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NATIONAL TRANSPORTATION SAFETY BOARD
Washington, D. C. 205%1
SPECIAL STUDY

Ad>pted: February 8,1972

PROTECTION
OF TRANSPORTATION FACILITIES
AGAINST EARTHQUAKES

I. INTRODUCTION

The San Femando, Calitornis, easihquaxe
which occurred at 6 a.m. on February 9, 1371,
caused catastrophic damage to transportation
faclities. The National Transportation Safety
Board, under its statutory authority to conduct
special scudies of safety in transportation and
the prevention of accidents, instituted an
investigation of this event.

Tae Bnard found that several agencies —
Federal, State and privaie — were concerned by
che earthquake and its effects. However, there
was litde coordination between the many
interested  parties. The Board decided to
examine the activities of these agencies and
evolve recommendations intended to reduce the
earthquake hazard to transportatior in future
earthquakes.

This report i an cxamination of Federal
involvement in the earthquake problem,
especially as it relates to trarsportation. Major
elements of programs and existing design
practices are discussed and recommendations are
made which should reduce the ecarthquake
hazard to transportation facilities and the people
who use then:,

The National Transportation Safety Board
received a copy of the draft report to Congress
by the Office of Emergency Preparedness of the
Executive Office of the President, on the subjecy
of “Disaster Preparedness.” It was received on
February 9, 1972, the day after the Safety
Board had considerad and adopted its report. It
is noted that there are coincidental similarities in

pottions of the subject matter in hoth reports,
but that the Safety Board’s report is directed
to improvements in resistance of transportation
structures to damages resulting from earth-
quakes. The report of the Office of Emergency
Preparedness is recommended as a reference
because of its cuverage of the factors involved in
preventing or ininimizing the loss of life and
damage to property as the result of earthquakes,
as well as other natural disasters.

I EARTHQUAKE HISTORY

"The famous earthquake of San Francisco
occurred on April 18, 1906. With a Richter
rating of 8.3, its magnitude was almost 100
times as great as the San Fernando quake, whicis
registered €.6.! Its intensity. as measured by the
modified Mercalli scale, was XI; that of the San
Fernando quake was XIN.2

The losses of the San Francisco earthquake
totaled 700 dead and one billion dollars in

"The “‘Richter Scile,” named after the famed weis-
mclogist, Dr. Chardes F. Richter, describes in a
quantitative way the size {nagnitude) of an
eathquake. The scale is exponential in characier 30
that an increase of 1 unit in magnitude signifies a
10-fold increase in ground motion.

3The “moditied Mercalli scale” grades earthquakesinto 12
classes describing what an earthquake has donc to a
gven area. A 1" rating indicates that the quake js fele
only under espe:ially favorable circumstances, and a
“XI1'* rating indicates total damage.




damape {present-day value).? T#.> Sun Fernando
quake cost 64 lives and betwe.rn 500 million and
one billion dollars* The cost of the San
Fernando quake would have been much greater
had it occurred a few hours later.

Betwecn the vericd 1903 and 1936, there
were 55 earthquakes in California and Nevada of
magnitudes of 6 or greater on the Richter scale.’
An earthquake is definitely not a once-
in-a-lifetime occurrence, and although California
has had more than any other State, the danger is
not unique to it. In 1968, six earthquake
epicenters of intensity of Vil on the modified
Mercalli scale or greater occurred four in Cali.
fornia, and onc each in Alaska and Mlinois$
Yearly, about 700 shocks from carthquakes
around the worid are <:pable of causing
considerable damage.”

The histery o earthquakes and their locacions
in the Urited States leave no room for
contented:ess. Major earthquakes of intensitv
X1l occurred near New Madrid, Missouri, oa
December 1€, 1811, Januaiy 23 and February 7,
1812.* They caused little damage in that
sparsely populated area. Should an carthquake
of equal intensity occur today, a majer catas-
trophe weuld result.?

Ju. s, Department of Commerce, Earthquake Investiga-
tior. in the United States, Coast and Geodetix Hurvey
Specidl Publication No. 282, Revised (1969) Edition
(Washingron, D. C.: Government Printing Office,
1969), p. 13.

YNational Academy of Sciences, The San Femando
Earthquake of February 9, 1971, (Washington, D. C.:
The Academy. 1971),p. 1.

SKarl v. Steinbrugge. et. al., Tke Santa Rosa, California,
Earthquakes dated October 1, 1969, (Washington,
D. C.: Government Printing Office, 1970), ». 47.

*Earthquake Investigation in the United States, p. 8
Tthid, p.5.
1bid., p. 17.

*The area surrounding New Madrid is zoned *3,"the
number assigned by the U. 5. Department of Com-
merce to areas of the highest seismic risk. Portions of
six states are included in the area. A séismic risk map of
the United States is included in the Appendix, p. 32.

B2sides the New Madrid arca, in the eastern
United States, there are zone 3 areas around
Boston, Massarhuse. ts, and the Saint Lawrence
Seaway. A major carthquake, intensity about
VII, occurred north of Boston on November 18,
1775; the latesc major earchquake in the Saint
Lawrerce River region occurred on February 28,
1925, with an intensity of about VIII.

Cae of the greatest earthquakes on the Nosth
Awmnirican continent ovcurred on March 27,
1964, in Alaska.!'® Its epicenter was about 80
miles east ¢f Anchorage. With 2 Richter reading
of 8.4, it damaged an area of 50,000 square
miles. The quake struck after businesses were
closed (5:36 v.m.) and hence the loss of life was
relatively small (115),

The highvray system was severely crippled in
the southcentral part of the State.!! Most of
the secondary roads and all of the mzjor
highways were damaged. About $25 million in
damage to bridges and $21 million to roadways
were incurred. Ninety-two bridges were s .verely
damaged or destroyed and 83 miles of roads had
to be replaced or relocated.

The seistcic record for this earthquake was
incomplete. There was a lack of strong-motion
seismogriohs; existing instruments within several
hundred miles of the epicenter were thinwn off
scale by the violence of the shock. The lack of
st’smic records makes it difficult to dete:mine
the physical mechanism of the cartho-ake or the
causes of structural damage.

A major recommendation of the National
Academy of Sciences, which undertook a
comprchensive study at the request of the
President, is te increase the strongaotion net-

"®For a full repore of the carthquake damage to the
highway system, sce: Reuben Kachadoorian, The Ef-
Jects of the Earthquake of March 27, 1964, on the
Alaska Hichuay S;stem, Geological Survey Profes-
sional Paper $545-C, (Washirgton, D. C.: Government
Printing Office, 1968).

"Y*Edwin B. Eckel, The Aluska Earthquate, Mach 27,
1664: Lessons and Conclusions, Genlogical Survey
Prefessional Paper 546, (Washington, D. C.: Govern-
ment Printing Office, 1970}.
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work in Alaska.'? The National Oceanic and
Atmospheric Administration (NOAA) has since
installed a network in Alaska. The need for
extension of such networks, aot only in Alaska
but throughout the United States and the world,
is apparent. NOAA is constantly working to
increase this network.!?3

The Alaska earthquake had repercussions on
other surface transportation systems. The
Federally owned Alaska Railroad sustained
damage of moie than $35 millicn.'* Bridges and
culverts sustained damage in the aniount of $2.5
million; and roadway 2nd tracks, $8.8 million,

Damage to bridges resulted from (1)
permanent vertical and horizontal displacements
of foundation materials; (2) temporary
horizontal movement of the ground; and (3)
high acceleration in the bridge structures. The
displacement of the ground or liquefaction of

the soil were the major causes of damage,

although it was estimated that horizontal gravity
forces (g-forces) in the structures of up to 1.7
probably occurred.!® Such high g-forces could
result from amplification of the ground motion
by the bridge structure.

There was a dircct relationship between the
type and severity of the damage to the railroad
and the surficial geology and wunderlying
physiography. This was so apparent that a
geologic map could be used as a damage-

'¥National Academy of Sciences, Tonwrd Reduction of
Losses from Earthquakes, (Washington, D. C.: The
Academy, 1969}, p. 16.

E3As of September 14, 1971, there were 112 strong:
morion stations in Alaska. Throughout California
there were approximately 420 stations, while the rest
of the United Stotes had 60 stations. NOAA also had
8 stations in South and Central America. (Phone
interview with Chades F. Knudson, Acting Chief,
Seismological Field Survey, San Francisco.)

**David S. McCulloch and Manuel G. Bonilla, Effects of
the Earthguake of March 27, 1964, o1 the Alaska
Railrood. Geological Survey Professional Paper $45-D,
(Washington. D. C.: Governmenrt Ptinting Office,
1970}, p. D1.

V1bid.,y. 91,

distribution map. No doubt it was because of
this closc relationship that the National
Academy of Sciences recommended thai a
detailed geologic 1napping be made of all earth.
quake-prone arcas of this country, with special
emphasis given to populated arcas and areas
likely to be devcloped in the future.'® A
corrclative recommendatior: would be to prepare
eatthquake-hazard maps. A seismic risk map has
pcen published by the U. S. Department of
Commerce, but it does n¢ take into considera-
tion the probable frequen.: of occurrence of
carthquakes.

Air transport is more vital to Alaska than to
any other State.'” Of the 64 airports through-
out the stricken area, 13 sustained damage to
taxiways and runways. Some airplancs were
damaged by flooding o- scismic vibration.

Airport facilities were damaged by vibration,
by sea waves, and by tectonic subsidence and
compaction. The most notable loss by vibration
was the control tower at Anchorage Inter-
national Airport. At the Kodiak Naval Station,
parts of the runway were flooded by seismic sea
waves, and a few smaller airstrips were either
destroyed by the waves or subjected to flooding
by high tides due to regional subsidence. Total
damage to Alaska’s air facilities amounted to a
few million dollars.'®

The airport dollar loss was small, as compared
to the more than $100 million loss to the water,
rail, and highway systems. More rgnificant,
however, is that the air facilitics were opera-
tional within a few hours after the carthguake.
It was scveral raonths before all damaged high-
way routes were passable.

