRFZ 1.81 
TLRZ 1.67 

DSD DSDX 1.05 
DSDY 0.26 
DSDZ 1.31 

FSD FSDX 0.68 
FSDY 1.70 
FSDZ 2.58 

Displacement 5.25 

r in.' 
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Table A-46 Maximum Acceleration Values(g's), Fixed to Ground, 
X-Axis, Frame-1, June 1992 

Fixed To Ground (Slab) 
IBM0692 X-Axis No Raised Floor Surface 
FRAME -1 

RUN-126 RUN-127 RUN-128 RUN-129 RUN-130 RUN-131 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 BELLCORE 

SHAKER ALAT 0.45 0.70 0.60 0.71 0.93 0.99 
AVRT 0.10 0.11 0.16 0.26 0.29 0.35 

SLAB AS EX 0.97 0.71 0.58 0.72 0.96 0.98 
ASWX 0.47 0.68 0.62 0.74 0.94 1.04 
ASCV 0.14 0.14 0.20 0.30 0.30 0.36 

FLOOR AFEX 0.00 0.00 0.00 0.00 0.00 0.00 

LOWER LRRX 0.47 0.70 0.63 0.73 0.98 1.08 
LRRY 0.10 0.12 0.08 0.11 0.14 0.14 
LRRZ 0.14 0.18 0.20 0.30 0.31 0.51 
LRFX 0.49 0.73 0.62 0.76 0.96 1.02 

TOP TRFX 3.03 4.02 2.11 2.02 4.74 5.50 
TRRX 1.01 1.47 1.06 1.46 2.21 3.09 
TRFZ 0.23 0.32 0.28 0.44 0.44 0.57 
TLRZ 0.18 0.26 0.22 0.32 0.40 0.45 

DSD DSDX 1.25 1.64 1.21 1.16 1.98 2.28 
DSDY 0.33 0.41 0.28 0.27 0.50 0.53 
DSDZ 0.21 0.31 0.25 0.33 0.36 0.55 

FSD FSDX 0.76 0.98 0.47 0.66 1.32 0.96 
FSDY 0.81 1.25 1.03 1.14 1.83 2.36 
FSDZ 0.46 0.57 0.43 0.71 0.80 1.10 

Displacement 0.00 0.00 0.00 0.00 0.00 0.00 
r in.l 
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Table A-47 Maximum Acceleration Values(g's), Fixed to Ground, 
Y-Axis, Frame-1, June 1992 

Fixed To Ground (Slab) 
IBM0692 Y-Axis No raised Floor Suriace 

FRAME -1 
RUN-132 RUN-133 RUN-134 RUN-135 RUN-136 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 

SHAKER ALAT 0.45 0.70 0.59 0.76 0.93 
AVRT 0.11 0.10 0.16 0.26 0.29 

SLAB AS EX 0.46 0.71 0.58 0.77 0.95 
ASWX 0.46 0.69 0.62 0.79 0.92 
ASCV 0.14 0.14 0.19 0.30 0.29 

FLOOR AFEX 0.00 0.00 0.00 0.00 0.00 

LOWER LRRX 0,01 0.01 0.01 0.02 0.01 
LRRY 0.49 0.72 0.64 0.78 0.95 
LRRZ 0.14 0.14 0.18 0.32 0.28 
LRFX 0.49 0.73 0.63 0.78 0.95 

TOP TRFX 0.62 1.03 1.03 1.25 1.56 
TRRX 0.63 1.04 1.05 1.22 1.49 

TRFZ 0.19 0.17 0.28 0.41 0.31 
TLRZ 0.15 0.16 0.20 0.34 0.29 

DSD DSDX 0.06 0.09 0.08 0.18 0.11 
DSDY 0.47 0.83 0.81 0.87 1.18 
DSDZ 0.18 0.19 0.30 0.46 0.37 

FSD FSDX 1.45 2.44 1.81 3.09 3.43 
FSDY 0.14 0.23 0.19 0.39 0.55 
FSDZ 0.35 0.57 0.43 0.81 1.05 

Displacement 0.00 0.00 0.00 0.00 0.00 

~in·l 
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RUN-137 

BELLCORE 

0.98 
0.35 

0.97 
1.03 
0.35 

0.00 

0.03 
1.06 
0.37 
1.03 

1.96 
1.93 

0.44 
0.37 

0.14 
1.61 
0.62 

5.34 
0.92 
1.03 

0.00 



Table A-48 Maximum Acceleration Values(g's), Fixed to Ground, 

One-Bolt, X-Axis, Frame-1, June 1992 

Fixed To Ground (Slab) 
IBM0692 X-Axis One-Bolt Casters Are Off The Ground 
FRAME -1 

RUN-138 RUN-139 RUN-140 RUN-141 RUN-142 RUN-143 

EC-3 EC-7 EC-1.5 IBM-1 IBM-2 BELLCORE 

SHAKER ALAT 0.45 0.71 0.59 0.73 0.93 1.01 
AVRT 0.11 0.11 0.17 0.26 0.29 0.35 

SLAB ASEX 0.46 0.72 0.58 0.74 0.96 0.99 
ASWX 0.46 0.69 0.61 0.76 0.93 1.06 
ASCV 0.13 0.13 0.18 0.30 0.29 0.37 

FLOOR AFEX 0.00 0.00 0.00 0.00 0.00 0.00 

LOWER LRRX 0.47 0.70 0.71 0.79 1.04 1.32 
LRRY 0.17 0.20 0.11 0.09 0.63 0.57 
LRRZ 0.23 0.28 0.23 0.33 0.69 0.78 
LRFX 0.38 0.79 0.60 0.90 1.15 1.60 

