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Summary

On January 24, 1980, California’s Livermore Valley was rooked by a moderate 

earthquake that caused some damage to the Lawrence Livermore National Laboratory 

(LLNL). The earthquake, which measured 5.5 on the Richter scale and was centered about 

20 km (12 mi) northwest of the Laboratory, produced estimated peak horizontal ground 

acceleration at LLNL of between 0.15 and 0.3 g. The earthquake was part of a sequence 

that included two sharp aftershocks (magnitudes 5.2 and 4.2) within 1.5 minutes of the 

initial event. A second earthquake (magnitude 5.8) struck on January 26, and several 

lesser earthquakes occurred during the next few weeks.

Damage resulted primarily from the January 24 earthquake with estimates of its 

impact ranging upward to $15 million, including $3 million in direct damage and $12 

million in upgrading costs. Five facilities that house appreciable amounts of 

radioactive materials suffered essentially no structural damage, while conventional 

structures were damaged. This difference reflects differences in design criteria.

This paper describes the damage impact of the January 24 earthquake, including:

• Background information on LLNL.

• Discussion of pre-earthquake seismic safety philosophy.

• Description of the impact of the January 24 earthquake, including a description

of the seismic setting of the Laboratory, a discussion of the ground motion, 

and a summary of damage.

This paper also describes a data gathering and reduction effort at LLNL in the 

aftermath of the January earthquakes. In anticipation of additional aftershocks, 

several buildings and structures were equipped with devices to monitor building 

response. Data were recorded for both the February 12 and 21 aftershocks, which 

measured 2.6 on the Richter scale. The data were primarily used to determine peak 

accelerations; however, we also used computer programs developed at LLNL to extract 

information about the structural dynamic behavior from velocity time-history signals. 

An analysis of one building is presented to show the usefulness of the technique in 

identifying the principal vibratory modes of a structure and the frequencies and damping 

values of these modes. The potential of this technique for monitoring changes in the 

seismic vulnerability of critical structures is discussed.

*Work performed under the auspices of the U.S. Department of Energy by the Lawrence 
Livermore National Laboratory under contract number W-7405-ENG-48.



1. Introduction
On Thursday, January 24, 1980, at 11:00 a.m., an earthquake with Richter magnitude 

of 5.5 shook the Livermore Valley and the surrounding area, disrupting work and causing 

some damage to the Lawrence Livermore National Laboratory (LLNL) and several nearby 

communities. The epicenter of this earthquake was about 20 kilometres (12 miles) 

northwest of the Laboratory. Two relatively large aftershocks with magnitudes 5.2 and 

4.2 occurred about 1 minute and 1-1/2 minutes after the initial earthquake. A second 

earthquake with magnitude of 5.8 struck on January 26 at 6:33 p.m.; its epicenter was 

approximately 14 kilometres (8 miles) southeast of the first earthquake. See Figure 1. 

Damage to the Laboratory resulted primarily from the January 24 earthquake with 

estimates of its impact ranging upward to $15 million in cost, including $3 million in 

direct damage and $12 million in upgrading costs. Details of the earthquake and its 

impact can be found in reference [1].

2. Background Information

The Lawrence Livermore National Laboratory is operated by the University of 

California for the U.S. Department of Energy. The Laboratory’s main site is located at 

the southeast end of the Livermore Valley in southern Alameda County, about 65 

kilometres (40 miles) southeast of San Francisco and about 5 kilometres (3 miles) east 

of the City of Livermore. The site comprises approximately 1 square mile. The 

Laboratory’s work force numbers more than 7,200 persons.

Facilities on site include approximately 150 buildings of varying size, age, and 

type of construction and 1000 trailers. LLNL has independent utility and its own fire 

and medical facilities and is essentially a small, self contained, community.

The Livermore Valley extends about 25 kilometres (15 miles) in an east-west 

direction and is about 10 kilometres (6 miles) wide. A thick layer of clay, sand, and 

gravel underlie the surface, filling a depression in the bedrock.