' Toward Reduction of Losses . . ., p. 14.

'7For the effects of the earthquake on air, water, and
utilities, see: Edwin B. Eckel, Effects of the Earth.
quake of March 27, 1964, on Air and Water
Transport, Communications, and Utilities Systems i
South-Central Alaska, Geological Sunvey Professional
Paper 545.B, (Washington, D. ©.: Goevemment Print.
ing Office, 1967).

""1id, p. B3,




The damage to the water transportation
industry was very heavy. In all southcentral
Alaska, only the port cf Anchorage remained
operational, and even it operated under
restric ed conditions for a while. In Alaska, 90
percenv of all civilian and military material is
mported, mostly by water. The devastation
interrupted the normal flow of materials,

New port facilities were rapidly rebuile. In
most cases, they were built to reduce their
susceptibility to future earthquakes.

Threc pipelines in the area played a significant
part in the transmission of petroleum and gas
produits; none was damaged appreciably. A
single leak developed in a natural gas line, and
none occurred in oil pipelines, or in a muhti-
product military pipeline. Some ierminal oil
storage tanks were damaged and some small
leaks developed at a refinery.

The gas distribution system in Anchorage wes
damaged {about $1 million). Most of the breaks
occurted at landslide grabens. Some of the 200
breaks were caused by ground cracks which had
litle or no visible displacement. Tension,
compression, and shes* failures were commen,
There were also some fatigue failurcs.

Since the earthquake in Alaska, many others
have occurred on the West Coast. One of the
better documented earthquakes occurred in the
Parkfield-Cholaine area of California (about 200
miles northeast of Los Angeles.)!? The earth-
quake had a magnitude of 5.5 on the Richter
scale ard occur-ed on June 27, 1966. For its
magnitude, this aquake had fairly high ground
avcelerations {(up to 0.5g) and high modified
Mcrcalli intensitics (up to VIIf or I1X). Such high
ground accelerations, intensities, and tectonic
fracturing are usually associated with earth-
quakes having a magnitude of 7 or inore,

There was some bridge damage. The main
cause was fault movement; the secondary cause
was seismic shaking Since there were few

19Robeit D. Brown, et al, The Park field Chokime
California, Farthquakes of June-August 1966,
Geological Survey Professional Paper §79, (Washing-
ton, D. C. Government Printing Oftice, 1967},

sttuctutes in the area, overall damage was
relatively minor.

One buried oil pipelire was ruptured, result-
ing in considerable oil loss, and a 2-inch buried
private water line was broken. An irrigation pipe

also broke,

On October 1, 1969, Santa Rosa, Califonia
was damaged by two earthquake shocks oc-
curring within a 2-hour span. The first of the
shocks occurred at 9:57 p.m., and the second at
11:20 p.m.2° The damage resulting from these
two shocks can be considered as happening from
one earthquake, The intensity at the most
damaged area was VII to VIII on the modified
Mercalli scale.

The Coast and Geodetic Survey report
mentioned only slight damage to the highway
system, vith some settlement of fill at one
highway overpass. About 50 instances of water
pipe damage included breakage of 15 water
mains, some fire pretection lines, and 30 service
laterals to houses and buildings. Gas pipe leaks
developed in many homes and pilct lights were
extinguished from shifting appliances. One leak
w.s detected in a distribu:ion system.

The greatest amount of damagz cucurred in
areas on young allivium soil where the ground
water levels are quite "high. Amplification of
ground motion might have been reinforced by
reflections from harder, adjacent formations.
Because of a general lack of geologic mapping,
geophysical  exploration, and seismographiic
records ot the area, it was difficult to arrive at a
pracise description of the damage s stained in
the earthquake. An interesting comment was
that the damage to earthquake- esistive struc-
tures was greater than expected.

The $zn Femando carthquak: of Februaiy 9,
1971, was moderate, registering 6.6 on the
Richter scale, but it was accompanied by record
ground accelerations. Some measurements
showed peak horizontal and vertical accelera

1%The Santa Rose, California, Earthquakes of October
1, 1579, lad V. Steinbrugge; Government Printing
Office, 15 0.




tions of 1 g?' Becauise of these large ac-
celerations and the closencss of the epicenter to
housing and public works, the damnage wrought
was high (estimated at nearly $1 billion).

Sixty-four persons lost their lives in the
quake, two of them in the collapse of an
incompleted interstate freeway ramp onto an
existing interstate routc.?? Many more fatalities
aud injuries would probably have occurred had
the epicenter been closer to the Los Angeles
City center, or had che earthquake occurred a
few hours later than 6 aum.

Whereas the loss of life was limited, bridges
collapsed which need not have, and damage to
the freeway system was over $20 million. An
additional $20 million damage occurred to other
highways on the Federal-aid system.

Could the bridges which failed have been
designed to better resist earthquake forces?
Could total collapse have been avoided? All
published a:.icles since the quake indicate that
the answer is yes.*? The California Highway
Department has halted bridge construction to
allow for redesign. How bridges behave under
earthquake stresses will be greatly influenced by
the standirds to which they are constructed.

Historital experience shows clearly that there
is every reason to expect that earthquakes will
continue tn impinge upon transportation struc-
tures and will produce human fatalities and

21R. p. Maley and W. K. Qloud, “Preliminary Strong:
Motion Results from the San Fernando Earthquake of
February 9, 1971, The San Femando, Califomia,
Eartkquake of February 9, 1971, Geological Survey
Professional Paper 733, (Washington, D. C.: Govern-
ment Printing Office, 1971), p. 163.

B. J. Morrill, ‘Evidence of Record Vertical Accclera-
tions at Kzgt. Canyon during the Earthquake,” ibid,,
p.177.

33 For photogtaphs of some of the collapsed structures,
se¢ pp. 10,11, & 12,

33For example, the Liationsl Academy of Scien~es, in its
r:port on the eacthquake, states that ', | earthquake
design of highway bridges. . .(is) grossly in.
adequate. .., The San Fermando Earthquake. ..,
p-13.

injuries, property damages and sccondary losses
resulting from denial of use of transportation
facilities. The large scope of the potential iosses
and their widespread location imply a need fora
national approach to minimize the losses to
transportation caused by earthquake damage.

NLEXISTING STANDARDS TFOR
EARTHQUAKE-RESIS. ANT DESIGN AND
CONSTRUCTION OF TRANSPORTATION
SYSTEMS

In the Federalaid highway program, the
states select and design the projects to be built,
award the contracts, and supervise the construc-
tion subject to Federal Highway Administration
review, approval, and control. Design spacifica-
tions for roads and bridges have been developed
by the American Association of State Highway
Ofticials (AASHO),?* through the participation
of the state highway departments in conjunction
with the Federal Righway Administration
(FHWA}. The specifications are intended to
serve as a standard or guide for the preparation
of state specifications and as a reference for
engincers. Their use is generally accepted on
Federal-aid projects.

The specifications requite that in regions
where earthquakes may be anticipated, a bridge
structure must withstar.d an equivalent lateral
force applied horizontally in any direction at
the center of gravity of the weight of the
structure.?® This force is equal to the dead load
of the structure multiplied by a coefficient
which depends on the type of foundation or the
bearing pressure of the soil. The maximum
coefficient is 6 percent for pile foundations.
This imecans that the structure muest withstand a
lateral shake force of .06g. a low value.

The State of California has refined the
AASHO formula for its use with two coef-

1 American  Association of State Highway Officials,
Standard  Specifications for Highuay Rridges,
(Washington, D. C.: The Association, 1969).

Vrbid, p. 26




onAa i

ficients to multiply the dead load.?® One
coefficient represents the encrgy absorption of
the structure, and the other the stiffness of the
structure. ‘The highest obtainable value of the
combdined coefficient is 13.3 percent, although
the California code furcher states that spe:ial
consideration should be given to structuses
fourded on soft materials capzble of large
carthquake movements and to large structures
having massive piers.

Seven western states {including California)
were surveyed by AASHO as to their design
policy regarding earthquake forces.?’ The
information received was as follows: Utah does
not consider carthquake forces. Nevada follows
AASHQ specifications. Hawaii is using AASHO
specifications but is considering reducing the
earthquake load requirements. Alaska essertially
follows AASHO specifications. Oregon follows
AASHO  spucifications  except  that  their
mininum coefficient is two times the minimum
reccommnended by AASHO. Washington uses a
coefficient based on deflection. Whereas most of
the western states consider seismic forces, they
use the lew 6 percent AASHO specifications.,

Other states gencrally do not even consider
carthquake forces. For example, New York
State conrains the Saint Lawrence Scaway area
which has been assigned the highest scismic risk
tating of 3, but it does not use carthquake-
resistam bridge design.?® 2?

EState of Ca:ii?;rnia, Highmy Transpottation Agencv,
Manual of Bridge Design Practice, (Sacramento, Cali-
fornia: State of California, 1963), pp. 3-9.

T Anierizan  Association of State Highway Officials,
Design Procedures for Earthquake Loads, A Report
Prepared by the Subcommittee on Loads to the
AASHO Pridge Committee’s Region IV meeting, San
Diego, California, April 5 and Apnl 6, 1971, {Mimeo-
graphed).

phone interview with Domenic Massimilian, Principal
Design Engineer, New York State Department of
Transportation, Albany, New York.

31 should be noted thai vurtical accelerations (and
hence forces) are also caused by carthquakes and no
consideration of these forces is taken into account by
AASHO or any state specifications,

Most of the work in seismic design of struc-
tures has been in the building field. The Uniform
Building Code (UBC} uses a basic linear equation
similar to AASHO specifications, but the cuef-
ficione used in multiplying the dead weight of
the structure considers more parameters.’® The
UBC cocfficient includes a dynamic factor
which depends on the vibratory period cf the
building. Torsion, which is not considered in
AASHO, is trcated lightly in the Uniform
Building Code. Since torsion may have signifi.
cant cffects where the center of gravity and the
center of rigidity of the structure do not
coincide, it should be considered in design.

