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Foreward

Traditionally, the United States and Japan have been the victims of severe
storms and seismic disturbances which have exacted heavy tolls in both life

and property. While this has always been a matter of great concern to engineers
and scientists of both countries, the effect of wind and seismic forces on
buildings and other structures have assumed marked importance in recent years
with the rapid rate of innovation in building technology. Both nations are

now engaged in research effortsaimed at the development of improved design and
Construction methods. By sharing information now available and by coordinating
future research efforts, both nations can expect accelerated solutions to these
costly problems. The principal objectives of the U.S.-Japan Natural Resources
Program are to exchange scientific and technological information which will be
mutually beneficial fo the economics and welfare of both countries, and to
increase bonds of understanding. This Pirst Joint Meeting in Tokyo of the
U.S.-Japan Panel on Wind and Seismic Effects has overwhelmingly achieved these

objectives.

E.0. Pfrang
Chairman, U.S5.-Japan Panel on Wind

and Seismic Effects

R.D. Marshall
Secretary, U.S.-Japan Panel on Wind

and Seismic Effects
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2. The U.S. side has learned of some new approaches to wind load specifi-~

cation used in the Japanese standard which will be considered for use in the

U.S. standard now being prepared. We have also learned of full-scale experi-

ments concerned with wind forces on structures whose design will be considered

in our own experiments.

_ 40—




I

5. Wind Measurement for Structural Design
by H. C. S. Thom
ESSA - Environmental Data Service

Silver Spring, Md.

ABSTRACT

The various aspects of the development of wind speed design data in
the U. S. are discussed. These involve the macro-records, micro-records,
and the methods of presenting the resulting data.

Introduction

The Weather Bureau, now a Bureau of ESSA, has been observing wind
speed and direction since its establishment in 1870. Very little system-
atic use of the resulting data was made until after World War I when
high buildings came rapidly into vogue. Somewhat later, Sherlock [1]*
made a classical series of observations using an anemometer he developed
especially for the purpose of measuring short period speeds. 1In 1946,
Huss [2], a former student of Sherlock's, made a report to the Weather
Bureau giving the results of measurements on a radio tower comparing gust
speeds and Weather Bureau observations.

One of the early applications of probability theory to extreme wind
speeds leading to some of the first rational design data was made by
Thom [3]. More recently Davenport 4] applied what was known about the
spectral distribution of wind speeds to the dynamics of. structures.
Vellozzi and Cohen [5] modified Davenport's work which was further modified
by Vickery [6].

The purpose here is to discuss these developments in some detail.

I. Wind Speed Measurement.

1. Standard Anemometry

The horizontal rotating cup anemometer has been used as the standard

wind speed measuring instrument since the establishment of the Weather

* Figures in brackets indicate literature referenses at the end of this paper.
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Bureau in 1870. A 4-cup version with 4-inch diameter cups was generally
employed from 1870 to 1927. This instrument had smooth edge hemisperical
cups and was equipped with l-mile contacts and a totalizing dial. The
record was made by an electrically operated pen on a clock driven drum. The
recording instrument was called a single or triple register depending on
whether it also recorded rainfall and sunshine. Data were tabulated from
the chart by measuring the distance between strokes of the pen. 1In this
way the fastest mile and fastest five minutes for each day were obtained.

A 3—~cup anemometer was introduced in 1928 with indicating devices
and cups similar to those of the previous 4-cup instrument except that a
1/60—mile contact was added. This is the standard anemometer from which a
record is made today of fastest mile winds which were chosen for use in
engineering design [3].

There is also a magneto type anemometer with three cups in use at air-
ports. This ordinarily is used to indicate speed only, but at a limited
number of airports it also activates a strip chart recorder from which gust
speeds can be obtained. At stations where no recorder is employed, observa-
tions are made and recorded once an hour of a representative one minute
speed. The fastest of these for a day is also entered in the récord. This
is not the true fastest minute for the day, but a relationship between it
and the fastest mile has been developed for use at airports which do not
record the fastest mile.

The magneto anemometer has a distance constant [7] of 26 feet. The
distance constant for the fastest mile anemometer is not known but is
assumed to be somewhat longer than for the magneto anemometer.

Corrections to true wind speed for the various types of anemometers

used by the U. S. Weather Bureau are given in reference 8. This reference
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also gives a rather complete history of Weather Bureau anemometry.

2. Networks and Records

Before the first complete study of the extreme wind records in the
U. S. was made [9] it was discovered, fortunately, that city office records
gave highly fallacious estimates of design winds due to varying surface
roughness. This led to the use of only airport records and water exposed
city office records for the estimation of design wipds. For the 1968 re-
vision [10],155 such stations were available for estimating the extreme
value distributions for the U. S. The average length of record at these
stations was .21 years. This relatively short record is due. to the com-
paratively recent establishment of airport stations and to the many station
location changes which introduced heterogeneities which could not be tol-
erated in the design data series. Also equipment for recording the fastest
mile of wind has been discontinued at some stations. In the state of
Alaska, the network is sparse in the interior and north and here resort
had to be made to indirect methods discussed below.

3. Special Anemometry

There have been many forms of special anemometry employed. Of these,
the most common are the rotating cup and propeller types some of the best
of which have distance constants as low as 3 or 4 feet. Various pressure
tube devices have also been used. All of these types can be obtained
with integral direction indicating devices.

Much less in common use are the hot wire and sonic types. The hot
wire does not seem to be well adapted to outside use and requires great
care in its operation, although some are being adapted for outside use.
The sonic ‘type is now coming into use in a few applications. It appears

to offer good promise of useful application, but the recording equipment
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is at present expensive and not the easiest to operate. As pointed out
above, Sherlock developed a pressure plate anemometer but so far as is
known there are little or no applications of this instrument at present.

For application to structural design problems there has been one main
failing of the special anemometry applications. This is that almost all
observations have been for air pollution studies in which the interest is
in speeds far below those of interest to the structural engineer. In
experiments of this nature, of which there are many in the U. S., the
instruments are often turned off when wind speeds exceed those of interest
for pollution studies. Furthermore, some of the sensitive anemometry
employed here may not be suitable for measuring high speeds. Thus, there
are untold series of observations with sensitive anemometry which are
largely useless for structural problems.

ESSA and NBS are now undertaking a joint experiment to obtain observa-
tions with sensitive anemometers simultaneously with the measurement of
pressures on one face of a building in the NBS complex at Gaithersburg. It
is hoped that this will produce some data at high speeds as well as some
data on magnitude of wind force and their distributions over one face of
the building. It should also produce methods for designing such experiments.

ITI. Interpretation of Wind Speed Records.

1. Variation with Elevation

There are two needs for converting wind speeds from one elevation to
another. First, the observations at meteorological stations are often
taken at varying elevations, and it is desirable from both a climatological
and engineering standpoint to convert all data to the same elevation. Sec=-
ond, the height of structures varies widely and it is; therefore, necessary

to be able to convert design wind speeds to many different elevations.
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The power law originally was first proposed and used by Archibald
[11] in England. This was used extensively by meteorologists in Germany
and later by the great schools of aerodynamicé in Germany. Much later,
engineers began to use it in the atmosphere. In 1946 Huss presented data
which showed that the power law provided a good approximation to variation
of wind speed with elevation at speeds whose probability of being exceeded
was small, or at the higher wind speeds. Davenport [12] has also verified
the validity of the power law and has proposed a method of converting from
one surface roughness to another using the gradient (wind speed) level.
This procedure is now widely used in the U. S.

More recently meteorologists have proposed other laws which are.mainly
variations of the logarithmic law. These, however, are based on studies
of the pollution data referred to above which consists largely of low wind
speed conditions where the atmosphere may be stable, i.e., having an in-
crease of temperature with height. A recent paper by Borisenko and
Zavarina [13] added considerably more evidence on the validity of the power
law up to 1000 ft. elevation. There seems to be little doubt now that the
power law is the best for structural design.

2. Scale Change of the Wind.

Any distribution of wind speed which does not take into account
direction must have a zero bound. 1In [14] the writer called attention
to some mathematical properties of climatological distributions, and work
along these lineé is still in progress. The principle result of interest
here is that nonadditive variations in bounded climatological distwibutions
occur through changes in scale of the distribution. Thus, it is found
e.g., that the regression of fastest daily one minuteAspeeds on fastest

daily hourly mean speeds passes through zero wind speed. Tﬁus, the change
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from fastest hourly speed to fastest one minute speed takes place by a
scale change. By extension it appears reasonable to expect that wind
g&sts are scale increases of the wind from extremes over longer time
intervals of observation and not location changes as occur with unbounded
climatological distributions. This, of course, is in agreement with the
way engineers have been treating gusts for many years. The important
difference is that when probabilistic methods are introduced, as they
have been only in recent years, the regression coefficients which are, in
fact, gust factors appear to be higher tham those in common use. This
effect seems to be aggravated by increases in the time interval over
which tﬁe wind speed is averaged which is probably due to the fact that
the longer the averaging time in the extreme interval is, the less the
chance of the extreme gust being contained in it. Notwithstanding, it
appears correct to consider gusts as scale changes in the probabilistic
model.

Also of interest are variations between different meteorological
exposures. Tﬁese also occur as scale changes. Thus, the scale of the
wind for an ocean exposure is larger than that for a land exposure and is
much larger over the open ocean. Thom [15] has given a universal relation
of distribution scale to highest mean monthly wind speed.

3. The Extreme Value Distribution

Of the three Fisher-Tippett extreme value distributions, the Type I
and Type II have been most commonly used. The Type I has no lower bound,
hence, it can give rise to negative wind speeds. These are, of course,
inadmissible if direction is not considered. Such fallacious negative
wind speeds are associated with location parameter changes which are also

inadmissible if scale and shape variations are the only possible parameter




variations. The Type II distribgtion with zero lower bound has been used
extensively by the writer based on the.above considerations and on the

fact that the Type II gave superior fits on the average for several hundred
station records.

The Type II distribution is of exponential form with scale and shape
parameters. It is an exponential transformation of the Type I distribution
and, hence, logarithms of wind speed have a Type I distribution. The
scale parameter of the Type II transforms to the location parameter of
the Type I and the shape parameter of the Type II transforms to the scale
parameter of the Type I. Thus, scale changes on the Type II are location
changes on the logarithm of wind speed on the Type I distribution.

With the Type II,distribution scale changes produced by gusts are
taken into account by simple multiplication on the scale parameter. Thus,
a gust factor of 1.30 would result in multiplication of the scale of the
distribution by 1.30 or an addition of log 1.30 to the location parameter
of the corresponding Type I distribution. It is of interest to note that
this is what engineers have done for a long time without, of course, con-
sideration of the probabilistic aspect.

4. The Generalized Wind Distribution

Thom [15] found recently that all the extreme value distributions of
extreme annual winds for extratropical cyclones and thunderstorms have
shape parameters which tend to approach 9 for long records. Similarly
for tropical cyclones the shape parameter approaches 4.5, one half of
that for extratropical cyclones and thunderstorms. For areas where both
categories of storms occur, the Frechet distributions with the two different
shape parameters are formed into a mixed distribution with weights equal
to the probabilities of an extreme wind occurrence from extratropical-and

thunderstorms and tropical storms.
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It was found that the scale of both types of storms followed a single
relationship with the maximum mean monthly wind speed. Since some estimate
of monthly wind speed is available for almost every point on earth, this
gave a means of approximating the extreme wind distribution at almost
any place.

III. Interpretation of Special Records

The interest here is in how natural turbulence behaves. This in-
volves the defining of gusts in a way suitable for structural design.
The gusts may cause direct structural failure of either the cladding or
frame, fatigue stresses, or undesirable vibration.

1. Frequency of Gusts.

Sherlock made the most detailed study of the frequency distributions
of gusts [1]. This was based on extensive observations with a pressure
plate anemometer of his own design. He prepared frequency distributions
of speed for one second and ten seconds for various levels of the wind
speed. By level of the wind, a concept due to Huss, is meant the average
speed over a longer interval of time enclosing the gust or gusts, in this
instance five minutes. Sherlock found, as some others have more recently,
that departures from the general level of the wind are not Gaussian but
skewed. Thom [15] found such departures to be logarithmic Gaussian which
appear to fit his theory of-employing the Frechet distribution for extreme
winds.

Presently under consideration in the NBS-ESSA experiment is the
possibility of again employing Sherlock's general methods of analysis.

At a minimum such frequency distributions at various levels of the wind
must be examined before any form of further analysis of the experimental

data is done so as to ensure statistical validity of the results.
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2. Application of Spectral Distributions of Wind

Following the popularization of Wiener's work on generalized harmonic
analysis [16] and the beginning of the development of some of the statis-
tical properties [17], there were a great many applications to atmospheric
and wind tunnel turbulence. Following this, there was a development of
applications to the effect of gusts on aircraft culminating in a key paper
by Diederich [18].

A few years later thgse general methods began to be applied to
structures. After assembling various measurements of the wind spectrum
Davenport[A]‘,in a series of paper of which is representative, developed
a method of applying his spectral distribution of the wind to the dynamic
effects on tall buildings. These included buffetting by gusts, vortex
shedding, and wake from other structures and the effect of aerodynamic
damping. More recently, Vellozzi and Cohen [5] starting from slightly
different assumptions, but employing a similar general approach, developed
gust response factors for various types of structures,and for cladding.
Vickery [6] very recently discussed the reliability of gust loading
factors starting from some modifications of Davenport's assumptions.

There are a number of problems with the application of spectral
analysis. Much.of the work in this area has been done by non-statisticians
who are not always careful to meet the basic assumptions or are not
properly cognizant of the sampling problems involved. For example,
stationarity of the series is required and the possibility of computing
sampling errors depends largely on departures being Gaussian. Perhaps
the weakest aspect of the spectral distribution is that the sampling
error of a'spectral ordinate is of the same order of magnifude as the ordinate.

This is, indeed, a devastating weakness which must be overcome by various
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forms of averaging which are not entirely satisfactory. On top of all
this is the behavior of natural turbulence which is still quite puzzling
and not at all like that which has been produced in the wind tunnel and
which seems to meet the assumptions for spectral analysis.

3. Wind Tunnel Measurements

Recently, it has become very popular to do aerodynamic model testing
of buildings in so-called boundary layer wind tunnels, and a number of
structures in the U. S. and Europe have been designed on the basis of
such tests. At the Ottawa Symposium on Wind Effects on Buildings and
Structures, Davenport and Isyumov [19] gave a typical example of this kind
of work. The problem seems to be the old one of not being able to imitate
natural turbulence in the wind. At the same meeting an English aerody~-
namicist was heard to remark that most of the wind tunnels would have dis-
continued operation if the civil engineers had not started using them as
they had been found not satisfactory for aircraft development. Joubert,
et al, [20] presented observations on an actual building in Australia
where serious disagreement with wind tunnel observations was found. The
last word has not yet been written on this aspect, but it is hoped that
the NBS-ESSA experiment will help resolve the problem. Certainly, it must
be said that the wind tunnel will always be useful on component problems
where the atmosphere need not be exactly imitated. The problem is to

learn how to differentiate between the two types of problems.
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Table 1. Table showing the Distribution of Various Types of Strong-motion
Accelerographs, Classified by the Organizations where are Installed

“ {As of the end of March 1969)
.
Types SMAC DC- | Sum
- - - - - 2- D-
Organizations A-type| AZ2-type | B-type| B2-type| C-type| C2-type type | Total | Type | Total
.
Hokkaido Development Agency 4 4 4
National Research Center for 2 2 2
Disaster Prevention
Ea.rlhqu.ake Research Institute, 8 19 2 4 2 35 5 40
University of Tokyo
Port and Harbour Research -
Institute, Ministry of 45 45 45
Transportation
Public Works Research
Institute, Ministry of 39 8 47 47 N
Construction
B\.xil_ding Research Ins-tllute, 10 3 1 14 14 28 .
Ministry of Construction -
R?gional Constructicm. Bureans, 1 20 1 22 22
Ministry of Construction
Japanese National Railways 1 21 41 4 2 69 69
Nipp?n Telegtap}‘x & Telephone 28 12 40 40
Public Corporation
Power Reactor Stations 1 7 6 1 15 1 16
Public Corporations 9 9 9
Urban and Rural Prefectures 4 9 47 60 60
Electric Power Companies . 8 5 13 1 14
Univerisities 1 4 2 7 5 12
Non-government Institutions 13 1 41 25 11 2 9 102 102
Total 39 1 140 260 19 7 18 484 26 510

Table 2. Distribution of Accelerographs

(As of March 31, 1969)

hccaterogeaphs | Sedinibe | Tiedanie | ror
Installed at
Building 192 10 202
Bridge 55 51 106
Railway 20 36 56
Havbour 3 43 46 B
Telephore Office 37 0 37
Power Plant 12 1 13 ’
Atomic Powen Plant 5 14 19
Dam 11 7 18
River 2 4 6 ’
Road 0 7 7
TOTAL 337 173 510 .
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Table 3. Characteristics of Strong-Motion Earthquake Accelerographs.
Name
Characteristics SMAC-A (A2) SMAC-B (B2) | SMAC-C (C2) SMAC-D SMAC-E DC-2 (DC-3)
Conponent 2 Horizontal ditto ditto ditto ditto 2 Horizontal
1 Vertical (DC-3 ...2H.1V.)
Type Horiz. pendulum| ditto Inverted pendulurm| Horiz. pendulum ditto ditto
Weight of bob (kg) 5.0 5.1 5.1 5.3 4.3 8.5
Natural period (sec) 0. 1{A2.... 0.1 0.1 0.05 0.05 0.1
{A2...0.14) {B2...0.14) {C2...0 14)
Sensitivity (gals/mm) 25 25 25 100 {12.5) 200 (25) 12.5 DC-3...25)
(A2...12.5) (B2...12.5) {C2...12.5)
Damping Critical ditto ditto £0% critical digto ditto
Pamping mechanism Air piston ditto ditto ditto ditto 0Oil piston
Recording range {gals) 10-1000 10-1000 10-1000 5 ~ 500 10 - 1000 10-1000
{A2...10-500) {B2...6-500) {C2...6-500)
Recording speed (mm/sec) 10 10 10 5 (adjustable 40) 2.5 10
Recording medium Waxed paper ditto ditto Scratched Record ditto Smoked paper
- Film (DC-3 ... Waxed paper}
Recording drive Hand-wound ditto Micro-motor DC motor ditto Micro-motor
spring motor
Recording time duration 3 min. ditto ditto 1.5 min. 1.5 min. 3 mia.
No. repeat cycles 3 5 5 100 100 1
Starter Elect. contact ditto ditto ditto ditto ditto
mude by vertical
motion
Period of starter pendulum (sec)| 0.3 0.3 0.3 0.3 0.3 0.3
Starter threshold (gals) 10 10 (B2...5) 10 (C2...5) 5 10 (adjustable 10
to 5)
Auxiliary starter Mechanical, ditto ditto
works at 160 gals
Time marking 1 sec. 1/2sec.or | 1 sec. 1 sec. 1/5 sec. 1/5 sec. 1 sec.
1/5 sec
Power supply 8 dry cells 4 dry cells 4 dry cells 10 dry cells 10 dry cells 3 dry celts (DC-3... 4)
Size overall (¢m) 56x48x84 54x54x37 £8x61x28 45x45x35 45x45x35 59x48x35

(DC-3...60x80x40)
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Table 4. Earthquakes since 1954, in which seismic
Intensities .over 5 were Observed by wROMH , Bbht
the Network of TMA. & OB YTow
TEEt> F—EHAL
Position of Focus R .
Date Mag. Epicentral Region N
Long. Lat. Depth I EEEL R T
TN 1958 | 148.5° F 44.32 N g0 ¥™ 5. 0 | s OFF ETOROV .
ov. 19 -5 . . \‘f&\‘i)’, 1954 g-__—
27 Feb. 1961] 131°51' 31°36' 40 7.0 | OFF MIYAZAKI PREF.
23 Apr. 1962 | 143°55' 42°14' 60 7.0 | SE OFF HOKKAIDO BB\ 80gal
27 Mar. 1963 | 135°46' 35°47' 0 6.9 | OFF FUKUI PREF. S
B EXPBERINBE
16 Jun. 1964 | 139°11' 38°21' 40 7.5 | OFF NIGATA PREF.
23 Jan. 1966 | 138°13' 36°31' 0 5.1 | NEAR MATSUSHIRO BETThEE—40
7 Feb. 1966 138°13' 36°30" 0 4.9 | NEAR MATSUSHIRO
> <
5 Apr. 1966| 138°19' 36°35' 0 5.4 | NEAR MATSUSHIRO T TH%Bo
° 1} o )
11 Apr. 1966 | 138°12' 36°34* 0 4.7 | NEAR MATSUSHIRO BEFCTIL1964
17 Apr. 1966 138°14' 36732 0 4.7 | NEAR MATSUSHIRO
17 Apr. 1966 | 138°15' 36°33" [} 4.7 | NEAR MATSUSHIRO EHBHE L9 6 54
17 Apr. 1966| 138°17' 36°26' 0 4.7 | NEAR MATSUSHIRO R E 6 +
28 May. 1966} 138°13' 36°34' 0 5.3 | NEAR MATSUSHIRO BT L 9 6 84
3 Aug. 1966| 138°12' 36°28" 0 5.3 | NEAR MATSUSHIRO B ThHEE T X b 2 ~
- 14 Oct. 1967 | 138°12* 36°32' 10 5.3 | NEAR MATSUSHIRO
21 Feb. 1968 130°43' 32001 0 |s5.7| sw oF MIYAZAKI PREF. 3 DHEBkHHHMBERLE
21 Feb. 1968 | 130°43' 32°01' 0 6.1 | SW OF MIYAZAKI PREF. —
@ﬁj‘%@ -3 KZI'\‘?O
1 Apr. 1968 132°32' 32°17' 30 7.5 | HYUGANADA
16 May. 1968 143.7° 40.7° 20 7.8 | OFF TOKACHI
16 May. 1968 143.3°  41.4° 20 7.4 | OFF TOKACHI
6 Aug. 1968 132.4° 33.3° 20 6.6 | BUNGO SUIDO
21 Sep. 1968| 142.8° 41.9° 40 6.9 | OFF URAGA
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Fig 3. (1) NIIGATA EARTHQUAKE June 16, 1964. DC Accelerograph
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Fig 3. (2) NIIGATA EARTHQUAKE June 16, 1964. DC Accelerograph
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Fig 3. (3) NIIGATA EARTHQUAKE June 16, 1964. SMAC-A Accelerograph
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William K. Cloud

5. In addition to the immediate benefit of knowledge gained from the
exchange of information on observation and recording of strong earthquakes in
Japan and the United States, two important avenues of closer cooperation in the
future were opend. These are (1) exchange of strong-motion seismograph records
with supplemental data that will permit engineers in either country to analyze
and properly evaluate each other's results, and (2) exchange of strong-motion
seismometers and necessary personnel on a limited time basis to permit cesting

and comparison of instrument characteristics.
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5. COMMENTS ON EARTHQUAKE RECORDS AND ANALYSIS
By
® WILLIAM K. CLOUD¢

Coast and Geodetic Survey - ESSA

During the 38 years that the Coast and Geodetic Survey has had a
program for measuring strong and damaging motion of earthquakes
several. hundred analog records have been obtained, most in terms of
acceleration. As might be expected from such a program many of the
records are small, but approximately 100 are of major engineering
interest. In the past,full scale copies of the more important records
have been made available to institutions and individuals engaged in
earthquake engineering research. Also small secale tracings of records
and amplitude data have been published in the Survey'!'s annual bulletin

United States Earthquakes. In the future, perhsps a year from now, as

a vesult of a project at the California Institute of Technology in co-
operation with thé Survey, many of the more important records will be
made available in a standard digibalized form.

At present the Coast and Geodetic Survey and the Farthquake Re-
search Institute of Japan have a cooperabive project for the exchange
of strong-motion instruments, strong-motion records, and publications
under the sponsorship of the U.S. ~ Japan Cooperative Science programe

To date the upper Limit of single component acceleration recorded

v at various distances from faulting or from reported epicenters of

# Chief, Seismological Field Survey
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earthquakes is showm in Figure 1. As noted, the upper limit with an
obvious exception, is roughly approximated by the empirical formula:
" Tog (8/g) = 3.0 - 2 log (D + 13)
or rore conservatively by
Tog (a/g) = 3¢5 = 2 log (D + 80)

Regarding the exception, there are reasonable grounds for doubting
that the epicenter was the major source of energy at Lime, Peru. For
example, the Iima record contains much higher frequencies than would
be expected from a distant source of energy. It seems more ‘probable
that the epicenter was on an offshore fault system that roughly paral~
leled the Peruvian coast and that the source of energy was the nearest
Point’on the system, perhaps 20 to 30 miles from Lima. Aside from Lima,
deviation of the majority of recorded accelerations from the atbtenu-
stion with disteance curves is less then a factor of :_ 2e

Yo records have been obbained within 100 miles of the epicenters
of earthquakes of magnitude greabter than 7 o6, but the fact that maxi-
mum acceleration recorded during the magnitude 7.1 EL Centro earth-
quake was less than recorded during the magnitude 5.5 Parkfield earth-
quake, suggests that increased magnitude would not necessarily result
in meximum acceleration rmch higher than the 0.5g shown in Figure 1.

Tis does not mean that small and large ecarthquakes have the same
damage potential, bub sucﬁ an erroneous conclusion is possible. For
example, consider the two earthquakes mentioned in the preceding para~
graphe As was shown in Figure 1, and is further illustrated in Figure
2, maximn acceleration was higher during the Paxkfield earthquake.

Fuxrthermore, 2% damped absolute accelération response spectra obtained
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from Figure 2 records and shown in Figure 3 indicates thabt for most

of the period range, Parkfield structures would have needed greater strength
to remain linear and thus avoid damage than would El1 Centro structures.

It would be a mistake, however, to conclude from the spectra that

structures lacking the required strength were more severely damaged by

the Parkfield earthquake than by the EL Centro earthquakes. Published
reports on damage indicate that damage caused by the FL Centro earth-

quake was more severce A more logical conclusion would be that initial
damage was proportional to the spectra in Figure. 3, bub that final

damage was proportional to duration of the earthqueakes,

Record length alone is proof thab the EL Centro earthqueke was
much longer than the Parkfield earthquake. However, difference between
the two earthquakes becomes more evident if, as in Figure 4, duration
of acceleration above various levels is graphed; duration being defined
as the sum of all oscillabory contributions in the directions noted and
in the opposite directions. Figure 4 shows that duration of acceler-
ations above ca 0.16g was not over one second during either earthquake,
and that duration of accelerakions favoring more severe damage by the
EL Ceno earthquake was in the range below ca 0.16g.

The preceding examples illustrate that maximum acceleration and
response spectra from strong-motion records are not good criteria for
Judging damage potential of earthquakes since neither evidence the
contribution to damage made by duration. Complete time history of the
response of a structure to a strong-motion earthquake record coupled
with knowledge of the structures strength is a better criterion for

judgment of damage potentiale.
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The real problem, however, is not analysis of strong-motion records,
bub lack of strong-motion records. To obtain more records,more instru-
ments will be requived in all seismic areas of the worlds Toward this
The panel on design of structures to resist earthquake and wind
forces could contribute toward this end by encouraging enlargement
of the existing stronge-motion instrument networks in Japan and in

the United States.
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MAXIMUM SINGLE COMPONENT ACCELERATION- (CM./SEC2)
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Log(a/g) = 3.0-2Log (D + 43) *
100 [ 5® -
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- l i
B ATTENUATION OF MAXIMUM ACCELERATION o5
10 EARTHQUAKES DURING WHICH THE PLOTTED ACCELERATIONS WERE RECORDED
- { = PARKFIELD, CALIF. 27 JUNE (966 (M=5.5) 112 HEBGEN LAKE,MONTANA |7AUGI959 (M=71)
-~ 2= EL CENTRO, CALIF. 18 MAY 1941 (M=7,1) 12% SAN JOSE,COSTA RICA 50CT.1950 (M=7.7)
= 3n PUGET SOUND, WASH. 13APR.1949 (M=7.1) 132 MEXICO CITY, MEXICO HMAY 1960 (M=27.2)
™~ 4= EUREKA, CALIF, 31DECI954 (M=6.6) J4»GUATEMALA 23 OCT.IS50 (M=7.3)
- 52 LONG BEACH, CALIF. |0MAR.I933 (M»6.2) i5= SAN JOSE,COSTA RICA 18 NOVIS4S (M=7.0)
L 6= KERN COUNTY, CALIF. 2]JULY 1952 (M=7.6) 16=BISHOP, CALIF. [OAPR. 1947 (M=6.4)
.7s ELCENTRC, CALIF. 30 DECI939 (M=6.5) 7= LIMA, PERU ITOCT.1966 (M=75)
B 8= LOGAN, UTAH 30AUG.1962 (M=5.7) 18= LITUYA BAY, ALASKA 10JULYI958 (M=7.8)
S= PORTLAND, OREGON 6NOV.1962 (M=4.8) 19=PRINCE WILLIAM SOUND, ALASKA 27MAR.1964 (M=8.3)
10® SANTIAGO, CHILE I3SEPT.I945 (M=7.1)
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2. Dr, Y.- Ohsaki's paper on Requirements for Structural Design of Buildings

Against Wind and Seismic Effects provides the detailed type of information
that we normally include in our Structural Engineering Handbook. His comment
on the draft for the revision of enforcement order is of special interest
since the velocity pressvure equation preposed in Article 87 introduces such
concepts as structural size and importance factors. (The experience of the

Japanese with this new formula should be carefully followed).
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THE RELATION BETWEEN CODES AND STANDARDS.CRITERIA FOR WIND
AND SEISMIC CONSIDERATIONS AND THE DESIGN AND CONSTRUCTION
OF FEDERAL BUILDINGS IN THE UNITED STATES '

BY GEORGE B. BEGG*
Public Building Service,
General Services Administration
Washington D. C.

ABSTRACT
Background context is furnished on overall codes and standards
and funding considerationé in preparation for future detailed
presentations and evaluations with UJNR on wind and seismic
criteria governing the design qf federal buildings. Wind
considerations are presented in the form of 1) the history
of federal building construction and 2) some of the unresolved
current problems such as wind speeds, shielding and drift.
Seismic considerations are approached using the current
communication requirements‘and needs facing engineers wishing

to advance this rapidly changing field.