TOP TRFX 2.25 2.90 2.62 2.02 3.63 5.31 
TRRX 1.02 1.36 1.12 1.36 2.53 3.09 

TRFZ 0.20 0.20 0.29 0.39 0.46 0.55 
TLRZ 0.15 0.27 0.20 0.33 0.52 0.66 

DSD DSDX 1.11 1.40 1.31 0.97 1.85 2.30 
DSDY 0.16 0.25 0.19 0.22 0.41 0.42 
DSDZ 0.21 0.23 0.28 0.38 0.71 0.75 

FSD FSDX 0.71 0.85 0.70 0.81 1.60 1.72 
FSDY 0.88 1.24 1.14 0.94 1.95 2.66 
FSDZ 0.48 0.67 0.56 0.83 1.84 1.60 

Displacement 0.00 0.00 0.00 0.00 0.00 0.00 
r in.l 

A-49 





NATIONAL CENTER FOR EARTHQUAKE ENGINEERING RESEARCH 
LIST OF TECHNICAL REPORTS 

The National Center for Earthquake Engineering Research (NCEER) publishes technical reports on a variety of subjects related 
to earthquake engineering written by authors funded through NCEER. These reports are available from both NCEER's 
Publications Department and the National Technical Information Service (NTIS). Requests for reports should be directed to the 
Publications Department, National Center for Earthquake Engineering Research, State University of New York at Buffalo, Red 
Jacket Quadrangle, Buffalo, New York 14261. Reports can also be requested through NTIS, 5285 Port Royal Road, Springfield, 
Virginia 22161. NTIS accession numbers are shown in parenthesis, if available. 

NCEER-87-0001 "First-Year Program in Research, Education and Technology Transfer," 3/5/87, (PB88-134275/AS). 

NCEER-87-0002 "Experimental Evaluation of Instantaneous Optimal Algorithms for Structural Control," by R.C. Lin, T.T. 
Soong and AM. Reinhorn, 4/20/87, (PB88-134341/AS). 

NCEER-87-0003 "Experimentation Using the Earthquake Simulation Facilities at University at Buffalo," by A.M. Reinhorn and 
R.L. Ketter, to be published. 

NCEER-87-0004 "The System Characteristics and Performance of a Shaking Table," by J.S. Hwang, K.C. Chang and G.c. Lee, 
6/1/87, (PB88-134259/AS). This report is available only through NTIS (see address given above). 

NCEER-87-0005 "A Finite Element Formulation for Nonlinear Viscoplastic Material Using a Q Model," by O. Gyebi and G. 
Dasgupta, 11/2/87, (PB88-213764/AS). 

NCEER-87-0006 "Symbolic Manipulation Program (SMP) - Algebraic Codes for Two and Three Dimensional Finite Element 
Formulations," by X. Lee and G. Dasgupta, 11/9/87, (PB88-219522/AS). 

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

NCEER-87-0008 "IDARC: Inelastic Damage Analysis of Reinforced Concrete Frame - Shear-Wall Structures," by YJ. Park, 
AM. Reinhorn and S.K. Kunnath, 7/20/87, (PB88-134325/AS). 

NCEER-87-0009 "Liquefaction Potential for New York State: A Preliminary Report on Sites in Manhattan and Buffalo," by 
M. Budhu, V. Vijayakumar, R.F. Giese and L. Baumgras, 8/31/87, (PB88-163704/AS). This report is 
available only through NTIS (see address given above). 

NCEER-87-001O "Vertical and Torsional Vibration of Foundations in Inhomogeneous Media," by AS. Veletsos and K.W. 
Dotson, 6/1/87, (PB88-134291/AS). 

NCEER-87 -0011 "Seismic Probabilistic Risk Assessment and Seismic Margins Studies for Nuclear Power Plants," by Howard 
H.M. Hwang, 6/15/87, (PB88-134267/AS). 

NCEER-87-0012 "Parametric Studies of Frequency Response of Secondary Systems Under Ground-Acceleration Excitations," 
by Y. Yong and Y.K. Lin, 6/10/87, (PB88-134309/AS). 

NCEER-87-0013 "Frequency Response of Secondary Systems Under Seismic Excitation," by J.A HoLung, J. Cai and Y.K. Lin, 
7/31/87, (PB88-134317/AS). 

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

NCEER-87-0015 "Detection and Assessment of Seismic Structural Damage," by E. DiPasquale and AS. Cakmak, 8/25/87, 
(PB88-163712/AS). 

B-1 



NCEER-87-0016 "Pipeline Experiment at Parkfield, California," by J. Isenberg and E. Richardson, 9/15/87, (PB88-163720/AS). 
This report is available only through NTIS (see address given above). 

NCEER-87-00l7 "Digital Simulation of Seismic Ground Motion," by M. Shinozuka, G. Deodatis and T. Harada, 8/31/87, 
(PB88-155197/AS). This report is available only through NTIS (see address given above). 