The buikding codes of several other nations
were sutveyed by the authors of Seismic Design
of Building Structures and the, found that
several countries had moie appropriate earth-
quake building codes than the United States.

{t would appear that transportation struc-
tures, such as control towers for airports, airport
passenger terminals, raltoad dispatch offices,
raitoad stations, etc., should be designed using
more sophisticated «udes. {A 50-foot reinforced-
concrete  control  tower  collapsed at the
Anchorage Airport during the Alaska earth-
quake, which nessitated the use of a plane on
the ground to provide cmergency air traffic
contrel.>! Needless to say, the collapse of a
vontrol tower at a much laiger airport would
create a more critical situation), Portions of the
San Francisco Bay Area Rapid Transit system
ar: being designed in compliance with the

P9, T. P. Yao, et al, Seismic Design of Building
Structures, A neport Prepared by the Constructicn
Enginecring Laboratory, University of New Mexico
(Champaign, Iilinois: Depattment of the Army,
1971), p. 6. (in process of publication).

P Edwin B. Tekel, Effects of the Farthquake of March
27, 1964, on Air and Water Transport, Communica-
tions, ans Utilities Systems ir South-Central Alaska,
Geological Survey Professional Paper 545-B, {(Washing.
ton, D. C.: Government Printing Cffice, 1967), p. B4.




UBC.2? 1: is niot clear why the lower UBC
design criteria were sclected.

Information cenzeming the design of bridge
structures to vesist carthquake forces may be
available in other nations which have highway,
railroad, and maritime structures in high-risk
curthquake zones. Such literature would be of
value in this country.??

The configurations of bridges are unique and
.1any schemes to make buildings carthquake
resistant cannct be applied readily to bridges.
Alter determination lias been madc of the forces
acting on bridge structures, the members and
their connections may be designed to rusist
thase forces of to allow gross movements of
piecrs or abutments to occur without causing
the bridge to fall. Present-day bridge design
assumus clastic behavior of the structure. How-
ever, carthquake forces often produce stresses
beyond the eiastic limit. Further rescarch into
the behavior of structures in the plastic range is
nceded to understand all factors involved. While
AASHO dcals only lightly with carthquake
forces, nothing is said about detail design for
carthquake-induced  stresses. In  the report
“Damage to Transportation Systems,” the Cali-
fornia Officc of Architecture and Construction
makes seven recommendations for improving
detailing of bridge structures.**® The Califomia
institute of Technology makes similar recom-
mendations.?®

YPhone interview with Al' .. Hynes, Regional
Director, Region 7, Federal Railroad Administration,
San Francisco, California.

Y3The FEWA now has a contra:t with the University of
California at Beskeley for a search of Japanese
literatece.

347, F. Mechan, “Damage to Transportation Systems,”
The San Femaido, Californis, Farthguake of
February 9, 1971, Geclogical Survey Professional
Paper 733, (Washington, D. C.: Govemment Printing
Office, 1971}, p. 241.

3Spaul C. Jennings {ed.}, Engincering Features of the
Sa1 Femardo Earthquake of February 9, 1971
Report EERL 71-02, (Pasadena, California Institute
of Technology: 1971).

An on-the-scene examination of the structural
dariage in the San Fernando eartl:quake
dicluosed major fallurzs of bridge seats and
column ties.?® Bridge hinges and seats were
installed without anchoring sy:tems, with the
result that scctions of the bridge roadway were
displaced from the supporting structures by
vibration and simply slipped off the seats and
fell to the ground.

The practice of installing highway bridge
sections without provision for retention against
carthquake forces is widespread. Many bridges
now in place in known earthquake-sensitive
arcas could fall with relatively simall movement
of bridge scats. These small movements are, in
many cases, unfesisted or unprotected by
secondary structures,

There are scrious questions whether the
practice of supporting highway access bridges on
a single column is adequate. When a span
supported by a single centered column was
shaken laterally duting the San Fernando carth.
quake, the column was subjected to bending
stresses, and failed at both top and bottom. The
single column support appears to be onc of the
least efficient suppott methods where resistance
to lateral shake is important (sce Figure 4.

The foundation materials that support bridges
arc integral parts of the highway and railroad
systems. Settlement of fills, slope instability,
and liquefaction of soils may cause extensive
dam:ze, and the bcehavior of foundation
materials is taken into account in design. Present
methods of analysis of dynamic soil behavior do
not scem to provide a full understanding of soil
behavior under earthquake loads.

Transportation structures also include the
pipelines that move gas and liquids throughout
the United States. There are a few exceptions,
but for the most pare, litde consideration has

¥¢Sec Figures 1,6. These photographs of bridges at
Interstate 5 and 210 vividly portray bram to column
and seat failure,

37 Engineering Features of the San Femando Earthquake
of February 9, 1971, California Institute of Tech.
nology, 1971.
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I5 Bridge Hinge Showing D asign Details.

Connecting span had st been completed pricr to San
Fernando earthquake.
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-5 Bridge Over Southern Pacific Railrvad

Note partial separation, but deup hinge tetained bid
span. How:ve, adjacent roadway tpan sepirated i1
hinge and fell,




FIGURE 2 Highway Bridge San Francisco Area Note Narrow Hirge {Arrow) Between Spans of R. adway
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FIGURE 3 Freeway Bridge San francisco Area Narrow Column Seat For Support of Bridge Spans
9
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FIGURE 4 San Fernando, California Earthquake, Fe*ruan 9, 1971, Top: Ramp Collapss,
Interstate 5 & California 14. Bottom: Ramp Collapse, Interstate 5 & 20,
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FIGURE § San Fernando, California Earthquake, Febiuary 9, 1871, Beam 1o Column Failure, Interstate 5 & 210
it
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FIGURE 6 San Fernando, California Earthquake, February 9, 1971, Top:
Bottom: Rcmp Deck Seat Separztion {Hinge-Expansion Jolnt)

12

Bridge Seat Separation




been given to the design of these systems against
earthquakes.

In  the San Fernando carthquake, four
primary gas feeder lines in the 12-inch to
26-inch diameter class were damaged.’’ Ap-
proximately 450 breaks were reported in the
local distribution system, interrupting service to
17,000 consumers. Few fires were attributed to
leaking gas lines, but some spectacular failures
happened. Escaping gas from ruptured 16-inch
lines caused craters in stree’s, some as large as 10
feet in dismcter and 8 fect deep. Breaks resulted
from axial compression and tension. In the
vicinity of the gos leaks, water line breaks also

occurred. These breaks might have been from
either the gas line cruptions or earth movements.
In onc case, a ruptured gas line blew a holein a
freeway - bridge. No  catastrophic  failures
resulted, but the potential was there.

Whercas  the development of improved
standard: is dependent upon rescarch and
investigations, both of which arc time
consuming, goals are needed if the cartnquake
hazatd to transportation structtacs i to be
minimized.

IV. MODIFICATION OF EXISTING TRANS.
PORTATION STRUCTURES

Most of the existing transportation facilitics
were designed under codes which recent carth-
quakes have shown to be inadequate. A major
quake in an urban arca weould cause considerable
darrage and loss of life in transpornation
systems. A crash program for reurofit of bridges
to make them carthquake worthy is necessary.
Likewise, other transportation structures, such
as airport control towers and railroad dispatch
huildings, require inspection to determine the
‘ced for retrofit to provide resistance against
collapsc by carthquakes.

The scop: of this program is large and
important. Priority should be given to highways
and railroads carrying high traffic volumes and
those most nccessary for emergency routes;
generally, this would include major portions of
the primary and interstate syste:ns. Decisions

about the selection of specific transportation
facilitics for redesign and retrofit would be
based upon cost/benefit analysis techniques
which explicitly considered carthquale risk.

Correction of Hinged Joint Hazard

Au outstandingly evident hazard of many
nighway bridges located in high carthquake-risk
arcas is a design weakness of bridge hinges which
can ailovs spans of the bridge to fall under
relatively small carthquake movement. Becausc
corrective design of cxisting bridges at relatively
low cost appears possible, this problem deserves
a detailed consideration.

Fatalities in bridge collapses in the San
Fernando carthquake would have been much
higher had the roads been occupied by com-
muter traffic at the time. At the carly hour,
however, only one bridge span fell while a
vehicle was beneath or on it That vehicle was
crushed, resulting in the death of all occupants.

Many of the ighway bridges are constructed
of separate spans connccted by open hinge
joints. The breakup of a multi-spah bridge ramp
connected in this way is showr in the center
portion of the lower part of Figure 4. The
several sections of the bridge ramp have
separated cleanly,

Expansion and contractior of the bridge
spans arc accommodated by the design of the
hinges. However, narrow scats permit the bridge
to be disassembled by small movements during
carthquakes. A typical example of this design is
shown in Figure 6. This photograph shows an
end scction of a span which has moved suf-
ficiently to allow it to slip off the narcow ledge
which is its scat. In addition, the span had been
keyed laterally by a block at the center. This
block was placed i a corresponding hole in the
adjacent portion of the bridge to resist lateral
movement. As can be scen, the key was dis-
cngaged in the lateral direction by the same
small amount of longitudinal movement which
allowed the hinge scat to disengage. A hinge is
nccessary in such bridges to allow for the effects
of thermal  expansion, which causes the




dimensions of the structure to chang: by frac-
tions of an inch. The hinge used is not like an
ordinary door hinge in that it contains no pin,
The hinge is usually a simple open pivot upon
which the parts can move laterally and rotate
sufficicntly to accommodate thermal expansion.
Such hinges, however, also intetrupt the structural
continuity of the bridge, so that the bridge as a
whole has little lateral or longitudinal strength
to resist carthquake stresses.