* Director, Research and Standards Division, Office of
Design and Construction
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1. Introduction: Dr. Ohsaki has presented a clear and useful
summary of Japanese requirements for structural design of buildings
against wind and seismic effects. Using the Building Standard
Law and the Enforcement Order as points of departure, he has
proceeded directly to detailed design requirements. A similar
direct approach to U.S. requirements would be desirable; but
without a proper introductory perspective, it could be quite
misleading. Therefore, while there will be reference to some
federal design criteria in this paper, the main thrust wiil

be to furnish an understandable background context on which

to build future panel meetings concerning specific design

and construction criteria for wind and seismic considerations.
The background comments fall into the two categories of codes

and standards, and funding considerations.
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Codes and Standards: The first joint meeting is a

part of a larger effort of the sponsoring panel on
natural resources. It is important to recall this
fact, since it is difficult to understand our U.S.
design and construction practices without reflecting
on our approach to natural resources. Many of our
obstacles, opportunities, and advances in design

for seismic and wind requirements are part of the

larger concern with codes and standards, which may

be considered part of our natural resources. Since

subsequent comments presuppose some background knowledge

of the codes and standards situation in the United

States, it is necessary that a few key facts be reviewed

at this time. Relative to codes, there are six points

to remember:

1) There is no National Building Code in the United
States.

2) Bvery new generation of engineers, economists,
manufacturers, etc., reargue the pros and cons

of a National Code. The most recent review of the
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model codes appears in the monumental Douglas

Commission Report published on December 15, 1968.

The varying backgrounds of the contributors to that report
underscore the fact that interest in codes always involves
a far wider audience than engineers and architects. The
judgment has been made that construction is too vital to
the U.S. economy to be left exclusively in the hands of

the technical people. That appears to be a proper judgment
when it is recalled that 66 billion dollars were spent for
new construction in 1964.

3) There are four model codes that vigorously compete for the
recognition that normally goes to a National Code. They
are 1) The Uniform Building Code, 2) The Basic Building
Code, 3) The Southern Standard Building Code, and 4) The
National Building Code (a misnomer) .

4) Many of our states have minimum building codes that are
either mandatory on a statewide basis or strongly encouraged.
Most of these are based on one of the four model codes, as
are about 70% of codes used by cities over 10,000 in

population.
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5)

6)

There is a considerable latitude at the local

1eye1 for interpretation on how a code will be

applied and what design and construction comply

with it. Unfortunately, some of the inter-
pretations are inclined, for a multiplicity of
reasons, to stifle innovation and creative design.
For.example, one of the reasons given in promoting
the recent far-ranging revision to the New York City
Building Code was that the old code was frequently
interpreted to exclude justified structural, mechani-
cal, and electrical design advances that had been
recognized by the engineering profession ten to
fifteen years ago. Incidentally, the impacf on the
construction industry of a code like New York City's,
with its two billion dollars of annual construction,
is hard to overstate.

Some federal agencies and other major builders supple-
ment or modify code requirements with their own pro-
visions. For example, the Public Buildings Service is

currently using design wind load pressures that exceed
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those used in many major cities (see Reference 1).

Our building industry is in better shape with standards than it

is with codes. Standards are written by professionals for pro-

fessionals and have less contending forces to pacify. The

major standards problem has been the dependence on "volunteers"

to produce standards, with the resulting difficulties of keeping

them current and minimizing the vested interest considerations.

The emergence of USASI, with its international outlook, is poten-

tially a major event for the wise use of resources and its

development should be of continuing interest to the UJNR panel.

b.

Funding Considerations: The periods of ad vances and

congolidation in seismic and wind criteria follow a

logic and tempo of their own. It should be remembered
that the men who are prime movers in the wind and seismic
design disciplines are: 1) a small segment of the U.S.
building industry; 2) developing criteria that relate to
funding decisions of fices that are not always understood
orpublicized; and 3} having a say about the use of our
natural resources that needs underscoring. These obser-

vations suggest review of the funding considerations
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involved in seismic and wind designs. Is seeking funding
appropriations for the design and construction of a

federal building, it is important to know, 1) user's

needs ( and justification) for construction, 2) the
probable design response to these needs, 3) the location

of the construction, 4) its estimated cost including
provision for escalation, and 5) when it will be built.

Each one of these major concerns has many sub-—considerations.
Among the considerations effecting the estimated cost of
construction is the division of the construction dollar
among the architectural, structural, and mechanical-
electrical design requirements. Specifically, if the
budget estimate is to be grounded in reality, it must ref-
lect the delicate balance on how these disciplines carve

up the construction appropriations. To cite a few examples:
Design realignments calling for a more sophisticated’build—
ing facade, environmental control, foundation design, etc.,
can lead to a substantial difference between the budget
estimate, and the bid price of the project. Similarly, any

research finding that would lead to the recommendation of
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doubling the "J" factor in the overturning moment for the
seismic design will soon be reflected (although perhaps
not recognized) in the price of construction in seismic
zones. Unfortunately, little information is available on
how funding decisions dimplict in proposals for revisions
of seismic and wind criteria are called to the users atfen—
tion. But the UJNR Panel on Wind and Seismic Consideratipns,
with its concern for the proper use of natural resources,
could recommend that such cost information be collected,
evaluated, and made part of the revision process.
With these background comments in mind, there are several points
that can be made about wind and seismic criteria and the design
of federal buildings.

Wind Considerations: Wind is not a major consideration for

all our federal buildings. This general statement can be made

more precise in a context of history and current developments

as follows:

a. History: Inanarbitrary way, let's select out only two
historical adaptations for brief comment. They involve

time and place.
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1) Time: If federal architecture prior to 1950 is
analyzed, most of our monumental buildings were low

-rise ~ 4 to 8 stories, block-type structures; for
example, many of the departmental buildings in Washington,
D.C. (This was an architectural decision, since the
engineering know-how was available and in use in the
American private sector during the 1920's, 1930's, and
1940's to construct high-rise buildings. The term
"skyscraper" was well established in the American
vocabulary in the 1930'3). Consequently, the concern

of the federal engineer as expressed, for example, in
earlier structural engineering handbook - with design
wind loads, gust and shape factors, overturning moments,
etc., was primarily limited to walls, roofs, water tanks,
chimneys, flag staffs, and to connection details for
buildings in certain parts of the country.

The major construction program launched by the public
Buildings Service in 1956 changed the emphasis in federal
architecture. With growing numbers of people being

employed by the government, with the need to construct
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2)

a number of federal buildings in the metropolitan heart of
large cities and with the rising cost of real estate in
these cities, the use of the high- rise tower building be-
came a popular solution to our design problems. Most of

the actual design after 1956 was done by private consult-
ing engineers under contract to the government. The

Public Buildings Service engineer reviewed their designs.
It should be frankly admitted that the government engin-
eers learned a great deal from their private sector coun-
terparts about wind analysis and design and connection
details. But the government engineers were probably too
preoccupied with the detailed design aspects of high—rise
buildings. In retrospect, more time should have been

spent in conceiving and urging on the engineéring community,
basic questions concerning code requirements for wind |
design and the funding implications underl&ing alternate
designs.

Place: The Public Buildings Service, as a government office,
has been, through the years attentive to citizen response to

its buildings and has always tried to take appropriate
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steps in eliminate or minimize poor désigns.
In the main, the Service has been proud of the
engineering performance of its buildings when
subjected to major wind forces. There have been
framing collapse failures during erection due to
inadequate provisions for unanticipated wind loads.
But most of these related to construction cont-
ractor's decisions that were not under the Service's
direct control. (Here again, is an area that the
UJNR Panel might study. Percentage-wise, how many
failures - of all types - due to wind, occur during
construction and how many occur after client occu-
pancy? Geographically, where do they occur? Was
wind the only contributing factor? If the majority
occur during erection, then perhaps our codes,
bidding documents, and agreements with municipal
building and inspection departments must be revamped).
~Part of our record on building performance has foll-
owed from a sensitivity to a nationwide wind picture.

To make this more specific, we have a different
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order of magnitude wind problem in Eastern Pennsylvania
than we do in Southern Florida with a factor of approxi-
mately 2 between the fastest mile of wind. In constructing
on a national level, Public Buildings Service must keep
track of such differences.

Yet a good part of this reasonably successful'design was
accomplished without some of the sophisticated tools we %ake
for granted in wind design today. The 1946 edition of-

the Public Buildings Service's Structural Engineering Hand-
book had a rather elementary narrative description that
divided the Continental United States into 4 basic loca-
tions and gave surprisingly low fastest mile winds for

the locations. The basic design pressure was expressed

in a formula dependent on the wind Velqcify, height, and

a conservative coefficient reflecting gust and shape fac-
tors. When all the variables were combined they gave re-
sults somewhat more conservative than those we have today
and with the low-rise buildings being constructed in those
days, the major wind problem was in the design and detail-~

ing of the roof connections. Thus engineers of 25 years
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ago could under-estimate fastest mile of wind,
concentrate on roof analysis and design, use con-
servative assumptions and have less precise infor-
mation about wind locations and still obtain satis-
factory performance. From this it may be concluded
that those engineers were fortunate as well as over
—generous in their use of material resources. But
the very posing of the conclusion leads to:

b. Current Developments: From the point of view of design

and the wise use of material and funding resources,
there are three wind parameters that should be clarified.
They are:

1) The 50 and 100 Year Wind Speeds:

It appears especially appropriate to ask the UJNR
Panel to consider the wisdom of using 50 and 100
. year wind speeds in the design of structures. Granting
the ever-increasing mobility of modern man and
the accelerating obsolescence of technology, is
there a need for some judicious risk today in our

wind design assumptions ? Can reductions be made
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2)

and still be on the side of human safety? How
should the resource gquestions be posed to our admini-
strators who must pass on such risk decisions? I%
is a fairly common occurrence in our big cities to
see buildings that are only 30, 20, sometimes 10
—-years o0ld, torn down to make way for a modern st-
ructure or to provide for master plans of urban
ranewal. Will the trend accelerate? If so, should
;he code-making bodies think in term of 50 and 100
year wind speeds? If yes, should they enter the
discussion on where such speeds should and should
not be used? Should the UJNR Panel become involved.
If so, how?

Shielding: There should be more discussion on the
current, general prohibitions on reducing wind pre-—
ssures. A current code approach is to leave the
reduction, if any, up to the building official.

But granting what is known about codes and building
departments, dose he have all the technical fact at

his disposal? Even if he does, is the building
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3)

official alert to the resource problems involved?

Is the designer too easily dismissed from making a
case for shielding? What experimental work is
underway to better understand what shielding does

to wind pressure for a wide range of design environ-
ments?

Drift: As the cost of land leads to greater use

of the high- rise tower structures, more precise
knowledge is needed about the human response to
building drift due to wind. 1In the design of federal
buildings, objectionable drift and cracked partitions
must be avoided. On the other hand, if these pre-
cautions are pushed.to logical conclusions, far too
much structure would be built in with a waste of
materials and money. Could the UJNR Panel undgrtake
at least part of the physiological, psychological,
and physical measurement studies, that might place
the drift problem in its proper perspective? Are there
consensus results presently available that could be

popularized to allay public concern on drift?
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3. Seismic Considerations: It was feasible to move from the

history of a design office to basic questions about code criteria
for wind. But what went onvin seismic design in the Public
Buildings Service, or any other organization, in the past twenty
~five years yields few insights about where designers are today.
More exactly, no one seeks that type of perspective on seismic
problems. In the relatively slow-moving evolution of wind cri-
teria, it is pertinent to make a case for continuity. In the
field of seismic design the rush of events fixes attention on
the latest report from the disaster area that has recently su-
ffered an earthquake and the subsequent code revisions.

As far as the United States is concerned, our West Coast engi-
neers set the pace on seismic code criteria and design. The
rest of us strive to stay abreast ( see Reference 2). Yet
there are some questions and comments that affect the codes and
design that can be made - perhaps better made ~ from the back

of the pack. Most of the following questions and comments grow
from a concern about how the educational process - in its

broad communication sense - can provide the needed perspective
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about seismic developments.

Communicating with the Peer Group: Before moving

on to the wornderfully good aspects of communication
and to further needs, let's pause to identify a
small cowmunication problem that may become a major
one unless care is taken. If one reflects on the
pace of some of the progress in seismié design prob-
lems the concern grows that the many exciting improve-
ments may be generating an esoteric spin-off that
militates against the wise use of resources.

It would be a sad development if a few of our seis-
mic design experts were to be caught in the one
—upmanship syndrome.

Communicating with the Engineering Profession:

The preceding comments are only a personal reading

of a minor - perhaps momentary - communica%ion break-
down. From another viewpoint, there are few develop-
ments on the American engineering scene that are as
healthy and productive as that dedicated group of

engineers that is yearly deepening our knowledge and
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understanding of seismic design problems. And this

is a major, continuing trendl This constructive
situation grows from a broad desire to communicate
within the profession. Fortunately, not only is
there a momentum and quickening desire for successful
communication but there are currently many gifted
writers and lecturers to bring it about. Every
member on the UJNR Panel, no doubt, has his own list
of favorite authors and books.

Communication on Priorities: It is hard to over

-estimate the impact of the codes on seismic design.
Inthis context, the beneficial contributions of the
Structural Engineers Association of California
(SEAOC) and their "Recommended Lateral Force Requi-
rements" have played a major role in the last ten _
years.

But, unfortunately, problems have resulted from the
way that the code reguirements have structured think-
ing about priorities. Code requirements properly con—

centrate on earthquake resistant design with the
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goal of eliminating or minimizing severe damage in

the event of a shake. But resource realities do

not permit us to build earthquake resistant capacity
into structures outside of recognized earthquake zones.
However, seismic authorities emphasize that earthquake
zones are misleading. There can be, in time, earth-
quakes of varying degrees almost anywhere. If this
wide-spread potential is superimposed on the inade-
quate or faulty design in known earthquake areas,

a pattern of damage will remain in our future ex-
perience with structures that have been subjected to
an earthquake.

From the resource viewpoint, it is not desirable to
Junk all damaged structures; yet no high priority has
been placed on developing repeir principles and tech-
niques. Certainly, codes with their emphasis on new
construction should not be expected to be the basic

leader in this area. Yet our seismic solutions have

been so throughly posed in a code context that it is

difficult to argue for a high priority outside of it.
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The UJNR panel could make a major contribution if
it would address itself to identifying the signi-
ficant priority problems in seismic analysis and

design beyond those problems conventionally listed.
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Charles E. Lee
2. One of the highlights of Theme 4 was Dr. Hayashi's concise and infor-
mative paper, "Current Procedure for Earthquake Resistant Design of Harbor
Structures in Japan". Being in English, the paper has been read by interested
engineers through the office, Chief of Engineers.

Acontinuing benefit results from the opportunity of acquaintanceship
with my counterpart, Dr. Hayashi, all members of the panel, observers and mem-
bers of the Research Institutes visited. Discussion and counsel included not
only seismic subjects but the various aspects of coastal engineering. Contact
by letter has continued since the meeting. Procedures of design and research
in the United States may be influenced by the knowledge obtained by Japnese

experience.
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5. The March 1964 Tsunami - Its Effects on Ports and Harbors

by Charles E. Lee*
U.S. Army Corps of Engineers
Washington, D. C.

ABSTRACT

The damage occurring to ports in the tsunami source area and to
one port some distance away is discussed. This damage and the recon-
struction necessary to restore port operation is considered a typical
example of what may be expected as a result of earthquakes of similar
magnitude and with extensive earth-mass sliding. The analytical study'
and Z-dimensionalnhydraulic model study is presented as one approach to

the design of a 3-dimensional tsunami model.
INTRODUCTION

I am very happy to be in Japan again as my previous trips have been
exceedingly pleasant and informative, I am Assistant Chief of the Hy-
draulic Design Branch in the Civil Works Directorate,loffice, Chief of
Engineers of the Corps of Engineers, Our public works system in the
United States is somewhat complex and I doubt that you fully understand
why my position is within the Department of the Army and why the
Department of the Army should have responsibility for research, design
and construction for projects for navigation, flood control, shore pro-
tection and other civil functions.

When our Nation began, which is a short time ago when compared with
the history of your Nation, the only trained civil engineers were members
of the Engineer Corps of the Army. As our needs for navigation improvements

were realized the work was assigned by Congress to this Corps of Engineers.

* Assistant Chief, Hydraulic Design Branch
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As time went on, additional public works, other thar fr> navigation,

such as flooé control, beach erosion control and hurricane protection

were assigned as functions of the Corps of Engineers. Therefore, the
construction work of the Corps is divided into two principal sectors, one
comprising Military Construction and the other Civil Works. The employees
of the Civil Works Directorate are principally civilians however, there are
a small number of military personnel. These few uniformed persomnel are
highly trained engineers and are principally in administrative and execu-
tive positions, Therefore, when I speak of the Corps of Engineers I am,

in most respects, referring to a civilian engineer agency.

Of the tsunamis that have occurred, that produced by the Alaska earth-
quake of 27 March 1964 caused more damage and death in the continental
United States than any other. Therefore, my remarks are generally con-
cerned with that event, Figure 1 shows the Gulf of Alaska coast that was
principally affected by the event. The hinge line of zero earth movement
is shown by the brokem line.

The U. S. Panel furnished to you a draft copy of the report of Wilson
and Torum on the "Engineering Damage From the Tsunami of The Alaskan Earth-
quake of March 27, 1964," prepared under a Corps of Engineers contract. I
am, at this time, furnishing to the Japanese Panel a copy of our final report,
which has been published as Technical Memorandum No, 25 of our Coastal
Engineering Research Center, entitled "The Tsunami of the Alaskan Earthquake,
1964: Engineering Evaluation.”l Many of the facts to be given today have been
gleaned from this report,

In March 1964 most of the damage occurring to our ports and harbors was
not directly from the original shocks but from the resulting slides and waves,

At this time, I would like to discuss damages that occurred to some of our
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harbors and what was required to restore them to efficient operating
condition. Following this I would also like to discuss a preliminary
study recently made at our Waterways Experiment Station for design of

structures to protect Crescent City, California from tsunami damage.

DAMAGE TO VARIOUS PORTS

In general,we can state in regard to shipping that the large vessels
usually survived the tsunami - the smaller vessels were destroyed or badly
damaged. The large vessels moored to the Marginal Pier and the Cargo Dock
at Kodiak Naval Station and the timber barge moored to Citizens Dock at
Crescent City withstood the tsunami well, However, the vessels severely
damaged the wharf structures, particularly at Crescent City. It was
apparent that the safest place for ships and boats of all types during

the rampage of a tsunami is the open sea.

Kodiak Harbor. There is evidence that the first wave at Kodiak was
similar to a high tide, rising to about 13 feet above MLLW; The second
wave occurred about two hours later, had a height of about 40 feet and
is presumed to be domi?ently the result of a shelf induced oscillation,
The retreat of this wave apparently sucked out part of the southwest break-
water and tore loose a store and an aircraft hanger, However, the méjor
damage came with the next two waves. The third wave, according to Wilson,
was a compositeof the first progressive wave crest, overlaid by the second
wave of the shelf induced oscillation and additional local oscillations,
and reached 35 to 40 feet in height over a vast wavé length, Besides damage
to buildings, the shocks, slides and waves resulted in subsidence damage to
the breakwaters, total damage to all boat floats, destruction of wharf decking,

and loss or damage to a hundred vessels, Figure 2 is a photograph of Kodiak
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waterfront on the day following the earthquake and tsunami, Total
damage was estimated at over $1 million and eight lives were lost at
Kodiak City.

In 1965 the Corps of Engineers rebuilt the 1250-foot long southwest
breakwater and the 760-foot long southeast breakwater. Replacement of
all floats and replacement or rehabilitation of all other harbor facil-
ities was required to restore operation of the harbor. Figure 3 shows the

reconstructed harbor.

. Seward Harbor. Seward suffered its greatest damage from the subsid-
ence and displacement of its entire waterfront facilities. This appears
to have been a progressive action of the earthquake which could have been
assisted by many things including the drawdown of the water resulting from
the initial slide and the subsequent alternate wave loading and suction
effect. Apparently the fire was started at the Standard 0il Co. dock during
the continued earth shaking. However, the flooding wave spread the burning
0oil from the Standard 0il Co. tanks to the loaded tank cars and the Texaco
tank farm. The resulting explosions engulfed the waterfront in flame,
Figure 4 shows the remains of the Alaska Railroad Docks after the tsunami.

There were approximately 125 boats in the small ant harbor at the

time the earthquake started. Most of the boats were lost; some were tum-
bled by the first wave before the harbor disappeared; others were washed
over the breakwater. Twelve lives were lost, mainly among people
aboard their boats in the small boat harbor, Figure 5 shows the Alaska
Railroad freight yard with the tracks stripped of their rails. It was said
that the rails were red from the heat of the fire and when the tsunami wave
rushed upon them they curled and pulled from the ties. Figure 6 shows more

of the wreckage of the waterfront. Seward is in the far background.
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The total damage to port and harbor facilities at Seward has been
estimated to be over $15 million of which over $14 million was related
directly to tsunami,

The Seward waterfront.was so severely damaged that it was considered
a total loss. Further, the subsidence was so great, at the position of
the outer end of the breakwater the depth was changed from 8 feet to 110
feet, that it was not economically feasible to reconstruct in the original
location, The Corps of Engineers constructed a new harbor in the north-
west portion of Resurrection Bay enlarging the area from 4.75 acres to
about 17.25 acres. The railroad terminal, yards, warehouses and related
dock facilities were also reconstructed, Figure 7 shows the new harbor

constructed after the earthquake.

valdez, Valdez Harbor, the northernmost all-weather port in Alaska,
suffered damage of a somewhat parallel mature to Seward. Landslides and
tsunami caused displacement of wharves, warchouses, canneries and break-
waters., The eﬁtire waterfront was totally destroyed, and seismic sea waves
penetrated deep into the heart of town. O0il fires added to the damage.
Most- authorities have mentioned four waves as having been primarily respon-
sible for the tsunami damage, two which occurred during and shortly
after the earthquake, and two which occurred many hours later.
However, there is no unanimous agreement on how the waves were generated.

Thirty-one lives were lost at Valdez and the estimated property damage
was over $8 million., Though the total losses were higher at Seward, rela-
tive to population (about 1,000) Valdez suffered more acutely than Seward.

Submarine landslides resulted in depths of over 100 feet at the small
boat harbor site, the town was almost entirely destroyed and the land mass

along the waterfront was highly unstable, Therefore, it was necessary to
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relocate the entire town to Mineral Springs, approximately 2,5 miles
northwest of the original site, The new small boat harbor provided for
a 7-acre anchorage, about 2.5 acres larger than the original harbor.

Figure 8 shows the new harbor,

Whittier. The waterfront of the small town of Whittier was almost
completely destroyed by shocks, land slides, fire, waves and about é 5=~
foot subsidence of the land masses, Tsunami related damage was estimated
to be 510 million. Thirteen lives were lost. Relative to its small pop-
ulation of 70, Whittier suffered most acutely of all coastal communities

of Alaska.

Cordova, Cordova, a fishing community at the mouth of Prince William
Sound, is situated on bedrock and suffered relatively little damage from
earth tremors, with the exception of the timber city dock. No lives were
lost at Cordova but the total damage was estiméted to be about $2 million
and was caused principally by tsunami. The uplift of the land masses posed
problems of harbor access, The reconstruction of the port consisted of
dredging 350,000 cubic yards of material, removal and replacement of wharf
and inner facilities and the relocation of buildings and utilities, Figure

9 is a plan of GCordova Harbor,

Homer. The Homer spit is about four miles long and varies in width
from a few hundred to over 1,000 feet. The outer end of the spit subsided
about 6.5 feet and the land mass at the base about 2 feet., A land slide
occurred near the mouth of the harbor, destroying the outer 600 feet of
the breakwater. The remains were located beneath 25 to 30 feet of water,
which indicated a slump of about 50 feet, The general subsidence of the

spit allows wave action to ride up higher. Therefore, all development
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became more susceptable to damage from even moderate storms, Figure 10
shows Homer Spit and the new harbor.

It was necessary to completely relocate the harbor to near the end
of the spit., The new harbor was increased in size to provide about 10
acres of berthing and anchorage space, about 7.25 acres larger than the

original harbor,

Crescent City, California., The greatest damage resulting from the

tsunami, excluding the Alaska ports discussed previously, occurred at N
Crescent City in the northern part of the state of California. The
damage was entirely due to tsunami and principally due to runup into
about 30 blocks of the community. Port and harbor damage was relatively
minor, Fifteen fishing boéts were capsized and three disappeared. Only
minor damage occurred to the open pile docks and breakwaters, Figure 11
is a plan drawing of Crescent City Harbor and the waterfront street lay-
out, Figure 12 shows the damage to the approach to Citizens Dock.
Two reasons were suggested for the occurrence of the high waves at
Crescent City:

a. A "caustic" concentration of high energy bearing on Crescent
City that may have originated as far back as the tsunami source region.

b. A resonance of a binodal form of shelf induced oscillation
may have been promoted by the 3rd harmonic of the main tsunami waves (T3 =
36 min).

It is probable that a majority of the estimated $11l million damage
was the result of one or a combination of the following:

a. The impact of logs and other objects such as automobiles or
baled lumber.

b. Increased area caused by collected debris placed greater than

design pressure on structures. . “
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c. Insufficient anchoring resulting in floating of structures.
d. General lack of resistance to horizontal forces in many

structures,

DESIGN CONCLUSIONS

It is usually not economically feasible to design ports and harbors
to completely resist forces or otherwise be damage free upon. the occur-
rence of tsunami. However, certain precautions can be taken in design to
reduce the damage,

In areas where tsunamis occur frequently structure decks should be
constructed as high as practicable, considering operational facility,
Buildings can be placed on piles to allow the wave to flow beneath. The
flexibility of rubble-mound breakwaters or jetties minimize damage from
wave impact.

It is surmised that the Dutton Dock, see Figure 11, survived mainly
because of the steel straps and bolted connections between the decking
and the pile caps, and the abundance of cross-bracing. The absence of
ships moored to the docks also aided.

The need for proper provision and planning of oil storage tanks is
extremely important. These are usually located near the waterfront of
ports whose oil supplies must come from overseas. Invariably oil spillage
caused by earthquake or its tsunami results in fire, which can spread
rapidly., Oil tanks caught fire at Seward, Valdez, Whittier and Crescent
City as a result of the earthquake of March 1964, If the oil tanks can-
not be sealed off and recessed below normal ground level or placed on high

ground out of reach of tsunami runup, they should be contained by a high

perimeter wall or dike capable of repelling water and retaining oil,
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It may be noted that due to the rapid growth of Alaska in recent
years, most of the harbors were inadequate in size, The reconstruction
permitted needed enlargement, and in some cases provision for future -

growth,

CRESCENT CITY TSUNAMI STUDY

Based on the damage that occurred at Crescent City as a result of
the 1964 tsunami, it was considered that a barrier along the waterfront
with a top elevation of about 25 feet above mean lower low water, extend-
ing from high ground on the east to-high ground on the west may be
justified to prevent runup from reaching the urban development. See
Figure 13. Such a barrier, by its reflective characteristics, may have
undesirable effects on navigation within the harbor. Therefore, a hy-
draulic model study was considered necessary, not only to determine the
design and technical feasibility of a barrier plan, but also to determine
its effect on the navigation project.

In order develop input for and to aid in the design of the 3-dimensional
model, an analytical and flume study has been completed by the U. S. Water-
ways Experiment Station, The study will be described in detail in a

2 entitled "Theoretics in

Waterways Experiment Station Technical Report
Design of the Proposed Crescent City Harbor Tsunami Model," by G. H.

Keulegan, J. Harrison and M. J, Matthews. The report will be published

later this year and a copy will be furnished to you by the U. S. Panel,

A different methodology for computing and plotting tsunami refraction .
diagrams by digital computer was developed by this study, It is to be .
reported on in a paper3 by G. H. Keulegan and J. Harrison entitled,

""Tsunami Refraction Diagrams by Digital Computer.' The paper will be

published in a future edition of the Journal of the Hydraulics Division
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of the American Society of Civil Engineers.

The theoretical stu&y was undertaken to determine wave heights
and periods, wave front orientation and frequency of occurrence of
waves of different heights, The tsunami refraction program was devised
so that the ocean depths were determined from three sets of sparse data
normalized by a modification of the least squares method and the depth
positions were modified to compensate for the distortion inherent in
the mercator projection maps., Diagrams were prepared for three recent
tsunamis, Alaska 1964, Chili 1960 and Kamchatka 1952, The wave patterns
were charted from each of the sources using Van Dorrms® initial orienta-
tion for the 1964 and the author’s for the other two, and propogating them
to the nearshore area at Crescent City, Tentative frequency relations
were derived and risk relations were prepared from the frequency rela-
tions. Figure 14 shows the relationships. Based on the 1964 tsunami,a
wave height of 22,75 feet with -a period of 28 minutes was selected for
use in the model,

The two-dimensional flume tests were made in a concrete flume 5
feet wide and 100 feet long with a pneumatic wave generator, Figure 15
is a sketch of the generator used, Tﬁree series of tests were made, first
using an undistorted scale of 1 to 125; second, using a distorted scale
of 1 to 125 vertically and 1 to 375 horizontally; and third, using the
distorted scale of the second series but placing hardware cloth screens
in front of the genmerator in an attempt to eliminate objectionable peaks
affected by undesirable exit conditions of the generator,

The conclusions developed from the preliminary study follow :

a. The wave characteristics that should be used in the pro-

posed model testing program to simulate the highest wave of the 1964

tsunami at Crescent City are a 23 foot high wave with a 28-minute period,
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occurring as a rising tide with a maximum runup to about the +20-ft-mllw

contour.

b. Shelf induced resonance in the offshore Crescent City area
is a key factor in the unusual height and duration of the 1964 tsunami,
and probably, but to a lesser extent, a factor in all other tsunamis that
caused water-surface rise at Crescent City. See Figure 16.

c. Linear spectral analyses performed on a portion of the 1960
tsunami record at Crescent City show that the contained periods of this
tsunami coincide with those derived by Keulegan and Wilsogl’zzo be the
resonant oscillations of the offshore shelf area.

d. A digital computer program that allowed for the distortion
present in maps drawn by Mercator projection was coded for tsunami re-
fraction across the Pacific Ocean area and was tested successfully. Re-
fraction diagrams computed and drawm by the above program for three recent
tsunamis (Alaska, 1964; Chile, 1969; and Kamchatka, 1952) established
near-shore wave~front patterns at Crescent City. These near-shore wave
fronts will dictate the wave generator alignment in any subsequent model
testing program., The refraction diagrams also showed that no overall
tsunami height increase was caused by fefraction in the open ocean.

e. The probability of occurrence studies indicated that tsunami
heights at Hilo and Crescent City are similar and that the 1964 tsunami
was a singular event with only a 20 percent probability of occurrence
during any 45-year period.

f. The use of an undistorted tsunami model of the Crescent City
area will not be feasible; and the sea environment of the model should be
of such a magnitude that the fundamental period of the resonant oscillations
of the model sea-~to-land area correspondé to the largest period of the

selected test wave.
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g. Additional wave-flume tests are required to determine the

optimum linear scales of the model and the required sea area that must
be reproduced to ensure accurate reproduction of prototype tsunami action
in the harbor and overbank areas at Crescent City.