NCEER-87-0018 "Practical Considerations for Structural Control: System Uncertainty, System Time Delay and Truncation of 
Small Control Forces," J.N. Yang and A. Akbarpour, 8/10/87, (PB88-163738/AS). 

NCEER-87-0019 "Modal Analysis of Nonc1assically Damped Structural Systems Using Canonical Transformation," by J.N. 
Yang, S. Sarkani and F.x. Long, 9/27/87, (PB88-187851/AS). 

NCEER-87-0020 "A Nonstationary Solution in Random Vibration Theory," by J.R. Red-Horse and PD. Spanos, 11/3/87, 
(PB88-163746/AS). 

NCEER-87-0021 "Horizontal Impedances for Radially Inhomogeneous Viscoelastic Soil Layers," by A.S. Veletsos and K.W. 
Dotson, 10/15/87, (PB88-150859/AS). 

NCEER-87-0022 "Seismic Damage Assessment of Reinforced Concrete Members," by Y.S. Chung, C. Meyer and M. 
Shinozuka, 10/9/87, (PB88-150867/AS). This report is available only through NTIS (see address given 
above). 

NCEER-87-0023 "Active Structural Control in Civil Engineering," by T.T. Soong, 11/11/87, (PB88-187778/AS). 

NCEER-87-0024 "Vertical and Torsional Impedances for Radially Inhomogeneous Viscoelastic Soil Layers," by K.W. Dotson 
and A.S. Veletsos, 12/87, (PB88-187786/AS). 

NCEER-87-0025 "Proceedings from the Symposium on Seismic Hazards, Ground Motions, Soil-Liquefaction and Engineering 
Practice in Eastern North America," October 20-22, 1987, edited by K.H. Jacob, 12/87, (PB88-188115/AS). 

NCEER-87-0026 "Report on the Whittier-Narrows, California, Earthquake of October 1, 1987," by J. 
Pantelic and A. Reinhorn, 11/87, (PB88-187752/AS). This report is available only through NTIS (see address 
given above). 

NCEER-87-0027 "Design of a Modular Program for Transient Nonlinear Analysis of Large 3-D Building Structures," by S. 
Srivastav and J.F. Abel, 12/30/87, (PB88-187950/AS). 

NCEER-87-0028 "Second-Year Program in Research, Education and Technology Transfer," 3/8/88, (PB88-219480/AS). 

NCEER-88-0001 "Workshop on Seismic Computer Analysis and Design of Buildings With Interactive Graphics," by W. 
McGuire, J.F. Abel and C.H. Conley, 1/18/88, (PB88-187760/AS). 

NCEER-88-0002 "Optimal Control of Nonlinear Flexible Structures," by J.N. Yang, F.X. Long and D. Wong, 1/22/88, (PB88-
213772/AS). 

NCEER-88-0003 "Substructuring Techniques in the Time Domain for Primary-Secondary Structural Systems," by G.D. Manolis 
and G. Juhn, 2/10/88, (PB88-213780/AS). 

NCEER-88-0004 "Iterative Seismic Analysis of Primary-Secondary Systems," by A. Singhal, LD. Lutes and p.o. Spanos, 
2/23/88, (PB88-213798/AS). 

NCEER-88-0005 "Stochastic Finite Element Expansion for Random Media," by PD. Spanos and R. Ghanem, 3/14/88, (PB88-
213806/AS). 

B-2 



NCEER-88-0006 "Combining Structural Optimization and Structural Control," by F.Y. Cheng and C.P. Pantelides, 1/10/88, 
(PB88-213814/AS). 

NCEER-88-0007 "Seismic Performance Assessment of Code-Designed Structures," by H.H-M. Hwang, J-W. Jaw and H-J. Shau, 
3/20/88, (PB88-219423/AS). 

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

NCEER-88-0009 "Seismic Fragility Analysis of Shear Wall Structures," by J-W Jaw and H.H-M. Hwang, 4/30/88, (PB89-
102867/AS). 

NCEER-88-0010 "Base Isolation of a Multi-Story Building Under a Harmonic Ground Motion - A Comparison of Performances 
of Various Systems," by F-G Fan, G. Ahmadi and LG. Tadjbakhsh, 5/18/88, (PB89-122238/AS). 

NCEER-88-0011 "Seismic Floor Response Spectra for a Combined System by Green's Functions," by F.M. Lavelle, L.A. 
Bergman and PD. Spanos, 5/1/88, (PB89-102875/AS). 

NCEER-88-0012 "A New Solution Technique for Randomly Excited Hysteretic Structures," by G.Q. Cai and Y.K. Lin, 5/16/88, 
(PB89-102883/ AS). 

NCEER-88-0013 "A Study of Radiation Damping and Soil-Structure Interaction Effects in the Centrifuge," 
by K. Weissman, supervised by J.H. Prevost, 5/24/88, (PB89-144703/AS). 

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

NCEER-88-0015 "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/AS). 

NCEER-88-0016 "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/AS). 

NCEER-88-0017 "Dynamic Compliance of Vertically Loaded Strip Foundations in Multilayered Viscoelastic Soils," by S. 
Ahmad and A.S.M. Israil, 6/17/88, (PB89-102891/AS). 

NCEER-88-0018 "An Experimental Study of Seismic Structural Response With Added Viscoelastic Dampers," by R.C. Lin, 
Z. Liang, T.T. Soong and R.H. Zhang, 6/30/88, (PB89-122212/AS). This report is available only through 
NTIS (see address given above). 