Several of the bridges which had such hinges
and which fell in the Sin Fernando earthquake
were restrained cnly by the friction between the
cngaging parts of the hinges. This friction is
completely unable to resist carth movement. In
other bridges, a fow steel bars are cmployed (sce
upper part of Figure 1) but their strength also
apprars far short of that nccessary to resist the
mosement of the carth. The collapse of such a
bridge hinge is shown in the upper right-hand
corner of the upper parr of Figure 4. where the
slipped-off span has lcft an overhanging end.

The lower part of Figure 1 shows how the
much deeper Cverlapping seat of a highway
bridge on Row:: 1S necar San Fernando proved
adequate in dimensio n to accomi-odate the carth-
quake movement. The bridge has moved, but
not sufficiently to allow the span to drop off its
ledge. The span to the rear, however, was moved
sufficiently to allow the span to slip off its hinge
and seat.

Many bridges in high carthquake-risk arcas of
California appear to exhibit the hinged joint
hazard. Figure 2 shows a highway bridge in the
San Francisco arca which has a narrower overlap
than thosz in either of the bridges shown ia
Figure 1. This highway bridge appears capable of
falling under a movement of as little as 6 to 8
inches. Figure 3 shows a steel-framed feceway
bridge in the Sar Francisco arca. This bridge has
stect hinges and seats and also appears to require
about 8 inches of movement before falling.
Some bridges of this type include a socket
arrangement which does not appear capable of
resisting earth movement. These bridges, of
course, carry heavy automobile traffic during
most of the hours of the day. Collapse of such

bridges under small carthquake movements
would not only cause keavy casualties, but clso
seriously  disrupt important  highway com-
munications.

It appears that future bridge construction
could casily remedy this slipping-off of spans
from their scats by the use of deeper seats or by
the provision of restraining devices to prevent a
short drop from becoming complete collapse. It
does not appear that the cost of previding a
broad overlap berween bridge spans would be a
significant part of the cost of the bridge, if it
were done in criginal design. However, that does
not solve dhe problem for the many standing
bridges in high emthquake-risk areas, which
exhibit this problem. ‘Fhe problems scen in

Figutes 2 and 3 ace found in varying degrees in

dozens of spans in the San Francisco areca.

[t is not difficult to cnvision broader column
scats of steel which might be welded to the
frecwzy bridge type shown in Figure 3. Another
possible form of modificant.: for the bridge
type in Figure 3 would ciploy steel links

through the webs of girders which engage enly .
under carthquake movemen: to limit the drop. "

It appears possiblé to add such corrections tf
cxisting steel bridees,

Modifications (o incrcase the zmount of
accommodation to cartnquake movement by
concrete bridges, such as thosc in Figure 6 and
the upper part of Figure 1, would apparently
require considerable design ¢ffort and additional
structure. This probltm was also found i a
pumber of railroad bridges. Considerable
annlysis may be required merely to leamn the
scope of this problem. For example, the bridge
shown in Figure 2, although it appears similar to
the biidge-hinge arrangement of the upper part
of Figure 1, could conceivably include a greater
overlap in the interior portions, which is not
visible externally. However, it should be
possible, by a systematic review of every high-
vay and railroad bridge in high earthquake-risk
areas, to develop 2 rating for cach standing
bridge in terms of the amount of lateral and
longitudinal separation movement which could
be sustained before the bridge collapsed. Such a

: '




survey would form part of the basis for plans to
correct bridges which would be included in a
prioritics plan,

The widespread existence of this bridge hinge
problers in high earthquakerisk arcas «an
probably be regarded as indicative of the degree
to which carthquake-resistance planning has
been cmployed in transportation structure
dssign  generally, The present scope of this
problem, so easily remedicd at the design stage,
but now involving hundreds of high way bridges
in high carthquake-risk areas, illustrates the
importance of realis.ic analysic and authoritative
direction in cstablishing highway design stand-
ards.

Planning, inspection, and design for a retrofit
program could logically be handied in a fashion
similar to the bridge inspection program: of the
1968 Federal Highway Act. Perhaps it could
even be incorporated into the same progiam.
The safcty of railroad bridges is now under the
jurisdiction of the Federal Railroad Adminis-
" tration of the Department of Transportation,
but standards have not yet been issucd. No
design provisions for carthquake forces exist
under the American Railway Engincering Asso-
ciation code.®® 1t is not known what carthquake
forces can be zesisted by cxisting railroad

bridges.??

V. COST/BENEFIT STUDIES 'V TERMS OF
RISK TO TRANSPORTATION STRUC-
TURES

The necessity for protection against carth.
quakes can be evaluated in terms of probability

I8Ruilroad structurcs ate designed for brakirg of trains
and “nosing” of locomotives. Design cons.deration of
these factors may provide a sufficisnt safety factor
against earthquake forces. Hu.rawe, designs should
include a check for earthquake lading. The design of
details should receive special attention.

? Since the San Femando earthguake, the Southem
Pacific Railroad has braced some of thele bridges with
cable to provide extra protection against quakes.
(Telephone interview with Albert Hynes.)

of occurrence and the conscquences of the
occurrence. Determining the probability of oc-
currerce is cssentially 1+ form of carthquake
prediction. This type of prediction is not
available at the presen: time. However, the
historical record of scismicity in the United
Stares does provide very lorg-term guidelines to
the relative scismicity of varicus areas of the
country.

In 1y48, the United States Coast and
Geodetic Survey issued a “Seismic Probability
Mup” which as based primarily on past
damaging carthquakes. It was later withdrawn
because it was tco gencral and subject to
misinterpretation. It has been used by the
Uniform Building Code as part of the criteria in
the establishment of lateral force requirements.

S. 'T. Algermissen, in his paper Seismic Risk
Studies in the United States presents a “Seismic
Risk Map" which is bascd on the old map but
considers somewhat different factors.4©

‘The Scismic Risk Map (Appendix, p. 32) @
bascd upon the following factors: ’
1.The distribution of modified Mercalli -
intensitics associated with krown seismic
history of the United States;
2, Strain released in the United States since
1900; and

3. The association of strain rclease pateerns
with large-scale geologic features believed
to be related to recent seismic activiey 4!

The Scismic Risk Map is an interim one, and
like its predecessor, does not consider frequency
of accurrence of scismic cvents. Elsewhere in his
paper, Algermissen estimates the relative rates of
occurrence of carthquakes of various modified
Mcrcalli intensitics in cach zone using strain
relcase and recurrence data.

495. T. Algermissen, Seismic Risk Studics in the United
States, reprint of paper presented at the Fouwth World
Confetence on Earthquake Engineering, Santiago,
Chile, January 13-18, 1969, (U. S. Dept. of Com-
mezce, 1969). N

#1Jerry L. Coffman and Willian K. Cloud, Unired States
Eaithquakes 1968, Environmental $.ience Services
Administration, {Washingten, D. C.: Government
Printing Office, 1970),p. 9.




Algermissen sugges:s that it eventually may be
posiible to cstimate seismic risk by the use of
threc separate maps. One map would be
geological in nature, a second would estimate
frequency of occurrence, and a third would
show the distribution of maximum intensities
throughcut the United States.*? Development
of this data for large arcas will take a long rime.
It should be possible, however, o obtain such
data during route planning for new highway
corridors and other transportation facilitics.
Seismic risk will vary along different routes for
the transportation system. However, by krowing
location and degree of risk, corrective measures
can be dusigned to mitigate the *azards. Costs
for land and construction of alternate routes and
designs can “hen be obtained for analysis.

The loss, vr the consequence of an earthquake
occt.rerce, will varv  with the magnitude,

‘geologic conditions, cesign of structures, and
t>nation of an carihqualz. Considerations of the
losscs inust include populations at risk, proper-
tics at risn, and systems at risk.

Tac toll in lives from United States earth-

quakes has been small compared wich other
areas of the wotld. The two stronge.t United

States carthquakes in this century, San
Francisco in 1906, and Alaska in 1964, taok
700 and 130 lives ¢cspectively.®? The San
Fernardo carthquake took 64 lives, two of
which were related to transportation failures.*
in coitrast, a single carthquake in Nan-shan,
China, in 1927, resulted in 200,000 deathe*®
The total United States loss has been small
(about 1,600 persons since 1800). We cannot,
however, be complacent. Had the San Fernando

47 Algermissen, p. 9.
3 Earthquake Investigation in the United States, p. 51.

¢4The San Femando Earthquake f February 9, 1971,
p-1.

43 fntemational Dictionary of Geuphysics qucted i
National Academy of Scicnces Earthquake Engineer-
ing Research (Washirgton, D. C.: The Academy,
1969}, p. 2.
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carthquake occurred at a different time than the
carly moriing hour and had the street inter-
changes been compleie, the ramps would have
beens filled with cars and the loss of life in
transportation would have been much larger.
Had the cpicenter occurred 25 miles southwest
in downtown Los Angeles, the losses would have
been overwheliningly greater.

The billion dollar (prescnt-day valie) proper-
ty loss of the San Francisco carthquake, the 500
million deltar loss of the Alaska carthgr<®. 'nd
the up to one billion dollar loss o?iizf: San
Fernando carthiquake should always be warrings
that the caniquake menace camici  be
ignored.*® (the loss to Federal-aid highways
was in excess of $40,000,000 in the San
Fernando carthquake.)*?

The losses in an carthquake also include thosc
due to system failurce. Fuel cutoff to a plant, or
lack of transportation to move people and
goods, uffects normal economite activity and
productivity. Other indirect ctts such as
emergenc - services should also be considered.
For example, in San Fernandu, detoucs were
built to circunr :nt the fallen bridges. Admitced-
ly, the cost of such services is difficule, if not
impossible, to predict. Inclusion of such cost
considerations, however, helps to place the cost
of providing carthquakeresistant design in
better perspective.