It can be noted from the above conclusions that a sound basis for
the 3-dimensional model design has been developed. There are some mechan-
ical problems to overcome such as the double-peak on the 28 minute period
wave which was not entirely overcome by the filter. These problems can
be overcome by further study, Figures 17 and 18 show the effect of the
wave screens on the shape of the tsunami wave, I do not know if the double-
peak actually occurred in the prototype or if the coupling effect is a
model effect. If Congress authorizes the construction of protective works
for Crescent City, the 3-dimensional model study will be accomplished and

the report on the study will be furnished to you, our Japanese counterparts.
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FIGURE 2 - Waterfront of Kodiak on the day following the earthquake and Tsunami
(photograph by ALf Madsen - See Reference 1)
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FIGURE 4 -

Remains of Alaska Railroad Docks (Photograph by Irwin Cook, Anchorage,

see Reference 1)
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Alaska Railroad freight yard (Photo
see Reference 1)
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FIGURE 12 - Damaged approach to Citizens Dock, Crescent City ( Photo by
U. S. Navy)
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George B. Begg
4. Dr. M. Fukuoka's paper on Barth Structures presents information on
retaining walls and pile foundations that is valuable to U.S. Federal building
programs. To single out one item, we are currently reviewing a long established
design approach to the allowable bearing capacity for piles.. Dr. Fukuoka's

comments on this item give us another important approach to investigate,
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EARTH STRUCTURES AND FOUNDATIONS SUBJECT TO SEISMIC LOADING
By H. J. Gibbs¥* )
Bureau of Reclamation

Denver, Colorado

ABSTRACT

The large number of studies concernirg soil behavior during
earthquakes has yielded many new concepts in investigation and design
of earth structures and foundations. For stability problems, the appli-
cation of a single seismic coefficient has been questioned as to ade-
quacy. Because the dynamic soil sirength may be appreciably different
from the static strength values, it should be considered. The liquefac-
tion problem which is most critical in low density sands and silts that
are saturated is a very real danger during earthquakes. The foundation
engineer must determine the critical nature of in-situ conditions. The
standard penetration-resistance test is a useful mesns of svaluating the
relative density of sand deposits and for checking this condition after
densification. Laboratory tests of sands at various conditions using
cyclic loads and the number of cycles to represent earthquake . effects
may be performed to determine shear stresses necessary for liquefaction
and failure. Seismic coefficients and design sarihquekes are selected
from a review of the earthquake history in the construction area to com-
pute expected shear stresses for comparison to the shear stresses necessary
to cause liquefaction.

The practicing foundatiocn engineer is most concerned with

acceptable densities both in sands susceptible to liguefaction and

®/Chief, Soils Engineering Branch, Division of Research
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cohesive soils compacted in embankments. The details of-laboratory
tests and analyses provide variable limits of this property for

different depths and types of soils.

INTRODUCTION

There has been a great amount of new information in earthquake
engineering for earth structures and foundations during the past decade
and there have been increasing efforts to determine more precisely the
strength of soil under dynamic loadings. For many years, it has begn
the practice in earth stability studies when using the forces acting on
a sliding mass to apply a fixed earthquake coefficient of some amount.

In conventional structural design, this has amounted to a herizontal seis-
mic coefficient of some magnitude, K. Even the value of K has become a
standard and, with relatively unexplained reasons, virtuslly all organi-
zations doing such designs have used a value.of K equal to 0.1g. This
became so standard that the old building codes on the West Coast of the
United States required that 0.1 be used in seismic stability analyses of
buildings.

This factor appears to be a form of adding a safety factor to a
design to account for an unknown. However, with newer developments and
studies this so~called safety factor may not have been as safe as previously
assumed. Tt now appears that such a coefficient may vary within an earth
structure or foundation and, in some cases, may be more properly at a
value as high as 0.5. On the other hand, it can be considered that such
forces act in an sarth structure for such a relatively short time that
some deformations could be tolerated, allowing consideration of a more
moderate coefficient. If it is desired to design an earth structure, such

as a foundation or a dam to behave "elastically" without plastic strain,
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the seismic coefficient would be necessarily large but, if we are content
to accept some degree of plastic deformation or some degree of permanent

deformation from a major earthquake, the energy absorbsd by such strain

will greatly decrease the seismic coefficient for which a design is made.
An elastic design procedure simplifies the analysis by keeping the soil
stresses within the elastic stress range, involving little or no perman-
ent strain, but the resulting configuration of the earth structures may
be unreasonable and unjustified.

Another of the newer viewpoints which should not be neglected
is that soil strength can be quite different under dynamic forces than the
strengths usually evaluated from statically-loaded testing equipment. 1In
cases where lower dynamic strengths are experienced, the seismic coefficient,
even though it is assumed high, could be inadequate when applied to static
streagth values. .

Therefore, thefe are two questions involved, (a) How large
should the coefficient be, and {b) What soil strength is available to
support the emBankment or foundation during the earthquake forces.

Going still further into low strength of soils under dynamic
loading, the problem of liquefaction has been found to be a principal
cause of major earth movements during earthquekes. The failures in
Niigata, Japan, are described as most notable foundation examples and
the numerous slope failures in Alaska, such as the Turnagain Heights
slide, have emphasized this to us in the United States. In relation to
the abeve parameters for engineering design, liquefaction can be looked
at as a reduction in soil strength under dynemic loading to the point
of near zero strength. Under such conditions, the application of a
seismic coefficient in design would be meaningless, regardless of how

lerge the assigned value is. Therefore, it becomes extremely important
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to the practing soil mechanics engineer to know whether or not liquefaction

can develop within the load range and time the earthquake is acting.

LIQEFACTION CONSIDERATION
Liquefaction experiences have shown that the greatest probability

for failure exists in saturated, low-density sands and silts. Its cause

is a tendency oif the soils to settle or consolidate while in a saturated
condition. If this tendency occurs suddenly as a result of a dynemic
loading and if rapid drainage does not occur significantly, the stresses
which were carried by the soil structure are transferred to the pore water
which is not capable of shear resistance. The extent of such probability
has been investigated considerably in recent years ahd has been found to

be dependent on several factors, including initial density, confining

gradation (uniform or well-graded), fineness, and whether or

53

pressures,
not it is cohesionless. Certain combinations, such as suggested by
D'Appolonia {1)*, make soils most susceptible to liquefaction as follows:
(a) The percentage of silt and clay-size particles less than 10 percent.
(b) The particle diameter at 6O—Qercent passing between 0.2 and 1.0 .
(¢) The uniformity coefficient between 2 and 5.
(8) Low relative density.
Density is the condition that the practicing engineer looks at
as the property he can possibly control or adjust. The influencing degree
of importance shown by the others would be evaluated through research
experience and laboratory tests.
Therefore, in a critically suspected soil deposit; the first
step is to evaluzte the denseness. The second is to evaluate the degree

of failure probability through laboratory testing within the range of

¥Numbers in parentheses refer to the list of references at the end of
this paper.
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expected earthquake loadings and cyclic durations. Such'tests are used
to establish the denseness required tc resist failure for the particular
501l involved.

Densification‘procedures of-large deposits have been considered
unwieldy in the past, but are now a common consideration to guard against
liquefaction. For such important structures as nuclear powerplants comhonly
located on deep sand deposits near water, practical procedures are:

{a) Excavate the liquefiable material and replace it in a dense
state.
(b) In-situ densification by vibratory compactors, vibroflotation,
and displacement piles.
(c) Pile foundationsvto bypass the liquefiable soil, plus vibroflotation
to densify it sufficiently between piles.
FOUNDATION INVESTIGATION

Procedures for investigating the in-situ condition of liquefiable
soils is of current interest in the United States and, because of the
significance to the earthquake problem, such studies are important to our
earthquaske research efforts. It is well-known that reliable borings in
sand deposits are difficult, particularly in sand that is loose and saturated
and require very specialized techniques te accomplish undisturbed sampling
of even moderately acceptable quality. Because of this, the thoroughness
of a foundation investigation by undisturbed sampling is limited. There-
fore, a definite demand exists for in-situ tests that can be made from
shallow levels to great depths, that can be made in numerous drill holes
over a foundation area, and that are economical enough to be a practical
supplement to limited information gained from a few expensive undisturbed
sampling holes. As an example, current investigations of the previously

meationed nuclear pover stations involve questionable deposits for
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depths of 80 feet cr more.

The Standard Penetration Resistance Test (SPf) (AsSTM Designation
D1546} has attracted the attention of most investigators in the United
States. A significant influence in this trend was -its extensive use to
evaluate the liquefaction failures of the Niigata earthquake (Seed and
Idriss (2) and (3)). Initial emphasis was given to this test by Terzaghi
and Peck (4). It had been labeled as being sensitive to the relative
density of sand, but had only been related to the degree of relative den-
sity in descriptive terms. Nevertheless, this test provides simplicity
in operation that makes it pgrticularly attractive to fill the requirements
for a practical supplement to more expensive sampling. To be of use there
was the need for a more quantitative interpretation of the results than
only descriptive terms. It was not desired to interpret the results only
in terms of blow count (N-value) of the driving hemmer, but to evaluate
relative density as done bf sampling and as used in the laboratory tests
which establish the limiting requirements.

A criteria by Gibbs and Holtz (5) for correlating staﬁdard
penetration blow count (N-value) with relative density was looked at by
many investigators as having an application to such an approach in founda-
tion investigations. This correlation was developed in the Bureau of
Reclamation through research in which sand was placed at controlled
density and loaded with a surcharge to represent varying overburden
pressures which, in turn, represent depths at which the tests are made.
It was found that overburden pressure definitely influenced the correlation,
making it a necessary consideration in evaluating the relative density.
The principles of this criteria have been used in many foundation investi-
gations. For example, it was applied in the investigation of the Niigata

failures.
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Most investigators agree that this criterion has meaning and varying
overburden pressures should be considered, but the difference of opinion have
primarily concerned adjustments in the original trends shovmn by Gibbs-and
Holtz. Generally, the adjustments have been toward a more conservative ) .
interpretation; that is, an estimate of lower relative cdensity with
respect to blow count. Although some conservatism may be desirable for
certain engineering applications where the penetration test is the only
measure for foundation design, a nearer average trend in the correlation
would be more useful when cross correlations are made with the require-
ments of laboratory tests and when 1t is later used to evaluate a founda-
tion that has been treated by densification. For the control of founda-
tion treatment, some of the conservative adjustments appear to be impossible
to meet, even by the most stringent consolidation and densification measures
taken.

Therefore, it has been of current interest to the Bureau of
Reclamation to check this criteria by every <orrelation available. In
view of tﬁe many applications now being made to liquefaction investi-
gations, this study has been included as a major item in the Bureau's current
eapthquake resesarch program for soils engineering.

DfAppolonia (1) indicates that, in general, experience suggesis
that liquefaction might occur for soils having a relative density
less than 50 percent during ground motions with accelerations of
approximately 0.1g. For relative densities greater than 75 percent,
liquefaction for most earthquake loadings is unlikely. In reviewing
the works of others, it appears that these values may be a little
low. TFor example, a recent nuclear power station in which the ground
motion was assumed to have an acceleration of 0.25g resulted in an

analysis of 83 feet of sand foundation which required relative densities .
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(Dr) of 85 percent for the first 48 feet, 80 percent for the next

25 feet, and 75 percent for the bottom 10 feet to bedrock. This

required that most of the sand had to be excavated and replaced and
compacted by vibfatory rollers, except for 9 feet in the bottom which
could satisfactorily be compacted by a heavy vibratory roller. The
analysis used was similar to that described by Seed and Idriss {2)

for the Niigata earthquake. In this connection, it is interesting

to note that penetration-resistance values for Niigata indicated relative
density values by the Gibbs and Holtz criterion to be from 52 to 65 percent
for the upper 30 feet of depth in the heavily damaged area. The more con-
servative interpretation‘by Seed and Idriss, however, suggested relative
density values from 39 to 50 for this range of depth.

Tor many years, the Buresu of Reclamation in its Earth Manual (6)

has suggested a minimum of 70-percent relative density, particularly for
well-graded sand, for normal structural foundations and for very fine
sands 80-percent relative density is often specified. it is contended
to be of extreme importance that standard procedures should be used for
the relative density test as minor veriations can greatly influence the
values obtained. The standard test of the Americen Society for Testing
and Materials (ASTM Designation D2049) is recommended. Possibly, varia-
tions in recommendations of different engineers can be attributed to the
variations in the relative density tests that were used. The importance
of a standard test procedure is likewise true for the penetration—resistancé
test.
LARORATORY TESTING

Density and saturation are, undoubtedly, mejor properties

which influence susceptibility to liquefaction. Yet, the intensity

and duration of the earthquake forces will govern whether these properties
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are critical. Consider a completely saturated fine sand. If sufficient
dynamic force is app%ied to cause a breakdown in soii structure and a
tendency for volume change, although small, the momentary restriction
of drainage could result in the load being fully carried by the pore
fluids and failure would occur. Therefore, it might be said that any
saturated sand will develop liquefaction under some loading condition.
However, the important testing variable becomes the investigation of
whether it will occur within the expected range of an earthquake loading
and its duration. The danger of failure has been shown by Seed and
Lee (7) to be influenced by the following:

(a) The void ratio {or density) of the sand~-the higher vecid

ratios are more critical.

(b) The confining pressure acting on the sand--the lower confining

pressures are more critical.

(¢) The magnitude of the cyclic stress or strain--larger stress

or strain results in less cycles for failure.

(d) The number of stress cycles to which the sand is subjected--

representing the earthquske duration.

Another influencing characteristic shown by tests now in progress
in the Bureau of Reclamation laboratory appears to be the siress history
of the soil and the magnitude of previous loadings.

Testing procedures are now in use to apply pulsating dynamic
forces to represent the earthquake cyclic loads and the number of cycles
to represent the duration (8). These tests are performed with varying
sustained loads on the soil to represent the existiﬁg or applied confining
pressures. A particular soil foundation condition or embankment place-
ment condition can then be investigated for the probability of critical

failure. The pulsating loads are usually continued well beyond the
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expected duration or until failure by liquefaction occurs. The number

of cycles necessary will then suggest the soils' critical condition.

It appears that the critical limits for judging soil ranges between 10
and 100 cycles as being representative of most earthquake durations. Hou-
ever, this may vary, depending on the expected or known intensity and
duration of earthquakes in the area. As a result of such testing, the
strength requirements of the soil to be gained through denseness of sand
or cohesiveness of cohesive soils can be established.

The principles of such testing appear reasonable but the actual
form of testing and selection of the pulsating loads to represent the
earthquake is still a major question. At present, the principle testing
equipnent being used is the triaxial shear test with the cyclic loading
being applied through the axial load. Such testing has the advantage
of being capable of comparison to the usual statically-loaded triaxial
tests that are in common soil mechanics use. Also, suqh tests are within
the capabilities of most soil mechanics laboratories in the United States.

The test results can be analyzed in the simplest form through
experience of known critical trendé. In so doing, the practicing engineer
would probably select loading conditions and c¢yclic durations that would
indicate soil conditions well on the conservative side. In view of many
assumptions that are made in the more detailed analysis of test results,
such procedures may be justified. However, rather detailed analysis
procedures have been developed at the University of California by Professor
H. Bolton Seed and Dr. I. M. Idriss. Their.method was shown to provide a

reasonable basis for evaluation of the liquefaction phenomena observed at

Niigata, Japan, inl964 (Seed and Idriss (2) ). The scope of the analysis

is as follows:
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(a) To determine the shear stresses necessary to cause liquefaction
of sand samples representative of the site material by means of
cyclic triaxial tests.

(b) To simulate the soil profile iato an analytical model con~-
sisting of an equivalent, linear, elastic, lumped-mass system with
internal damping, and using computer analysis, to determine the
response of the system to the design earthquake calculating the
shear stresses induced by the design earthquake.

(c) To evaluate the liquefaction potential by comparing the shear
stresses induced by the design earthquake with those necessary to
cause liquefaction. Usually a safety factor of 1-1/2 is desired.

More recently, however, the use of the simple shear test has
been suggested. In this case the cyclic loads can be applied in the
horizontal direction with the sustained loads acting vertically. Thus,
the critical earthquske forces are more truly representéd. The develop-
ment of such a test procedure, however, is quite new and the mechanics
of equipment operation and sample preparation are considerably more
critical, making the test limited to 1éboratories with specialized capa-
bilities. With enough research, there is the possibility of a cross-
correlation, both theoretical and experimental, allowing consideration
of the principles that are most applicable.

At present, the rate of cycling for laboratory tests is quite
standard at 1 to 2 cycles per second. This has been based on judgment
as being close to typical earthquake cycles but is, undoubtedly, a
subject for further research as the dynamic rate of loading applications

is quite critical to the strength shown by a soil.
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CONSIDERATION OF THE DESIGN EARTHQUAKE

The selection of the design earthquake is the principal assumption
that nas to be made in the detailed analysis. It involves a thorough seis-—
mology study of the area involved, going into a complete review of earth-
quake history. 1n the United States, generalized areas of varying earth-
quake intensity have been established for rough approximations. With a
complete review of thc seismology and a geologic examination of the history
and nearness to known faults, selection of the maximum ground acceleration
and total duration of ground motion is made. Sometimes this may involve
the selection of two design earthquakes: A maximum probable design earth-
quake and a hypothetical maximum possible design earthquake. This gives
a better working range for consideration of the consequence of an earth-
quake on the structure.

A few accelerograms recorded by strong-motion seismographs during
historical earthquakes are available; for example, the 1940 EL Centro,
California; the 1949 Olympia, Washington; and the 1952 Taft, California,
earthquakes. Usually, the response spectra are compared and a selection
is made to most nearly represent the area under study. Sometimes a combin-
ation or lengthening of the durations may be assumed 1f the area under
study suggests this. The selected accelerogram and response spectra are
adjusted in mathematical proportions to fit the desired maximum ground
acceleration and total duration for design. In the Seed and Idriss method
theoretical calculations of shear stresses induced by these design earth-
quakes for. an assumed soil profile are made for comparison to the shear
stresses necessary to cause liquefaction as shown by the laboratory

tests. ‘ ‘
CONSIDERATIONS OF COHESIVE SOIL

Laboratory tests of cohesive 'soil show that strength under

cyclic load conditions is quite different from that mobilized under
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slowly applied (static) load conditions and is a function of the number
of stress cycles as well as the stress intensity. As in cohesionless
soils, density is an important property influencing the critical nature
Aof cohesive soils. A dense lean clay may be able to withstand higher
total loads of sustained plus repetitive loads than shown by the static
load tests; whereas the comparison for low density cohesive soils may

be reversed. To the practicing engineer, it would be appropriate to

use strengths from the static load tests when high densities are obtained
in an embankment. However, when low densities are involved in foundations
and natural slopes, the latter dynamic strength consideration must be
mede if it is more critical.

Earth dams which are composed of materials which are well-
compacted historically show good resistance to the seismic vibrations
of earthquakes. The failure of Sheffield Dam during the Santa Barbara
earthquake in 1925 was described by See, Lee, and Idriss (9) and indications
are that it was not investigated and constructed by today's best standards.
Adequate densification of the silty sand, which comprised the dam and its
foundation, would have greatly increased its resistance to loss of shear
strength and ultimate failure.

Ellis and Hartman (10) have demonstrated the procedure for
testing soils using the usual triaxial shear test with cyclie loading.
The test is conducted by comparing the strength shown by the cyclic
loading test, involving appropriate sustained and cyclic loads, to that
shown by similar values from standard tests ofAstatic loading. If the
dynamically loaded test is less by a certain percentage, the considera-
tion of the lower strength is simply made in the stability analysis by

reducing the safety factor computed from static strength values by -the d
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Laboratory tests, such as the triaxial test with cyclic

loadings, are used to determine the shear stresses necessary

to cause liquefaction in sands. The shear stresses induced by
design earthquekes are computed. The comparison should indicate
a safety factor of 1-1/2.

Laboratory tests, such as the triaxial test with cyclic loadings,
are used to evaluate any difference in expected strength of
cohesive soils under dynamic load with respect to static strength
tests. If lower strengths are found, these would be used in a
stability analysis in which appropriate seismic coefficients afe
applied.

The design earthquake and seismic coefficients for ground motion
are selected after a thorough study of the seismiec histry of the
area and consideration of the consequence of an earthquake on the

structure.

—245—"




other groups and other countries are doing about the same problems. The
objectives of the proposed progrem are to obtain a better understanding
of -earthquake movements, earthquake loads, responses of structures and
materials to those movements and loads, and to develop materials test
procedures, design data, and design methods to best cope with earthquake
engineering problems. The major goals will be to translate the knowledge
gained into meaningful and useful design concepts and parameters, to put
this knowledge into immediate use, and to widely disseminate the infor-
mation through reports, monographs, and technical papers. |

In the Bureau of Reclamation field studies will be made on
existing structures such as dams, water intake towers, bridges, etec.
Vibrations of various modes, frequencies, and intensities will be
induced in these structures by mechanical vibrators. Field measurements
will also be made of the performance and response of selected structures
during real earthquakes, and during earth shocks created by controlled
events such as programed blasts. The response of the structurés to
these -forces will be measured and recorded, then compared witi the
responses predicted analytically. Comprehensive engineering and engineer-
ing gedlogical measurements and evéluations also will be made of s-°1
and rock foundation behaviors under earthquake, shock loadings, and
natural microseismic vibrations.

Laboratory studies will be conducted using the Bureau's
50.000-pound vector force system. This facility is capable of creating
cyclic vibrations and vibrations of a programed nature which can represent
tne random frequencies and intensities of recorded natural earthquakes.
Structural models or full-size structural compgnents will be tested.
Available advanced soil-testing equipment will be used to further study

soil properties under dynamic loadings, including the liquefaction of
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granular éoils and the ‘dynamic strength properties of cohesive soils
in relation to the stability of slopes, embankments, and foundations.
Field exploratipn procedures for soil foundations will be investigated to
better predict conditions that may be susceptible to earthquake effects.

Analytical procedures will be reexamined in the 1ight of
expertise gained from the above studies, and from information gained
through literature searches. Full use will be made of advanced mathe-
matical techniques and electronic computer capabilities. Better uses
of new or existing materials, improved designs, and better construction
methods will be investigated.

CONCLUSIONS

1. To the practicing engineer, denseness of the foundation is probably
the most important consideration with respect to either cohesion-
less sands and silts or cohesive soils. -

2. Investigation procedures to evaluate the relative densities of
cohesionless sands and the coﬁpactness of cohesive soils becomes
the practicing engineer's most important responsibility. Undisturbed
sampling is of first importance but is limited by expense. In sands
it should be supplemented by economical in-situ tests, such as
the standard penetration test, but reliable correlations with
relative density and accounting for the depth of the tests must
be used.

3. ¥ine, uniform, saturated sands are most susceptible to liquefaction
and, for strong motion earthquake areas, it appears that relative
densities above 80 to 85 percent are necessary. Also, good
drainage to reduce saturation is a possibility to preclude the
danger of liquefaction. Embankments that are well-compacted

historically have shown good resistance to seismic vibrations
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same percentage. At the same time, the usual procedure of applying appro-
priatg seismic coefficients is still made in the stsbility analysis, but
a more appropriate soil strength is considered.

There is the question, however, of selection of failure in the
laboratory tests. It could be the ultimate strength attained or some
maiimum percentage of sirain. The latter appears more logical as cohesive
soils tend to strain an excessive amount under dynamic loads before failure
occurs. Newmark {11} concluded that one should
not concentrate solely on strength values in earthqueke studies, but
displacements or motions likely to be realized must be kept at levels

" such that they can cause no danger. The concept of establishing safety
factors based on a limiting axial strain appears to have merit. A great
deal of research is needed, however, to develop more confidence in the
axial strain approach to be certein that it is compatible with the actual
structure.

EARTHQUAKE ENGINEERiNG RESEARCH

We need to improve our ability to design and build structures
which will withstand earthquake shocks safely and as economically as
possible. Further, it is important that all engineers and architects
realize that foundations and superstructures interact to a degree that
dictates their design as a single entity. Landslides, iiquefaction of
foundations, and other secondary effects often cause far more damage to
property and life than the direct effects of quakes. This type of damage
and -destruction can only be economically reduced or prevented through
new knowledge gained by means of comprehensive engineering research.

A very broad approach must, therefore, be taken to obtain
sufficient data to yield workable, generalized results for appropriate

regicns. The program should be conducted with the full knowledge of what
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APPENDIX TO THE PAPER
By H. J. Gibbs

To illustrate the problems of foundation investigation ard density
control in sand foundations, the following figures are appended to the
paper on Earth Structures and Foundations Subject to Selsmic Losding, by
H. J. Gibbs.

As mentioned in the paper the Standard Penetration Resistance Test
(ASTM Designation D 1546) is frequently used to evaluste denseness of sand.
In recent vears it is noted that it is being used to evaluate the critical
nature of sand with regard to i1iguefaction during earthquakes., There are
few eriteria for interpretation of the penetration test resuvlts. One
criterion discussed in the paper by Gibbs and Holtz {5) is shown in Figure
1. This criterion relates penetration to relative density for different
overburden pressures which in turn can be related to depth.

This criterion is made more convenient to use for analyzing a
foundation investigation if the same three parameters in Figure 1 are
converted to the form shown in Figure . This allows the penetration
resistance to be plotted with respect to depth (in terms of overburden
pressure). Then the plotied point would indicate the relative density.
For two nuclear power plants in eastern Nebraska, the desired relative
densities were in the shaded area above 30 percent relative density.

The investigations at one of the power plants indicated that the
penetration resistance valués of the natural sands were well below this
20 percent value as shown in Figure 2. Also this vas confirmed by
relative density tests on undisturbed semples es shown by the hollow

circle points in Figure 3. As a resulit, the foundation of this plent
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was excavated as shown in Figure I and sand vas replaced and compacted

by vibratory rollers as shown in Figure 5. After replacement, penetration
tests indicated the sand was at densities well above the 80 percent value
as shown in Figure 6. -In fact the firmness from vibration and compaction
caused penetration values to be above the 100 percent limit indicated by
the criterion.

At another nuclear power plant, heavy steel piles as shown in
Figure T were used as the primary foundation support, but the sand between
the piles was desired to be above 80 percent relative density for adeguate
lateral support and resistance to liquefaction. Penetration tests
indicated that much of this sand was below this density as shown in
Figure 8., Therefore the sand was consolidated by using the vibroflotation
process as shown in Figures 9 and 10, Figure 11 is an example of a series
of tests showing the accomplishments of the vibroflotation process, and
by the penetration resistance criterion showed densities above the
80 percent goal.

The purpose of these illustrations is to show the frequent practice
of engineers in the United States to use the penetration resistance test
as a guide to denseness of sand and the requirements of high relative
densities to resist liguefaction of sand foundations for such important
structures as nuclear power plants. Therefore, as stated in the paper
it becpmes very important that future research substantiate these criteria

or other practical methods of evaluating foundations be established.
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Figure 1. Criterion suggested by Gibbs and Holtz.
(Reference 5) (PXD-6130)
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Figure 3. The initial investigation of the foundation for a nuclear
power plant in eastern Nebraska. (PXD-64132)

Figure 4. Because of the inadequate density in Figure 3% the sand was
excavated so that it could be replaced at higher density.
(PXD-64139)
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Figure 5. The excavated area in Figure 4 was refilled and compacted
with vibratory rollers. (PXD-64138)
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Figure 6. Penetration resistance test data after refill and
recompaction. (PXD-64134)
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Figure 7. Another nuclear power plant utilized piles as the primary
support but required the sand to have adequate dencity
between piles. (PXD-64137)
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i

Figure 10. As the sand consolidated additional Figure 9. Vibroflotation was used to density the
sand was added. (PXD-64140) sand of Figure 8.(PXD-64136)
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C. P. Scheffey
3. The design of bridge of ordinary size and form in boﬁh countries has
followed the general practice in the design of buildings for seismic forces.
Large and unusual bridges have been the subject of special analytical and phy-
sical model studiés, the most extensive of which are the studies conducted in
Japan to examine variouse configurations for the proposed Honshu-Shikoku bridge.
Except for these special cases, the use of seismic coefficients and quasi-static
design methods have been used in the general design specifications for both
highway and railway bridges in the U.S. and in Japan. The seismic coefficients
used in Japan for this purpose are in general quite a bit higher than those used
in the U.S., with values of 0.2 — 0.3 as conpared to 0.02 to 0.06.

This difference can be explained only in pést by the difference in seismic
activity and the allowable increase of design stress when seismic forces are
present. There is much to be by close co-operation in examination of these diffe-
rences and in sharing of data on the actual performance of bridges under seismic

conditions. The U.S. must accelerate its programs to get data in this area.
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For Wind effects, the situation in quite similar, with anything more than
an assumed force per unit area being used on all except unusual or large scale
bridges. Most of the work in both countries has centred on the aeroelastic in-
stability effects on suspension bridges.. An exchange of models is planned to
obtain confirmation of test techniques.