NCEER-88-0019 "Experimental Investigation of Primary - Secondary System Interaction," by GoO. Manolis, G. Juhn and A.M. 
Reinhorn, 5/27/88, (PB89-122204/AS). 

NCEER-88-0020 "A Response Spectrum Approach For Analysis of Nonc1assically Damped Structures," by J.N. Yang, S. 
Sarkani and F.x. Long, 4/22/88, (PB89-102909/AS). 

NCEER-88-0021 "Seismic Interaction of Structures and Soils: Stochastic Approach," by A.S. Veletsos and A.M. Prasad, 
7/21/88, (PB89-122196/AS). 

NCEER-88-0022 "Identification of the Serviceability Limit State and Detection of Seismic Structural Damage," by E. 
DiPasquale and A.S. Cakmak, 6/15/88, (PB89-122188/AS). This report is available only through NTIS (see 
address given above). 

NCEER-88-0023 "Multi-Hazard Risk Analysis: Case of a Simple Offshore Structure," by B.K. Bhartia and E.H. Vanmarcke, 
7/21/88, (PB89-145213/AS). 

B-3 



NCEER-88-oo24 "Automated Seismic Design of Reinforced Concrete Buildings," by Y.S. Chung, C. Meyer and M. Shinozuka, 
7/5/88, (PB89-122170/AS). This report is available only through NTIS (see address given above). 

NCEER-88-oo25 "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/AS). 

NCEER-88-oo26 "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/AS). 

NCEER-88-oo27 "Systems Study of Urban Response and Reconstruction Due to Catastrophic Earthquakes," by F. Kozin and 
H.K. Zhou, 9/22/88, (PB90-162348/AS). 

NCEER-88-oo28 "Seismic Fragility Analysis of Plane Frame Structures," by H.H-M. Hwang and Y.K. Low, 7/31/88, (PB89-
131445/AS). 

NCEER-88-oo29 "Response Analysis of Stochastic Structures," by A. Kardara, C. Bucher and M. Shinozuka, 9/22/88, (PB89-
174429/AS). 

NCEER-88-oo30 "Nonnormal Accelerations Due to Yielding in a Primary Structure," by D.C.K. Chen and L.D. Lutes, 9/19/88, 
(PB89-131437/AS). 

NCEER-88-oo31 "Design Approaches for Soil-Structure Interaction," by A.S. Veletsos, A.M. Prasad and Y. Tang, 12/30/88, 
(PB89-174437/AS). This report is available only through NTIS (see address given above). 

NCEER-88-oo32 "A Re-evaluation of Design Spectra for Seismic Damage Control," by C.J. Turkstra and A.G. Tallin, lln/88, 
(PB89-145221/AS). 

NCEER-88-oo33 "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/AS). 

NCEER-88-oo34 "Seismic Response of Pile Foundations," by S.M. Mamoon, P.K. Banerjee and S. Ahmad, 11/1/88, (PB89-
145239/AS). 

NCEER-88-oo35 "Modeling of R/C Building Structures With Flexible Floor Diaphragms (IDARC2)," by A.M. Reinhorn, S.K. 
Kunnath and N. Panahshahi, 9n188, (PB89-207153/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 C-S. Tsai, G.C. Lee and R.L. Ketter, 12/31/88, (PB89-
207146/AS). 

NCEER -88-0037 "Optimal Placement of Actuators for Structural Control," by F.Y. Cheng and C.P. Pantelides, 8/15/88, (PB89-
162846/AS). 

NCEER-88-oo38 "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/AS). This report is available only 
through NTIS (see address given above). 

NCEER-88-oo39 "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/AS). 

NCEER-88-oo40 "Evaluation of the Earthquake Resistance of Existing Buildings in New York City," by P. Weidlinger and M. 
Ettouney, 10/15/88, to be published. 

NCEER-88-0041 "Small-Scale Modeling Techniques for Reinforced Concrete Structures Subjected to Seismic Loads," by W. 
Kim, A. EI-Attar and R.N. White, 11/22/88, (PB89-189625/AS). 

B-4 



NCEER-88-0042 "Modeling Strong Ground Motion from Multiple Event Earthquakes," by G.W. Ellis and A.S. Cakmak, 
10/15/88, (PB89-l74445/ AS). 

NCEER-88-0043 "Nonstationary Models of Seismic Ground Acceleration," by M. Grigoriu, S.E. Ruiz and E. Rosenblueth, 
7/15/88, (PB89-189617/AS). 

NCEER-88-0044 "SARCF User's Guide: Seismic Analysis of Reinforced Concrete Frames," by Y.S. Chung, C. Meyer and M. 
Shinozuka, 11/9/88, (PB89-174452/AS). 

NCEER-88-0045 "First Expert Panel Meeting on Disaster Research and Planning," edited by J. Pantelic and J. Stoyle, 9/15/88, 
(PB89-174460/ AS). 

NCEER-88-0046 "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/AS). 

NCEER-88-0047 "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/AS). 

NCEER-89-000l "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/AS). 

NCEER-89-0002 "Statistical Evaluation of Response Modification Factors for Reinforced Concrete Structures," by H.H-M. 
Hwang and J-W. Jaw, 2/17/89, (PB89-207187/AS). 