The Valley is located between two extensive and active fault systems: the Calaveras 

Fault zone, which is a branch of the San Andreas Fault, that runs through the western 

end of the Valley; and the Greenville-Tesla-Ortigalita Fault zone which passes along the 

eastern edge. Another fault zone, the Las Positas, lies along the southern edge of the 

Valley perpendicular to the trends of the other two zones.

3. Design Basis Earthquake

The site was a U.S. Naval preflight training station until 1952. It is difficult to 

ascertain the seismic response criterion used by the Navy during World War II when 

original construction of the site occurred. The early wood frame construction was 

probably built in conformance to the Uniform Building Code (UBC) in existence in the 

early 1940’s; however, the structures were not actually subject to any state codes. In 

the 1950’s the UBC criterion for this seismic zone was a lateral force coefficient 

corresponding to 0.1 g acceleration. By the end of the 1960’s, that criterion had been 

increased to approximately 0.2 g. So construction at the Site between 1950 and 1970 was 

designed for a lateral force coefficient corresponding to between 0.1 and 0.2 g.

In 1971 the Hazards Control Department formed a Seismic Safety Committee under the 

direction of the Industrial Safety Group. The formation of this committee resulted from 

the February 9, 1971 San Fernando Valley earthquake of magnitude 6.6. This earthquake 

did a surprising amount of damage and caused state-wide concern for the safety of 
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critical facilities. The emphasis of the Seismic Safety Committee was the tie-down of 

equipment in various high-priority facilities. At the same time, the Laboratory 

management commissioned many seismic studies by the LLNL staff and various consultants. 

These studies did not agree on either the location of the faults in the vicinity of the 

Laboratory or on the appropriate acceleration level for design of critical facilities. 

In 1974, the Laboratory adopted 0.5 g as the official design basis earthquake for 

critical facilities; however, critical facilities were analyzed for seismic response at 

both 0.5 and 0.8 g to account for the range of estimates received from the consultants. 

4. The January 24 Earthquake

Evidence of the continuing seismicity of the area was provided at 11:00 a.m. on 

January 24, 1980, when an earthquake with local Richter magnitude of 5.5 occurred 

approximately 20 kilometres (12 miles) northwest of the Laboratory near the Marsh Creek 

Fault in southern Contra Costa County. This earthquake and a second large one 

(variously reported as having a magnitude of 5.2 to 5.8), which occurred at 6:33 p.m. on 

January 26, 1980, approximately 14 kilometres (8 miles) southeast of the first principal 

earthquake, were part of a sequence of earthquakes along the Marsh Creek and Greenville 

faults. The sequence began with a small foreshock a minute and a half before the first 

large earthquake and continued for several weeks.

The two large earthquakes in January differed from each other in a number of 

respects: amplitude of ground motion, duration of strong motion, the direction in which 

the ground ruptured, and the orientation of the direction of strongest motion. These 

phenomena are, for the most part, consistent with the differences in actual damage and 

in perception experienced at the Laboratory during the two large earthquakes.

The differences in duration of the two large events can be seen in the records of 

the ground motion made at the Berkeley seismograph station of the University of 

California. The extended duration of the earthquake on January 24 compared with that of 

January 26 may be a factor in the larger amount of damage caused by the former 

earthquake.

Unfortunately, there were no strong motion accelerometers operating on the LLNL site 

at the time of these earthquakes, and the existing, sensitive instruments went off 

scale. Therefore, the ground acceleration can only be estimated. Values of 0.15 to 

0.3 g at LLNL are consistent with measurements at the U.S. Veterans Hospital 

(approximately 9 kilometres (5 miles) southwest of LLNL), with measurements made at 

various locations within the vicinity of LLNL, and with previous observations of 

acceleration versus distance.

Variations in perceptions and measurements of motion both inside and outside the 

Livermore Valley are consistent with the motion (right lateral strike slip) along the 

known faults. As a consequence of these directional features, the energy from the 

January 24 earthquake tends to be more strongly oriented toward the LLNL site than the 

energy from the January 26 earthquake. This also appears to be consistent with the 

relative observations of the two earthquakes made at the U.S. Veterans Hospital south of 

the Laboratory.