New work is seeded on the behavior of such structures in turbulent and 2
non-unifrm winds. Data which characterizes the large scale vertical and hori-

zontal structure of the wind is also needed.
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5. current Status of Design of Bridges in the United States
For Resistance toO Wind Effects and Seismic Forces
Charles F. Scheffey*

U.S. Department of Transportation
Washington D.C. .

Introduction

The purpose of this paper is to present a summary of
the current practice in the United States with regard to
the design of highway and railway bridges for resistance to
wind effects and seismic forces due to earthquakes. The guide—
lines used by the principal specification podies for the design
of such structures of ordinary size and type will be reviewed,
and the special studies which have been conducted for large
and unusual configurations will be described. finally, the
current and planned research efforts to improve these
methods will be outlined.

Current Practice for Design of Highway and Railway

Bridges of Ordinary Size and Type
For the purposes of this discussion, bridges of

ordinary size and type shall be assumed to include those
structures less than 400 feet (approx. 130 meters) in span
of conventional girder, truss, frame or axrch form except
when supported on unusual pier arrangements. This broad
class includes perhaps 95 percent of all highway and rail-
* way bridges and is the class to which the design specifica-

tions of the major national specification writing bodies

¢ * Chief, Structures and Applied Mechanics Division
Office of Research and Development
Bureau of Public Roads, Federal Highway Administration
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are intended to apply; namely, the "Standard Specifications
for Highway Bridges" of the American Association of State
Highway Officials, and "Specifications for Steel Railway
Bridges" of the American Railway Engineering Association.
It is to be noted that the U.S. Federal Government does not
have any official specifications of its own with regard to
such matters at the present time.

It is probably not unfair to state that the common
practice in the design of bridges to resist seismic forces
has lagged Behind the corresponding practice with regard to
the design of buildings. At the present time the Standard
Specifications for Highway Bridges (Ref. 1) stipulate only
that "In regions where earthquakes may be anticipated, pro-
vision shall be made to accommodate lateral forces from
earthquakes as follows: ... (par. 1.2.20)." A simple quasi-
static formula is then given which estimates the lateral
forces by a seismic coefficient applied to the total movable
weight of the structure. This coefficient is taken as 0.02
for structures on spreéd footings on soil rated as having
allowable bearing pressures of 4 tons per square foot or
better (approx. 37 metric tons per square meter), 0.04 for
structures on spread footings on soils of lesser strength,
and 0.06 for structures founded on piles. A one-third
increase in allowable stresses is permitted when such
forces are considered to act jointly with dead load and

other primary forces exclusive of live load.
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The State of California Division of Highways makes a
somewhat more refined estimate of the forces to be resisted,
as do some other states in areas of high seismic activity.
Recognition is given to both the influence of the natural
period of horizontal vibration of the structure and the
manner in which the lateral forces are resisted. The seismic

coefficient is made a function of the former by use of the

relationship
0.05
C="/3
T
where T is the natural fundamental period in seconds. It is

permitted to estimate this natural period by the formula

1/2

where D is the dead load of the vibrating part and P is the
force to produce one inch of lateral deflection. The estimated
force is further modified by a multiplier of 1.33 for systems
where the lateral forces are resisted by diaphragms, 1.00

for columns or piers which have a height/length ratio greater
than 2.5, and 0.67 where lateral loads are resisted by rigid
frame action. There is a further stipulation that the esti-
mated force coefficient shall in no case be less than 0.02.
These formulas are based primarily_upon the "Recommended
Lateral Force Requirements" (1959), Seismology Committee,

Structural Engineers Association of California (ref. 3), for
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buildings. It has been proposed by some that these California
provisions be adopted for the A.A.S.H.0. specifications, but
no official action has been taken as yet.

The most recent edition of the bridge design specifi-
cations of the American Railway Engineering Association
available to the writer (Ref. 2) make no mention of seismic
forces, although it is implied that railway bridges will be
propoxrtioned for "other lateral forces" (Par. 201), and
railroad companies operating in high seismic areas do consider
such forces in design. As in the case of highway bridges,
however, such forces seldom control the design of major
elements due to the fact that rather sizable forces in the
lateral direction are assumed for the effect of wind.
Exceptions occur with bridges on tall piers.

The sjituation concerning the normal practice with
regard to wind effects is in a similar empirical state.

The A.A.S.H.O. specifications (Ref. 1, par. 1.2.14) provide
only for a check of static wind forces, assumed to act in any
prescribed horizontal direction, and computed on a basis of

a stipulated pressure per square foot assumed for a given
design wind velocity. The reference velocity in this case
-is 100 miles per hour, with forces for other velocities for
exceptional éxposure or partial protection derived by the
usual rule of the square of the velocity. Superstructure

is checked for transverse forces computed at 75 pounds per

square foot on the vertical projection of trusses or 50
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pounds per square foot on the vertical projection of girders
and beams. These forces, however, shall not be less than
300 pounds per linear foot on the loaded chord and 150
pounds per linear foot on the unloaded chord of trusses and
not less than 300 pounds per linear foot on girders. These
forces are applied simultaneously with dead load and other
primary forces except live load, with a 25 percent increase
of basie allowable stress. A further check is made of wind
forces with the live load in place, including an allowance
of 100 pounds per linear foot on the live load but with only
30 percent of the wind load on structure, also with a 25
percent overstress permitted.

The substructures of highway bridges are designed for
both the forces upon the superstructure which are trans-
mitted into the substructure and those acting directly upon
the substructure itself. 1In this case, the wind is assumed
to act in any direction, with the unit pressure on any sur-
face varying roughly with the cosine of the angle of devia—-
tion from the normal, according to a table of values. The
basic normal pressures are 75 pounds per square foot for
trusses or 50 pounds per square foot for girders in the
superstructure and 40 pounds per square foot for piers and
other elements of the substructure exposed to wind. The
basic wind loads are combined with dead load, buoyancy,
earth pressures and stream flow pressures with stresses

permitted up to 125 percent of basic allowable. A check
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is also made.with 30 percent of such wind loads combined
with wind .-forces on the live load and the vertical, lateral
and longitudinal effects of live load, again with a per-
missible stress of 125 percent basic.

The railway bridge specifica@ions (A.R.E.A.) are
similar to those for highway bridges, (par. 209 and 210),
except that variable allowances for unit pressure are intro-
duced by multiplying factors applied to the projected area
for various types of structural members, with a basic unit
pressure of 50 pounds per square foot.

A reduced unit pressure of 30 pounds per square foot
is used when live load is also éonsidered, with an added
force of 300 pounds per linear foot to represent the wind’
on such live load, acting 8 feet above the rail. A 25 per-
cent increase over basic allowable stresses is also
permitted for both cases (par. 217).

In summary, the common practice in the design of
bridges of ordinary span and type is to provide for seismic
forces by use of a coefficient to establish a quasi-static
horizontal force, sometimes related to foundation conditions
and the dynamic properties of the structure, and to provide
for the static wind forces by using an assumed unit pressure.
In both cases, the analysis of structural response is by con-
ventional linear elastic analysis. Forces are assumed to
act at the center of mass for seismic effects, and at the

centroid of area for wind loads.
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Special Investigations for Unusual Structures

The procedures outlined in the previous section have
seldom been considered adequate for the design of large and
unusual structures such as suspension bridges, long span
arches and viaducts supported on very tall piers. For such
structures, special investigations have been conducted.

The special studies of the towers of the Golden Gate
Bridge (Ref. 4) were quite detailed and precise with regard
to the structural response. The method of obtaining the
forces to be resisted was not much different than conven-
tional procedures of that era (1930), but it is of historié
interest. Transverse static wind loads on the tower were
computed on a basis of 30 pounds per square foot on twice
the projected area of trusses and cables and 50 pounds per
square foot on twice the vertical projection of the tower.
Longitudinal wind forces were computed by assuming 50 pounds
per square foot on the vertical projection of the tower and
30 pounds per sqguare foot on one half the sum of the vertical
projections of the floorbeams, truss web members and knee
braces. Seismic forces were estiméted by assuming that
accelerations would not excéed 0.05 g. in either longitudi-~
nal or transverse direction. The result of this assumption
is that the only'part of the design controlled by seismic
considerations is the system of anchor bolts at the base of
the tower, which were critical for seismic forces on the
tower at the erection stage before the cables were in place

to supply longitudinal support.
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Similar assumptions were made in the seismic design of
the San Francisco-Oakland Bay Bridge, but in this case a sub-
sequent check was made (Ref. 5) in which some actual vibra-
tion measurements were made on the completed structure.

(Ref. 6). The assumptiohs in design in this case consisted
of an acceleration of 0.10 g. and a period of 1.5Aseconds,
with a consequent displacement of 2.2 inches at the base.
The effect of water and mud on the pier base was computed

on the assumptions of the paper by H. M. Westergaard (Ref. 7)
‘and using concepts of apparent mass. A simplified mathe-
matical model of the cable and suspended structure system
showed that forces in the cable due to longitudinal accele-
rations of the anchorage at the prescribed period produced
forces only 0.0265 times the normal cable force due to dead
load. An analysis of the transverse vibration characteristics
of the towers and the attached suspended structure was made.
Periods of the suspended structure were computed to be from
6.1 to 18.5 seconds for the center spans and from 1.6 to 4.9
seconds for the side spans, depending on the assumptions as
to loading and end fixity. Except in the lowest side span
mode, these periods are well in excess of the assumed earth-
quake predominant period. Measured frequency for the center
spans was 9.0 seconds. The forces on the towers from the
assumed earthquake motion were computed from these data, and
a similar procedure was used for the forces exerted by the

cable at the top of the tower. The tower was checked for
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these forces plus the inertia forces due to its own mass,
assumed at 0.10 g. A quite similar analysis was made of the
large cantilever and truss spans for both longitudinal and
transverse vibrations. The results of all of the studies on
this bridge may be summarized as follows: -

1. Although the forces involved were large, they were
along the same directions as other major force
systems and had little effect on the design.

2. Unit stresses were higher in a few locations,
especially in the pier foundations.

3. The increased cost of the structure to provide
for the earthquake forces probably did not exceed
5 percent.

Similiar investigations have been made of more recently
deisgned structures of the suspension type built in high
seismic areas. The firm of Steinman, Boynton, Gronguist and
London of New York City have made special studies on the
Bosporus bridge in Tﬁrkey, the Tagus River bridge in Portugal,
and the new Quebec bridge over the St. Lawrence river in
Canada. Special studies of the piers for the Tagus River
bridge were conducted by Tudor Engineering Company of San
Francisco and their consultants.

The State of California Division of Highways and the
Bureau of Public Roads sponsored a special'study of the
seismic design problem on a bridge supported on long piles

extending through highly saturated clays into a supporting
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stratum. This study was conducted by the Structures Division,
University of California (Ref. 8), and involved a mathematical
simulation of the entire bridge, pier, water, clay and founda-
tion system by modern techniques. A digital computer program
was developed to permit subjection of the system to the El
Centro earthquake pattern and various response spectra were
obtained. Properties of the actual clay media under dynamic
and repeated loads were measured and incorporated into the
analysis. The results clearly show the amplification effects
of such foundation materials for low frequency components,

the need for post elastic strength in the structure, and the
fact that a critical enforced deformation condition on the
pile exists at the interface of the clay and the supporting
media, favoring a larger number of smaller piles than
originally planned.

Special studies of wind effects on bridges have been
concerned primarily with the aeroelastic problems. The
initial period of intense research into this problem follow-
ing the failure of the Tacoma Narrows Bridge in 1940 is well
known. The work of Farquharson, Vincent, Von Karman and
others (Ref. 9) in these early studies is well known. Sub-
sequent papers by Bleich (Ref. 10), Vincent (Ref. 11) and
Steinman (Ref., 12) have aided in understanding and clarifi-
cation of this problem. These investigations have included

both static and aeroelastic section models and full models,
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analytical studies, and field and laboratory studies of
vibration modes and damping on suspension bridges. A
limited amount of work has also been done on the prototype
wind stream existing at a few bridge sites, but these were
all done before anemometers capable of response to higher
frequency variations in the wind were widely available.

The net result of this work has been the evolution of
procedures of computation by which the natural mode shapes
and frequencies of the prototype structure are predictéd,
and a systematic process by which the results of aexo-
elastically mounted rigid section models can be extrapolated
to prototype behavior. This is not to say that all problems
related to aeroelastic effects .on suspension bridges have
been solved. The present techniques do, however, give a
reasonable level of confidence that instable oscillations
will develop and have been used to investigate most large
bridge designs prepared by American designers. The Bureau of
Public Roads operates a small but unique wind tunnel facility
for such work and has completed tests over the last foﬁr
years for the new Quebec Bridge, the Narragansett Bay Bridge,
the existing Lions Gate Bridge and the revised Bosporus
design.

The test procedure which is used consists basically of
the following:

1. Set springs of suspension system to computed stiff-

ness and spacing to provide proper scaled frequency

of a selected set of vertical and torsional modes.

—313—




2. Model damping in still air is measured by manual
displacement and decay.

3. For each selected angle of attach (normally seven
values from —60 to +6°) the wind velocity is slowly
increased to establish a series of steady state
oscillations and the double amplitude of angular
motion measured for each.

4. The model is then subjected to various constant
velocities above those for steady state, and the
negative logarithmic decrement measured as the
double amplitude is increasing through the 29 level
at each velocity.

From the data, the energy levels required to excite the
various modes may be determined. It is now required to make
two estimates in order to extrapolate the results to proto-
type behavior. First one must estimate the damping available
in the prototype. The value of the measured damping in the
model is subtracted from this estimated prototype value, and
the resulting value is used as the ordinate to enter the
logarithmic decrement versus velocity for 2° amplitude, from
which the critical velocity is obtained in a uniform wind
stream. Further correction of this velocity to get critical
prototype velocity is made by estimating the effects of non-
homogeneity in the prototype wind stream. This results in an

increase in the critical velocity.
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A limited number of special tests for static lift and
drag effects on large truss and arch bridges have been made.
Aeroelastic effects on large highway sign support structures
have also been studied. These latter were instigated because
excessive vibration had caused fatigue failure of some of
these structures built of welded aluminum. More recently,
studies to check the wind forces on such structures and to
develop sign background materials with lesser resiétance
have been completed (Ref. 13). An unusual study by the
California Division of Highways (Ref. 14) developed a wind
screen to avoid loss of control problems for heavy vehicles
on an exposed moqntain bridge.

Present and Planned Research

Over the past several years, research in both these
areas with respect to bridges has been relatively minor.
The Bureau of Public Roads has continued to perform section
model tests on a number of configurations and has discovered
some unusual effects on deck sections in which a solid
median barrier was installed and found to be highly bene-
ficial to the aerodynamic stability. The Bureau has also
made its facility available to Prbfessor R. H. Scanlon and
his associates who have done some fundamental studies on
several cross sections in an attempt to predict dynamic
behavior from basic lift and drag properties (Ref. 15).
Some fundamental work has also been done on.the validity of

the fundamental scaling laws for such models.
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The U.S. Bureau of Public Roads has recently obtained
funds to reinvigorate research in these areas. The iﬁtended
program is described in "Task and Study Statements, National
Program of Research and Development in Highway Transportation"
(1965) under Project 6-6 "Protection Against Natural Hazards,"
"Task 6-6-1 - Design for Wind and Aerodynamic Stability" and
"Task 6-6-4 - Protection Against Seismic Effects."

7 In the first of these tasks, the current unsatisfactory
state of the knowledge of both the prototype damping proper-
ties and the uncertainties with regard to full scale wind
streams will be attacked. A éystem of instrumentation for
prototype suspension bridges which will be capable of measur-
ing the agzimuth and angle of attack as well as the velocity
of the wind at ten or more stations upstream of the bridge
will be develcped. The system will be capable of response
at frequencies up to five cycles per second for wind effects
and will also be capable of measurement of the structural
response. A paréllel staff study will be initiated to
develop a theory of dynamic response under non uniform wind
conditions and will be checked against the prototype tests and
full model tests. Additional studies will be sponsored to
explore some of the fundamental problems raised by recent
work on cylindrical sections at high Reynolds numbers.

In the second task, the initial effort will be to make
a careful review of the extensive literature on design of

large buildings for seismic effects in order to determine
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which of the new approaches may be adopted for bridge design.
Special problems unique to bridges will be identified and

research effort on these will be initiated in the second year

of the program.
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Georg B. Begg
4. Dr. S. Omote's paper on Seismicity of Japan presents a detailed (and
frightening) picture of the seriousness of the earthquake problem in Japan.
( I have repeatedly used his Pigure 13 concerning the daily frequency of earth-
quakes observed at Matsushiro Seismological Observatory, J M A, to underscore
the size of the problem facing the Japanese). Dr. Omote'é documented coments
on the habit of repetition of earthquake occurrence at the epicentral region
of large earthquakes are something that American engineers should carefully

ponder.
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William B. Joyner
5. The U. S. has benefited greatly from learning about seismological
research in progress in Japan. Of special value was the excellent summary
of information on the seismicity of Japan presented in the formal session by
Dr. 3. Omote. Dr. Omote's presentation included a valuable discussion of the
wealth of data that has been obtained from the Matsushiro earthquake swarm,
which is a unique occurrence highly significant for seismological theory.
Through other presentations, the U. S. Panel was informed of the details of
earthquake-resistant construction codes and specification for buildings,
highway structures and harbor structures and recived the benefit of the latest
thinking in Japan on this important subject. Information on provision in
Japanese code to take account of ground conditions was of particular interest
to the U. S. Panel because of the importance and controversial nature of this
subject in the United States.

The Panel discussion of the difficult technical problem of the effect of
ground conditions on earthquake motions was especially valuable. Probably the
ﬁost important benefit to the U. S, Panel of the Joint Meeting was the opportu-
nity it provited for Panel members to meet there Japanese counterparts, exchange
ideas in informal discussion, and arrange for continuing exchange of ideas and

current research results.
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5. The Problem of Ground Amplification and Ground Failure

in Barthquake-Resistant Design

by William B. Joyner,
U.S. Geological Survey

One of the most important problems in setting design criteria
to resist earthquake loads is making provision for enhanced shaking
over soft, unconsolidated materials. An impoftant set of related
problems is earthguake-induced landslides and other forms of
ground failure. It is my understanding that Japanese building
codes provide for amplified shaking on soft ground. U. S. codes in
general do not, primarily because agreement has not been reached on
the form such provisions should take and the degree of amplification
to be expected in major earthquakes.

*
It has been known for some time from the work of Gutenbergl in

2>3 in Japan that significant

the United States and Kanai and others
amplification does indeed occur, at least for small earthquake
motions. Ground motion measured over thick deposits of unconsolidated
sediments showed amplitudes several times .greater than at nearby
sites on bedrock. The degree of amplification was approximately
proportional to the thickness of unconsolidated material. More ominous,
perhaps, was the observation that both the predominant period and
the dura£ion of motion were significantly greater over unconsolidated
materials.

The key question is the extent to which these observations on
small motions can be extrapolated to the large motions responsible

for major earthquake damage. The importance of ground conditions

as a factor in earthquake damage is beyond dispute. Wood""5 concluded

* Supercript numbers indicate literature references at and of paper
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from his study of the distribution of damage in tﬁe San Francisco earth-
quake of 1906 that local geology was the primary factor controlling

the damage pattern. The relationship between ground conditions and earth-
quake damage has been further documented by Duke

The point is dramatically illustrated by Figure 1, a photograph
vy Robert E. Wallace of damage at Varto, Turkey in the earthguake of
1966. The buildings in the rhotograph are all modern, reinforced-
concrete structures, built at essentially the same time. Most of the
buildings located on the sediments of the old stream channel collapsed,
whereas the adjacent structures stood. A rather frightening aspect of
this picture is that the contrasting ground conditions are not bedrock
versus unconsolidated materials. Such a contrast would be easily
recognized. The contrast here is a rather subtle one between the soft,
water—saturated sediments in the 0ld stream channel and the gravel sediments
of the bank.

Although the fact of greater damage over soft ground is not seriously
disputed, there is some disagreement as to what extent the increased
damage is due to enhanced ground shaking as opposed to other factors.
Steinbrugge7 believes that settlement during earthquakes combined with
added loads placed on structures by pre-earthquake settlement are
significant factors. In designating areas of special hazard it might not
be of prime importance to know whether ground amplification or other
factors are more important, but in devising remedial measures it would
be important to know. Is it the building that needs strengthening, or
the foundation?

Intensive research is underway in the U. S. to obtain better
information on ground amplification. The strong motion records of the
U. S. Coast and Geodetic Survey are data of major importance. Wiggin88

used those records in a study of the influence of site conditions on
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earthquake intensity. Other investigations based on these records are
underway, including work by C. M. Duke at the University of California,
Los Angeles.

Work is also continuing on the recording of small motions from
distant earthquakes and nuclear explosions as well as small local
earthquakes. The advantage of this approach is that it makes possible
the collection of data from a large number of different sites within
a reasonable length of time. The U. 8. Geological Survey's National
Center for Earthquake Research has recorded seismic waves from
distant nuclear explosions, at a number of recording sites around
San Francisco Bay. This is a part of the Center's comprehensive
investigation of the geology of the San FranciscO Bay sediments, their
seismic response and engineering properties. Examples of these
recordings are given in Figure 2, taken from the work of Roger Borcherdt?.
The records in Figure 2 show the horizonal ground motion at three sites
underlain by varying thicknesses of unconsolidated material referred to
as the younger bay mud. Also shown are recordings at site S1 on bedrock.
(The seismometers used were l-hz EVLT units with response essentially
proportional to ground velocity for frequencies above 2Hz.) The two sites
underlain by more than 50 feet of younger bay mud show maximum amplitudes
7 to 10 times greater than the bedrock site. The amplitudes at sites
on bay mud show a general increase with increasing thickness of the
mud layer. The duration of shaking is longer at bay mud sites than over
bedrock.

Similar measurements have been made by the U. S. Coast and Geodetic
Survey at a number of localities. Near Ft. Tejon in southern California
recordings of distant earthquakes were made at two sites on bedrock

and one on alluvium. Some of these records have been analyzed by Bradylo.
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Fourier amplitude spectra computed by him indicate amplification at the
alluvium site of 3 to 5 times in the period range from one-half to three .
seconds.
The Coast and Geodetic Survey is also carrying out a ground
amplification study in Caracas, Venezuela, under the leadership of
S. T. Algermissen. One of the purposes is to explain the sharply
localized damage pattern during the Caracas earthguake of July, 1967.
The study is being done by Kanai's method, which uses two instruments.
One is located at a permanent station on bedrock and the other is oy
moved from point to point along a profile over the ground to be
studied. Microseisms and small earthquakes are recorded simultaneously
by the two instruments. Fourier amplitude spectra are computed for
both records, and the spectrum of the profile record is normalized
by dividing by the base station spectrum. The normalized spectra
are then compared along the profile to determine the amplification

characteristics.
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The principal question concerning amplification factors derived
from these measurements of small motions is the extent to which they
can be extrapolated to earthquake motions of destructive amplitude.
As has been argued by Seed and Idris%l, the effective shear.modulus
and damping charactaristics of soils aré properties that are strongly
strain dependent, and different behavior must be expected for large strains.

Idris.and Seed 12,13

have recently developed a computer method for
predicting the surface response of a soil deposit to a given input motion
at the underlying rock surface. The method is an equivalent linear
lumped-mass analysis. It assumes knowledge of the shear moduli and
damping ratios of the soil materials as functions of cyclic shear strain.
Such data is taken from laboratory measurements. Trial values of the

soil properties are chosen for each of a number of layers based on

assumed values of strain. The analysis is then run and the average strain
computea in each layer. If the computed values differ significantly from
those assumed, new values are chosen. The process is repeated until
satisfactory agreement is obtained. CGround accelerations computed by ‘
Tdrissand Seed using this method agreed rather well with the Coast and
Geodetic Survey's strong-motion records from the San Francisco earthquake of
1957 (M=5.3). The method should prove to be extremely useful in
extrapolating small motion data to the strong motion range.

In making such analyses it is important to consider the frequency
content of the input motion. This point has been emphasized by Harold
Olsen and Albert Chen (written communication) of the Geological Survey.
The longer period motions to be expected in a major destructive earthquake
may be amplified to a greater extent at sites on soft, unconsolidated
materials than the shorter period motions in a smaller earthquake. This
point is of particular importance in regard to seismic damage to multistory

buildings.
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Significant new data on the extrapolation of amplification factors
from records of small motion have been obtained recently by Roger
Borcherdt? of the Geological Survey. He compuﬁed spectral amplification
curves for recordings of distant (530 km.) nuclear explosions at sites
in San Francisco where the Coast and Geodetic Survey had strong motion
records from the San Francisco earthguake of 1957. The spectral
amplification curves for the nuclear explosions agreed well with those
he computed from the strong motion records. Furthermore, the sites
with greater amplification for small motions were the sites with the
higher intensities in the 1906 earthquake (M=8.3).

Figure 3 is a map of the San Francisco Peninsula showing the recording
sites and the instrumental epicenter of the 1957 earthquake. 8ite LS5,
Golden Gate Park, is located on bedrock. Note also sites K5, State Building,
and P5, Southern Pacific Building. The numbers beside the sites indicate
the amplification factors determined from the recording of a nuclear explosion
by taking the ratio of the maximum amplitude recorded at the site to that
recorded on bedrock at Golden Gate Park. The variations in distance from

the sites to the epicenter are not great enough to affect the analysis.

In order to examine amplification as a function of freouency and to compare
the recordings of the nuclear explosion with.the strong motion records,
Borcherdt computed amplitude spectra (absolute value of Fourier

transform) for the records. The spectra were approvriately smoothed

to avoid the "leakage" problem.

Amplitude spectra for the sites on soft ground were normalized by
dividing by the corresponding spectra computed for the site on bedrock
at Golden Gate Park. The normalized spectra (amplification spectra)
represent the amplification characteristics of the sites independent
of the nature of the input motion and of the characteristics of the
recording system.
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Figure 4 shows the amplification spectra for the northeast component of
motion at the Southern Pacific Building. The spectrum of a nuclear
explosion is compared with that for the 1957 earthquake. Figure 5
presents the same comparison for the northwest and vertical components
of motion. 1In the frequency band from 0.5 to 1.5 Hz the amplification for
horizonal motion is of the order of 10. It is only 2 to 3 for vertical
motion. The curves for the nuclear explosion and the earthguake are
sufficiently similar to indicate that amplification spectra derived from
measurements on small motions can be extrapolated at least to the level
of the ground motion produced by a local earthquake of magnitude 5.3.

Figure 6 gives the amplification spectra for the recording site at
the State Building. The two spectra for the east-west component of
motion show satisfactory agreement. The agreement for the vertical
component is not so good. No record was made of the north-south component
from the nuclear explosion. As at the Southern Pacific Building,
amplification is greater for horizontal than for vertical motion.
Amplification of horizontal motion is significantly less at the State
Building than at the Southern Pacific Building corresponding to a
smaller depth to bedrock.

In the San Francisco earthquake of 1906 (M=8.3) Rossi-Forel
intensity of VIII was experienced in the vicinity of the bedrock site
at Golden Gate Park. Intensity VIII was also assigned to the State
Building Site. At the Southern Pacific Building the intensity was IX
to X corresponding to the much higher amplification spectra obtained
from the small motion recordings. This suggests that amplification

spectra can be used to identify areas of high intensity in future earthquakes.
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The damage in the 1957 earthquake was greater at the Southern
Pacific Building than at the State Building. In the 1906 earthquake,
the damage in the area of the Southern Pacific Building was also
greater than in the area of the State Building. This is what one
would expect both from a comparison of the geologic conditions and
from the amplification spectra. It is significant, however, that the
maximum acceleration recorded in the 1957 earthquake was greater at
the State Building than at the Southern Pacific Building. The reason
for this is probably to be found in the fact that the predominant periods
in the acceleration records were relatively short, about 0.2 seconds,
compared to the period range which would be expected to cause damage.

Tn order to determine the role played by the building in amplification
at the Southern Pacific Building site, the nuclear explosion was
also recorded in a vacant lot about 150 feet from the building.
Amplification spectra for the building relative to the empty lot are
shown in Figure 7. Comparison with Figures 4 and 5 indicates that the
building itself has a minor effect and that the ground conditions are
the prineipal influence on the signal recorded in the building.

Closely related to the guestion of ground amplification are the
problems of ground failure triggered by earthquake motion. Modes of
failure include settlement resulting from compaction of sands, liquefaction
of saturated sands and loss of strength in sensitive clays. The
conseguences of liquefaction were dramatically illustrated in the Niigata
earthguake of 1964 by the severe tilting of buildings, in one case to an
angle of 80°. Most of the damage at Anchorage in the Alaskan earthquake
of 196h was the result of massive landslides caused by liquéfaction of
sand lenses or loss of strength in sensitive clays. An excellent review
of soil stability problems caused by earthquakes has been published by
Seedlh.
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These problems have only begun to receive adequate attention
within the last few years. The U. S. Geological Survey has underwvay
a program of research in engineering geology and soils engineering
designed to develop criteria for predicting the behavior of unconsolidated
materials under earthquake motion and for delineating areas subject
to various forms of ground failure. Laboratory work is being done to
clarify the physical mechanisms controlling the process of liquefaction of
sands and theoretical work is underway on the development of methods of
dynamic stability analysis in complex geologic systems.

Extensive research on these problems is underway in the United
States by other government agencies, universities, and private engineering
firms. I won't even attempt to summarize all this effort but will mention
as significant examples the work of Seed and Tdrissl® on liquefaction and

that of Seedl6 and IdrisslT on slope stability.

March 15, 1969
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Photograph by Robert E. Wallace
U.S. Geological Survey

Figure 1. Earthquake damage commonly is much more severe in
buildings situated on water saturated alluvium. Here twelve of

fourteen buildings situated on an old river channel collapsed whereas
buildings on an adjacent dry bench did not. Earthquake of 1966, Varto,

Turkey.
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Figure 2. Recordings of horizontal ground motion from a distant nuclear
explosion. The thickness of Yyounger bay mud at each recording site is
shown. Magnification at all instruments is the same. (After Borcherdt9)
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Spectral Amplification to Golden Gate Park
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Figure 4. Horizontal spectral amplifications to Golden Gate Park determined

from recordings of nuclear explosion 5 and the San Francisco earthquake of

March 22, 1957, in the basement of the Southern Pacific Bldg. (After Borcherdtd)
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computed from recordings of nuclear explosion 5 in the basement of the

Southern Pacific Building and in a vacant lot about 150 feet north of the
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Thomas R. Callaway
Jhon T. Dressel
4., In rogard to benefits from the exchange and the conference, the UJNR

activity is very timely in light of present activities in the Department.