NCEER-89-0003 "Hysteretic Columns Under Random Excitation," by G-Q. Cai and Y.K. Lin, 1/9/89, (PB89-196513/AS). 

NCEER-89-0004 "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/AS). 

NCEER-89-0005 "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/AS). 

NCEER-89-0006 "A Knowledge-Based Approach to Structural Design of Earthquake-Resistant Buildings," by M. Subramani, 
P. Gergely, C.H. Conley, J.F. Abel and A.H. Zaghw, 1/15/89, (PB89-218465/AS). 

NCEER-89-0007 "Liquefaction Hazards and Their Effects on Buried Pipelines," by T.D. O'Rourke and P.A. Lane, 2/1/89, 
(PB89-218481). 

NCEER-89-0008 "Fundamentals of System Identification in Structural Dynamics," by H. Imai, C-B. Yun, O. Maruyama and 
M. Shinozuka, 1/26/89, (PB89-207211/AS). 

NCEER-89-0009 "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/AS). 

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

NCEER-89-0011 "Inelastic Three-Dimensional Response Analysis of Reinforced Concrete Building 
Structures (IDARC-3D), Part I - Modeling," by S.K. Kunnath and A.M. Reinhom, 4/17/89, (PB90-
114612/AS). 

NCEER-89-0012 "Recommended Modifications to ATC-14," by CD. Poland and J.O. Malley, 4/12/89, (PB90-108648/AS). 

NCEER-89-0013 "Repair and Strengthening of Beam-to-Column Connections Subjected to Earthquake Loading," by M. 
Corazao and AJ. Durrani, 2/28/89, (PB90-109885/AS). 

B-5 



NCEER-89-0014 "Program EXKAL2 for Identification of Structural Dynamic Systems," by O. Maruyama, C-B. Yun, M. 
Hoshiya and M. Shinozuka, 5/19/89, (PB90-109877/AS). 

NCEER-89-0015 "Response of Frames With Bolted Semi-Rigid Connections, Part I - Experimental Study and Analytical 
Predictions," by PJ. DiCorso, A.M. Reinhorn, J.R. Dickerson, J.B. Radziminski and W.L. Harper, 6/1/89, to 
be published. 

NCEER-89-0016 "ARMA Monte Carlo Simulation in Probabilistic Structural Analysis," by P.D. Spanos and M.P. Mignolet, 
7/10/89, (PB90-109893/AS). 

NCEER-89-POI7 "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. 

NCEER-89-0017 "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). 

NCEER-89-0018 "Multidimensional Models of Hysteretic Material Behavior for Vibration Analysis of Shape Memory Energy 
Absorbing Devices, by EJ. Graesser and F.A. Cozzarelli, 6/7/89, (PB90-164146/AS). 

NCEER-89-0019 "Nonlinear Dynamic Analysis of Three-Dimensional Base Isolated Structures (3D-BASIS)," by S. Nagarajaiah, 
A.M. Reinhorn and M.e. Constantinou, 8/3/89, (PB90-161936/AS). This report is available only through 
NTIS (see address given above). 

NCEER-89-0020 "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/AS). 

NCEER-89-0021 "Subsurface Conditions of Memphis and Shelby County," by K.W. Ng, T-S. Chang and H-H.M. Hwang, 
7/26/89, (PB90-120437/AS). 

NCEER-89-0022 "Seismic Wave Propagation Effects on Straight Jointed Buried Pipelines," by K. Elhmadi and MJ. O'Rourke, 
8/24/89, (PB90-162322/AS). 

NCEER-89-0023 'Workshop on Serviceability Analysis of Water Delivery Systems," edited by M. Grigoriu, 3/6/89, (PB90-
127424/AS). 

NCEER-89-0024 "Shaking Table Study of a 1/5 Scale Steel Frame Composed of Tapered Members," by 
K.C. Chang, J.S. Hwang and G.C. Lee, 9/18/89, (PB90-160169/AS). 

NCEER-89-0025 "DYNA1D: A Computer Program for Nonlinear Seismic Site Response Analysis - Technical Documentation," 
by Jean H. Prevost, 9/14/89, (PB90-161944/AS). This report is available only through NTIS (see address 
given above). 

NCEER-89-0026 "1:4 Scale Model Studies of Active Tendon Systems and Active Mass Dampers for Aseismic Protection," by 
A.M. Reinhorn, T.T. Soong, R.e. Lin, Y.P. Yang, Y. Fukao, H. Abe and M. Nakai, 9/15/89, (PB90-
173246/AS). 

NCEER-89-0027 "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/AS). 

NCEER-89-0028 "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/AS). 

NCEER-89-0029 "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/AS). 

B-6 



NCEER-89-0030 "Seismic Behavior and Response Sensitivity of Secondary Structural Systems," by Y.Q. Chen and T.T. Soong, 
10/23/89, (PB90-164658/ AS). 

NCEER-89-0031 "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). 

NCEER-89-0032 "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/AS). 

NCEER-89-0033 "Deterministic Model for Seismic Damage Evaluation of Reinforced Concrete Structures," by I.M. Bracci, 
AM. Reinhorn, J.B. Mander and S.K. Kunnath, 9/27/89. 

NCEER-89-0034 "On the Relation Between Local and Global Damage Indices," by E. DiPasquale and AS. Cakmak, 8/15/89, 
(PB90-173865). 