In a 1966 rcscarch needs statement, the
Burcau of Public Roads (now the Federal
Highway  Administration)  suggested  that
investigations be made to find “...the
incrcmental costs involved in providing various
degrees of seismic damage protection tor each
zone of potential scismic intensity, and what

— i -

48 Earthquake Investigation in the United States, p. 3, p.
S1. The San Femando Earthquake of February 9,
1921,9. 1.

47U S. House of Representatives, Department of
Transportation and Related Agencles Appropriations
for 1972, Part 1 (92nd Cong., 1st. Session, April 1,
1971). p. 456.




level of protection can be justified.”*? Studies
of past earchquakes can provide a data base,

Earthquake-resistant design will also produce
a stronger structure, better able to withstand
other natural disasters. For this reason, part of
the inctemental cost for earthquake-resistant
design should be attributed to the cost of
providing supplementary protection against
other natural disasters.

Independent of cost/benefit analysis, the
disruption or collapse of the transportation
systery may be militarily, socially, or politically
unacceptab's.

All :aswere cannot be obtained by coust/
benefit studies and .isk analyses. Aralysis docs,
however, give decisionmakers a valuable input
for determining a viable system design.*®

V1. STRONG-MOTION SEISMIC EQUIPMENT

An earthquake should be regarded as a
full-s-ale laboratory experiment the study of
which can produce scientific and engineering
data unobtainable by any other means. Without
actual information frora tlie 1:zhe, all protec-
tion efforts are based ~.1 assumption. This is not
to say that simulation or mcdel building of
~arthquakes is unimportsne, but no information
is as important in plnning economical protec

48U. S. Dept. of Commerce, Task and Study Statements
of the National Program for Research and Develop-
ment in H.ghway Transportation, a report prepared
by the Burcau of Public Roads, (Washington, D. C.:
Dept. of Commerce, 1967}, pp. 6, 27.

® Por an interesting beginniug at an attempt to estimate
benefits from earthquake-resistant design, see: U. S.
Depattment of Commerce, A Preliminary Study of
EngineeringSeismolog, Benefits, Enviionmental
Science Servikes Administration, (Washington, D. C.:
Government Printing Office, 1967).

Curerent reseatch inco ritk analysis is being done under
NSF sporscrship. The research is being done at the
Massachusetts Institute of Technology and the title of
the contract is “Optimum Seism/¢ Protection for New
Building Construrtion in Eastern  Metropolitan
Areas.”

tion measures as that obtained from actual
carthquakes.

in the Alaska carthquake of March 27,1964,
therc were no scrong-motion instruments to
record the ground motion. Because of this,
studies of structural response as a guide to
improved design are of limited value.

The San Fernando earthcuske of February 9,
1971, on the other hard, was the best
monitored carthquake in the history of the
United States. As a result of the Los Angeles
building code, strongmotion recorders were
positioned in the basement, middk, and top

flaors of all newly constructed Luilijngs more

than six stories high. Those rect*ders plus
instruments located at dam -ites ax { on dif-
ferent geologic formations, provided data for a
vatiety of structural responses and geologic
conditions. Yet there were no instruments in
any highvay bridges or embankments. While it is
gritifying that there was an excellent record
from non-highway structures, it is important
that futurc instal.ations include highway and
railroad structures, for these stn'crures have
different configurations and  re ponses than
buildings. Without records of th. resporses of
structures, it will be very difficult to uptimize
future designs.

Priority of installation should be given to
areas of high carthquake frequency, to different
fcundation materials, and to different bridge
designs. Instruments should be placed within th:
structure aind adjacent to the foundatiuns,

Present instruments have not fully exploited
modern technology. For example, infotmation is
mechanically recorded and requircs considerable
aata reduction effort. Cost has been high
because of small production volume. With an
expaided demand, both reducec unit costs and
better instrumentation should result. For
example, realtime instrumentation and data
transmissicin might permit very accurate warn-
ings and pinpoints of location, and obviate the
off-scale problem of some current instruinents.

- Since most of the important highways and
highway bridges ars huilt with Federal con-
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tributory funds, the requirement for such
instrumentation on new construction car Y2
Federally initiated. The Federal Highway
Adminitration, the distributor of these funds,
would be the logical administrative agency to
control such ptojects {or new construction.
There is at present no Federal avrhority to
require retrofit of bridges.

In interstate railroad projects, not connected
with highway projects, thie Federal Railroad
Administration (FRA) coutd serve as the agency
to require railroad bridges and embankments to
be instrumiented.

The Federal Railroad Safety Act of 1970
extended FRA's authority to regulate all areas
of railroad safety.*® The Urban Mass Trans-
portation Administration (UMTA) j.ovides
funds to local transit systems for feasibility
studics, construction, and improvements, and it
apy cars that they could insist on certain long
term safety design requirements such as the
inclusion of scismic instrumentation in carth-
quake-rensitive arcas.’ !

'The networks should be designed in coopera-
tion with the National Oceanic and Atmospheric
Administration, Their National Ocean Surver’s
Scismologica! Ficld Survey unit maintains mos,

of the existing networks in the United States

and would be the logical agency to maintain the
installations,

VIl. GEODETIC MAPPING

The carth’s crust meves in response te strains,
and movement indicass developing strain,

*%U. S. House of Representatives, Report of the
Committee on Inlerstate and Foreign Commerce on .
1933 to Prcvide for Federcl Safety, Haiardous
Mateniels Control and for Other Purposes. Report No,
91-1194, 91¢r. Cong., 2nd Session, Junc 15, 1970, p.
16.

*I'The UMTA has an investment in the San Francisco
Bay Area Rapid Transit System, the Los Angcles
Rapid Transit System, and the 5 attie Rapid Transit
System; all are located in the highest earthquake-visk
rones.
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Accurate measurements can find these strains,
and this information is critical in undcistanding
the rates of earthquake recurrences and estab-
lishment of arcas susceptible to future quakes.
Such measurements are  especially desirable
along faults.

A precise geodetic neiwork will enadle a
study of ground cisplacements resulting from
earthquakes. In the 19564 Alaska carthquake, the
geodetic network was minimal and hence the
records of cause and magnitude of the earth
movements that occurred are lacking. Other arcas
in the United Statec also fack precision eleva-
tions and disteaces, and should a quake occur,
tectonic movement information would be lost
forever,

Rescarch is being conducted by the National

Occanic and Atmospheric Administration of the

United States Department of Commerce io
improve the accuracy and cfficiency o." vistru-
ments, methods, data development, and analysis
of photographic data.

Long baseline laser interferometry allows
distances of thousands of kilometers to be
measured wichin a few centimezers, and could
thus p:nait measurement of sniadl changes in
verticz! and horizontal movement; due to
seismic activity, Supersensitive tiltmeters can
show changes in clevation of the carth. Rota-
tional irregularities of the carth for short priiods
of timu can also be dctermined: correlation of
rotational irregularitivs to seismic activity might
be uscful in carthquake forecasting and rascarch.

The magnitude of this program is great, bue
costs could be r:duced if priority were ascigned
to the known highest seismic risk arcas. Yet
large arca g »detic mapping must be done if we
with to be able to predict carthquakes, since the
development of strain is one of the basic
predictors.

Vill. GEOLOGI'CAL AND SEISMICITY
MAPPING

Geoiugical mapping provides the cssential
basc for appraisal of resources and land-use
potential. The maps and surveys provide the

sy



basic knowledge for appraisal of problems such
as landslide hazards, fault zoncs, and foundation
conditions. At the Federal level, the Geological
Survey of the Department of Interior is the
agency responsible for the mapping.

I the United 3tates, only alitde more than
22 percent of the land has been geologically
mapped, and this is primarily on large-scole
maps. This mapping is taking place at a slow
pace, less than 1 percent a year, and the
information  obtainable from these  maps
provides little 1nore than the most rudimentary
information on foundadon conditions and the
nature of geologic hazards*?  Small-scale
mapping is taking place in California and
Colorado in arcas where serious foundation

~.protlems and geologic hazards cxist. Fault zone

‘aapping, with imtal emphasis on the San
Andreas fault, is alss taking place. (Many (aules
remain unnapped. For example, while scores of
faules were mapped in the Los Angeles area, the
fault on which the San Fermando carthquake
occurred was not.)

In the past, subdivisions have been built over
faults; a classic example is st.own in the Ap-
pendix, p. 34,1 1er2 housing tract: arc shown in
relation to the Szn Andrcas Fault arca. In
Alaska, the town 31 Valdez was originallv buik
on unstable ground: after the 1964 quake, it was
rcbuilt on a more stable sit: as indicated by
geological maps.

Damage from quakes is influcnced by the
location of the pic:nter, but the cffects can be
greatly magnified oy the ground on which
structuies are built, The increasing sprawl of our
cities has resulted in the residential development
of arcas considered to be morc susceptible to

$10ffice of Science and Technology, Proposal for a
Ten-Year National Earthquake Hazards Program, Ad
Hoc Interagency Working Group for Earthquake
Research of the Federal Council for Science and
Technology. (Washingtor, D.C.: 1968}, p. 18,

U. S. Heuse of Representatives, Depariment »f the
Interior and Related Agencies Appropriations for
1972, Part 3.92nd Cong., 13t Session, March 1971, p.
484,

damage from carthquakes. This trend gives
urgency to rapid geologic mapping of our land.

Transportation  facilities, atomic caergy
plants, dams, and other structures all have to be
buile somewhere. The geologic map is a nceded
input to assure a safer location.

Our knowiedge of scismicity, the study of the
locations, sizes and frequency or occurrence of
earthquakes, is based on short historical records.
This knowledge must be supplemented with the
hows and whys of carthquakes if we are to
provid: our enginecrs with beteer criteria upon
which (o bz e their designs.

Som: ¢t the questions which mtist be
investigpteq are 're relationships betwrear carth

~quake frequency, magnitude, and 3eologjic

chacacteristics, the relationship betwecn. small
shocks and iarge caithquakes, and the relation-
ship between strain rates and the onset and
magnitude of carthguakes. Pethaps there are still
undiscovered indicators of seismicity.