The Department of Housing and Urban Development is closely concerned with

the problems of earthquake and flood damage. As a result, HUD has initiated
activity within its own Arganization and has financed research activity by
appropriate institutions in order to gather data for use in its own programs,
and provide the basis for recommendation to the industry.

The Department's interestin improved construction and post disaster re-
construction stoms from its involvement in mortgage insurance and other hous-
ing programs plus its general concern for the housing industry in its role
as the national housing and urban development agency. The present level of

activity results from past disasters such as Hurricane Betsy and the Alaska
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Earthquake which opened the general question of preparation for and response
to natural disasters. '

Recently, concern has increased relative to possible major damage due
to intensified seismic activity in such areas as California.

With the above in mind, it can readily be seen that an exchange of data
with a country such as Japan, which shares the hazards of wind and seismic
activity, and in addition has an advanced research and applied engineering
capacity, provides the Department with valuable data to supplement and com-
pliment its own efforts and those of associated agencies in the design of
wind and seismic resistant structures. Data from the continuing UJNR éxchange
generally and the information exchanged during the recont conference on
Wind and Earthquake Resistant Design Criteria of Buildings in particular will
be a part of the basis for recommendations to thé construction industry,
re-evaluation of the Department's programs, plans for future insurance pro-
grams and disaster response, and will eventually be reflected in improved
standards for the guidance of architects and engineers in the design and
construction of improved housing and related amenities.

A further benefit to the Department involves the establishment of per-
sonal contacts with our Japanese counterparts which will undoubtedly result in
a better understanding of common problems and potential solutions,leading to a

broadened and improved exchange of data in the future.
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5. WINDSTORM INSURANCE IN THE UNITED STATES
by Thomas R. Callaway*
Department of Housing and
Urban Development ,
Washington,D. C.
Introduction

While a major concern of this panel is the engineering concepts
and techniques applicable to the design and construction of more
completely wind resistant structures, damage from windstorms in the
United States is still a fact of life -- and ecénomics. While the
professional designer is capable of creating structures which are
virtually wind proof, he must accommodate himself to limitations
arising from available economic resources and aesthetic and space
use demands. These considerations may liﬁit the structural capa-
city of his building or encourage the use of forms which, though
highly resistant to damage, may be vulnerable under extreme con-
ditions. As a result, a point of balance must be reached in con-
struction of the best building possible, within the necessary limi-
‘tations and in keeping with the probability that its geographic
location will be hit by damaging winds. Therefore, if the ultimate
insurance against damage cannot be provided structurally, another
type of insurance -- that of being financially able to repair or
rebuild if necessary -- must be found.

Over the past century, insurance companies have greatly broad-
ened their approach to what risks can and will be covered. While .
there is some truth in the statement that today anything can be
insured against any risk for a price, the more meaningful question
is whether the margin of risk of wind damage for a particular

structure in a particular location can reasonably be borne by the

* Chief, Technical Services Staff
Division of International Affairs
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user of that structure. In other words, what is the optimum
engineering design in view of the necessity to minimize investment
beyoqd the point where life safety is reasonably assured. Beyond
that point, insurance coverage becomes the basic medium for pro-
tecting both the user of and the investor in a given structure.
History

Like so many processes and procedures that we have come to take
for granted, the exact origin of windstorm insurance in the United
States is obscure. Most of the pioneer companies in this field have
long since ceased to. exist, and records have, in many cases, disap-
peared as well. There was no central repository for data or for man-
datory, systematic reporting policies sold until the State of Iowa
amended its law relating to mutual associations in 1878. This
amendment provided for amnual reporting by insurance associations
on "loss or damage by tornadoes, lightning, hail, cyclones and

windstorms." (See A. M, Upham, Origin and Development of ‘Tornado

Insurance.)(l)*

a. Mutuals

Many of the first insuring bodies were mutuals, made up of
individuals of the same trade or profession, religious group,
or national origin, living in small geographic areas and de-
pending entirely on their memberships for financial support,
They formed mutual associations spontaneously, without
reference to laws or regulating bodies which were then generally

non-existent. Once insurance laws came into being, however,

* Number in parentheses indicate literature references at the end
of this paper.
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records were required to be kept, and the course of historical

development becomes much more clear.

Upham relates what.he believes to be the first existing record
of a wind insurance policy as being written in 1854 by the Line
Lexington Mutual Fire and Storm Insurance Company, Lansdale,
Pennsylvania. It is quite possible that similar policies may date
back to that company's charter year of 1843. Such coverage may
well even have been based on the experience of other previous in-
suring organizations.

Chester A. Kline, in Windstorm Insurance, A Survey of the

Nature, Development and Present Status of Losses on Land Due to

Windstorm (1931) records that "insurance against loss by fire or
storm" was being‘sold by mutual companies in rural Pennsylvania in
1858.(2) Both Kline and Upham describe the early farm mutual
insurance associations of Pennsylvania as frequent sources of wind-
storm damage insurance often provided as an addition to some other
type of coverage such as fire.

As a case in point, Upham records what is now an amusing
story, but at the time of its occurrence was a deadly serious matter.
A group of German settlers in the State of Pennsylvania were losing
their animals to thieves. As a result, they formed "The Horse
Thief Protective Association" to cover their losses through mutual
insurance. The same organization later wrote policies on fire,
storm and lightning damage and became "The Farmers' Mutual

Insurance Company.'"
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Several sources indicate that early mutual insuring associa-
tions charged an annual premium of $1 per $1000 of value insured.
Such premiums were necessarily based on personal judgment or pure
guess work, in view of the lack of recorded experience of risk.

It is likely that under-estimates of risk, coinciding with inci-
dents of major damage in the small iocal areaé served by these
early mutuals probably brought many of them to an abrupt bank-
ruptcy.

By the 1880s, some 30 to 50 mutuals were active in the field
of windstorm insurance all being local and basically rural in
character. Failures were still freauent; even with broadening
experience in the writing of policies, the lack of weather data
and a reliable means of predicting the probable frequency of damag-
ing storms made such enterprises a continuing gamble with nature.
The Signal Service (later to become the United States Weather
Bureau) was not established until 1870, and it was some time before
sufficient data was collected to make relative storm frequency
predictions on a regional basis a realistic process.

b. Stock Companies

Kline states that the first joint stock insurance company
was the German Insurance Company of Freeport, Illinois. It was
not until 1882, however, that such stock insurance companies
considered windstorm coverage an acceptable risk. Even then,
these companies were less than enthusiastic about such coverage.
Upham records a letter written in that year by H.M. Mogill, a

respected officer of the Phoenix Insurance Company of Hartford,
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Connecticut, which reads in part:
"we beg to say that windstorms be entirely foreign to
the business of fire insurance in which we are engaged.
We have nothing to do therewith. Neither do we suppose
that any respectable fire company does, but only surh
companies as must resort to some ludicrous method or
worse in order to get any-business. One would hardly
expect to find ready-made horse shoes for sale in a hat
store, yet such a commodity would have as fit a place in
such a stock as windstorms have in the business of fire
insurance."

In spite of all doubts and difficulties, the windstorm
insurance business grew, and by 1902 some 32 stock companies were
active in this field on a permanenﬁ basis. This number had increased
to 299 by 1929, and today over 3000 companies write various forms
of property and liability insurance which include windstorm
coverage.

3. Policy Forms

While even in the 19th Century separate policies could be
obtained on wind risk alone, most coverage was obtained by attaching
a rider to existing fire coverage. In several states where this
practice was illegal, a separate policy had to be issued. Kline in-
dicates that a typical rider form was as follows:

This Slip to Attach to and Form a Part of Policy No.,.,.,...
In consideration of the payment of ...... dollars extra
premium, this policy to cover loss or damage by Tornado
or Cyclone, under the express terms and conditions that
the loss on any building must exceed fifty dollars
before a claim can be made; also that hay and grain
while in stack in field, nct insured against Tornado
and Cyclone.

The terms and conditions of this slip be null and void
unless countersigned by the authorized and commissioned

agent for this Company at .............

Countersigned this ......day of ......18..
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Though this type of wording was used quite frequently, nothing
resembling a uniform windstorm insurance policy was adopted until
1905. At that time, representatives of all companies writing such
policies met in Chicago, Illinois, to consider tornado coverage.

A uniform contract was adopted at this meeting and the practice
of having uniform policies for various geographic regions has
continued until the present. The wording of a windstorm policy
used in the 1930's is provided in Appendix A, item 1l and of a
current such policy in item 2.

4. The Windstorm Problem - A Regional Variable

All areas of the United States are subject to damaging winds.
For example, during the period 1963 - 1967, only'Alaska, the
District of Columbia, Rhode Island, and Puerto Rico were free of
tornadoes, while some 3,554 storms struck other parts of the

country. (Insurance Facts, Insurance Information Institute.) (3)

During the same period some ten major hurricanes struck the East
Coast from Florida to New England and the Gulf Coast, particularly
Texas and Louisiana. (See Appendix B, item 1.)

As a measu#e of potential damage, records indicate that in
September of 1965, Florida, Louisiana, and Mississippi, suffered
over a two-day period damages which resulted in insurance loss
payments of $500,000,000. 1In April of 1967, the residents of the
midwest states of Iowa, Illinois, Indiana, and Michigan, received
insurance loss payments of $40,000,000 due to tornado and other

windstorm damage. (See Appendix B, item 2)

-371—



It should be noted that these figures represent only a part of
actual damage incurred, since many older structures in particular
were uninsured or under-insured.

Over the past century, patterns of frequency and severity of
storms have been recorded, and have been translate@ into maps
of wind pressure areas (See'page 7a). Within the continental
United States wind velocities range from less than 60 to more than 110
miles per hour. The highest velocity category includes such areas as
Eastern Florida, the infamous Cape Hatteras in North Carolina, and a
narrow belt along the Gulf of Mexico. Such maps, coupled with conti-
nually updated statistical data, provide invaluable aids to the insu-

rance actuary and the engineer.

5. Requirements for Wind Damage Coverage

Due to the nationwide potential for some level of wind damage,
insurance coverage against such risk has become a mandatory part
of the sale and transfer of property involving structures of any
significant value., This circumstance reflects the understandably
conservative attitude of lending, hazard insurance, and mortgage
insurance institutions.

To indicate what such requirements entail in -terms of indivi-

dual contracts, it is only necessary to observe that in 1968,
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approximately 1,500,000 new dwelling units were completed in the
United States. Almost all of these were financed through private
institutions, some 1,200,000 not being covered by federal mortgage
insurance programs. Federal goverﬁment programs insured some
344,000 units -- Department of Housing and Urban Development,
228,000; Farmers Home Administration of the Department of Agriculture,
60,000; and Veterans Administration, 56,000. Despite the relative
disparity of participation in the mortgage market, federal require-
ments have tended to set a standard for the industry as a whole.
One reason is that federal programs are national in scope while the
thousands of private institutions invelved in housing finance and
insurance tend to be regional or local in nature.

The United States Government programs, generally speaking, do
not provide insurance against specific risks. This is left to
private industry. As federal insurance is concerned only with the
repayment of the sum covered by the mortgage, the government is
not, strictly speaking, concerned with the problem of possible
wind damage as such. On the other hand, anything which might
reduce the value of the property below the outstanding balance
of the mortgage, or which might reduce the capability or willing-
ness of the buyer to make his payments would make the mortgaged
property a liability to the government, and therefore to the tax-
payer.

Necessary repair or replacement of the éroperty, therefore, is

assured through requirements in the mortgage agreement for the
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provision of adequate insurance. For example, a typical Federal
Housing Administration mortgage states in part that the buyer "will,
keep the improvement now existing or hereafter erected on the
mortgaged property, insured as may be required from time to time
by the Mortgagee against loss by fire and other hazards veesete.t (4)
Insurance Regulations of the same agency state in part; "When the
property is transferred, or a mortgage is assigned to the
Commissioner, the property shall be undamaged by fire, earthquake,
flood or tornado ..., etc.'" And, elsewhere -- "The mortgaged
premises shall at all times be insured against fire and other haz-
ards as provided in the mortgage. The duty shall be upon the
mortgagee to provide such coverage in the event the mortgager fails
to do so." A similar Farmers Home Administration mortgage states
that the borrower shall '"keep the property insured as required by
and under insurance policies approved by, delivered to and re-
tained by the Government."

While federal agencies require windstorm insurance, the exact
form such policies may take is governed My the regulations of
the various states. As a result, a typical Farmers' Home Adminis-
tration regulatioﬁ reads as follows: "if insurance for windstorm
and hail to meet all FHA requirements is not available in a
hurricane area, the County Supervisor may accept from the borrower
or applicant the windstorm and hail insurance policy that most

nearly conforms to FHA requirements." (5)
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Coverage against windstorm damage is similarly required by
banks, savings and 1oaﬁ institutions, insurance companies,
retirement funds, and other institutions and individuals provid-
ing loan funds for the construction of housing and commercial
and industrial property, where the property in question is the
sole or major collateral for the loan. It is generally true,
therefore, that windstorm daﬁage insurance is required on a
reasonably standard basis, for all significant construction in the
United States.

Some of the previously quoted regulations state simply the neces-
sity for “hazard" insurance. It should be noted, however, that
wind damage has become such an accepted part of insurance require-
ments that normal "extended coverage endorsements” automatically
place wind coverage among the basic items included in homeowner
policies.

6. Regulatory Authority

The quality and rates of property insurance are controlled
both through formal regulations at the state level and by the in-
tensity of competition among the relatively large number and
variety of companies in this particular field. .This number and
variety makes necessary a relatively Ligh degree of coopefation
wi£hin the industry concerning the data needed for the determina-
tion of risk. '

Each state has accumulated a body of laws relating to the

jnsurance industry, generally administered through a State
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Superintendent or Commissioner of Insurance. Although varying
from state to state, such laws and regulations have a degree of
uniformity, thus allowing companies to operate efficiently on a
regional basis. Such laws fix the procedure for establishment
of new companies.

State laws define, for example, what types of coverage are
regulated. For instance, Title 35 of the District of Columbia Code
reads in part:

"The provisions of this chapter shall apply to insur-
ance in the District of Columbia against loss of or
damage to property or any valuable interest therein
by or as a consequence of fire, lightning, tornado,
windstorm, and explosion, or any one or more of
such hazards, including all supplemental, additional,
or extended forms of coverage written in connection
with fire insurance, and including any policy which
insures property, while it is at a permanent location,
. against the hazard of fire, lightning, tornado, wind-
storm, or explosion."

Also defined are the authorities and duties of the prescribed admin-
istrator:

"In addition to any powers hereinbefore expressly
enumerated in this chapter, the Superintendent shall
have full power and authority, and it shall be his
duty, to enforce by regulations, orders, or otherwise
all and singular, the provisions of this chapter, and
the full intent thereof. 1In particular he shall have
the authority and power --

(a) to examine all records of companies and rating
organizations and to require any or every company,
agent, broker, and rating organization to furnish
under oath such information as he may deem necessary
for the administration of this chapter, etc.
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And of particular interest:
1(d) The Superintendent may designate one or more
rating organizations or other agencies to assist
him in gathering statistical data and in making
such compilations thereof as may be necessary for
the proper administration of this chapter. Such
compilations shall be made available, subject to
reasonable rules promulgated by the Superintendent,
to companies and rating organizations."

Various methods of appeal from risk or rate decisions of pro-
perty are open to any insured person or institution relative to
rates or type of coverage. These include investigations or other
intervention by a regulatory body, self-regulating review by the

company or rating board, or resort to the courts.

7. Definition of Windstorm

While property insurance companies have been commendably con-
sistent in policing their own ethics, most are profit making institu-
tions and must operate in an economically efficient manner. As
coverage is normally provided for '"windstorm damage," but not for
"yind damage," the question of what constitutes a ''windstorm" has
become quite critical.

Early attempts at defining "windstorm" utilized the Beaufort
Wind Scale, which is recognized by the United States Weather
Bureau. Under this system, a “stormrdoes not occur until the wind
velocity reaches 64 miles per hour. While strict application of
this definition would obviously be unreasonable, a haphazard -
application of individual judgment might well lead to inequity for

both insurer and insured. The generally accepted test has come




to be stated as follows; a '"windstorm" exists when the wind has
attained sufficient velocity to have caused direct damage at more
than one location." This means, in effect, that damage to a single
structure in a built-up area would not normally meet the required
test. On the other hand, if several houses in a single neighbor-
hood were damaged, even though the rest of the community remained
unaffected, the test would be met and there would appear to be
reasonable basis for a claim.
8. Rating Bureaus

Because normal property insurance coverage is relatively com-
prehensive, and because the actual payout attributed to any specific
risk may vary widely from time to time, specialized bodies have
been created in each state to review periodically the rate
structure and the general nature of such coverage. There is no
national body which determines rates, although there is a limited
amount of regionalization among states in areas with similar risks.
In order to assure reasonably equity in standardization of rates,
the National Insurance Acturaialand Statistical Association,
located in New York City, represents about 70% of the industry
and serves as a collecting and disseminating center for data
needed in assessing risks.

Specialized bodies mentioned in the foregoing paragraph are
licensed by state law under various names and function in accor-
dance with its requirements. One state administers its own

rating organization, but most such bodies are essentially: company
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associations. Their titles include "Fire Rating Bureau,"
"Insurance Rating Association,'! "Underwriter Rating Bureau,'
"Ingpection Bureau,"'Surveying and Rating Bureau," etc, prefixed

by the name of the state or region which they serve. As examples
of regional operations, companies in Massachusetts, Maine, and
Connecticut, operate under the "New England Insurance Rating
Bureau," while those in Alaska, California, and Nevada, work
through the "Pacific Fire Rating Bureau." Separate state bureaus
may also function as sub-units of a regional bureau. Though, as
some of their names indicate, many of these bureaus were originally
concerned only with fire risk, they have now assumed broader respon-
sibilities, including windstorm coverage.

State regulations define what types of institutions will be
represented in these organizations, their powers and duties, the
apportionment of their expenses, their reporting responsibilities,
ete, (See Appendix C, item 1). Such rating bureaus are generally
responsible to the State Superintendent of Insurance. Their deter-
minations are thus subject to government review with respect to
such matters as rates, schedules, rating methods, bylaws, and
agreements, (See Appendix C, item 2).

While company procedures and rates are generally subject to
review by the various rating organizations on an annual basis,
actual changes are imposed only as indicated by presumably major

statistical trends. Generally speaking, wind damage statistics
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for the previous 10 year period are used as a basis for study
(as compared to a five year period for fire). One or more major
catastrophies, generally defined as those resulting in insurance
payments in excess of one-million dollars, may of course provide
the basis for a change in rates.

While past experience and individual judgment play a large role
in establishing wind insurance criteria, it, like all other rare
event risks can be reduced to a mathematical formula in an attempt
to predict future frequency and geographic location of damaging
windstorm. (See Appendix C, item 3).

it should be noted at this stage that due to the now well estab-
lished practice of éombining hazards under a package coverage, it
is difficult, if not impossible, to determine what portion of a
premium can be attributed to coverage of a given hazard at a given
time. Examination of statistical data relative to location, fre-
quency, and magnitude of a given type of damage, plus engineering
judgments and an appraisal of total payouts for the various cate-
gories concerned allow a realistic determination of rates.

Appendix C, item 4, lists claims paid on a historical basis.

As such experience accumulates, computer technology and other
developments make more precise estimates of potential risk possible.

As an example of rates at the time of writing, the Illinois
Inspection and Rating Bureau has indicated that for the southern
part of the state (which is considered a '"medium risk" area) each

$100 coverage of a dwelling will cost 24 cents, with 18 cents per
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$100 for coverage of household goods, subject to $50 deductible.
Commercial structures of traditional construction run 0.163 cents
per $100 and 0.027 cents per $100 coverage for structures built to
wind resistant specifications. This is again subject to $50
deductible and 80% co-insurance. To put these ﬁackage rates in
perspective, the Western Actuarial Bureau indicates that wind damage
claims have constituted some 807 of the total real property damage

claims,

9. The Role of Codes and Standards

To constitute singly or collectively, an insurable risk, structures
must of necessity be predictably standard in their resistance to
wind damage. The means of achieving such upiform quality is through
the provision and enforcement of wind load design criteria in
building codes and standards. As another paper presented here speci-
fically covers the area of such codes and standards, I will make
only brief reference to some of the requirements which directly
effect the question of insurance.

All United States building codes and standards which make any
pretense of being comprehensive have requirements relative to
wind load design criteria. 1In areas of particularly high risk from
this type of damage, these criteria are both broad in scope and
specific in detail. The state of Florida, which is prone to both
hurricane and tornado damage, has evolved one of the best sets of
guidelines, the South Florida Building Code. This document covers

one of the more densely populated areas of the state, one frequently
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affected by hurricanes from the South and Southwest seawand "storm
breeding" areas, Basic requirements in this code outline the general
framework for design, while specific guidelines range from founda-
tions to fixed glass in exterior walls. (See Appendix D, items 1,

2 and 3.)

Because structural and weather proofing qualities are utilized
in determining risk, substantial improvements in structural tech-
niques can favorably affect rates. For this reason, it has become
common practice to recognize '"classes" of construction, rated
according to potential levels of risk. For example, a Florida
Windstorm and Hail Manual of 1956 lists four major categories --
Wind Resistant, Semi-Wind Resistant, Masonry, and Frame. Sub-
groups are then based on wall, floor, and roof construction, and the
height of the structure. As further acknowledgment of the resist-
ance of various structural types to different wind intensities,
the staté>is divided into four zones, with decreasing rates as the
distance from the coast increases. Because the potential risk is
high under the best of circumstances for such items as glass, a
deductible clause is commonly used. The rates are effectively
kept within reasonable limits by thus making the insured respon-
sible for any damage under $50 in value.

The federal government, as noted earlier, is concerned with the
maintenance of value of properties on which it insures mortgages.
1ts own codes and standards, therefore, reflect a concern for the

wind resistant characteristics of such structures. A prime example

—383—




is the Federal Housing Administration of the Department of Housing
and Urban Development, which has requirements similar to those
discussed above.

Because of changing technology and the normally slow processes
involved in updating codes and standards, problem areas exist under
the best conditions. For example, current areas of concern in the
Miami, Florida area include glazing details, sealing of joints in
frames, exterior door details, and roof details. These latter
range from the location of scuppers to drain off wind-driven water to
the problem of bonding fiberglass to traditional roofing materials
in order to resist negative wind pressures -- each a potential sub-
ject for insurance claims.

10. Federal Disaster Relief

Due to potentially widespread and severe damage from natural
disasters, the federal government has recognized that reconstruc-
tion needs might well extend beyond individual properties covered
by insurance and could exceed the economic and technical capacity of
individual communities and states. As a result, a series of
federal laws have been directed to the relief of states which
qualify as major disaster areas.

The basis for federal assistance is outlined in Public Law
875, 8lst Congress, which reads in pertinent part:

AN ACT To authorize Federal assistance to States and local govern-

ments in major disasters, and for other purposes
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Be it enacted by the Senate and House of Representatives of
the United States of America in Congress assembled, That it is
the intent of Congress to provide an orderly and continuing means
of assistance by the Federal Government to States and local gover-
nments in carrying out their responsibilities to alleviate suffering
and damage resulting from major disasters, to repair essential
public facilities in major disasters, and to foster the development
of such State and local organizations and plans to cope with major
disasters as may be necessary.

Sec. 2. As used in this Act, the following terms shall be con-
strued as follows unless a contrary intent appears from the context:

(a) "Major disaster" means any flood, drought, fire, hurricane,
earthquake, storm, or other catastrophe in any part of the United
States which, in the determination of the President, is or threatens
to be of sufficient severity and magnitude to warrant disaster
assistance by the Federal Government to supplement the efforts and
available resources of States and local governments in-alleviating
the damage, hardships, or suffering caused thereby, and respecting
which the governor of any State (or the Board of Commissioners of
the District of Columbia) in which such catastrophe may occur or
threaten certifies the need for disaster assistance under this Act,
and shall give assurance of expenditure of a reasonable amount of
the funds of the government of such State, local governments therein,
or other agencies, for the same or similar purposes with respect to
such catastrophe;

Because shelter, transportation routes, water supply, power,
and other basic family and infrastructure -items may be affected,
several Departments and agencies may become involved, with coor-
dination provided by the Office of Emergency Preparedness (OEP).
The general responsibilities of the Department of Housing and Urban
Development, which is a key agency in this program are outlined
briefly in Appendix E, items 1 and 2.

Special legislation may be enacted to deal with major disasters,
as was the case with reconstruction following Hurricane Betsy in
1955, In this instance, the $500,000,000 in insurance payments

was probably less than half the value of damage sustained. A




portion of the statute in question is given in Appendix E, item 3.
The disaster relief statute makes up to $5 million available
for immediate allocation by the President without consultation with

Congress. An Executive Order has been issued to establish an
expeditious procedure whereby states may request and receive
assistance up to this amount. In the rare event that further funds
are needed, these may be provided by further Congressional action.

When one considers the potential destructive force of the many
windstorms of various types that affect the United States within
the period of a year, a great deal of credit must be given to the
construction and insurance industries for their cooperation in what
have been largely effective efforts to prevent damage, and when
necegsary to make possible prompt and comprehensive reconstruction.
The evolution of the insurance mechanisms described in this paper
has greatly reduced individual hardships, and has kept federal
involvement and expenditures at a very low level.
12. Summary

Wind damage insurance has been in operation at a significant
level in the United States for over a century. This function of
private industry has operated efficiently with little federal
involvement other than to make its provision a requirement under
mortgage insurance programs. While its early activities were
basically rural, the industry has kept pace with the rapid trend
to urbanization and has modified its form accordingly. Although

the stock company has become a major factor in the industry, the
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mutual, both large and small, still has a role to play, and allows
relatively direct participation by the insured.

Wind coverage generally reflects a large part of the value of
the property in question, and insurance payments have allowed major
reconstruction following storm damage. Premiums for this type of
coverage have been standardized according to the level of risk, and
state regulating and rating bodies assure consistency in coverage
and fairness of rates.

The volume of coverage has increased dramatically, to a point
where most property improvements are now involved. Insurance
activity has also benefited the nation by encouraging improved
building codes and standards for the million and a half housing
units, and a corresponding volume of commercial and industrial
structures, built each year.

With the foregoing in mind, it is safe to say that insurance
programs, including wind storm coverage, have been an important factor
in bringing the United States building industry to its present capa-

city and standard.
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From: Windstorm Insurance,
Chester A. Kline, 1931

STOCK COMPANY STANDARD WINDSTORM POLICY

(Middle Western and Southern Form)

Ownership. This Company shall not be liable under this policy for
an amount in excess of the ownership interest of the insured in the
property described; nor if any change other than by the death of the
insured, take place in the interest or title of the subject of this
insurance; nor if this policy be assigned without the written consent
of this Company, endorsed hereon.

Uninsurable and Excepted property. This Company shall not be liable
for loss or damage to accounts, bills, money, deeds, evidences of
debt, securities, bullion, manuscripts, nor (unless otherwise pro-
vided by agreement in writing endorsed hereon), to casts, curiosities,
drawings, medals, models, jewelry, patterns, pictures, scientific
apparatus or sculpture.

Hazards not covered. This Company shall not be liable for any loss
or damage caused by snowstorm, blizzard, frost or cold weather; nor
for loss or damage occasioned directly or indirectly by or through
any explosion, tidal wave, lightning, high water, overflow, cloud-
burst, theft, nor for neglect by the insured to use all reasonable
means to save and preserve the property during and after a wind-
storm, cyclone or tornado, nor for any loss or damage by fire, except
that in case any building or any material part thereof, fall as the
result of windstorm, cyclone or tornado, immediately followed by fire
as a direct result, then this insurance is extended to cover such
resultant fire loss to only such fallen building or buildings and/or
contents covered under this policy; provided, however, that if there
shall be other windstorm, cyclone or tornado insurance on the
property covered under this policy, this Company shall be liable by
virtue of this extension of liability for the proportion only of such
resultant fire loss to only such fallen building or buildings and/or
contents covered under this policy, as this insurance bears to the
total windstorm, cyclone or tornado insurance on such property covered
under this policy, whether other such insurance does or does not
cover resultant fire loss, and whether or not other insurance be
valid or collectible; provided further that even though fire follows
immediately as a direct result of any windstorm, the maximum liabi-
lity of this Company for any or all hazards insured hereunder shall
not exceed the amount of windstorm, cyclone and tornado insurance
specified on the face of this policy.
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Water and Rain Damage Exclusions. This Company shall not be liable
for any loss or damage caused by water or rain, whether driven by
wind or not, unless the building described or containing the pro-
perty described shall first sustain an actual damage to roof or
walls by the direct force of the wind, and shall then be liable

only for such damage to the interior of the building or the described
property therein as may be caused by water or rain entering the
building through openings in roof or walls made by direct action of
the wind, or by water from sprinkler or other piping broken by such
damage to roof or walls.

Hazards not covered except by Special Agreement. Unless otherwise
provided by agreement in writing added hereto, this Company shall not
be liable for any loss or damage caused bv hail, whether driven by
wind or not, nor for loss or damage to metal smoke stacks, awnings,
signs, temporary or board roof additions, nor for loss or damage to
buildings (or their contents) in process of construction or recon-
struction unless same are entirely enclosed and under roof, with all
outside doors and windows permanently in place.

Plate Glass Contribution. 1t is expressly stipulated that only such
proportion of the insurance under this policy on any building covers
on plate, stained, leaded or cathedral glass therein as the value of
such glass bear to the total value of said building; and the amount
of insurance on such glass as thus ascertained shall apply to each
plate in the proportion that the value of each plate bears to the
total value of such glass; and plate glass, accident or casualty
insurance shall be deemed other insurance and treated as contributing
insurance,

Item II

The following extracts are from a typical policy now being sold in the
State of Maryland. The area is periodically subject to gale force
winds and occasionally to tornadoes. The items related to windstorm
damage are quoted in full, and the other risks covered under the com-
prehensive package are named to indicate the range covered by the
single premium.