NCEER-89-0035 "Cyclic Undrained Behavior of Nonplastic and Low Plasticity Silts," by AJ. Walker and H.E. Stewart, 
7/26/89, (PB90-183518/AS). 

NCEER-89-0036 "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/AS). 

NCEER-89-0037 "A Deterministic Assessment of Effects of Ground Motion Incoherence," by A.S. Veletsos and Y. Tang, 
7/15/89, (PB90-164294/AS). 

NCEER-89-0038 "Workshop on Ground Motion Parameters for Seismic Hazard Mapping," July 17-18, 1989, edited by R.V. 
Whitman, 12/1/89, (PB90-173923/AS). 

NCEER-89-0039 "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). 

NCEER-89-0040 "Centrifugal Modeling of Dynamic Soil-Structure Interaction," by K. Weissman, Supervised by J.H. Prevost, 
5/10/89, (PB90-207879/AS). 

NCEER-89-0041 "Linearized Identification of Buildings With Cores for Seismic Vulnerability Assessment," by I-K. Ho and 
AE. Aktan, 11/1/89, (PB90-251943/AS). 

NCEER-90-0001 "Geotechnical and Lifeline Aspects of the October 17, 1989 Lorna 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). 

NCEER-90-0002 "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). 

NCEER-90-0003 "Earthquake Education Materials for Grades K-12," by K.E.K. Ross, 4/16/90, (PB91-113415/AS). 

NCEER-90-0004 "Catalog of Strong Motion Stations in Eastern North America," by R.W. Busby, 4/3/90, (PB90-251984)/AS. 

NCEER-90-0005 "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/AS). 

NCEER-90-0006 "Seismic Hazard Along a Crude Oil Pipeline in the Event of an 1811-1812 Type New Madrid Earthquake," 
by H.H.M. Hwang and C-H.S. Chen, 4/16/90(PB90-258054). 

NCEER-90-0007 "Site-Specific Response Spectra for Memphis Sheahan Pumping Station," by H.H.M. Hwang and C.S. Lee, 
5/15/90, (PB91-108811/AS). 

B-7 



NCEER-90-0008 "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). 

NCEER-90-0009 "A Program to Generate Site Dependent Time Histories: EQGEN," by G.W. Ellis, M. Srinivasan and AS. 
Cakmak, 1/30/90, (PB91-108829/AS). 

NCEER-90-001O "Active Isolation for Seismic Protection of Operating Rooms," by M.E. Talbott, Supervised by M. Shinozuka, 
6/8/9, (PB91-110205/AS). 

NCEER-90-0011 "Program LINEARID for Identification of Linear Structural Dynamic Systems," by C-B. Yun and M. 
Shinozuka, 6/25/90, (PB91-110312/AS). 

NCEER-90-0012 "Two-Dimensional Two-Phase Elasto-Plastic Seismic Response of Earth Dams," by A.N. 
Yiagos, Supervised by lH. Prevost, 6/20/90, (PB91-110197/AS). 

NCEER-90-0013 "Secondary Systems in Base-Isolated Structures: Experimental Investigation, Stochastic Response and 
Stochastic Sensitivity," by GD. Manolis, G. Juhn, M.C. Constantinou and A.M. Reinhorn, 7/1/90, (PB91-
110320/AS). 

NCEER-90-0014 "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/AS). 

NCEER-90-0015 "Two Hybrid Control Systems for Building Structures Under Strong Earthquakes," by J.N. Yang and A 
Danielians, 6/29/90, (PB91-125393/AS). 

NCEER-90-0016 "Instantaneous Optimal Control with Acceleration and Velocity Feedback," by J.N. Yang and Z. Li, 6/29/90, 
(PB91-125401/AS). 

NCEER-90-0017 "Reconnaissance Report on the Northern Iran Earthquake of June 21, 1990," by M. Mehrain, 10/4/90, (PB91-
125377/AS). 

NCEER-90-0018 "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/AS). 

NCEER-90-0019 "Experimental and Analytical Study of a Combined Sliding Disc Bearing and Helical Steel Spring Isolation 
System," by M.C. Constantinou, A.S. Mokha and AM. Reinhorn, 10/4/90, (PB91-125385/AS). 

NCEER-90-0020 "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, (PB91-125419/AS). 

NCEER-90-0021 "Dynamic Interaction Factors for Floating Pile Groups," by G. Gazetas, K. Fan, A Kaynia and E. Kausel, 
9/10/90, (PB91-170381/AS). 

NCEER-90-0022 "Evaluation of Seismic Damage Indices for Reinforced Concrete Structures," by S. Rodriguez-Gomez and 
AS. Cakmak, 9/30/90, PB91-171322/AS). 

NCEER-90-0023 "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/AS). 

NCEER-90-0024 "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/AS). 

NCEER-90-0025 "A Three-Dimensional Analytical Study of Spatial Variability of Seismic Ground Motions," by L-L. Hong 
and AH.-S. Ang, 10/30/90, (PB91-170399/AS). 

B-8 



NCEER-90-oo26 "MUMOID User's Guide - A Program for the Identification of Modal Parameters," by S. Rodriguez-Gomez 
and E. DiPasquale, 9/30/90, (PB91-171298/AS). 