The development of :naps and descriptions of
seismicity is an important goal. Togather with a
better understanding of stiuctural foundation
characteristics and their susceptibility to earth-
quake shocks, better location and construction
of transportation structures should result.

IX. FARTHQUAKE
ENGINEZZRING RESEARCH

Earthquake cngineering is a relatwvely recent
development. The first appearance of earth-
quike disign requirements was in the 1927
cdition of the Uniform Building Code. The
impetus for the scismic design requitzments was
the Santa Barbara carthcuske of Junc 29,
1925.5°

Thir first code was rudimentary in nature and
has bees changed over the years as knowledge
has be, . gained thrcugh research and the study
of damage from other carthgaakes. Some
improvements have been mad:, but codes still
do not consider the varicties of factors which can

*3Charles H. Norris. et ‘al., Structural Design for
Dynamic Loads, (New Yttk: McGraw Hill Bosk Co.,
1959}, p. 353. e




magnify carthquakes or the varietics of structural
responses to carthquake ground movement or
vibrition. The solutions will require increased
carthquake enginecring rescarch.

The objectives of earthquake engincering re-
scarch are to provide information on the naturte
and cftect of destructive ground motion, to
develop practical methods of analysis and
aesign, and to develop safe and economical
countermeasures, It is concerned with the effect
of carthquakes on the works of man.

Pure rescarch in the carthquake field involves
seismology, geology, theoretical mechani~-, and
occanography. The need for improved pure
research has beer covered elsewhere in  this
report. in applicd resea. *h, as related to bridge
and kighway design, there is a need to know the
accelerations produced by the carthquakes, the
soil mechanks, and the mspon:: of the strue-
ture,

Accelerations and wave movements are
measurcd through strong-motion instrume. ta-
tion, Accelerations will vary with the soil condi-
tions: development of 2 mathematical model of
the excitation suitable for use in a design code is
diffic le because the effects of dynamic loads
heve reccived relatively fess attention in cades.
However, present development work in building
structures is encouraging and the continvance of
this work with a technology transfer to bridge
design should be encouraged.

Soil instability rcsulting from e»rthquakes is
of many types. Scttlemicnt of cohesionless soils
and liquefaction of saturated sands are two of
the many types of soil problems facing the
structural designes, which are uonly partially
understood, More research into these problems
would provide the civil engincer the data nceded
for better  earthquakescsistant  designs  and
better codes, for transportation struciures as
well as general structures,

‘The response spectra of various bridge designs
and structures are also laigely unknown when
cotapared with other structures, such as arcraft
structures. Both lincar and nonlincar dynamic
analysis is nceded. Full-scale testing of structures
would be warranted because model testing is

inadequate to show all the large-scale effects.
Vibiation testing of buildings and structures is in
its infancy due to the iarge-scale shaking equip-
ment necessary.

Most of the research in this country is
performed by the universities funded thiough
National Science Foundation (NSF) grants.
Seventy-onc grants, budgeted at $6,314,600,
have been made in carthquake cngincering since
1965. Significant experimental facilicies have
resulted and continued support is warranted.* 4
However, the total funds expended by NSF
grants from 1965 to 1971 are minor whean
compared vith tle $25,000,000 damage to
highway bridges alonc in the 1964 Alaskan
carthquake, and the $20,000,000 damage to
highway bridge structures in the San Femando
carthquake. Much of the loss in both earth-
quakes was due to weaknesses in structural
design of highway structures. It would appear
that considerable damage reduction is possible
with relatively little additional expense or added
weight through the application of earthquake-
resistant design for new structures and retrofit
for existing inadequate design details,

Larthquake Engineering Pesearch, a report
prepared by the Committee on Earthquake
Engineering kesearch, Division of Engineerirg,
Nationai Research Council, National Academy
of Scicncee, and funded by NSF, is an excellent
work cmphasizing the need for increased earth.
quake rescarch in practical problems caused by
carthquakes.® S

$4Michael P. Gaus, Charles A. Babendeur, and George K.
Lez, “Current Rescarch in Wind and Seismic Effects
Carried on Through NSF, " Unpublished Talk to the
Third Annual Meeting of the Pane on Design of
Structures to Resist Wind and Seismic Effects of the
U. S. - Japan Joint Commissior. on Natural Resources
{Program originated and guided by the Department of
Commerce}, Tokyo, Japan, May 10-12, 1971. {Type-
written).

5The Committee was chaired by George W. Housner of
the Calilornia Institute of Technology.



«{. EARTHQUAKE STUDY TEANMS

Since destructive carthquakes in the United
States occur relatively infrequently, foreign
carthquakes shovld be exploited to determine
valuahle information relative to seismology,
geolony and engineering. Investigation of the
1967 Caracas, Venezuela, carthquake, for
example, provided information which was useful
in design of structurcs.®®

Often the emergency procedures, afcer an
carthquake, destcoy much of the evidence, so it
is important that teains are ready to go to the
site as fast as possible.®” The National Academy
of Sciznces has even recommended rapid air
reconnaissance studies.®®

In the recent San Fernando earthquake,
personnel were sent from many different Fed-
eral dcpartmcnts. state agercies, inddstry,
universities, and professional organizations. Co-
ordination was not apparent, but because of the
large number of cxperts, and the best
instrumented carthquake in history, meaningful
data should result. in investigating future carth-
quakes, both here and abroad, multi-disciplinasy
teams should be formed beforehand so that
ready cocedination will result.

A proper organization to coordinate sich
activitics could be the Federal Office of Science
and Technology or the Office of Emergency
Preparedness. A closer look at these agencies’
functions is provided later in this report.

XI. EMERGENCY RELIEF

After a major carth ake in a metropolitan
arca, there is a n:cc for both immediate

$85ce’ Robert D. Hanson and Henty J. Degenkolb, The
Vinezuels Earthquoke, July 29, 1967 (New York:
American fron and Stee! 'nstitute, 1969).

$7The National Scienc: Foundation has proposed a
grant for supportiug the dispatch of a team of experts
to bocatiors of damaging earthquakes to modem
s ructures. "“Current Research in Wind and Seismic
fects .. '

‘The San Fenrsando Barthiuake of February 9, 1971,
p-10.
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cmnergency relicf and restoration of services. The
quickness of response is dependent upon
prepared plans and the ability of agencics to
adapt to the situation. In a metropolitan arca,
where there often is a multiplicity of govern-
ments, the coordination of the units of govern-
men’. becomes cspecially critical.

It is the general opinion that emergency
measvres worked well in the San Fernando
carthquake relicf operation. The California
Division of Highways had survcillance teams at
the scene both on the ground and in the sky
within 15 minutes after the first shock.*® Less
than 3 hours later, crews were removing debris
and within 14 hours, a bypass was open for
north-sovth traffic. Crews from ths Southérn
Pacific Rai.. 1d also were on the scene in vapid
fashion and they kad a damaged rail link ~pencd
within a few days.

The utility company serving San Femnand~
and surrounding arcas had several ruptured gas
lincs which were not shut off for scveral
hours.®® Explosion and fire hazards existed
during this period, but fortunately neither oc-
curred. Reference is made to the National
Transportation Safety Board's “Special Study of
Effects of Dclay in Shutting Down Failed
Pipeline Systems and Methods of Providing
Rapid Shutdown,” releated in February 1971.
The Safety Board recomidended that the Office
of Pipeline Safety of the D<nartment of
Transportation conduct  <tudy to develep
standards for the rapid shudovn of failed
natural gas pinelines and work in cornjunction
with the Federal Railroad Administration to
develop sinulai standards fo* liquid pipelines.

Radio communication played « .I*.t rol2 in
*he speed with which the highy « atility
people responded to the havoc ¢ v the

carthquake, (Many telephone iy . o in-
operative.) Likewise, medical assistance was
rapid because of the interconncction of 110

5¥Mike Van Cott, “Earthquake!”, Highway User (May
1971), pp. 22.24.

89« After the Quake”, Amencen Gas Association
Monthly, 11} (May 1971}, pp. 4-6.




county hospitals with a short-wave radio net-
wotk.® ! Police emergency operations were also
well planned.

The Fedetal Government, througl: the Corps
of Engincers (COE) and through the Office of
Emergency Preparedness (OEP), also played a
major role in emergency reliei.®? COE’s Disaster
Operation Center was op2ned within an hour of
the quake; rescue operations were begun shonty
therealter.

Many sewer, vater, and road syst:mis were
damaged in the quak: zrea and demolition,
debris removal, and restoration becaine a major
project for COE. Advi:e was received from the
Geological Survey to avoid, for 6 months,
permanent pavemer.t repairs in the fault area
b.ca se of possible alditional ground movement
and setelement.

Emergency  trancpoication  services  are
provided at the Federal level by the Offize of
Emergency Transportation in the “Mfice of the
Sccretary of Transportation, This Departinent’s
Regional  Emergency  ‘rransportation  Co
ordinators {RETCOS) reccive input  from
agencies connccted with transportation  anil
suggest astions which will deal with disaster-
conncctea trangpartation einergencies. The ficid
representatives of the agencies can take im-
tacdizie action when the situation wr iants it
Inpurt and coordination are provided o OEP.

In Washington, a similar cooperating and
coordinating effort takes place among the
various transportation agencies. Each administra.
tive head can order action in the ficld or, if
necessary, the Sccretary of Transportation can
take direct action.

3105 Angeles Times, February 10, 1971, p. 2,p. 29.

*3For the COE iole in the Ssn Fernando carthquake,
sce: Col. Robat J. Maliey, “Earthquake Disastcr
Engincering,” The Military Engincer, COXHI (May-
June 1971), pp. 153-156. Fot an interim report on
the Federal role to the San Ferando carthquake, sce:
Office of Fmetgency Preparedness *Q-Day + 100, The
Federal Response to the Califorria Earthquake of
Fel:. 9, 1971: An Interim Repott as of May 20, 1971"
'Washington, D. C.: The Office, 1971).