The particular policy quoted covers $17,000 risk on the dwelling,
$1,700 for detached structures, $6,800 for unlisted personal property,
$3,400 for living expenses elsewhere while any necessary repairs are
being made, plus liability coverage in the event aryone is injured
while on the property. The annual prémium on this particular wood-
frame dwelling is $40 for the coverage described.

—389—



"Extended Homeowners Policy

Part 1 - Real Property and its protection

This policy covers the described dwelling, including building
equipment, fixtures, and outdoor equipment pertaining to the
service of premises."

(1) Fire and lightning, and (2) smoke

(3) "Windstorm and Hail, but excluding loss(a) to trees, shrubs,
plants or lawns; (b) caused directly or indirectly by frost or cold
weather; and, (c¢) to the interior of a building caused by rain, snow,
sand or dust, whether driven by wind or not, except as such driven by
wind or not, except as such -enter the building through openings in
roof or walls made by direct action of wind or hail.,"

(4) Explosioﬁ, (5) Riot and Civil Commotion, (6) Aircraft and
Vehicles, (7) Vandalism and Malicious Mischief, (8) Theft, (9) Breakage
of Glass, (10) Falling objects, (11) Weight of ice, snow and sleet,
(12) Collapse of a building or any of its parts, (13) Accidental
Electrical Damage, (14) Bursting or bulging of a steam or hot water
heating system, (15) Freezing of plumbing, heating and aircondition-
ing systems, and (16) Accidental discharge, leakage or overflow of
water or steam,

MPart 11

This part of the policy insures against all direct loss from the
perils named under Part T with respect to the dwelling, subject to
applicable to exclusions and extensions. The following special provi-
sions pertain to the coverage of personal property.

(1) Windstorm and Hail, but excluding loss to (a) personal
property within a building caused by rain, snow, sand and dust,
whether driven by wind or not, except as such enter the building
through opemings in roof or walls made by direct action wind or hail;
(b) boats, their trailers, furnishings, equipment, and outboard motors

unless inside a fully enclosed building (except to rowboats and canoes
on the premises of the described dwelling)."
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(2) Theft, and (3) Falling objects.

The company issuing this policy operates over a large area of
the Central and South Eastern part of the United States. As a result,
the following special provisions are provided for the areas indicated.

"Special Additional Windstorm and Hail Provisions (Alabama,
Florida, Georgia, and South Carolina only) it is understood and agreed
that the loss to the following property is excluded from Windstorm and
Hail protection.

Loss to cloth awnings and their frames, fences, seawall or
property lines and similar walls, greenhouses, hothouses, slathouses,
trellises, pergolos, cabanas and outdoor equipment pertaining to the
services of premises, wharves, docks, piers, bathhouse, bulkheads or
other structures located or partially over water and property therein
or thereon.

Additional provisions (Florida only) The company shall not be
liable for loss to paint or water proofing material applied to the
exterior of the building(s) or structure(s) covered hereunder,
caused by windstorm or hail, if situated in the following areas:
Broward, Dade, Martin, Monroe, and Palm Beach Counties east of the
West Bank of the Inter-Coastal Waterway." (This latter describes a
narrow strip of lowland immediately adjoining the Atlantic Ocean,

and quite open to potentially frequent damage from wind and wind

driven seas.)
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HURRICANES
Year Number Deaths
1918 1 34
1923 2 0
1928 2 1,836
1933 5 63
1938 2 600
1943 1 16
1948 3 3
1953 2 2
1958, o] 2
1959 3 24
1960 2 65
1961 2 46
1962 4] 4
1963 1 11
1964 4 49
1965 1 75
1966 2 54
1967 2 18
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TORNADOES

Year Number Deaths
1918 81 135
1923 102 109
1928 203 92
1933 258 362
1938 213 183
1943 152 58
1948 183 140
1953 437 516
1958 565 66
1959 589 58
1960 618 47
1961 681 51
1962 658 28
1963 461 31
1964 713 73
1965 898 299
1966 570 105
1967 912 116
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APPENDIX C - Item I

35-1404. Organization of rating bureau -- Membership -- Powers and
duties -- Apportionment of expenses.

Within one hundred and twenty days after June 1, 1944, and under
the supervision of the Superintendent, the insurance companies
authorized to effect insurance in the District against the risk of
loss or damage by hazards within the scope of this chapter shall
organize a rating bureau for the purpose of administering rates for
such insurance, and all such companies now or hereafter authorized
to transact such business in the District shall be members of such
bureau. The government of the rating bureau shall be vested in its
members and it shall not be subject to the direction or control of
any other bureau, -association, corporation, company, individual,
or group of individuals. The rating bureau shall have power to
establish reasonable agreements and bylaws for its governance, and
shall be permitted to adopt reasonable rules and regulations neces-
sary to carry out its functions, but such agreements, bylaws, rules,
and regulations shall not be inconsistent with the provisioms of this
chapter, and the same and amendments thereto shall be approved by
the Superintendent before becoming effective. The rating bureau,
subject to the approval of the Superintendent, shall apportion the
expenses of its operation among its members in proportion to the
premium income on risks in the District. (June 1, 1944, 58 Stat.
268, ch. 224, 4.)

ltem 2

15-1408. Effectiveness of rates, rating methods, rules, policy
forms, etc., dependent upon filing with and approval of
Superintendent.

No rate, premium, schedule, rating method, rule, bylaw, agree-
ment, or regulation shall become effective or be charged, applied,
or enforced in the District by the rating bureau, or by any company,
ageny, or broker goverened by the provisions of this chapter,
until it shall have been first filed with and approved by the
Superintendent: Provided., That a rate or premium used or charged
in accordance with a schedule, rating method, or rule previously
approved by the Superintendent need not be specifically approved
by the Superintendent. No company, agent, or broker shall issue any
form of policy, clause, warranty, rider, or endorsement until such
form shall have been filed with and approved by the Superintendent.
(June 1, 1944, 58 Stst. 269. ch. 224, 8.)
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From: FIRE INSURANCE RESEARCH & APPENDIX C - Item III
ACTURIAL ASSOCIATION -2~
New York, N. Y.

' RECOMMENDED PROCEDURE FOR RATING BUREAU REVIEW
OF THE
OVERALL EXTENDED COVERAGE RATE LEVEL BY STATE

""'Some Considerations Underlying the Catastrophe Frequency
Modification (CFM)

""The windstrorm catastrophe is commonly considered as a typical fare
event'! -- often with an implication of extreme unpredictability. VYet
the windstorm phenomenon is actually subject to the same type of
mathematical necessity to which the incidence of fire loss responds.
The respective probabilities may be thought to differ only in their
order of magniturde.

"Thus, it is generally recognized in property insurance that the
experience period required to properly evaluate overall rate levels
must be longer for coverages which include windstorm than for fire.
Yet, however; long the experience review period selected for ECE

it must be recognized that the laws of probability would still be
operative. For instance, if over even a 50 year period State A
should suffer two catastrophes while State B had four, it carnot
necessarily be concluddd that the inherent frequency in State B is
precisely doubt that in State A.

Furthermore, it is not likely that, say, an 80% Catastrophe Element
should have the same significance -- if in one state it is due to
five separate occurrences; while in another, it is due to only a
single catastrophe. Consequently, there appears to be ample justia
fication in considering the number of occurrences which contribute
to the Catastrophe Element.

"The mathematics of 'rare events' have been documented in many
actuarial studies and are the basis of familiar statistical tests
applied widely in various scientific endeavors. It has been deter-
mined that the repetition of 'rare events' can be, in many instances
accurately described by the Poisson Exponential equation which has
the form:
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"For ECE Catastrophes, the symbols have the following meaning:
'y! the probability of the occurrence of a given number of
ECE catastrophes in any single state over the entire
¢ experience review period,

'r' the number of catastrophe occurrences in a given state
. for which the probability is to be computed,

'm! the average number of catastrophes per state per year
over the experience review period,

'e! a mathematical constant equalled to 2.72,

% "' factorial or (r) (r-1) --- 3,2,1."
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From: Insurance Year Book

Spectator Co., 1930

11925

1926

1927

1928

1929

Average

See Also Appendix B - Item 2

PREMIUMS AND LOSSES - (WINDSTORM ONLY)

(In- Thousands of Bollars)

Premium
Losses
Ratio

Premium
Losses
Ratio

Premium
Losses
Ratio

Premiwm
Losses
Ratio

Premium
Losses
Ratio

Preimum
Losses
Ratio
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36,848
13,203
35.8

37,096
17,518
hy.2

39,786
26,248
65.9

L2,211
12,466
29.5

Lh,767
15,254
34.0

Lo,161
16,938
L2,5"




From: SOUTH FLORIDA BUILDING CODE
Amended 8 April 1967

. 2306 WIND REQUIREMENTS

12306.1 General

"(a) Building and structures and every portion thereof shall
be designed and constructed to resist the forces due to wind pres-
sure. The wind velocity shall be taken as not less than 120 MPH
at a height of 30 feet above the ground, except as may be otharwise
set forth harein.

"(b) Such forces shall be applied in any direction, with all
possible combinations based on height and shape factors, but in no
- case shall any roof be designed for less than 30 pounds per square
foot live load. The said live load shall not be considered to act
simul taneously with the wind foad.

"(c) Systems shall be designed and constructed to transfer
wind forces to the ground.

""(d) No allowance shall be made for the shielding effect of
buildings or other structures.

"(e) The minimum unit wind pressures to be used in design
- shall be obtained by multiplying the velocity pressures set forth
in Tabte 23-B of Sub-section 2306.2 by the Shape Factors as de-
scribed in Sub-section 2306.3

(f) The Building Official may accept a design based on other
nationally recognized and accepted data, the validity of which is
shown by wind tunnel and/or satisfactory test data, and may require
evidence to support the values for wind pressure used in the design
of structures not specifically included in this Section.

"(g) Structural members, providing stability for the building
or structure, shall designed to resist the forces set fcrth in
Table 23-B multiplied by the shape factors set forth in raragraph
2306.3(a).

"(h) Building components such as, but not limited to, purlins,
girts, wall panels and sheathing, transferring wind loads to the
structural frame shall be designed to resist the forces set forth in
Table 23-B multipiied by the shape factors set forth in Paragraph

’ 2306,3(b)." .
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12306.2

Ve

be taken as not less than those in Table 23-B.

locity Pressures: ({a) Velocity pressures, in pounds per
square foot; based on height above ground, in feet, shall

Table 23-8
'Height Above-Ground Minimum Velocity Pressure
(in feet) in pounds per square ft,
0 t0 5 W =« = = & m m - - o e e .- 22
5tol5 - semweh e e e e 27
15t0 25 - = = == - =0 mm e 33
25 t0 35 - e - e m s e m s m e 37
35to0 55 - - - - mmm e e e - - - Iy
56 to 75 - - - =~ - - = o e - - - - Lé
75 to 100 = = = = o = & o e e o man - 50
100 t0 150 = = w c o = = o e w m = m o om 55
150 to 250 - = = = = o = 4w & & -~ == 63
250 t0 350 -~ = = - e m e e m m m e w - 71
350 t0 550 - - - - = 2 e - e - e e - - - 80
550 to 750 = - = = = & cm e e Do 89
750 to 1000 = - =« = = - = = - & - - & & - 97
over 1000 =« = « = = = w & & = & - - o - 100
"(h) Velocity pressures are based on the formula
H2/7
P = 0.00256 x v2 x(307) where :
V = 120 MPH; and
" H = the height above grade (in feet) of the pressure being
computed.
: "(c) Velocity pressure for heights above 1000 feet may be taken
as that for 1000 feet,
Item III
”23]0;2 Where the pressure on the foundation due to wind is less

than 25 percent of that due to dead and other live loads,
wind pressure may be neglected in the footing design.

Where this ratio exceeds 25 percent, fogndations shall be

so designed that the pressure due to combined dead, live

and wind loads shall not exceed the allowable soil bearing
values or allowable loads per pile by more than 25 percent.’
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From:

U.S. Department of Housing and
Urban Development Circular Regional
Disaster Relief Activities
November 18, 1968

GENERAL RESPONSIBILITIES

Under Public Law 875, declarations of the existence of "major dis-
asters" which warrant Federal assistance are made by the President.
The Office of Emergency Preparedness (OEP) designates the areas af-

fected
w OEP to
erates
quired.
. is the

and administers the programs. HUD responds when called on by
assist in necessary relief activities in such areas and coop-
with local, state, and other Federal agencies as may be re-

Over-all coordination of Federal activity in disacter areas
responsibility of OEP.

HUD personnel may be utilized by OEPto investigate housing and
community facilities conditions in disaster areas, to plam and super-
vise actual work on community facilities, and to provide technical

advice

to both OEP and local governmental authorities with respect

to housing and community facilities and urban planning and recon-
struction.

Item 11

Disaster Aids for Individuals

a. Suspension or Reduction of Payments

(1)

Without prior approval FHA lenders are authorized by FHA

to permit reduction or suspension of payments on defaulted
existing insured home loans caused by death, illness, cur-
tailment of income and damage to property not adequately
protected by property insurance. If lenders cannot for any
reason exercise this forbearance, the mortgage may be asrsigned
to FHA which may extend the appropriate relief.

From: Basic Laws and Authorities on
Housing and Urban Development
December 27, 1965

Item IIT

Be it enacted by the Senate and House of Representatives of the United
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States of America-in Congress assembled, That the Congress hereby
recognizes that the States of Florida, Louisiana, and Misgrissippi
suffered extensive property loss and damage as a result of Hurricane
Betsy in 1965 (including, but not limited to, loss and damage from
flood, high waters, and wind-driven waters caused by such hurricane)
and that there is a need for special measures designed to aid and
accelerate these States in their efforts to provide for the recon-
struction of highways and public works projects, and to otherwise
rehabilitate these devastated areas.

Sec. 4. In the administration of the emergency loan program under
subtitle C of the Consolidated Farmers Home Administration Act of
1961, as amended (7 U.S.C. 1961-67), in the case of property loss

or damage in the States of Florida, Louisiana, and Mississippi, re-
sulting from flood, high waters, or wind-driven water or uninsurable
crop loss, caused by Hurricane Betsy, the Secretary of Agriculture
shall, to the extent such loss or damage is not compensated for by
insurance or otherwise, at the borrower's option on that part of

any loan ip excess of $500, (1) cancel up to $1,800 of the loan, or
(2) waive interest due on the loan in a total amount of not more than
$1,800 over a period not to exceed three years without regard to
whether the required financial assistance is otherwise available from
private sources.
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From: Insurance Facts
1968

DEFINITIONS

Property and Liability Insurance: Property insurance provides
financial protection against loss or damage to the insured's
property caused by such perils as fire, windstorm, hail, explo-
sion, riot, aircraft, motor vehicles, vandalism, malicious mis-
chief, riot and civil commotion, and smoke.

Liability insurance provides protection for the insured against
loss arising out of his legal liability resulting from injuries
to other persons or damage to their property.

Catastrophe: A severe loss, frequently causing widespread damage
resulting from such perils as hurricanes and other violent occurrences.

Coinsurance: A provision in an insurance policy which requires the
insured to carry insurance equal to a certain specified percentage
of the value of the property. 1t provides for the full payment, up
to the amount of the policy, of all losses if the insurance carried
is at least equal to the percentage of the value specified. Other-
wise, loss payment would be only a percentage of the actual loss.
The insured receives a reduction in his rate when he elects to in-
clude this clause in his policy.

Deductable Insurance: A method of coverage under which a policy
holder agrees to contribute up to a specified sum per claim or per
accident toward the total amount of the insured loss. Insurance is
written on this basis at reduced rates.

Extended Coverage Insurance: Protection for the insured against loss

or damage to his property caused by windstorm, hail, smoke, explosion,
riot, riot attending a strike, civil commotion, vehicle and aircraft.

This is provided in conjunction with the fire insurance policy.

Homeowners Policy: A package type of insurance for the homeowner that
includes coverages ranging from fire and extended coverage, theft and
personal liability to "all risk" coverages, all in a single policy.

Hurricane: A tropical storm with a wind velocity of 75 or more miles
an hour.
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Multiple Line Insurance: Policies that combine many perils pre-

viously covered by individual policies of fire and liability com-
panies. The homeowners policy is one example. Other examples are
the commercial property policy, the farmowners policy and the special
multiperil policy for motels and apartments.

Reinsurance: Assumption by one insurance company of all or part of

a risk undertaken by another insurance company. Purpose is to re-
duce or spread liability.
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6. U. S. PANEL ON WIND & SEISMIC EFFECTS

PROGRAM FOR INSURANCE AGAINST

EARTHQUAKE DAMAGE

A REPORT ON STUDIES PREPARED BY

The Department of Commerce
Environmental Science Services Administration
Coast & Geodetic Survey

For

THE DEPARTMENT of HOUSING & URBAN DEVELOPMENT

Reported By: John T. Dressel -
Department of Housing and
Urban Development
Washington D. C.

ABSTRACT

The Department of Housing and Urban Development (HUD) will reﬁort to
Congress in July 1969 on programs to provide financial assistance to
those suffering property losses in flood or other natural disaster,

including alternative methods of Federal disaster insurance. The re-
port on the feasibility of earthquake insurance will be based on two
studies prepared for HUD by the Department of Commerce, Environmental

Science Services Administration (ESSA), Coast and Geodetic Survey (C&GS).

The first ESSA - C&GS report, Studies in Seismicity and Earthquake Damage

Statistics, Parts 1 and 2, was transmitted to HUD in September 1967. The

fie

* O0ffice of Technical Standards
Pederal Housing Administration
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second report, on the feasibility of earthquake insurance in California,

is expected to be transmitted in late April, 1969.

The report prepared for this panel is a summary of selected material from

the first C&GS study and tentative advance material from the second study.

The background for the legislation authorizing the disaster insurance studies

has been added by way of introduction.

The reported seismicity studies include the use of historical data, the
relation of intensity to magnitude, delineation of seismic regions, earthquake
frequency, ground amplification studies, and an instrumentation and field re-

cording program.

Material from the report by Frank E. McClure Studies in Gathering Earthquake

Damage Statistics is presented.

Tentative material is presented from advance information on the second
ESSA - C&GS report. The methodology used and a program developed and computer-

ized for determining the probable damage to dwelling units in the San Francisco

Bay Area in a reoccurrence of the catastrophic 1906 San Francisco

earthquake is reported.
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INTRODUCTION

The Secretary of Housing and Urban Development (HUD) was directed,
under the Southeast Hurricane Disaster Relief Act ofA1965, to
undertake an immediate study of alternative programs which could

be established to help provide financial assistance £o~those
suffering property losses in flood and other natural disasters,
including alternative methods of federal disaster insurance. The
secretary was further directed that his findings and recommendations
on earthquake insurance be reported to the President for submission
to the Congress not later than three years after appropriation of-

funds for the study. The date for reporting on the study has now been

extended to July 1969.

The legislatién authorizing this sﬁudy was enacted to provide-federal
assistance to the states of Florida, Louisiana and Mississippi following
the devastation of Hurricane Betsy in 1965. Because of the fury of

its impact, concentrated largely on a densely populated‘area, Betsy

may be the worst natural disaster éver to strike the continental United
States. Insurance loss was estimated at $500 million--more than that
resulting from the San Francisco earthquake and fire and more than

twice that resulting in 1954 from the combined effects of Hurricanes
Carol, Edna, and Hazel. Total property damage in Louisiana alone was

estimated to be in excess of $1 billion.l

A series of disasters requiring federal legislation preceded Betsy,
beginning with the Alaska earthquake and ingluding the Northwest
Pacific Floods and floods in the upper Mississippi. The Relief Act

was therefore designed to provide for a full study of the whole

problem of disaster insurance.
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The study of éarthquake insurance consists of two major phases:

1. The development of basic data through studies by the Coast
and Geodetic Survey (C&GS) of the Environmental Science
Services Administration (ESSA), U. S. Department of Commerce;
and

2. Findings and recommendations by HUD as to alternative methods

of providing earthquake insurance.

The initial studies were made in conformity 'with an agreement

between the Office of the Secretary of the Department of Housing

and Urban Development and the Director, Coast and Geodetic Survey,

én April 18, 1966. The agreement provided, in part, that "The
Director shall collect, analyze, and develop technical data, prepare
maps, and submit preliminary and final reports for use in the Office
of.the Secretary study of alternative methods of providing.earthquake
insurance,...". The two-part report by ESSA - C&GS, entitled "Studies
in Seismicity and Earthquake Damage Statistics, Parts 1 and 2", was

transmitted to HUD in September 1967.

Agreement for a second ESSA - C&GS study for HUD was made on March 6,
1968, for completion by April 1, 1969. The objective of the study
is, in part:
"...to analyze available seismicity and engiﬁeering data to
yield for California, and as specified....for other areas,
estimates of probable and ﬁaximum damagé rates for the
purpose of evaluating the feasibility of earthquake

insurance.....".
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The second phase of the overall study, the recommendations of
alternative methods of federal insurance against earthquake damage,
will be undertaken by HUD on release of the current ESSA - C&GS

study.

This report will be based primarily on the ESSA - C&GS studies for
HUD as released in 1967, but is not intended in any way to be a
complete coverage of the study. Such pre-release material as may
be available from the report scheduled for submission to HUD in

April 1969 will be similarly used as base material.
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ESSA - C&GS — HUD STUDIES IN SEISMICITY
AND EARTHQUAKE DAMAGE STATISTICS (1967)

The two basic data requirements for developing programs of assist-

ance to persons suffering property losses from earthquakes are:

1. Frequency, or recurrence probability, of earthquakes by

strength or magnitude.

2. Damage by class of construction in the event of a

destructive earthquake.

The first of these data is developed from seismicity studies, while

the second is developed from studies of earthquake damage statistics.

These data requirements are common to all programs whether .in the

public sector, the private sector, or a combination of the two.

A. SEISMICITY STUDIES

1.

Historical Data

The seismicity of the United States, exclusive of the states
of Alaska and Hawaii, has been developed from the historical
record of earthquake occurrence. Data were collected and
entered on punched cards for 26,123 earthquakes, from as
early as 1638. The record is very incomplete before 1934,
with 75 percent of the recorded events occurring since 1930,
and 91 percent oc;urring since 1900. The incompleteness of
the record causes serious difficulties in determining the

average earthquake frequency for most areas.
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Of the recorded earthquakes, 65 percent occurred in California,
5% in Nevada, and 4% in Montana, while in closely adjoining
areas, 10 percent have occurred along the Pacific Coast and 27
in the St. Lawrence Valley of Canada. Nearly all of California,
Nevada. Idaho, and the western parts of Washington, Montana and
Utah have experienced Modified Mercalli intensities of VI or
greater at least once, whereas much of the remainder of the
conterminous United States has never experienced intensity VI

during the historical record.

Earthquake Intensity & Magnitude

Two scales, the Modified Mercalli intensity scale and the

Richter magnitude scale, are commonly used to measure the rela-
tive strength of earthquakes. Because focal depths of earth-
quakes in the United States do not vary greatly, the maximum
intensity may be used in lieu of the magnitude to rate earthquakes
according to strength., This procedure is followed as it is

the only means available for rating earthquakes which occurred
prior to widespread instrumental recording. All intensities

herein refer to the Modified Mercalli intensity scale, Table I.

Earthquake intensity is determined by observing its effects
throughout the area over which it was felt. For large earth-
quakes, experienced observers survey resulting damage in the
immediate vicinity of the epicenter in detail, and use their
findings to assign intensities according to the above scale.

The more remote regions are surveyed by means of written question~-

naire. The results are used to assign an intensity to each
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position canvassed, usually ali towns. The intensities are
plotted on a map and lines are drawn separating areas of equal
intensity. The resulting map is referred to as an isoseismal
map. Figure 1, the isoseismal map of the 1965, Puget Sound,
Washington, earthquake (Algermissen and Harding, 1965) is an

example.

Epicenter and Maximum Modified Mercalli Intensity Maps

The simplest means of presenting historical seismicity is a
map, such as Figure 2, which displays epicenters of damaging
earthquakes in the conterminous United States through 1965.
Different symbols must be used to indicate different

intensities, or ranges of intensities.

To better understand earthquake intensities, maps have been
prepared showing maximum Modified Mercalli intensity distribu-
tion throughout the United States for the period 1900 through
1963 and for the entire historical record prior to 1966 (Figures
3 and 4). These maps were constructed from approximately 170
isoseismal maps which were available in the literature. These
figures show that the pattern of maximum intensities results
largely from isoseisms of major earthquakes (intensity IX or’
greater). They further indicate the significance of the earlier,
incomplete historical data., Without the records prior to 1900,
the eastern part of the nation would appear relatively free

of earthquake hazard. The earlier record indicates that great
earthquakes have occurred in the eastern states, even though

such events may be rare.
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Delineation of Seismic Regions or Zones

Regions or zones of seismic activity were delineated by use of
the method of strain release in terms of equivalent numbers of
earthquakes of an arbitrary magnitude. Strain release was
represented in terms of equivalent numbers of magnitude 4.0

earthquakes so that N4.0 = 100.75(M-4.0)

Two earthquakes differing by one unit in magnitude differ by
a factor of about six in strain release. Since the function
is exponential, large earthquakes are weighted very heavily.
A magnitude 8.0 shock is equivalent to 1000 magnitude 4.0

earthquakes.

This method of data presentation as shown in Figure 5, based
on the record since 1900, indicates significant trends in seis-

micity without regard to earthquake frequency.

Earthquake Frequency

Earthquakes of different intensities recur at different time
intervals or with different frequencies. The number of earth-
quakes in a given area and time interval increases with decreasing
intensify. The frequency may be related to the intensity by
a logarithmic function of the form L

log N = a + bI

where a and b are constants determined by the data sample.
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The whole problem of earthquake risk is closely tied to the
intensity-frequency relation. An effort has been made to show
how often a given site has been subjected to intensity VI and
VIII earthquakes in an average 50-year interval. Frequency-
intensity curves at one-degree-of-intensity intervals were
constructed for the entire United States, based on the historical
record. An example is shown in Figure 6. At each location,
earthquakes within a 150 kilometer radius were summed by maximum
intensity for the entire historical record. Since the time
interval represernted by the sample varies with position, the
data were normalized to earthquakes per year. A least squares
curve was then fitted to the normalized data and the parameters
"a" and '"b" were computed. The recurrence formula‘is then

independently determined for each sample area.

To show spatial variation of these results, the number of
intensity VI and VIII earthquakes per 50-year inéerval in each
sample area was determined from the recurrence curves. The value
so determined was plotted at the center of the area, and its
variation contoured. Figure 7 shows the results for intensity

VI earthquakes, while Figufe 8 displays the results for intensity
VIII earthquakes. Similar maps can be constructed for each

level of intensity and for any desired interval of time, for

example, 25 or 100 years.

Where data permitted, frequency versus irntensity curves were
computed for all cities with populations of 100,000 or more. Im

each city, the data were drawn from an area 150 kilometers in
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radius centered about the city. The computed average numbers

of earthquakes per Sb-year interval from intensity VI through

XII were compared with the corresponding observed values during
the 50-year interval from 1915 through 1965. The computed average
values are generally less than the observed values, with the

difference increasing in the lower intensities.

Additional recurrence curves were constructed for eleven regions
corresponding to the zones of rather continuous activity on the
strain release map (Figure 5). The average numbers of earth-
quakes in a 50-year interval computed from the curves were in
all cases less than the earthquakes reported during the period,
This results from the incompleteness of data, and suggests that
a weighting function should be applied to give greater weight

to the more complete data.

Ground Amplification Studies

The effect produced by ground conditions on the intensity of
earthquake motions was studied. Recordings of nearby earthquakes
and explosions were made at closely adjacent sites located on
different near-surface geology. Earthquakes in the Richter
magnitude range 4 to 5, located in California, Nevada, and Baja
California, along with underground nuclear explosions at the Nevada

Test Site, were used as energy sources.

Field recordings of 14 events were obtained at two station pairs.
A ground amplification factor of 3.1 was obtained from six nearby

earthquakes at two stations located on alluvium and
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granite, and a factor of 2.7 was obtained from eight nearby

events at two stations located on sandstone and on granite.

It was found that variatioms of intensity at equal distances
from an earthquake source are mainly the result of site proper-
ties. Earthquake waves passing through near-surface low-density
low-velocity layers are amplified. It appears that site ampli-
fication can cause intensity to vary over a range of three units
at equal distances from the source. Since site amplification
varies with wave frequency, sites are best compared by means

of their amplification spectra ratios.

Instrumentation and Field Recording Program

An instrumentation development effort has been undertaken as

a part of the C&GS - HUD program. The purpose has been to
develop field instruments which can be used to accelerate the
collection of basic data, to evaluate the effect of local
geology on ground motion due to earthquake waves, to determine
the extent to which the earth responds linearly to strong earth-
quake motions, and to provide the laboratory equipment necessary
for processing the field data. Two complete short-period
three—component seismographs recording on magnetic tape have
been fabricated atvthe Albuquerque Seismological Center and an
analog-to-digital converter was purchased to process the tapes.
Analysis of data obtained was not completed for inclusion in

the report to HUD.
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EARTHQUAKE DAMAGE STATISTICS

1. The McClutre Report

a. Introduction
The basic work on earthquake damage statistics in the first HUD - G&GS

study is the report in Part 1 by Frank E. McClure, Studies in Gathering

Earthquake Damage Statistics, April 18, 1967. The scope of the work is
set out in the agreement of April 18, 1966 which required,.with respect
to Bakersfield, the preparation of estimates of the percentage of the
total real property value lost in the series of earthquakes in Kern
County, California, during the 1952-54 period; and, with respect to
Bakersfield, the preparation of estimates of the percentage of all struc-
tures, by class of construction and amounﬁréf specific lateral bracing
to the extent practicable, (a) torn down, (b) repaired, and (c) undamaged,
as a result of the series of earthquakes in Kern County, California, dur-
ing the 1952-54 period. This work was expanded to estimate the damage in
Bakersfield if a similar earthquake occurred in 1966 in Kern County, and

to make recommendations of methodology for future similar studies.