5. Impact at the Site

The January 24 earthquake brought most operations at the Laboratory to a sudden halt 

as buildings swayed, tall bookshelves toppled, unsecured trailers lurched, and heavy 
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items pulled at their connections or moved. Liquids sloshed in tanks and shelved items 

moved causing some to fall to the floor. Some lights and suspended ceilings fell and 

natural gas valves equipped with seismic trips closed.

Shortly after the initial shock, electrical power failed, causing some employees to 

stumble around in the dark and indiciating the need for emergency lighting. Security 

booths were inactivated, thereby impeding access to some areas. Employees evacuated 

buildings and trailers and were unsure as to what action to take. As soon as personnel 

recovered from the shock of the earthquake, they began individual and team efforts to 

search for injured persons, assess the damage, and secure classified materials. At the 

same time many employees called their families and other employees by telephone to 

exchange information on the impact of the earthquake. This caused the commercial 

Centrex telephone system to overload. Communication was a problem shortly after the 

earthquake. 

6. Damage to Buildings

In general, moment-resisting structures and their interiors were most affected. 

Concrete floor-to-column connections in many buildings at the site showed the most 

damage. Connections between tilt-up concrete walls and their supporting structural 

steel frames showed some distress. There were several instances of loose or stretched 

bolts and some stud-welded bolts failed. Large differential movement (1-1/2 inch) 

between steel frames and concrete tilt-up walls was noticed.

Reinforced concrete shear wall construction had diagonal cracking throughout being 

more extensive in lower stories. Crack widths were estimated to range from hairline to 

0.25 in. Limited spalling of concrete was observed and very few cases of exposed 

reinforcement were encountered. Repair to these structures consisted of injecting an 

epoxy grout into the cracks from both sides of walls and painting. Plans are currently 

underway to strengthen the lateral force resisting systems of the highrise shear wall 

structures.

Many single story structures were of concrete block construction. These performed 

better than anticipated in most cases. Problem areas were limited to unreinforced 

concrete block construction and parapets. Repair to these structures consisted of 

removing parapets and shoring walls while upgrading alternates were designed and 

compared.

Steel frame and cross braced structures resisted the earthquake loads adequately 

with some buckling of bracing members in larger structures. Repair of these structures 

was accomplished by replacing buckled members and upgrading brace connections.

Wood construction performed adequately throughout the site. Many single unit 

trailers without tie-downs came off their leveling jacks and fell a few inches. Repair 

consisted of replacing jacks and studying various tie-down alternatives for existing 

trailers.

Much of the actual cost of repair resulted from cosmetic damage. Tall bookcases 

that were not anchored tipped over, denting walls and breaking interior glass. 

Sheetrock partitions were cracked in many buildings. Ceiling tiles, light fixtures, and 

air diffusers that were not adequately restrained fell to the floor. Although very few 

exterior windows broke, some glass window panes were displaced in their mountings. 

Broken water pipes caused water damage in several areas. Cleanup was a problem 
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throughout the Laboratory.

In areas where tie-down programs had been implemented there was very little damage. 

In those areas where there had been no implementation of the seismic tie-down program, 

damage did occur. Where shelf restrainers had been installed in laboratories and 

chemical storerooms, spillage of chemicals was minimal, without such protection 

considerable spillage occurred. 

7. Analysis of Aftershock Data

After the January 24 earthquake, a data gathering and reduction effort was 

initiated. At the request of the Nevada Operations Office of the Department of Energy, 

URS/John A. Blume and Associates of Las Vegas loaned four building instrumentation 

systems to LLNL for temporary use in obtaining data from the expected aftershocks. 

Three of the systems could record data from three velocity transducers, while the fourth 

could handle six velocity transducers. The systems are ordinarily used to monitor the 

motions of high-rise buildings in the Las Vegas area during their response to nuclear 

tests conducted at the Nevada Test Site. Four buildings were instrumented [2]. 

Analysis of one of the high-rise buildings, Building 111 follows. This building was 

instrumented with transducers placed as shown in Fig. 2. 

8. Major Aftershocks

Two aftershocks were recorded during the period the loaned equipment was in place at 

LLNL, one at 4:29 p.m. on February 12, the other at 10:57 a.m. on Feburary 21, 1980. 