One important lesson from previous disasters
is that prepatedncess is the best guard againse
unnccessary losses. Federal, State. local, and
private agencies must plan ahcad and coordinate
their cfforts .o provide the disaster relicf
necessitated by catastrophic  failures.  The
Disaster Relief Act of 1970 is designed to
cxpand Federal relict programn: One cfits main
purposes is to achieve greater « >ordination of
Federal major disaster relief programs.

After the San Fezmando carthruake. the
previous planning of kecal authorities permitted
rapid emergency nessares by police and
firefighting authoritics. A cutstanding example
was the highly successful evacuation of residents
from the aca below a weakenced and over
flowing dam. This operatior was facilitated by
the fact that the road net in the area remained
open. It is obvicus that detailed surveye and
actions to streagthen selected highway systems
against carthquake damage will resutt in as-
sutance  that  wost  sclected  escape and
emergeney services routes will be available in
disaster situatione.

XH. AGENCIES INVOLVED IN THE EARTH-
QUAKE PROBLEM

National Science Foundation (NSF)

The Foundation was created by the National
Scicnce Foundation Act of 1950.%43 The basic
purposc of the Foundation is to strengthen
rescarch and cducation in the sciences in the
United States. One of its programs is **. . .aimed
at improving the ccotrdination of the various
scientific information activitics within the
Federal  “Government;  developing new  or
inproved methods of making scientific informa-
tion available; fostering the interchange of
scientific information among scientists of the
United States and furcign countrics; and

$3Gencral Services Administration, Office of the Federal
Register, IMmited Stotes Government Mannal 1970171
{Wachington, N. C.: Gosemment Psinting Office,
1970) p. 475.




providing support for tite trenslation of foreign
scientific information,”84

The Foundation is the main supplier of funds
cor earthquake engineering research through
contracts with universitics. It correlates this
tescarch through the Universities Council on
Earthquake Engincering. There is, however, no
mechanism for corrclating rescarch done by the
varions  governmental  agencics  or  private
orgenizations.

For fiscal year 1971, the National Scicnce
Foundation organized most of its cootdinated
and problem-focused rescarch into a single set of
program activities called Rescarch Applied to
National Needs (RANN). Earthquake engincer-
ing rescarch is a major cffort in this program.
RANN wil take the results of various
fundamental rescarch cfforis and integrate them
into rescarch projects designed to bridge the gap
with applications.

The Wational Science Foundation has had
close liaison with the President’s Science Adviser
and the Office of Science and Technology in
establishing rescarch needs inte RANN. Other
Government agencics which have been consulted
oy NSF include the Departments of Interior and
Commerce, which are the two primary Govern-
nent agencies dealing dircetly with the carth.
quake problem. In accomplishing its objectives,
NSF expects to usec the resources of the
academic institutions, industrial and commercial
laboratories, and nonprofit rescarch organiza-
tions. Although it is expected that most of the
objectives «an be accomplished with existing
organizations, new groupings will be established
if needed.

To assure that arrangements  are  well
coordinated, interagency agreements will be
utilized to involve personnel of other agencics at
various research steps. Where the need arises,
coordination will dso se accomplished by the
usc of working task sroups of other agency
personncel, joint funding, formal program reviews
for other agencics, and multi-agency site visits
and pancls. In addition to obtaining Federal

$41bid., p. 476

cooperation, action has been taken through its
Intergovernmental Science Program to provide
coordination with ‘nterested State and local
government agencies and officials,

The rescarch that will be done by RANN in
structures is not specific with regard to trans-
portation structures, although one proposal is
for the study of the effects of carthquakes on

and water systems.®® Specific work with
regard to bridge structures is being done by the
University of California at Berkeley under a
United States Department of Transportation
contract.

NSF funds some scismological obscivations
opcratced by the National Oceanic and
Atmospheric Adininistration. Othetr NSF pro-
grams, such as improvement in the scismic
warning system, will benefit transportation as a
by-product.

National Occanic and Atmoscheric Adminis
tration (NOAA).

NOAA, an ageney in the Department of
Cemmerce, was created October 3, 1970, to
bring together in one Administration many of
the Nation's major civil programs involving the
occans and the atinosohere. The Environmental
Science Services Administration (ESSA), former-
ly the major agency involved in seismology, was
absorbed ip the new agency.

The majer carthquake and caithquake-related
activities of NOAA arc scisimological observa
tions, scismological analyses, engineering
svismology, scismological data scrvices, and
geodesy.

NOAA opcrates and maintains a network of
17 scismological observatorics i the United
Statcs and its territories, ano assists in the opera-
tion and maintenance of a network of 15 co-
operative scismic stations,®® The ssisnological

“SPhone interview with Dy, Charles Thicl, As.t.
Ditcctor, Resczrch Applications, National Science
Foundation.

**From material {unpublished) of the Department of
Commerce for the 1972 Congressional Appropriation
Heatings, n. 1)AA-1S,




data obtained from the observatories arc
analyzed and processed to establish the location
and description of earthquake and tsunamis
{seismic sca waves) and to provide for mapping
of earthquake risk zones.

Engineering scismology is dirccted toward the
reduction of hazards and damage losses due to
carthquakes and their secondary effects.
Benefits include better designed carthquake-
resistant structurcs and reduction of monetary
loss cr improved provisions for recovery of loss
in the event of disaster. The strong-motion net-
work is the primary means of gathering informa-
tion for establishing design criteria.

At present, there arc 592 strong-motion
scismographs maintained by NOAA in the
United States and eight in South and Central
American countries.®? In addition, 380 scis.
mascopes are maintained by NOAA 6% Under a
-year program, this network is being expanded.

Under the geodesy program, improved tech-
niques are being developed for obtaining geodetic
control for mapping and enginecering surveys.
This should altow for better knowledge of carth
movements resulting from  carthquakes. The
possible corrclation of rotational irregularitics to
seismic activity might indicatc its use in carth-
quake forecasting.

National Bureau of Standards

The Burcau of Standards, also part of the
Department of Commerce, docs earthquake-
relac:d rescarch in design techniques, building
codcs, and engincering. It has been working with
the Department of Honsing and Urban Develop-
ment in developing cartivquake-resistant building
standards for the “Operation Breakthrough”
program. lts investigation of structural damage
caused by carthquakes supplics valuable input to
its mandated functions.

7 Supra, footnate 13,

*31bid. 1972 Congressional Apgropriaticn Heatings, p.
NOAA-107,

Geological Survey

The Geological Survey is part of the Depart-
ment of the Interior and was established in
1879.5% One of its functions is to examine the
geological structure of the national domain
through surveys, investigations, and rescarch.
The Survey requested an increase of $200,000
or a total of $1,665,000 in fiscal year 1971 for
scismological and geological studies to reduce
potential losses from carthquakes.”® ‘This
increase wiil be used to include *.. geologic
surveys of high-risk areas, seismological and soils
engineering investigations of ground motion and
failure, assistance in land-use planning and pre-
disaster emergency planning, and geophysical
monitoring and geologic analysis of carthquake
faults,”?!

The geologic mapping function has been
mentioned in the chapter on Geological and
Seismicity Mapping. Such mapping should
proceed at a more rapid pace, for geologic data
is a necessary input in the design of earthquake-
resistant structures.

The Survey is also working on carthquake
prediction. While the prediction does not yet tell
when the carthquake will happen, encouraging
hcadway has been made to locate the area and
the approaimate magnitude of carthquakes. This
knowledge is valuable in determining the loca-
tion of structures to minimize the carthquake
risk.

The Survey is the source of additional
information for the scismic risk maps
wentioned carlier. In view of the potential
savings of millions of dollars in loss to property,
including transportation systems, in carthquake
risk areas, the work of the Survey should be
facilitated by increased funding, for the

$?United States Govermment Organization Manual -
197071, p. 237,

"®Department of the Interior aid Related Agencies
Apptopriations for 1972, p. 48).

Mibid.




examination of the geological structure of the
nation is basic to all mcasures for protection
against earthquakes.

Atomic Energy Commission

The Atomic Energy Commission, in its
quest for peaceful vses of atomic energy, must
build some of its nuclear reactors in seismic
areas wherc there are litde data on the area’s
geology or the seismir behavior of the soil. The
atsence of such knowledge has led the Com-
mission to support an extensive carthquake
rascarch program. In many cases, they have
arranged for cooperative programs with the
Geological Survey and the Coast and Geodetic
Survey.

The Commission also needs seismological,
geological, and geophysical data for their pro-
grams in weapons testing and the peaceful use of
nuclear explosives.

Departments of the Army, Navy, Air Force, and
Defense

The Departments of the Army, Navy, and Air
Force, and the Advanced Rescarch Projects
Agency of the Department of Defense all sup-
port earthquake programs. Primarily their
support results as a contribution to underground
detection and identification of nuclear
explosions. Knowledge has been gained in wave
propagation, structure of the carth’s crust, sys-
tem development and instrumentation,

The Corps of Engincers of the Department of
the Army is involved in carthquake enginecring
because of its Jarge military and civilian con-
struction program. For cxample, the construc-
tion of large hydroelectric projects in the high
seismic-risk area of the Pacific Northwest re-
quires carthquake-resistant design. As was
mentioned in the previous chapter, the Corps is
also involved in emergency relicf work. In the
San Fernando carthquake, the Corps® help in
drawing down water from the partly demolished
Van Norman Dam, restoring the water and scewer
systems, and repairing the roads was vital in

Development has a

preventing further disaster and returning the
arza to normalcy. Under Public Law 91-606,
passed in 1970, the Federal involvement has
been increased in disaster relief and recovery; it
can be expected that the Corps of Engincers will
play an even larger cmergency role in the future,

National Aeronautics and Space Administration
(NASA)

The National Aeronautics and Space
Administration has space technology which can
contribute to ecarthquake research programs.
NASA has rapid reporting facilities, accurate
measuring instruments, and acrial photographic
capabilitics for disaster surveys and photo-
grammetry.