The report includes a detailed study of earthquake damage losses in terms

of insurance classification of structures according to earthquake resistance.
It is based on inspections in 1952 and 1966 in Bakersfield, photographs
taken in 1952 and over 250 photographs taken in 1966, discussions with
Architects, Engineers, and public officials who were in Bakersfield in 1952,
and a very detailed building-by-building analysis of the final disposition,
replacement value, and damage value loss of these buildings shown on docu-

ments still available today.
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Definition of Value Lost

Three approaches are taken to define "value lost" and show the

significance of each definition.

1. "Actual Cash Value" - appraised value of demolished buildings,
plus building permit repair values.

2. "Replacement Value" - replacement cost of demolished buildings,
plus building permit repair valpes.

3. "YFederal Government Program" - the losses im 2 above, if there
had been a Federal Program except that the structural repair
values were increased to repair the buildings to a higher stand-
ard than was established in Bakersfield during the reconstruction
period.

"Damage Ratio" as used ?p the report refers to the ratio of value lost to

the value at risk at,the time of loss, expressed in percentage.

Use of Damage Ratios

A careful analysis is made of performance and damage experienced by class
of construction. The author notes that the study is one of the first by
class of construction in such detail, and that more studies and more samp-
ling would be needed for application of the damage ratios to other cities
and to other earthquakes. He further notes that the damage. ratios could
only be extended to other cities in general terms:

1. If the same type of earthquake were the basis of the new studies;

2. If the same type of surficial geology existed;

3, 1If the same age and type of construction exists within each class

as in Bakersfield; and
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4, 1f the history of building code -enforcement, inspection of
construction, and quality of materials and workmanship are

similar.

Many pertinent suggestions are made in the McClure report including
methodology for use in future studies. It is noted that the U. S.
Bureau of the Census publications on Census of Hoﬁsing, when used

in combination with advice from local appraisers, are the best source

of data concerning total value at risk for dwellings.

It is also noted that any study of probable losses to dwellings should
include the influence of a minimum lump-sum deductible, a percentage of
value deductible in terms of 2%, 4% and 5%, and exclusions or other

forms of deductibles. A 5% deductible is used in the Bakersfield study.

Authoritative Review & Comment on the McClure Report

Part 2 of the ESSA - C&GS 1967 report to HUD is devoted principally to
the methods for gathering earthquake damage statistics by class of con-
struction and is centered abéut the reviews of the McClure report. Be-
cause of the exploratory nature of the work developed in the report, it
was condidered desirable that a group of independent authorities review
it. The objectives established to guide the reviewérs were:
1. To review the report critically and constructively with reference
to insurance, alternatives to insurance; economics, and engineering;
2. To recommend other types of scientificldata and engineering research
programs for use in the study; F
3. To recommend methodology for gatheriﬁg of.damage data after the next
damaging- earthquake in the United §Eates. The data would include en-

/

gineering information as well as ﬁroperty loss information.
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I1I.

Part 2 consists of a status report of the study and a review of the
McClure report by Mr. Karl V. Steinbrugge, head of the Earthquake
Department, Pacific Fire Rating Bureau, San Francisco, California,
and independent reviews by ten highly qualified persor of several
disciplines. The reviewers may be grouped as follows:
A. ‘Structural engineers - authorities in the field, with extensive
experience in the nature of dollar losses from earthquakes
(S. B. Barnes, John A. Blume, Harold M. Engie and Donald F. Moran).
B. Insurange personnel - in statistical methods, forms, loss adjustment,
or in a combination of these fields (Richard 3lanc, Christian Hansen,
L. M. McKinley, and A. J. Snow).
C. Economist with interest in disaster insurance (Professor Kunreuther).
D. Socio-economist familiar with disaster relief methods (Richard éordon,

American Red Cross).

The valuable: data, comments and suggestions in the status report and the
several: reviews of the McClure report were carefully considered in pre-

paration of the second ESSA/C&GS-HUD study and are not summarjized here.

Second ESSA/C&GS-HUD Study, Feasibility of Earthquake Insurance in California
The second ESSA - C&GS report is expected to be received by HUD the latter
part of April, 1969. The following material, informally received in ad-

vance, is therefore tentative and subject to change.

The major thrust of the report is the methodology used to establish:
1. The probable damage to dwelling units in the San Francisco Bay
Area in the event of a catastrophic earthquake of the intensity

of the 1906 San Francisco earthquake; and
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2. The probable average annual damage to be expected over a 50-or
100-year period.
Additional data for determination .of insurance feasibility are described

following the damage study material.

Probable Damage Studies

1. Standard Location Areas & Seismicity

The geographiéal unit used in the studies is the Standard Location Area
(SLA), or Census Bureau tract,which is designed to include numerically
equal population groups. Units in a single county range from 1300 SLA's
in Los Angeles County to a single SLA or census tract in a remote moun-
tain county. There are some 800 census tracts within the nine Bay.Area
counties, and a total of 3572 SLA's in the State. By use of isoseismai
maps or other findings, intensities were assigned to each SLA for given
intensities of earthquakes at given epicenters.

2. Dwelling Classification & Sampling

To determine the dollar value losses to dwellings to Be expected from a
repetition of the 1906 San Francisco Earthquake,it was necessary to

secure from the field certain basic data. This included the type of
structural frame of the house, the type of exterior, ghe type of interior
partitions, the number and type of chimneys, and the date constructed. 1t
appeared that many census tracts would have similar proportions of these.
properties, and that a sampling of census tracts within these groups

would produce highly representative results.

The census tract characteristics most closely associated with the desired
dwelling data were found to be the age of the homes and their value. Fur-

ther study indicated that tracts with homes built in 1939 or earlier would
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be significantly different from tracts with homes built after 1939.

Similarly, it was found that a significant difference would exist

between tracts with homes with average values in three groups:

less than $15,000; between $15,000 and $20,000; and above $20,000.

The combination of these two bases created six basic groups or cells

of census tracts for sampling. Of the total 7

67 tracts in the six

cells, samples were taken in 123 tracts, with 20 homes sampled in each

tract. The six basic groups or cells with the corresponding number of

census tracts, and the single family dwellings within each group of

tracts, are shown in Table 1II,

TABLE IT

Six basic groups ('cells") of census tracts for sampling in the Bay

Area counties.

1939 OR EARLIER SINCE 1939 [
CELL 1 CELL 4 i
Less Number C.T. 157 Number C.T 215 TOTAL CT372
than |recremmc et d et mrac e e e
$15,000
TOTAL SFD
.F,D, 124,494 N S.F.D. 273,014
Number S.F,D s umber N 397,508
CELL 2 CELL 5
$15,000 [Number C.T 84 | Number C.T 156 TOTAL CT,
Lo X ol C L B L L T e
720,000 1,111 | Number S.F.D 265,600 TOTAL SED
Number S.F.D. 81, umber S.F.D. s 346,711
CELL 3 CELL 6
TOTA
Greater Number C.T, 60 Number C.T. 95 TAL CT155
than e e T e
$20!000 N F.D 39,818 Numb S.F.D 140,940 TOTAL SED
umber S.F.D. N umber S.F.D. s 180,758
Total C.T. Total C.T. 466 TOTAL
otal C 301 ota C.T. 767
TOTAL
Total S.F.D. 245,423 Total S.F.D. 679,554 S.F.D. 924,977
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Each sampled dwelling was classified as follows:

Classification Base Description
Age (Year Built) (A) 1939 & earlier, (B) after 1939.
Foundation (A) Crawl space, (B) Basement,
(Structural) (C) Concrete Slab (since 1940).
Interior Finish (A) Plaster on Lath, (B) Gypsum Board.
Exterior Finish (A) Wood Frame Stucco,

(B) Masonry Construction

(C) Masonry Veneer, or

(D) Wood
Chimney (A) Masonry

(B) Steel or Terra Cotta.
This classification, with chimneys excluded, gives 20 dwelling classes.
Age and Interior Finish together give only two classes, since "Plaster on

' and "Gypsum Board" is "after 1939".

Lath" is always '"'1939 and earlier,'
Foundationé give 2% classes, since Concrete Slabs are only 1940 and later,
With the final group of four Exterior Finish classes a total combination

of 2x2%x4=20 is obtained. From the sampling, the number of dwelling units

in the census tract in each class is determined. Using the census value

of each unit, the total dollar value of each dwelling class is obtained.

For use with each classified element of the dwelling, five degrees of
damage were established: None, Slight, Moderate, Severe, and-for chimneys
only-Total.

3. Damage Factors, Damage Racios, and Damage Products

The Damage Factors table relates given Modified Mercalli intensity for a
Standard Location Area to the percent of single unit structures by age
group’'in each classification base and description, as "structural, crawl

space', or "interior finish, lath on plaster", for each degree of damage.
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Damage Ratios, corresponding to each of ten value classifications, ranging
generally in increments of $2,500 from under $5,000 to $35,000 and more,
are similarly developed for each distinct classification and degree of

damage, giving loss as a percent of the structure's value.

The Damage Product, the damage factor times the damage ratio, may then be
applied to the dollar value in each class to determine dollar loss. This
is a gross over-simplification of the process, but is presented as an

overview of the basic methodology.

Computer Programming

The actual single unit structure damage percentages, as a function of
intensity as well as the definition of degree of damage in terms of loss,

are still subject to final adjustment, but the method has been computerized.

The computer printout for losses by SLA or by county for avgiven intensity
event shows the number of dwellings and the mean value each, total loss
and number of units damaged, and three applications of deductibles:
a. Total loss with flat dg?lar deductibles of $100, 250, 500 and 1000,
and corresponding number of uﬂits damaged and the loss elimination ratio;
b. Total loss with a flat deductible plus 5% of actual value, with loss
elimination ratio; aﬁd
c. Total loss with a percentage of actual cash value of improvements,
i.e., 1%, 2, 3, 5 and 10%, with corresponding number ofiunits damaged

and loss elimination ratios.

Additional Data
For further assistance in the HUD feasibility study the ESSA/C&GS report
will contain a wide variety of additional data and insurance practice

methodology and procedures. This will include present insurance practice
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III.

in this country and Canada and also in Japan, the Phillipines,

New Zealand, Australia, Mexico, Puerto Rico, South America and Europe.

HUD REPORT to the CONGRESS

The report to the Congress on earthquake insurance feasibility is to be

submitted in July, 1969.

The report will be based largely on an analysis of the 1968 ESSA - C&GS
study now in preparation. Definitive work on the report will be under-
taken on receipt of advance release of portions of the ESSA study prior

to its formal submission.

End
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Table T Modified Mercalli Intensity Scale of 1931

1T1.

I1T.

1v.

VIi.

VII.

(Abridged)

Not felt except by a very few under especially favorable
circumstances. (I Rossi-Forel scale)
Felt only by a few persons at rest, especially on upper floors
of buildings. Delicately suspended objects may swing. ' (I to
I1 Rossi-Forel scale)
Felt quite noticeably indoors, especially on upper floors of
buildings, bnt many people do not recognize it as an earthquake.
Standing motorcars may rock slightly. Vibration like passing of
truck. Duration estimated. (II1 Rossi-~Forel scale)
During the day felt indoors by many, outdoors by few. At night
some awakened. -Dishes, windows, doors disturbed; walls make
creaking sound. Sensation like heavy truck striking building.
Standing motorcars rocked noticeably. (IV to V Rossi-Forel scale)
Felt by nearly everyone, many awakened. Some dishes, windows, etc.,
broken; a few instances of cracked plaster; unstable objects over-
turned. Disturbance of trees, poles, and other tall objects some-
times noticed. Pendulum clocks may stop. (V to VI Rossi-Forel scale)
Felt by all, many frighﬁened and run outdoors. Some heavy furniture
moved; a few instances of fallen plaster or damaged chimneys. Damage
slight. (VI to VII Rossi-Forel scale)
Everybody runs outdoors. Damage negligible in buildings of good de-
sign and construction; slight to moderate in well-built brdinary
structures; considerable in poorly built or badly designed structures;
some chimneys broken. Noticed by persons driving motorcars. (VIII

Rossi-Forel scale)
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VIIIL.

IX.

XI.

X11.

Damage slight in specially designed structures; considerable in
ordinary substantial buildings with partial collapse; great in
poorly built structures. Panel walls thrown out of frame struc-
tures. Fall of chimneys, factory stacks, columns, monuments,
walls. Heavy furniture overturned. Sand and mud ejected in

small amounts. Changes in well water. Persons driving motorcars
disturbed. (VII+ to IX- Rossi-Forel scale)

Damage considerable in specially designed structures; well-designed
frame structures thrown out of plumb; great in substantial build-
ings, with partial collapse. Buildings shifted off foundations;
ground cracked conspicuously. Underground pipes broken. (IXk
Rossi-Forel scale)

Some well-built wooden structures destroyed; most masonry and frame
structures destroyed with foundations; ground badly cracked. Rails
bent. Landslides considerable from riverbanks and steep slopes.
Shifted sand and mud. Water splashed (slopped) over baﬁks. X
Rossi-Forel scale)

Few, if any, (masonry) structures remain standing. Bridges des-
troyed. Broad fissures in ground. Underground pipelines com-
pletely out of service. Earth slumps and land slips in soft ground.
Rails bent greatly.

Damage total. Waves seen on ground surfaces. Lines of sight and

level distorted. Objects thrown upward into air.
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FIGURES

Isoseismal map of the Puget Sound, Washington, Earthquake

of April 29, 1965 {(Algermissen and Harding, 1965).

Damaging earthquakes in the conterminous United States through
1965.

Reported Maximum Modified Mercalli intensities, 1900 through
1963.

Reported Maximum Modified Mercalli intensities for the his-
torical record through 1965.

Strain release in terms of equivalent number of magnitude 4.0
earthquakes per 10,000 square kilometers, 1900-1963.
Earthquake frequency versus intensity for the area of San
Francisco, California.

Number of Modified Mercalli intemsity VI earthquakes per 50
years derived from the historical earthquake record.

Number of Mcdified Mercalli intensity VIII earthquakes per

100 years derived from the histofical earthquake record.
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Warren A. Shaw

3. The Japanese paper on Theme 9 was titled " A Review on the Problems
in Wind-Resistant Design of Structures " and was presented by Mr. T. Okubo.

~ The paper presented an excellent summary of problems associated with the
establishment of design standards and criteria for wind-resistant struc-
tures. The paper discussed estimation of design wind velocity, wind pressure
and static wind loads, random vibration, %eolian vibration, self-excited oscil-
lation of structures caused by wind, aerodynamic characteristics and rigidity
of structures, and the usefulness of wind tunnel model tests.

Humerous equations, tables, and figures were given which should be of

considerable value to structural engineers in the United States in the design

of structures to resist large winds.
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5. SURVEYS ON DAMAGE TO STRUCTURES CAUSED BY STRONG WINDS

Warren A. Shaw, PhD*
Naval Civil Engineering Laboratory
Port Hueneme, California

ABSTRACT

Information is presented on the historical trends in property loss
caused by winds., The information is categorized in two classifications
of winds defined by the U, 8. Weather Bureau: (1) tornadoes and {(2)
all other storms including hurricanes, thunderstorms, etc., under the
general terminology of windstorms. Equations are given which statis-
tically best represent the general trend of property loss for these two
categories of winds.

The general usefulness and value of damage survey teams in deter=-
mining information of significance to the structural engineer are dis-
cussed. A few of the problems associated with the use of damage survey
teams are mentioned.

Some results are presented which were obtained by a damage survey
team which visited the Naval facilities in Miami, Key West, New Orleans,
and the Bahama Islands after the occurrence of Hurricane Betsy in Sept-

ember 1965.

* Director, Structures Division
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INTRODUCTION

Large winds have always been a serious problem torthé structural
engineer responsible for the design of structures. No area of the
world is excluded from large winds although the occurrence of tornadoes,
hurricanes, and typhoons is more prevalent in certain parts of the world
than in others,

In recent years, considerable research has been devoted toward
learning more about wind phenomena and developing means of overcoming
the destructive forces of large winds., Building codes which have been
prepared and improved provide a greater degree of protection against
winds, Developments in stronger materials and better comstruction tech-
niques have added to the effectiveness of a structure's resistance to
winds. Warning systems have been greatly improved, thereby permitting
protective measures to be taken for certain parts of structural systems
prior to the arrival of large winds. Nevertheless, structural damage
caused by winds remains as a serious and continuing problem to the
structural engineer,

Large windstorms can serve as a testing ground for many of the in-
novations being introduced into the design and construction of structures.
The occurrence of significant structural damage from winds provides the
design engineer with a proof test from which knowledge can be extracted

to further improve the building codes, design techniques, and construction
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procedures presently being used. In order to profit from such damaged
areas, detailed surveys of structural damage should be conducted by
competent structural engineers.

This paper discusses briefly the historical trend in property loss
caused by winds and the use of damage survey teams as a means of obtaining
valuable information from structural damage incurred as a result of large

winds.

PROPERTY LOSS CAUSED BY WINDS

The property loss from strong winds in the United States has been
documented by the U. S. Weather Bureau for the past 50 years or so, It
has been customary to differentiate between the losses caused by tornadoes,
and the losses due to all other storms including hurricanes, thunderstorms,
etc; this latter category is generally referred to as windstorms.

In a recent paperlk, Mr, Thom presents a summary of the property
loss from strong winds from documentation provided by the U, S. Weather
Bureau. A significant contribution of this paper is to-indicate damage
in terms of the value of the 1968 dollar, rather than in terms of the
actual dollar at the time; the purpose of this adjustment, of course, is
to remove from the documentation the factor which would include the de~
creasing value of the U, S, dollar through the past 50 years, Figure 1
(from reference 1) shows the property loss in the United States as caused
by winds since 1916. Two items of interest are noted in this figure.

First, there is a generally increasing amount of property loss from winds

* Superscript numbers indicate references listed at end of parer
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despite improved building codes, improved materials and construction
techniques, and improved warning systems. Second, in certain years
there are highly significant departures from the general increase in
property loss; such departures are to be expected as large stoxms strike
highly populated areas rather than areas of low population and building
density.

Using appropriate statistical techniques, Mr, Thom has provided re-
gression equations which best express the increase in property loss shown

in Figure 1, The logarithmic regression equation for windstorm loss is
1n Iy = 3.30 + 0.0540 ¢ (1)

where Iy is the windstorm loss in millions of dollars and t is the year
number with 1916 being the number 1 (i.e. for property loss in 1920,
t would be 5).

A similar regression equation for the property loss caused by

tornadoes is presented by Mr., Thom as
In Ly = 2.99 + 0.0347 t (2

where Iy is the property loss in millions of dollars caused by tornadoes
and t is defined the same as in equation (1). It should be pointed out,
however, that use of the regression equations to extrapolate for the damage
in future years is not completely justified.

The exponential increase in property losses caused by winds may well
be related to the exponential increase in the population of the United
States, It is postulated that wind damage would generally be approximately

proportional to the number of buildings which might be expected to increase
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with the exponential increase in the population.

DAMAGE SURVEY TEAMS

In order to attempt to achieve any decrease of damage caused by large
winds, it is necessary thaé documentation of the damage be obtained and
that the magnitude and character of the winds be accurately known. The
documentation requires that one or more damage survey teams of experienced
engineers conduct a detailed on-site investigation of damage as soon as
possible after the occurxence of the large winds,

The objectives of damage survey teams .should be to obtain information
concerning the damaging wind forces, to analyze the damage so as to
learn the probable mechanisms and sequences of failure, to determine con-
tributory causes of failure such as improper design or construction or
deterioration through corrosion or biological means, and to report the
damage events so that design, construction, and maintenance personnel
may adjust their procedures to prevent or reduce similar damage in the
future. In order to perform these functions, it is advantageous that the
damage survey teams visit the scene before significant evidence has been
removed , repaired, or changed from its appearance immediately after the
storm. The objectives of the damage survey teams generally are incon-
sistent with the objectives of local personnel who wish to remove wreckage
and to restore the structures to a useable condition at the earliest possible
date. Often the presence of damage survey teams are viewed as an unnecessary
nuisance by the personnel in charge of restoring the site; the conflicting
objectives of these groups of people have to be resolved diplomatically

and the need for an accurate damage survey has to be clearly explained to

—475—




personnel responsible for repairing the damage.

DAMAGE CAUSED BY HURRICANE BETSY

Figure 1 shows that the property loss due to windstorms was much
greater in 1965 than any other year of record; total losses in this year
were in excess of $1.7 billions of dollars. The major contributor to
these large property losses was Hurricane Betsy; total damage caused by
Hurricane Betsy has been estimated to exceed $1.4 billions of dollars.2

Hurricane Betsy struck the Caribbean Sea, the Gulf of Mexico, and
the southeastern portion of the United States during the period of Sept-
ember 6-10, 1965. The principal force of this storm was experienced in
the Bahama Islands, in southern Florida, and in the delta regions of
Touisiana, as well as in the large cities of New Orleans and Baton Rouge.
Damage was caused by direct wind forces, by windblown debris acting as
missiles, by wind-toppled structures and vegetation, by wind-induced water
~ waves and surges, by uncontrolled waterborne structures and objects, by
direct rainfall, and by water inundation caused by flooding of streams
and other water areas.

Damage to numerous installations of the U, S. Navy inthese areas was
extensive, The Navy Bureau of Yards and Docks (now the Naval Facilities
Engineering Command) formed a team of engineers to make an on-site inspect-
jon of Naval facilities in Miami, Key West, New Orleans, and the Bahama
Islands and to document the damage resulting from Hurricane Betsy. Re-

ference 3 is the report published by this damage survey team. The team

began its 10-day tour in these areas on September 19, 1965,
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Some of the damage to structures caused by Hurricane Betsy will be

briefly described in the following paragraphs,

Permanent Buildings

Structures in this class were designed for a life span of 25 years,
with low maintenance cost for that period, These structures in general
were designed for maximum wind velocities varying between 120 and 150
miles per hour, depending on their location.

Steel-Framed Buildings. A steel-framed warehouse (47 years old) at

Algiers Naval Base, New Orleans was badly damaged. This building was con-
structed of steel-laced columns, steel roof trusses, timber girts, timber
roof purlins, and corrugated metal siding and roofing. A considerable
amount of metal roofing and some siding, which was nailed to the timber
girts and purlins, was torn from the building (Figure 2), The nails were
pulled from the timber supports and some nailheads had pulled through
the metal. The two interior end-wall columns were moved 24 inches inward
at the base (Figure 3). The column base plates were anchored to the
concrete footing with two 3/4-inch bolts, 12 inches long, and spaced 24
inches on center., The column footings were 18 inches wide and 32 inches
long. Both concrete footings failed in shear across the 18-inch width
at the inside anchor bolt. Although failure of this building was caused
by wind-loading forces generated during the storm, a contributing cause
of failure was corrosion damage which had existed in the fastenings of
the steel frame and the steel sheathing.

A steel-framed, modern hangar at Callender Naval Air Station, New

Orleans, sustained major damage to its roof structure (Figure 4). The
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hangar roof was framed with steel trusses, steel purlins, and secondary
steel beams on 3-foot centers, These secondary beams supported precast,
lightweight concrete slabs, 18 inches by 36 inches by 3 inches thick, each
weighing approximately 60 pounds, These lightweight roof slabs were laid
on the bottom flanges of the supporting secondary beams but were not se-
cured to the supporting frame. Portland cement mortar was placed as a
grout in the cracks between adjoining slabs, and the joints were further
sealed by application of adhesive-backed kraft paper. These slabs were
covered with roofing felt mopped on in four plies with a hot tar appli-
cation; the roof surfacing was covered with small gravel pebbles. Approx-
imately 15 percent of the precast lightweight concrete roof panels were
dislodged from their positions; some of the roofvpanels were carried more
than 100 feet from their original positions.

Three identical 155-foot steel grain elevators in the Port of New
Orleans were destroyed by the hurricane. Figure 5 shows the elevators
prior to Hurricane Betsy; Figure 6 shows the appearance of the elevators
after the passage of the hurricane. The elevators were designed to with-
stand a maximum wind velocity of 75 miles per hour. The elevators were
guyed by four 7/8-inch steel ropes to the rail tracks on which the elevators,
. which are mobile, normally operate. Under the force of the winds, with
a maximum velocity estimated at 125 miles per hour, the guy wires of the
southernmost elevator apparently failed; this elevator fell and triggered
the collapse of the other two elevators in domino fashion.

Concrete and Masonry Buildinegs. Reinforced concrete and reinforced

concrete block structures at the Naval stations all withstood the hurricane

successfully. At the New Orleans Naval Air Station, a 12-foot by 16~foot
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unreinforced concrete block structure suffered major damage when the roof
blew off, carrying with it a portion of an inadequate bond beam and about
half of the concrete blocks in one side wall. Failure was attributed to
poor design of the roof connection and the bond beam, to the lack of re-
inforcing in the block wall, and to the lack of tensile strength of the
bonding mortar.

Wood Buildings, Many of the buildings at the various Naval stations
were of wood construction, Most structures of this type escaped signif-
icant damage, although roof coverings in some éases were partially lost
and water infiltration caused damage to the interior contents of the
building.

At Algiers Naval Base, New Orleans, a two-story wood frame building
suffered major damage to the roof structure (Figure 7). The roof fram-
ing eonsisted of timber joists which extended approximately 8 feet beyond
the building's edge to form the roof for a second-story porch. The roof
sheathing was 1 x &4 woo-d boards and the roof surfacing was 4-ply mop-on
type with gravel cover, The outer edge of the porch roof was sup-
ported by wood columns although the tension ties between the roof and
supporting columns were inadequate, Approximately 30 percent of the entire
roof surfacing and approximately 15 percent of the woodboard sheathing
were lost. The probable mechanism of failure was that the porch roof
1ifted free of the supporting wood columns and was carried upward and
backward in a rotational action. This peeling back of the exposed roof
section contributed to the destruction of parts of the roof section that
enclosed the building. Damage to the roof surface extended far beyond
the area of structural damage. Considerable damage was experienced due

to water and wind infiltration into the rooms that were exposed by removal
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of the roof. Since similar wood-framed buildings in the same general
location survived the storm without serious damage, it is concluded

that the damage to this building was caused by lack of tension ties at
the points where the leading edge of the roof was attached to the wood

supporting columns,

Temporary Buildings

This category includes 5-year buildings, special temporary buildings
of the prefabricated type, hasty wartime construction, and flimsy shéds
which had been built without benefit of formal design procedures. The
prefabricated type of structure is generally designed for wind velocities
of 70 miles per hour and it is probable that none of the temporary struct-
ures mentioned above had been designed for winds greater than this value.
In spite of this, most of these structures survived the storm with little
or minor damage, A number of these structures lost their roof coverings
and portions of their roof and side sheathings. Complete collapse occurred
in a few situations, but in general these temporary structures sustained

the storm loadings in a surprisingly adequate manner,

Releocatable Buildings

Prefabricated Buildings. Only one example of this type of structure

was observed during the damage survey; this was a motel-type structure with
10 uaits, The sandwich panels of which the structure was constructed were
made ot sheet metal (approzimately 26 gage) for inmer and outer skins, with
« wore 2 inches thick of honeycomb paper insulation. The honeycomb core
and sheet metal skins were joined by an unknown type of adhesive, Failure

probably occurred because of inadequate connections between adjoining panels,
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The sandwich panels were badly damaged in many cases (Figure 8) and delam-
ination had occurred on some of these panels (Figure 9).

Mobile Structures (Trailers). Many badly damaged mobile homes were

observed in the vicinity of the Florida Keys (Figure 10). It is prob-
able that most of these structures overturned, but many also sustained
disintegrating damage from the wind forces., However, it is not believed
that explosion, caused by differential barometric pressures inside and

outside the structures, had occurred,

Roofs

The principal cause of damage at all Naval stations visited could .
be attributed to the failure of roof systems. Displacement of roof sur-
facing components occurred at many locations, allowing infiltration of
rain which caused various degrees of damage to the interiors and to the
contents of the buildings. Damage ranged from the loss of a few shingles
or panels up to major loss of roofing surfaces which contributed to the
failure of roof sheathing and other structural components. Types of roof
surfacing which were damaged included cement asbestos shingles, slate
shingles, thin tar-paper roofing, metal panels of various configurations,
and 4-ply felt applied.with asphalt, tar or pitch mop-on techniques. In
many cases, displacement of the roof surfacing was apparently initiated
at roof edges, at flashings, and at gravel stops; the mechanism involved

peeling back or successive displacement of adjacent roof surfacing components.

Structural Appurtenances
Some damage was noted to overhangs and other projections from principal

structures. Damage to glass areas was minimal. In some cases, shutters or
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battens had been applied over glass areas; in other cases, wire screening
protected against missiles strewn by the flying debris. In general, the
pressures from the winds were not of a magnitude great enough to cause

breakage of relatively small-paned glass areas.

Towers

Numerous tower structures, principally used for the support of an~
tennas, were observed. The only case of tower structural failure occurred
at Key West Naval Air Station where a 65-foot guyed tower had collapsed
(Figure 11). The tower legs were 1%-inch steel pipe, forming a triangular
section 18 inches long on each side. It was speculated that this tower
failed by buckling when the guy wires were loosened due to vibration-
induced uncoupling of turnbuckles; however, this could not be ascertained
since the remaining parts of the tower had been dismantled and removed

from its original location at the time the survey was made.

Bridges
Numerous steel and concrete bridges, all of which were civil works,
were observed. None of these sustained significant damage from the hurricane

erfects.