NCEER-90-oo27 "SARCF-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/AS). 

NCEER-90-oo28 "Viscous Dampers: Testing, Modeling and Application in Vibration and Seismic Isolation," by N. Makris and 
M.C. Constantinou, 12/20/90 (PB91-190561/AS). 

NCEER-90-oo29 "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/AS). 

NCEER-91-oo01 "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/AS). 

NCEER-91-oo02 "Physical Space Solutions of Non-Proportionally Damped Systems," by M. Tong, Z. Liang and G.C. Lee, 
1/15/91, (PB91-179242/AS). 

NCEER-91-oo03 "Seismic Response of Single Piles and Pile Groups," by K. Fan and G. Gazetas, 1/10/91, (PB92-174994/AS). 

NCEER-91-oo04 "Damping of Structures: Part 1 - Theory of Complex Damping," by Z. Liang and G. Lee, 10/10/91, (PB92-
197235/AS). 

NCEER-91-oo05 "3D-BASIS - Nonlinear Dynamic Analysis of Three Dimensional Base Isolated Structures: Part II," by S. 
Nagarajaiah, A.M. Reinhorn and M.e. Constantinou, 2/28/91, (PB91-190553/AS). 

NCEER-91-0006 "A Multidimensional Hysteretic Model for Plasticity Deforming Metals in Energy Absorbing Devices," by 
EJ. Graesser and F.A. Cozzarelli, 4/9/91, (PB92-108364/AS). 

NCEER-91-oo07 "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/AS). 

NCEER-91-oo08 "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/AS). 

NCEER-91-oo09 "Earthquake Education Materials for Grades K-12," by K.E.K. Ross, 4/30/91, (PB91-212142/AS). 

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

NCEER-91-oo11 "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. 

NCEER-91-oo12 "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/AS). 

NCEER -91-0013 "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. 

NCEER-91-oo14 "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, (PB92-1l3885/AS). 

B-9 



NCEER-9l-0015 "Evaluation of SEAOC Design Requirements for Sliding Isolated Structures," by D. Theodossiou and M.C. 
Constantinou, 6/10/91, (PB92-ll4602/AS). 

NCEER-91-00l6 "Closed-Loop Modal Testing of a 27-Story Reinforced Concrete Flat Plate-Core Building," by H.R. 
Somaprasad, T. Toksoy, H. Yoshiyuki and AE. Aktan, 7/15/91, (PB92-129980/AS). 

NCEER-91-0017 "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). 

NCEER-91-0018 "Shake Table Test of a 1/8 Scale Three-Story Lightly Reinforced Concrete Building," by AG. El-Attar, R.N. 
White and P. Gergely, 2/28/91. 

NCEER-91-0019 "Transfer Functions for Rigid Rectangular Foundations," by A.S. Veletsos, A.M. Prasad and W.H. Wu, 
7/31/91. 

NCEER-91-0020 "Hybrid Control of Seismic-Excited Nonlinear and Inelastic Structural Systems," by J.N. Yang, Z. Li and A 
Danielians, 8/1/91, (PB92-143171/AS). 

NCEER-91-0021 "The NCEER-91 Earthquake Catalog: Improved Intensity-Based Magnitudes and Recurrence Relations for 
u.S. Earthquakes East of New Madrid," by L. Seeber and 1.G. Armbruster, 8/28/91, (PB92-176742/AS). 

NCEER-91-0022 "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/AS). 

NCEER-91-0023 "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/AS). 

NCEER-91-0024 "Experimental Verification of a Number of Structural System Identification Algorithms," by R.G. Ghanem, 
H. Gavin and M. Shinozuka, 9/18/91, (PB92-176577/AS). 

NCEER-91-0025 "Probabilistic Evaluation of Liquefaction Potential," by H.H.M. Hwang and C.S. Lee," 11/25/91, (PB92-
143429/AS). 

NCEER-91-0026 "Instantaneous Optimal Control for Linear, Nonlinear and Hysteretic Structures - Stable Controllers," by 1.N. 
Yang and Z. Li, 11/15/91, (PB92-163807/AS). 

NCEER-91-0027 "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/AS). 

NCEER-92-0001 "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/AS). 

NCEER-92-0002 "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/AS). 

NCEER-92-0003 "Issues in Earthquake Education," Edited by K. Ross, 2/3/92, (PB92-222389!AS). 

NCEER-92-0004 "Proceedings from the First U.S. - Japan Workshop on Earthquake Protective Systems for Bridges," 2/4/92, 
to be published. 

NCEER-92-0005 "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. 

NCEER-92-0006 "Proceedings from the Site Effects Workshop," Edited by R. Whitman, 2/29/92, (PB92-197201/AS). 

B-lO 



NCEER-92-oo07 "Engineering Evaluation of Permanent Ground Deformations Due to Seismically-Induced Liquefaction," by 
M.H. Baziar, R. Dobry and A-W.M. Elgamal, 3/24/92, (PB92-222421/AS). 

NCEER-92-oo08 "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/AS). 

NCEER-92-oo09 "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/AS). 

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

NCEER-92-oo11 "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. 

NCEER-92-oo12 "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. 

NCEER-92-oo13 "Shape Memory Structural Dampers: Material Properties, Design and Seismic Testing," by P.R. Witting and 
F.A. Cozzarelli, 5/26/92. 