Department of Housing and Urban Development
(HUD)

The Department of Housing and Urban
project with NOAA for
scismic risk mapping which will be included in
its report to Congress on the feasibility of
carthquake insurance. To develop such a report,
HUD will also require the cxpertise of other
Federal agencics which have long dealt with the
carthquake problem.

Department of State

The Departinent of State requires scismology
information in reference to the nuclear test ban
treatics. It also cooperates with foreign lands
when major carthquakes occur in their nations.

Department of Transportation

The Department of Transportation, because
its facilities and those over which it has regula-
toty jurisdiction are often built in carthquake
zenes of high risk, has an intrinsic interest in the
carthquake problem. In fiscal ycar 1971, the
Federal Highway Administration (FHWA) issued
a contract to the University of California for
rescarch into bridge design methodology for




seismic effects, FHWA has planned $76,500 in
FY 71, $71,500 in FY 72, and $101,507 for FY
73 for this kind of research. Its control of
moneys for transportation projects gives it an
enviable position in requiring the construction
of structures which will better resist earthquake-
induced forces.

Office of Emergency Preparedness

The Office of Emergency Preparedness was
created in 1968 to assist and advise the President
in the coordination and determination of policy
for all emergency preparedness activities. The
Office played a major role in the disaster relief
of the San Fernando ecarthquake. It was the
Federal agency responsible for contracting and
funding much of the necessary repairs to public

propeny.

Office of Science and Technology

Another Executive office involved in the

earthquake problem is the Office of Science ana -

Technology, established in the Executive Office
oi the President, in 1962. The Director
“, . .provides advice and assistance to the Presi-
dent with respect to developfng policies and
cevaluating and coordinating programs to assure
that science and technology arc used most
ffectively in the interests of national security
ard genera! welfare.”* (Emphasis added.)??

Federal Council for Science and Technology

The Federal Council was established in 1959.
A primary mission is: “...to promote closer
cooperation among Federal agencies, to facilitate
reschition of common problems and to improve
planting and managemen - in science and tech.
nology, and to advise and assist the President
regarding Federal programs affecting more than
one agency.”’? The Director of the Office of

"United States Govermument Organization Marnual -
1970{71,p.71,

Mibid., p. 543.

Science and Technol serves as Chairman to
the Council; the Office also supplies the Council

its sccretariat.
The O %e and Council have sponsored

important reports dealing with the earthquake
problem. Their report, Proposal for a Ten:Year
National Earthquake Hazards Program,
published in 1968, is an often-quoted work. This
report was prepared by a special grcup made up
of representatives from the Federal agencies
involved in the carthquake problem,

Their report recommends a 10-year National
Earthquake Hazards Rescarch Program, the
creation of a permanent coordination and
guidance group, and cooperation and coordin-
ation with foreign research programe, especially
the Japanese who are lealers in the field.

This program has been recommended in part
or total by other research, yet little has been
done to implement it. The National Academy of
Sciences said it this way, A Federal task force
should be established to recommend a com-
prehensive Government program  directed
toward reduction of losses from hazards such as
earthquakes, . ,»7*

it is apparent from the above discussion that
there is urgent need for a permanent interagency
committee to exchange information and
coordinate activities of the Pederal agencies.
This committee or group must also have strong
liaisons with state and local governments, univer-
sitics, private concerns, and forcign groups
involved in i carthquake problem. The
problemn is too vast and serious to expect a
complete solution from uncoordinated separate
cfforts,

X1, CONCLUSIONS

1. The history of earthquakes indicates that
continuing impacts against transportation
systers can be expected, that past losses in high-
risk zones have been relatively minimal because
of fortunate location or timing, and that much
more severe damage can be expected if carth-

T4 Toward Reduction of Losses from Eorthquakes, p. 11,




quakes occur in areas of concentrated popula-
tion, or under conditions of severe, repeated
shocks to structures.

2. The current funding for earthquake
engineering research is not only far smaller than
the losses sustained by transportation modes in
recent carthquakes, but is apparently much less
than potentially preventable losses.

3. Existing building, highway bridge, railroad
bridge, and pipeline design codes in usc in the
United States have been shown to be inadequate
against carthquake forces. Consideration of
lateral forces is minimal and little notice has
been taken of vertical accelerations.

4. Existing transportation structures in high-
tisk carthquake arcas are susceptible to great
damage because of inadequate design provisions
against carthquake shocks. Cost/bencfit znalyses
" should be made to permit selection of structures
to be retrofitted to insurc high probability of
usable ¢scape and cmergency routes in high risk
arcas,

5. A program for placement of strong-motion
instruments  in  transportation  structures s
necdad to abrain basic data on the parameters of
earthquake effects to these structures. Such data
are mostly not availabie duc to lack of insteu-
mentation of transportation structures. With
sufficient data, it should be possible to make
appropriate revisions to design details for new
construction as well as existing structures.

6. There is a pressing need to obtain basic
carthquake hazard information for all high risk
areas in the United Statcs. Such information can

be gathered only through greatly cxpanded

geodetic, geological, and scismicity mapping.
The information is nceded for decisions as to
placement of structures, design of structures,
and assessiment of risk.

7. The existing fragmented Federal and state
programs for carthquake research require formal
coordination by a single Federal ageney to
insurc the most efficient usc of available funds,

8. Rapid reconnaisance of carthquake-hit
. arcas throughout the woild would furnish in-
valuable information. Emergency inspection
tcams arc needed in standby status, ready to

procced upon notice, in order to be able to
obtain data firsthand to increase available
knowledge of the resulis of carthquakes.

9. Exchange of carthquake information of all
types on an international basis should he in-
creased to permit all nations with carthquake
problems to benefit from the experiences of
other nations.

10. It is apparent from the San Fernando,
California, earthquake damage that relatively
minor, inexpensive modifications to highway
bridges will provide much greater protection
against the collapse of bridge structures. The
provision of wider scats with retention devices
should act to prevent bridge sections from
slipping from their supporting structures. Single
column designs should be reevaluated as to
adequacy against carthquake shocks.

XIV. RECOMMENDATIONS

The Safety Board recommends that:

1. Consideration ke given by the Presidant’s
Office of Science and Technology to the need
for coordination ol all Federal agencies now
involved in carthquake-rclated activities to in-
crcase the availability of knowledge, to make the
most efficient use of available funds, and to
prescnt a coordinated request to the Congress

for a greatly eaganded program to increase

protection agains carthquakes.

2. The Sccretary of Transportation consider
undertaking the following programs to incicase
the resistance of transportation structures to
carthquakes in risk arcas:

a. Revision of highway tridge design stand-

ards.

b. Revision of railroad bridge design siand-

ards.

¢. Revision of pipeline design standards.

d. linproved design eriteria for airport control

towers and other vital stnictures.

¢. Conduct of cos/bencfit analyses in high-

tisk arcag, in coordination with the States
involved, to arcve at decisions for retrofit
programs for existing structures on the
interstate  highway  system to  reduce




potential loss of life and provide emergency
routes,

. increased funding for research into
carthquakesesistant  design  of highway
structures.

. Examination of structures in the Saint
Lawrence Seaway to ascerta’s resistance to
carthquakes in that high+isk area.

. Analysis of methods by which the Federal
Government can assist the states and rail-

roads in retrofitting sclected tr nsportation

strictures. . .

i, Installatiof of stroug-motion seismic equip-
ment on bridges and other transportation
structures, in coordination with the
National Oceanic and Atmospheric Ad-
ministration of the Department of Com-
merce.

j. Examination of contingency emergency
rclief transportation planning, looking
toward improvements for carthquake risk
arcas.

3. The Natlonal Oceanic and Atmospheric
Administration of the Department of Commerce
and the Geological Survey of the Department of
the Interior undertake a coordinated program of
expanded and improved geodetic mapping,
ge slogical mapping, and seismographic net-
works, with special emphasis on high-risk zones,
in order to permit better planning for the
installation and improvement of transportation
systems.

The Office of Science and Technolog
]

establish coordinated 5- and 10-year plans for
Federal agencies involved in the carthquake
problem, including a sound cooperative program
to be established with other nations having
problems with damage from earthquakes. In this
connection, emergency funds and trained profes-
sional personnel should be available for the
inspection and analysis of carthquake damage
throughout the world.

BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

/s/ JOHN H. REED

Chairman

/sILOUIS M. THAYER

Member

[$ISABEL A. BURGESS

Mcember

February 8,1972
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Uscar M. Laurel and Francis H. McAdams, members, filed the attached dissent.
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U ” McADAMS and LAUREL, Members, Dissenting:

We do not agree that there is a clear and
present need for Federal involvement in the
earthquake problem as related to transportation
salety to the extent that is recommended by the
majority.

The loss of life and damage to property that
can be directly attributed to earthquakes which
affect transportation facilities is rather small.
There are other far more pressing safety prob-
lems directly related to transportation which

February 23, 1972

should be given higher priority if Federal funds
and manpower are to be utilized. The exposure
rate of major earthquakes is measured in decades
and the high-risk area is mostly centered in the
West Coast arca of the United States; whereas,
the exposure rate of other major transporration
problems can be measured on a daily and
continuing basis, and involve the national
interest.

For the foregoing reasons we cannot subscribe
to broad, costly, and in some instances, vague
recommendations of the :najority.

/s]Francis H. McAdams

—vFrancis H. McAdams, Member

{s{Oscar M, Laurel

Oscar M. Laurel, Member
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FIGURE 7 mMmMWU&.WWEMMEIﬂMWMMh
Janusry 1969. Subject to revision as continuing resesrch warrants, it is an updatr.d edition of the map first published
in 1948 and revised in 1951. The map divides the U. S, into four zonos: Zone O, sreas wikh o ressonsble
expectancy of sarthquake damage; Zone 1, sxpected minor demage; Zone 2, ¢ Pected moderate damage; and Zone

3, whee major destructive sarthquakes may occur,
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