Deficiencies in the Damage Survey

A survey of damage resulting from Hurricane Betsy, or from any other
large storm, can be of major value only if sufficient information on the
wind velocities is available. The principal U. S. Weather Bureau Offices
at Miami and New Orleans and the weather offices at Naval Air Stations at

Key West and New Orleans are very well equipped and recorded wind data
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on automatic charting devices. However, the validity of much other wind
data reported during Hurricane Betsy is questionahle., Several weather
stations reported wind-velocity information as '"estimated" or "incomplete”
or claimed failures or aberrations in their measuring instruments. Some
eyewitnesses based wind-velocity estimates upon such unscientific refer-
ences as previous measurements of lesser velocities during the same storm,
experiences during previous storms, visual or sound phenomena associated
with the winds, and hindcasting involving the assumed forces required to
accomplish various tvpes of damage. There is a pronounced need to have accur-
ate information on the winds in order to be able to correlate wind forces
with structural damage. Only in this way can valid information be obtained

from vhich revisions to wind design criteria can be made,

SUMMARY

It has been shown that the average property loss over a period of
years due to tornadoes and large windstorms generally increases in an
exponential manner. It is reasoned that this increase is approximately
proportional to the total number of buildingg which in turn varies some-
what directly with the exponential increase in population. Some of this
damage can be reduced if accurate information regarding the type of damage
incurred is known. The rapid employment of a capable damage survey
team to the storm area can be of considerable value in the forming of
recommendations on wind design criteria; however, this can be effective
only if valid information regarding the maximum wind velocities at the

damaged locations are known,
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10.

11.

FIGURE CAPTIONS

Property loss due to windstorms and tornadoes. (1968 dollars)
Wind-damaged steel frame building (Bldg 50), Algiers Naval Base,
New Orleans.

Damage to column footing of Building 50, Algiers Naval Base, New
Orleans.

Roof damage to aircraft hangar, Callender Naval Air Station, New
Orleans.

Grain elevators before Hurricane Betsy, New Orleans Harbor.

Grain elevators after Hurricane Betsy, New Orleans Harbor.

Roof damage to wood frame building, Algiers Naval Base, New Orleans,
Collapsed prefabricated building, Bahama islands.

Delamination of panels in collapsed prefabricated building, Bahama
Islands.

Damaged mobile home, Florida Keys.

Collapsed 65-foot tower, Naval Air Station, Key West, Florida.
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6. H %K K& 17

6.1 LOG OF ACTIVITIES AND VISITS
UJNR PANEL ON DESIGN OF STRUCTURES FOR WIND EFFECTS
AND SEISMIC LOADS
April 22 through May 1, 1969

Charles F. Scheffey

Activities of April 22

Vigsit to Building Research Institute

The members of the U. S. Panel were picked up at the Okura
Hotel at 9 a.m. and taken to the Building Research Institute
of the Ministry of Construction in Shinjuk-ku, Tokoyo. We
were received at the Institute in its main conference room
by Dr. T. Hisada who explained the organization of the
Building Research Institute and its attached special
division, the International Institute of Seismology and
Earthguake Engineering.

The Building Research Institute consists of five divisions
as follows:

(1) Housing, Town Planning and Building Economy
(2) Materials

(3) Structures

(4) Production

(5) Building Phvsics and Fire

Dr. Hisada introduced Dr. Y. Ohsaki, Head of the Structures
Division, Dr. Y. Kameda, Head of the Production Division,
and Dr. K. Kawagoe, Head of the Building Physics and Fire
Division. He then explained briefly the functions of each
of the divisbns in the research institute and indicated

that we would be visiting the laboratory facilities of the
Structures Division and the Building Physics and Fire
Division. He stated that the total staff of the Building
Research Institute consists of some 200 people. Approximately
sixty of these are in the professional categories, thirty of
which have academic training through the doctorate level.

Dr. Hisada then explained briefly theé history and purpose of
the special divisions known as the International Institute

of Seismology and Earthquake Engineering. This Institute

is financed jointly by the Japanese Government and the Special
Fund of UNESCO and was established in 1962. TIts purpose is
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to provide for an international center for research on the
problems on earthquakes and the design of structures to
resist them and for training of personnel from those member
nations which are confronted with these problems. In the
years since its feunding, the Institute has trained over
150 engineers, geologists, and seismologists from 30
countries in the world. Its faculty consists of certain
permanent member residents in Japan and from two to four
visiting scientists from other countries during each year.
The services of Dr. Joseph Penzien of the University of
California at Berkeley in 1964 were noted, as were the
services of Professor E. N. Nielsen of the University of
Illinois in 1967. Currently Dr. R. I. Skinner of

New Zealand and Dr. A. Zatopek of Czechoslovakia are
serving as visiting scientists. About 25 trainees are

in residence in the current year.

Dr. Hisada next discussed briefly the annual budget of the
Building Research Institute which runs approximately

$970 000, of which approximately 55 percent is for salaries.
In response to a question by Dr. Pfrang, Dr. Hisad. stated
that most of this budget comes directly Ffrom the Ministry
of Construction, although some money is also received from
other sources such as the Public Housing Corporation of
Japan.- It was noted that this Corporation had financed

the construction of the special test facility in which full
scale lateral load tests are performed on buildings up to
five stories in height.

Dr. S. Omote, Acting Director of the International Institute
of Seismology and Earthguake Engineering was introduced and
he briefly explained the current research work of the
Institute. The two most active current projects deal with
the vibration characteristics of building structures in
various seismic regions and studies of the earth crust as
related to seismic activities.

During the concluding discussions, Dr. Pfrang asked whether
the Building Research Institute was conducting any wind
measurements or full scale structures, Dr. Hisadi replied
that they have wind direction and velocity measurement
equipment installed on a tower 80 meters in height
(approximately 260 feet) and on the roof of an eighteen
story school building. These structures are both in areas
subject to typhoons, but since no major storms have occurred
in this area since the installation of the instruments,
there is no data of real value as yet.

The members of the U. S. Panel were then invited to inspect
the laboratories of the Building Research Institute. As
we enter the offices of the IISEE, we met and were introduced

. 502 -

-



to Dr. Skinner of New Zealand, one of the resident scientists
of the institute for the current year. We then proceeded
to the computer facility of the institute which contains
three principal items of equipment. The first of these is
a Tosbac 3400, digital computer, approxiamtely comparable
to an IBM 7094 with a 16,384 word core memory, three index-
register, and a 24 bit word size. The next major item is

a high speed curve reader for the analysis of seismographic
records built by National Electronics of Japan. This
equipment is capable of converting typical seismographic
record replicas to digitized forms or to analog magnetic
tape for subsequent analysis. It is capable of following
such records with great speed provided the maximum slope
does not exceed 85°. A third piece of equipment consists
of an analog device for making frequency distribution
analysis of previously processed seismographic records.

We next proceeded to the outdoor areas adjacent to the
laboratory where a racking test was in progress on a
mounting system for building skin panels. Adjacent to
this facility there was a piece of equipment for conducting
column loading tests which was fitted with Jjacks of
approximately 400,000 pounds capacity.

The earthquake simulation shaking table facility was next
inspected. This shaking table is approximately five

meters square and is mounted on an elastic suspension. The
table is excited by synchronized eccentric mass osc¢illators
attached to it. It is a one degree of freedom system,
normally producing horizontal motion only. An arrangement
is provided, however, by which the inclination of the
elastic suspension springs may be adjusted such that the
motion has both vertical and horizontal components. Model
structures are mounted on this table and subjected to
sinusoidal oscillation of various periods and the response
of these models is measured with dynamic recording equipment.
It is also possible to perform static test on these models
for lateral forces by tilting the table on a fixed axis up
to a maximum of 45°.

Perhaps the most impressive facility at the Institute is
the large static test bed for subjecting full scale struc-
tures to a combination of vertical and horizontal loadings.
The facility is housed in a building approximately 100 ft.
long, 40 ft. wide, and 60 f£t. high. The floor and one end
wall are heavily constructed and reinforced to resist large
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jacking loads. At the time of our visit, a specimen of a
five story apartment house of reinforced concrete was in
place. This specimen had been loaded by successively
increasing loads in the lateral direction by jacks attached
to the end wall. The jacking loads were applied dternately
to push against the test structure and then to pull in the
opposite direction by means of tension rods threaded through
the structure and bearing against the opposite wall of the
specimen. The cracking patterns which were developed

during the test had been carefully labeled and marked by

the investigators. Cracks produced by the pushing loads
were labeled in black and those by the alternate pulling
loads were labeled in red. The inspecting party climbed

up through the test structure noting the types of failure
which had occured at various levels and the cracking patterns
which were produced. It was noted that the degree of
cracking decreased dramatically as we proceeded to the
higher stories in the test structure. 1In response to a
gquestion concerning the time required to complete the

tests, Dr. Hisada indicated that about six months had been
required after the completion of construction of the test
structure. Dr. Hisada stated that the cracking pattern
produced and the loads at which they were produced corres-
ponded closely and with the predictions. He noted, however,
that the thickness of the walls in the test structure were
approximately 30 percent less than they used in the current
public housing standards (13 centimeters thick instead of
the standard 18 centimeters). This scaled down strength
was used deliberately to produce major damage within the
limitations of the loading eguipment available. On the
fourth floor of the test structure, some supplementary
experiments were in progress. A floor slab was being loaded
to ultimate capacity by the use of a water box. Measurements
of strain in the bottom surface of the slab under the loads
and in the top surface of the slab under the perimeter
beams were being conducted.

The next facility visited was designed to conduct experi-
ments on retaining walls and other earth-structure inter-
action problems. It consisted of a large chamber about
15x15 ft. sqguare by 10 ft. deep. A retaining wall is built
into this chamber and the whole thing is subjected to
artificial rainfall to test the performance of the retaining
wall under heavy rain conditions. One side of the test box
is made of heavy glass plate so the behavior of the material
behind the wall can be observed. No special provisions were
made for reducing the affects of the friction of the materials
against this glass plate.
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The concrete laboratories of the Institute contained equip-
ment for mixing, molding, and curing of concrete specimens.
An environmental controlled chamber was in use for the con-
duct of experiments on the creep property of concrete. In
addition to the conventional compression capacity tests on
cylinders approximately 4x8 inches, there were also experi-
ments in progress for specimens in torsion and 4x4x20 inch-
specimens subjected to tension.

The inspection party next proceeded to the Structural
Laboratory. The main activity in this laboratory at the
time of the visit consisted of tests on prefabricated
concrete wall panels for their reaction to thermal stress
induced by radiated heat from artificial sunlight. One
panel was in the test fixture and instrumentation was used
to measure temperature on the exposed face and at various
depths in the specimen. We inspected one of panels which
had been previausly tested in this apparatus and noted the
cracking pattern on both faces apparently produced by
cycles of radiant heat.

We next inspected a wind machine testing windows for
penetration of rain under high gust loadings. The conven-
tional wind arrangement is supplemented by a reciprocating
piston that produces a simulated gust.

The next facility which we visited had an arrangement for
studying the behavior of granular soil mixes against walls
and other structural elements. It consisted of large
concrete boxes approximately five meters square above which
were facilities for handling and placing sand behind walls
and other structures mounted in the boxes.

The final laboratory visited was one in which the resistance
of various building materials and components were tested

for their resistance to fire. This was a new facility and
no tests were yet in progress at the time of our visit.
Facilities were available for the test of slab elements

and beam elements. The test furnaces were gas fired and

a nearby control room provided for operating the furnace

and recording of data.

After concluding our visit at the Building Research Institute,
we were guests of the Japanese delegation at the Garden
Restaurant in Tokoyo where we enjoyved a traditional Ghenijis
Khan barbeque.

Visit to Chiba Branch, Public Works Research Institute

We then journeyed by automobile to the Chiba Branch of the
Public Works Research Institute approximately 25 miles east
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of Tokoyo near Chiba city. This particular branch of the
Institute is devoted to problems of highway structures and
highways. On arrival at Chiba, we were welcomed by Dr. M.
Fukuoka, Director of the Public Works Research Institute.

He then introduced Dr, S. Ibukiyama, Director of the Chiba
branch. Dr. Ibukiyama explained the organizational arrange-
ment at Chiba. It consists of three divisions as follows:

(1) Road Division consisting of a traffic engineer
section, a pavement section, and a tunnel
section,

(2) Construction Methods and Eguipment Divisicn
consisting of an construction equipment section,
construction methods section, and soil mechanics

section;, and

(3) Structural and Bridge Division consisting of
foundation engineering section, structures
section, bridge section, and earthquake resistance
structural section.

The chief of each of these divisions was introduced; namely,
Dr. K. Ichihara, Dr. M. Nagamori, and Mr. Y. Tada respectively.
In addition, Dr. Ibukiyama intorduced Mr. T. Okubo, Chief
Structures Section and Mr. Narita, Special Assistant to

Mr, Okubo , who we were told would be accompanying us on

some of our field inspection trips.

Dr. Ibukiyama next gave some comparison figures of the road
construction budget in Japan and other parts of the world.
The annual highway construction expenditure in Japan was
indicated as approximately $2-1/2 billion. This was con-
trasted with the annual expenditure in the United States
for all highway construction and maintenance, which he
believed was currently running at about $14 billion. 1In
their order of investment in highways, Japan ranks immediately
after the United States and slightly ahead of the Federal
Republic of Germany. It was indicated that the annual
budget for research is approximately $2.3 million from the
Ministry of Construction plus a small amount from private
industries and other sources.

We began our inspections of the laboratories by visiting an
experiment on the problem of tunnel ventilation. This

experiment was being conducted by means of a model in which

small scale vehicles were being moved at various speeds on

a guide track to study "piston" effects of self-ventilation

of tunnels by moving vehicles. The model is built at 1/10

scale and various ratios of vehicle size to tunnel cross .
section are being investigated. Measurement of pressure
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variations are taken by piezometer tube connected to the
wall of the tunnel. Model is approximately 150 ft. long,
2 ft. wide, and 18 inches high.

The next laboratory to be visited was part of the

structural section activities in which a scale model of one
version of the Honshu-Shikoku bridge was being investigated
for its vibrational characteristics. This particular form
for the bridge consists of a five span continuous suspension
bridge structure. The model is scaled in its stiffness

and artificially loaded withweights to maintain correct
dynamic symilitude. Oscillations are introduced by an
electrodynamic drive system which induces periodic wertical
forces at selected periods on the structure. This parti-
cular model was used to investigate the increase in rigidity
which could be obtained by the use of diagonal stays from
the tops of the towers to approximately che quarter points
of the spans. Instrumentation was provided for the measure-
ment of the deflection response of the structure when
excited and also for the measurement of the vibrations in
cable tension.

The Chiba branch has a special wind tunnel which was constructed
specifically to permit the investigation of the aerodynamics
characteristics of suspension bridge cross sections. The
cross sectional dimensions of the test chamber or throat

are 1.8 meters in width by 3 meters in height. A maximum
velocity in the test section of approximately 21 meters per
second (75 ft. per second) is possible. At the time of our
visit, a 1/50 scale model was installed in the test section
and was being subjected to wind speeds of approximately 14
meters per second. This permits representation of prototype
velocity up to about 100 meters per second or about 225 wmiles
per hour, somewhat in excess of the maximum velocities which
have been recorded in typhoons. The wind tunnel iswed for
three types of measurement:

(1) The steady state aerodynamic forces on a cross
section consisting of 1ift, drag, and moment,
measured by a three component sensitive balance
system.

(2) The rate or increase or decrease of unsteady
oscillation can be obtained by exciting a steady
state oscillaticn with the electrodynamic damping
system and then allowing the model to oscillate
freely after the forces are removed.

(3) The actual forces working during instable aerodynamic
oscillation can be measured.
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The resulting measurements can be directly sampled and
digitized by a data system capable of sampling rates up to
6,000 samples per second. Displacement measurements of
the vertical and torsional oscillations are made by means
of a special TV camera and video motion analysis system.
This system permits any three points on the model to be
selected for displacement measurements without any physical
attachment to the model which would interfere with its
vibration character or energy dissipation.

In the next laboratory visited, a dynamic model of a three
span suspension bridge was arranged so that the base of

the towers could be subjected to simulated seismic oscilla-
tions. This oscillation is achieved by an electrodynamic
moving coil shaker system which receives its input from a
magnetic tape drive. The acceleration records of actual
earthquakes on the magnetic tape drive furnish signals which
pass through a linear amplifier and then to a power amplifier
to provide signals of adequate power to drive the coil
oscillator. At the time of our visit, the base of one tower
was being subjected to oscillation parallel to the long

axis of the bridge. The mode which was excited involved

the flexural bending of the tower in a single wave between
the deck level and the top, with corresponding waves in the
deck structure on either side of the tower. Displacements
and forces were being measured in the deck and in the cable
system. It was indicated that in earlier experiments both
towers had been subjected to in phase motion in the longi-
tudinal direction and in the transverse direction.

In the main Structures Laboratory some sample prefabricated
bridge deck systems consisting of light weight concrete and
steel stiffening members were being subjected to repeated
loadings with equipment similar to the Amsler hydraulic
system. These tests were being conducted to determine

the fitigue life of such special- deck sections for possible
use on the Honshu-Shikoku bridge.

A rather unusual facility was provided at the institute

for studying behavior of embankments during heavy rainfall.

A building approximately 120 ft. sq. was equipped with
sprinkler nozzle at ceiling level to create heavy artificial
rainfall (up to 20 millimeters per hour). Under this

system, embankments are constructed in which pore pressure
meters, moisture content meters and soil pressure meters

are installed. By turning on the artificial rainfall, the
process by which such embankments are weakened and eventually
collapse due to saturation can be studied in detail.
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In order to work out development details for such an
unusual project, a one-half scale model of the eventual
prototype shaking table has been built and tested. It

was this model which we saw in operation at the Mitshubishi
plant. We also saw a number of the large components which
have already been fabricated for the large shaking table.

The bed of the shaking table rides on a high pressure film
of o0il which is forced between fixed and movable steel
plates at about 1,000 psi. Lateral guides are provided by
roller bearings. The actuator is an electrohydraulic
system operating at 3,000 psi and capable of dealing up to
2,000 1lbs. of thrust under programmed control. Maximum
acceleration is 3 g's in a frequency range from .1 to 50
cycles per second. During our visit the table was subjected
to sinusoidal moticn and to a random input wave taken from
the El1 Centro earthquake of California. Reproductions of
the displacement pattern appeared to be extremely good.

This model table did not provide for the vertical degrees
of freedom which will be available in the larger facility.
In the large facility the vertical motions will be achieved
by an independent set of actuators.

Monday - April 28

Visit to Wind Observation Towers, Tarumi

At 6:30 a.m. we left the Rokko Oriental Hotel west of Kobe
by bus for Tarumi, which is on the coast at the point
where one of the possible alignments of the Honshu-Shikoku
Bridge begins. At this location, the Ministry of Construc-
tion has erected a tall tower to permit reliable data
collection on the nature of thewinds at this site.
Anemometers, bivane wind direction devices, and sonic
anemometers are installed on extension platforms at various
levels on the tower. At approximately the 30 ft. level,
there is an instrumentation room which contains recording
equipment and a diesel driven electric generator for stand-
by power. Recording instruments are located at the top of
the tower (80 meters) and on extension platforms at the

50 meter, 30 meter, 20 meter and 10 meter levels. Each set
contains a wind velocity cup type anemometer and a bivane for
indi cating vertical and horizontal wind directions. At the 10,
30, and 50 meters levels, there are two sets of such
instruments on identical platforms on opposite corners

of the tower. In addition, there is a three component
sonic anemometer maintained at one corner on the tower at
the 30 meter level.
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any location. This particular feature is especially
necessary in Japan because some public power is on 60
cycles and some on 50 cycles. The system operates on 60
cycles. The system accepts and digitizes a total of 6,000
samples per second. This capablllty may be distributed
among the 30 information channels in an arbitrary fashion.
The eguipment has been used for both prototype and large
scale model tests. It was mentioned that within the past
year an experiment was conducted on embankments excited
by artificial explosives near Nagoya. It was also interesting
to note that at the time of our visit, this mobile data
acquisition system was connected to an experiment being
conducted in the adjacent building.

¥e next visited a general data processing and reduction
laboratory. This laboratory contained a rather large but
somewhat outmoded analog computer, digital computer and
facilities for converting analog magnetic tape to digital
form. It also contained a number of special data reduction
devices for reading replica seismograph records. These
replicas are made on special film which is highly resistant
to temperature and moisture change. Facilities are also
available for converting either analog or digital magnetlc
tape to punched paper tape. The seismographic processing
devices are used in the reduction of records from many
statione installed on harbor installations and structures in
Japan.

The next laboratory visited was one in which wave action
on waterfront structures could be simulated. It consisted
of a channel three meters wide, 2-1/2 meters deep, and

105 meters long. The channel is fitted at one end with a
wave generating mechanism driven by a 75 horsepower motor
and capable of producing waves up to 80 centimeters in
amplitude. The generating paddle is double plvoted with
an adjustable linkage mechanism which permits various com-
binations of swing and parallel motions to be imposed,
thus changing the shape of the generated wave. At the far
end of this channel, a vertical blockhead was installed.
This bulkhead was fitted with pressure measuring devices
for assessing the effects of the wave upon the bulkhead.
One face of the channel in the section where studies are
conducted is fitted with a glass wall to permit accurate
observations of the wave profile. The wave which was
being generated at the time of our visit was essentially

a reqular wave shape with a spacing between waves equal to
about four times the wave length of wave itself.

e were shown facilities for model studies of the mechanigm
by which wind shear generates waves on a free water surface.
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This facility consisted of a water channel approximately

one meter wide and onehalf meter deep above which there was
a closed air space approximately one meter high. TFans at
one end created controlled air movements through the air
space above the water. During our visit we witnessed an
increase in the wind velocity from 10 meters per second to
15 meters per second with a consequent change in the wave
formation. Quantitative measurements of the wave patterns
are taken at three points across the width of the channel

by pressure sensing devices and recorded on an analog
magnetic tape, after which they are digitized and processed
by a computer to obtain power spectrum and cross correlation
measurements. t about the mid-length of the channel,

there is a special diversion plate which can be lowered

from the top to permit escape of the air stream at a level
just above the waves. This permits the study of the bahavior
of the waves in the remaining length of the channel.

The velocity profile in the wind strain is measured at a number

of heights and lateral positions by both pieziometer tubes
and standard wind anemometer. The data taken from these
measurements is also subjected to cross correlation analysis
to obtain measurements of turbulence.

April 26 — Saturday

Large Shaking Table at Mitshubishi Factory

On the afternocon of the 26th, we visited the Mitshubishi
Aircraft Factory in Nogoya. This plant has an established
device for electrohydraulic systems and is building a very
large shaking table for eartnquake research for the
Japanese government. This shaking table will be approxi-
mately 50 ft. sg. and will be capable of testing structures
with masses in excess of 500 tons. This facility will
eventually be installed in the Technical City to be built
some 40 miles north of Tokoyo and will be a National
Japanese facility available to each of the research
institutes. It will be housed in a building sufficiently
large to permit construction of large scale models or even
prototype structures. It will have the capability of
generating various wave forms including random patterns

in the freguency range between 0.1 and 50 cycles per second.
Maximum acceleration will be 560 gallns in the horizontal -
direction using 500 ton-masses on the table or 1,000 gals
in the vertical direction with a 200-ton mass.
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Activities of April 23

Visit to port .and Harbor Technical Research Institute

On the afternoon of April 23, we boarded a train for a visit
to the port and Harbor Technical Research Institute of the
Ministry of Transportation, southeast of Yokohama. This insti-
tute is concerned with the design of water front structures,
protective sea walls, and wave resistant structures. We were
welcomed by Dr. Y. Hayashi, Director. Several members of the
staff reported briefly on current research work, after which we
made an inspection trip of their laboratory facilities.

In the first laboratory which we visited, research was

being conducted on the forces exerted by water and sedimentary
deposits upan bulkheads during a seismic disturbance.

The principal facility consisted of a large box mounted so
that it could be subjected to horizontal accelerations. The
force to produce the oscillations is supplied by.a-large
electrodynamic driver. The dimensions of the box are
approximately 5 ft. deep by 7 ft. wide by 15 ft. long. The
extremely heavy weight of the box when filled with a test
specimen and water is supported upon highly finished

hardened steel plates between which a high viscosity oil is
forced under pressure. This leads to a quite effective
elimination of frictional forces, which they claim to have
measured at 0.01 percent. The truth of their statements
seems apparent in that the eight tons of mix could be

easily moved by hand pressure when the oil is _turned on.

The test chamber can actually hold up to 20 tons of material
and the electrodynamjc system is capable of driving at
between frequencies ot 0.1 to 100cycles per second.

Vibration is limited by maximum displacement which may not
exceed + 5.0 centimeters. The drive system is controlled

by a magnetic tape in part and is capable of periodic

motion or random motion simulating real earthquake
acceleration patterns. The recording system provides for
both oscillographic and magnetic tape (analog) records and

up to 15 channels of information.

This Institute has a mobile data acquisition system for the
study of behavior of large structures in the field. It has
been used principally to measure the response of seacoast
structures to heavy wave action. The system provides for
signal conditioning, amplification, digitizing, and recording
on magnetic tape for 30 channels of information. Provisions
are made for selective filtering of input data. The digitized
magnetic tape record may also be played back into the system
and converted to an analog signal for oscillographic
recording. A portable diesel driven electrogenerator is
provided in order to insure a reliable source of power at
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In the instrumentation chamber, there are sets of strip
chart recorders for each level. The upper recorder indicates
the wind velocity on each of the two anemometers and the
lower recorder indicates the wind direction. 1In addition,
other strip chart recorders make a record of the integrated
wind travel for anemometers at the 30 meter level and at

the top of the tower. Additional records are taken of
temperature, and the sonic anemometer records on a separate
magnetic tape system.

Some of the results to date from these wind observations
were displayed on wall charts. One significant result,
from a standpoint of suspension bridge design, indicates
that the angle of attack (absolute value without regard

to sign) decreases with an increase of wind velocity.
Values of from 6 to 8 degrees are typical for velocities

in the 20 to 30 meter per second range, but reductions

to values around four degrees occur at high velocity on

the order of 60 meters per second. A second chart indi-
cated the number of days per year in which the wind
velocity exceeded certain arbitrary levels. The 10

meters per second velocity criteria shows that this
velocity was exceeded approximately 200 days per year at
the 80 meter level by only 100 days per year at the 20 meter
level. The 15 meter per second criteria shows 70 days

per year at the 80 meter level and only 10 days per vear at
the 20 meter level.

Another chart showed the character of two typhoons which
had passed over the instrument site; one in September 1964
and one in September 1965. The first of these reached a
peak velocity of 50 meters per second (112 miles per hour)
and the second reached a velocity of 65 meters per second
(146 miles per hour).

The details of the instrument installations were inspected.
The anemometers were mounted on cantilever platforms
standing approximately 15 ft. out from the tower framework.
We were told that some difficulty had been experienced in
maintaining proper calibration on the bivane direction
indicators during typhoons because of the heavy rain which
usually accompanies these events. Sufficient rain water
accumulates on and between the vanes to affect the static
balance and give some error in the direction readings.
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Wind Observation Towers at Satoxua

At about 9:30 we left Tarumi and traveled by bus and ferry
across the straits to Naruto on Skikoku Island. The ferry
crossed the straits approximately parallel to the proposed
alignment of the bridge and at a small distance from the
shore we passed a low tower mounted in the water on which
wind observation instruments were mounted. We were informed
that this tower was being operated by the Metrological
Research Institute for the purpose of studying wind velocity
profiles close to the sea surface and relating these to
wave pattern development. We arrived in Satorua at about
11:00 and inspected the wind observation system at this
location. The primary purpose of this installation is to
study horizontal turbulent structures of the wind. Five
towers had been erected of approximately 40 meters in height
with spacings of 12, 23, 45, and 110 meters. The base of
the fourth tower contains an instrument house and auxiliary
power source. The line of towers is parallel to and about
100 ft. inshore of a sea wall which rises above the level
of the ground on which the towers stand. We were informed
that there is another tower at Nakagawa where vertical
turbulence is being studied and where the instruments are
at 15 meters, 30:meters, 50 meters, gometers, 110 meter and a total
height of 150 meters, mounted on a tall guide tower. In
reply to inguiries about the sea wall and its possible
affects on the observations, we were informed that it had
just been constructed one year previously. Each of the
towers has a cup type anemometer at the top and sonic
anemometer at both the top and the intermediate level.

The output of the transducer is recorded on a seven-
channel magnetic tape system. The sonic transducers

are of the single transmitter, double receiver type with
pulses transmitted approximately 45 degrees up stream and
45 degrees downstream of the wind component being measured.
The pulse pattern received by these two receivers is
processed electronically and the phase difference is
recorded as a measure of wind velocity. Between towers

No. 4 and 5, a catenary cable is in place with a span of
110 meters and a sag ratio of about 1/8. This cable is
fitted with a force transducer to measure wind effects.

The output of the cup type anemometers is recorded on a
seven channel analog magnetic tape. The output of the
sonic anemometer is recorded for selected periods on
oscillographic records.

LS
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Activities of April 29

Meteorological Research Institute in Tokoyo

We were shown some interesting work being conducted in.a
rather small wind tunnel on the patterns of distribution

of wind around the Kasumageseki building in Tokoyo. The
model was at approximately 1/1000'scale and was mounted on

a turntable approximately 5 feet in diameter. Both the
building exterior and the surrounding structures were
modeled within limits of the area reproduced on the turn-
table. Dr. Pfrang noted that the prototype structure in
this case has been instrumented for obtaining actual

wind pressures and velocities and asked as to whether any
pressure measurements had been made on the scale model.

We were told that no pressure measurements had been taken
on the model. Rather detailed measurements had been

taken on the welocity distribution in the vicinity of the
model with a hot-wire anemometer. In response to inquiries
as to whether scale effects had been evaluated at different
velocities, we were told that this particularly model had
been tested only at 50 meters per second.

We were next shown a motion picture produced by lapsed time
photography of the cloud formation around the summit of

Mr. Fujiyama. These pictures clearly demonstrate that a
vortex stream is formed behind the peak, resulting in

large scale convective and turbulent flows. We were told
that these prototypes observations compared quite well with
studies made on a small model of +he mountain and its
surrounding terrain at about 1/25 200 scale. These particular
studies were made in an effort to assist the Ministry of
Transportation to find the cause of an aircraft disaster
involving a BOAC transport some two years ago.

The study has provided a dramatic demonstration of the
usefulness of even very small models in studying the manner
in which the normal wind stream is modified by topographic
features. It was stated that the model studies indicated
that at velocities about 35 meters per second the separation
with its accompanying turbulence was driven closer to the
bank slope of the mountain and that at high velocities it
was nearly completely surpressed. In the case of steep slope
the degree of suppression would not appear to be a function

of the degree of turbulence in the incoming wind stream.
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