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Abstract

The maximum Modified Mercalli intensity of the April 26, 1981 earthquake
located 5 km northwest of Westmorland, California is VII., Twelve buildings in
Westmorland were severely damaged with an additional 30 sustaining minor dam-
age. Two brick parapets fell in Calipatria, 14 km northeast of Westmorland
and 10 km from the earthquake epicenter. Significant damage in rural areas
was restricted to unreinforced, concrete-lined irrigation canals. Liquefac-
tion effects and ground slumping were widespread in rural areas and were the
primary causes of road cracking. Preliminary local government estimates of
property loss range from one to three million dollars (Imperial Valley Press,
1981). The earthquake was felt over an area of approximately 160,000 km?;
about the same felt area of the October 15, 1979 (Reagor and others, 1980),
and May 18, 1940 (Ulrich, 1941) Imperial Valley earthquakes.

Introduction

The Westmorland, California earthquake of April 26, 1981 was located in
the seismically active Imperial Valley of southern California. Instrumental
data for the earthquake obtained from Preliminary Determination of Epicenters
(National Earthquake Information Service, 1981) is as follows:

Origin Time: 12:09:28.4 (April 26, 1981)

Latitude: 33.133 North
Longitude: 115.650 West
Depth: 6 km

Magnitude: 5.6 M; (Pas); 6.0 Mg (USGS)

The Imperial Valley has repeatedly experienced earthquakes of signifi-
cantly high intensity. Fifteen earthquakes of Modified Mercalli Intemnsity VII
or higher have been recorded since 1906. These earthquakes are listed in
Table 1 (Coffman and Von Hake, 1973; Coffman, 1979). Prior to 1906 the his-
torical earthquake catalogue for the area is very incomplete, and the
extremely sparse population and questionable accounts of time and location of
shaking have made the historical record rather uncertain. Settlement of the
valley was promoted in the early 1900°s by the construction of the Imperial
Canal. The diversion of water from the Colorado River into the Valley created
more than 1,068,290 acres of arable land in what has formerly been a desert
(Imperial Valley Irrigation District, 1977).

Following the April 26 earthquake a field investigation was undertaken to
determine actual observed intensity, type of structural damage and geological
effects in the epicentral area. Extensive canvassing by means of questionn-
aires mailed to post offices in a 500 km radius of the epicenter was used to



Table l.--Historical earthquakes of intensity VII or greater
in the Imperial Valley, California (from Coffman and Von Hake,
1973; Coffman, 1979).

Date Location Latitude  Longitude Maximum
(North) (West) Modified Mercalli
Intensity

April 18 Brawley 33.0 115.0 VIII
1906

June 22 El Centro 32.8 115.5 VIII
1915 Calexico, &

Mexicalli,
Mexico

November 05 Calexico 32.5 115.5 VII
1923

January 01 Imperial 32.5 115.5 VIII
1927 Valley near

Mexican border

February 25 Imperial Valley 33.0 115.5 VIII
1930

March 01 Imperial Valley 33.0 115.5 VIII
1930

May 18 Southeast of 32.7 115.5 IX
1940 El Centro

July 29 Imperial Valley 33.1 115.6 VIII
1950

January 23 Imperial Valley 33.1 115.6 VII
1951

June 13 Imperial Valley 32.8 115.7 V1I
1953

December 16 Near Brawley 33.0 115.5 VII
1955

April 25 Southwest end 33.2 115.9 VII
1957 of Salton Sea

January 23 Imperial Valley 33.0 115.5 VII
1975



Table 1. (cont.)--Historical earthquakes of intensity VII or
greater in the Imperial Valley, California

Date Location Latitude Longitude Maximum
(North) (West) Modified Mercalli
Intensity
October 151 Imperial Valley 32.6 115.3 VII
1979 (IX damage to one building)
April 262 Westmorland 33.1 115.7 VII
1981

1Reagor and others, 1980.

2This report,



assign intensities and assess the distribution and nature of the earthquake
effects in areas not included in the field investigation.

Shaking Effects and Distribution of Damage

The intensity values in this report refer to evaluations appearing in the
Modified Mercalli Intensity Scale of 1931 (Wood and Neumann, 1931). Table 2
lists intensity assignments at cities throughout southern California and
southwestern Arizona. These data are the basis of the generalized isoseismals
shown in figure 1.

Within such an earthquake-prone area as the Imperial Valley, particular
care is needed in assigning intensity values. The long history of frequent,
high-level shaking has the effect of progressively weakening some structures
that remain standing through one or more of the earthquakes. Indeed, build-
ings condemned as a result of shaking in the Westmorland earthquake showed
evidence of repairs of previous earthquake damage. Some incidents of struc-—
tural failure or severe damage are misleading as criteria in the assignment of
intensity if the structure has been weakened by previous earthquakes.

A maximum intensity of VII was assigned at Westmorland and Calipatria, in
the epicentral area. This evaluation is based on a large number of intensity
VII damage effects.