NCEER-92-ool4 "Longitudinal Permanent Ground Deformation Effects on Buried Continuous Pipelines," by MJ. O'Rourke, 
and C. Nordberg, 6/15/92. 

NCEER-92-oo15 "A Simulation Method for Stationary Gaussian Random Functions Based on the Sampling Theorem," by M. 
Grigoriu and S. Balopoulou, 6/11/92, (PB93-127496/AS). 

NCEER-92-oo16 "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, I.B. Mander and 
A.M. Reinhorn, 7/15/92, to be published. 

NCEER -92-00 17 "Observations on Water System and Pipeline Performance in the Limon Area of Costa Rica Due to the April 
22, 1991 Earthquake," by M. O'Rourke and D. Ballantyne, 6/30/92, (PB93-126811/AS). 

NCEER-92-oo18 "Fourth Edition of Earthquake Education Materials for Grades K-12," Edited by K.E.K. Ross, 8/10/92. 

NCEER -92-00 19 "Proceedings from the Fourth J apan-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/AS). 

NCEER-92-oo20 "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, S. Aizawa and M. Higashirto, 8/14/92, (PB93-127512/AS). 

NCEER -92-0021 "Empirical Analysis of Horizontal Ground Displacement Generated by Liquefaction-Induced Lateral Spreads," 
by S.F. Bartlett and TL Youd, 8/17/92. 

NCEER-92-oo22 "IDARC Version 3.0: Inelastic Damage Analysis of Reinforced Concrete Structures," by S.K. Kunnath, A.M. 
Reinhorn and R.F. Lobo, 8/31/92, to be published. 

NCEER-92-oo23 "A Semi-Empirical Analysis of Strong-Motion Peaks in Terms of Seismic Source, Propagation Path and Local 
Site Conditions, by M. Kamiyama, MJ. O'Rourke and R. Flores-Berrones, 9/9/92, (PB93-150266/AS). 

NCEER-92-oo24 "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, to be published. 

NCEER-92-oo25 "Experimental Results of Repaired and Retrofitted Beam-Column Joint Tests in Lightly Reinforced Concrete 
Frame Buildings," by A. Beres, S. EI-Borgi, R.N. White and P. Gergely, 10/29/92, to be published. 

B-ll 



'NCEER-92-0026 "A Generalization of Optimal Control Theory: Linear and Nonlinear Structures," by J.N. Yang, Z. Li and S. 
Vongchavalitkul, 11/2/92. 

NCEER-92-0027 "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 1M. Bracci, AM. Reinhom and J.B. 
Mander, 12/1/92, to be published. 

NCEER-92-0028 "Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part II -
Experimental Performance of Subassemblages," by L.E. Aycardi, lB. Mander and A.M. Reinhom, 12/1/92, 
to be published. 

NCEER-92-0029 "Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part III -
Experimental Performance and Analytical Study of a Structural Model," by J.M. Bracci, A.M. Reinhom and 
J.B. Mander, 12/1/92, to be published. 

NCEER-92-0030 "Evaluation of Seismic Retrofit of Reinforced Concrete Frame Structures: Part I - Experimental Performance 
of Retrofitted Subassemblages," by D. Choudhuri, lB. Mander and AM. Reinhom, 12/8/92. 

NCEER-92-0031 "Evaluation of Seismic Retrofit of Reinforced Concrete Frame Structures: Part II - Experimental Performance 
and Analytical Study of a Retrofitted Structural Mode!," by lM. Bracci, AM. Reinhom and J.B. Mander, 
12/8/92. 

NCEER-92-0032 "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. 

NCEER-92-0033 "Reconnaissance Report on the Cairo, Egypt Earthquake of October 12, 1992," by M. Khater, 12/23/92. 

NCEER-92-0034 "Low-Level Dynamic Characteristics of Four Tall Flat-Plate Buildings in New York City," by H. Gavin, S. 
Yuan, l Grossman, E. Pekelis and K. Jacob, 12/28/92. 

NCEER-93-0001 "An Experimental Study on the Seismic Performance of Brick-Infilled Steel Frames," by IB. Mander, B. 
Nair, K. Wojkowski and 1. Ma, 1/29/93, to be published. 

NCEER-93-0002 "Social Accounting for Disaster Preparedness and Recovery Planning," by S. Cole, E. Pantoja and V. Razak, 
2/22/93, to be published. 

NCEER-93-0003 "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. 

NCEER-93-0004 "Evaluation of Static and Response Spectrum Analysis Procedures of SEAOCjUBC for Seismic Isolated 
Structures," by C.W. Winters and M.C. Constantinou, 3/23/93. 

NCEER-93-0005 "Earthquakes in the Northeast - Are We Ignoring the Hazard? A Workshop on Earthquake Science and Safety 
for Educators," edited by K.E.K. Ross, 4/2/93, to be published. 

NCEER-93-0006 "Inelastic Response of Reinforced Concrete Structures with Viscoelastic Braces," by R.F. Lobo, 1M. Bracci. 
K.L. Shen, A.M. Reinhom and T.T. Soong, 4/5/93, to be published. 

NCEER-93-0007 "Seismic Testing of Installation Methods for Computers and Data Processing Equipment," by K. Kosar. T.T. 
Soong. K.L. Shen, lA HoLung and Y.K. Lin, 4/12/93. 

B-12 