The local magnitude of both aftershocks was approximately the same, about 2.6, the 

latter aftershock being of greater duration. The location of these aftershocks with 

respect to the LLNL site and the main shocks are shown in Fig. 1.

The February 12 aftershock was strong enough to set Building 111 into motion. This 

motion was recorded by all six transducers. Those on the first floor essentially 

measured the ground motion, while those on the seventh floor recorded the building 

response to that ground motion. The E-W time-history signal on the ground floor is 

shown in Fig. 3. Note that the ground motion subsided after approximately six seconds. 

In Fig. 4 we show the E-W time-history motion recorded in the south wing of the seventh 

floor, which is typical of all the seventh-floor signals. Note that the motion extends 

well past six seconds. The motion recorded after the end of the earthquake (after six 

seconds) represents the free vibrational response of the structure and was the only 

portion of the signal used in our analysis.

The first step in the analysis was to transform the time-history motion to the 

frequency domain. The result of this transformation, which is shown in Fig. 5, enabled 

us to identify the fundamental vibratory modes of the structure. Clearly, the structure 

contains several such characteristic frequencies between 1 and 2.5 Hz. To determine the 

value of these frequencies, associated mode shapes and damping values, we fit a series 

of mathematical functions to this transform. We processed the other three seventh-floor 

transducer signals in a similar way. Because we had four sets of data, we were able to 

make a reasonably good estimate of the shapes of the four principal inodes that were 

excited by the aftershock as shown in Fig. 6.

9. Proposed Testing Procedure

The seismic data gathering effort at LLNL in the aftermath of the January 24 

earthquake relied on borrowed equipment and hasty installation, yet the data reduction 
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techniques were able to rapidly extract meaningful information from the scanty 

aftershock data. A systematic monitoring program would provide much more useful data 

for evaluating changes in the nature of key buildings and structures.

In a planned test program, the building would be vibrated by mechanical means and 

the resulting data would be used to derive baseline modal parameters 13]. A comparison 

of modal analysis results (mode shapes, frequencies, and damping values) after an 

earthquake or some other extreme loading could reveal any changes in the dynamic 

properties of the structure compared to the baseline case. A survey of this concept can 

be found in reference 14].

If the dynamic properties do not change, then one can logically infer that the 

structure was not damaged by the earthquake. A change in modal properties presents a 

more complex problem because the precise relationship between structural damage and 

shifts in modal properties is only now being investigated.

10. Conclusions

As a result of the January 24 and 26 earthquakes, the management of LLNL became 

aware of the need for a good program of seismic tie-down, further development of 

emergency plans, and an instrumentation system for use in monitoring the motion of 

buildings during their response to ground excitation.

The ongoing upgrading program has been accelerated and seismic design criteria are 

being reevaluated in light of new data. Restrictions on types of construction that 

behaved poorly have been implemented.

LLNL has established computer codes which can be used in identifying the principal 

vibratory modes of a structure from measured response data. The need for establishing a 

baseline for quickly deducing any dynamic property changes after an earthquake or other 

extreme loading condition exists, as well as the need for building a data base for 

relating changes in dynamic properties to observed structural damage.
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Fig. 1. The relationship of the LLNL site to the Greenville Fault. Dots locate 

epicenters of the two major aftershocks that occurred while the building 

monitoring systems were installed.
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Fig. 2. Aerial photograph of Building 111 and schematic floor plans of the first and

seventh floors, which show the locations of the six velocity transducers.
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Fig. 3. The E-W time-history signal of the 
February 12 aftershock for the ground 
floor of Building 111. Note that the 
ground motion subsided after 
approximately six seconds.

Fig. 4. The E-W time-history signal 
recorded in the south wing of the 
seventh floor of Building 111. 
Note that the motion extends well 
past six seconds, when ground 
motion subsided.
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Fig. 5. The time-history motion of Fig. 4 (after six seconds) was transformed by an

LLNL computer code from a function of time to a function of frequency. Note

the peaks between 1 and 2.5 Hz which reveal principal vibratory modes of the

structure.
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Fig. 6. Estimates of the shapes and structural damping values for Building 111’s four 

principal modes that were excited by the February 12 aftershock.
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