Damage in Westmorland

Westmorland is a city with a population of approximately 1,470. Many of
the heavily damaged downtown buildings consist of stuccoed, wood-framed, two-—
story structures. Typically these structures have porticos extending over the
sidewalks. The porticos are supported by unreinforced concrete colonnades.
This is a characteristic architectural style throughout the cities of the
Imperial Valley. In Westmorland the buildings are relatively old, dating from
the 1930’s or earlier. Many old residences in the area are wood-frame stuc-
coed houses on wooden or cinder block foundations. Another common construc-—
tion type for residences is stucco over adobe brick, and in at least one case,
a residence of this construction had severe damage. Westmorland has a number
of mobile home residences, five of which fell off their supports. The mobile
homes were generally resting on supports of wood, hollow cinder blocks, or
metal jacks., No securing bolts or other tie down provisions were apparent.

Westmorland’s water treatment plant was temporarily inoperational as a
result of damage to the filtering system. Residents were without city water
for 10 hours, necessitating trucked-in water from the city of Brawley. The
water storage tower tilted slightly to the south as a result of the earth-
quake., Damage to the city’s sewer treatment plant required the city to run
sewage through an old plant which had been unused for years. The sewage plant
sustained an estimated $40,000 damage (Imperial Valley Press, 1981). Damage
repair costs to the water treatment plant had not been estimated at the time
of the field survey. Traffic on State Highway 86, which is Westmorland’s Main
Street, was rerouted for a short time after the earthquake because of fallen
debris in the street and danger from sagging facades on Main Street build-
ings. The most heavily damaged buildings were those located in the center of



Table 2.--Modified Mercalli intensities assigned for the Westmorland,

California earthquake of April 26, 1981.

Asterisk entries indicate

intensities assigned on the basis of the field investigation of the
The intensities assigned to each city are, in every
case, the highest intensity known to have occurred in that city
as a result of the earthquake.

earthquake.

Location Coordinates (deg) MM
lat. (N) Long. (W) Intensity
Arizona
Bouse 33.93 113.00 IIT
Ehrenberg 33.63 114.50 11
Gila Bend 32.93 112.70 II
Martinez Lake 32,98 114.47 111
Parker 34.15 114.30 v
Poston 33.98 114.40 v
Quartzsite 33.68 114,23 Iv
Roll 32.75 113.98 1v
Riviera 34,87 114.15 Iv
Stanfield 32.83 111.97 11
Tacna 32.67 114.00 v
Wellton 32.65 114.15 v
Wikieup 34,70 113.60 Iv
Yuma 32.66 114.65 v
California

Alamorio v
Alpine 32.83 116.75 v
Anza 33.56 116.68 v
Azuza 34.12 117.91 I11
Bard 32.78 114.56 Iv
Beaumont 33.91 116.98 III
Blythe 33.60 114.61 111
Boulevard 32.66 116.26 v
Brawley#* 32.98 115,51 VI
Cabazon 33.91 116.78 v
Calexico* 32.67 115.50 v
Calipatria* 33.13 115.50 VII
Campo 32.60 116.47 v
Cathedral City 33.76 116.46 v
Cedar Glen 34.24 117.23 IT1I
Chino 34.00 117.70 Y
Coachella 33.66 116.16 v
Corona 33.88 117.56 I1I
Coronado 32.68 117.18 v
Dana Point 33.45 117.71 111
Descanso 32.85 116.61 v
Desert Center 33.71 116.50 111
Desert Hot Springs 33.95 116.50 )
Dulzura 32.64 116.78 v
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Table 2.--Modified Mercalli intensities assigned for the
Westmorland, California earthquake of April 26, 1981

Location Coordinates (deg) MM
lat. (N) Long. (N) Intensity

Eagle Mountain 33.85 115.48 v
El Centro* 32.79 115.56 \
El Cajon 32.78 116.95 v
Encino 34,16 118.49 IIL
Forest Falls 34,11 116.90 IV
Glamis 32.99 115.07 \Y
Guatay 32.82 116.56 v
Havasu Lake 34,48 114.40 v
Heber 32.73 115.53 A
Holtville* 32.80 115.40 v
Idyllwild 33.74 116.71 v
Imperial* 32.85 115.55 v
Imperial Beach 33.73 116.32 Iv
Indian Wells 33.73 116.32 Iv
Indio 33.71 116.21 v
Jacumba 32.61 116.18 v
Joshua Tree 34.13 116.31 III
Julian 33.07 116.60 v
La Mesa 32.78 117.03 v
Laguna Niguel 33.50 117.73 v
Laguna Beach 33.53 117.75 III
Lakeside 32.82 116.89 Iv
Lemon Grove 32.73 117.03 v
Los Angeles 34.05 118.25 Iv
Mecca 33.57 116.08 v
Mount Laguna 32.87 116.41 \Y
Murrieta 33.55 117.23 v
National City 32.66 117.11 IV
Needles 32.83 114.60 III
Niland#* 33.24 115.51 v
Nuevo 33.80 117.15 I1
Oceanside 33.20 117.38 v
Ocotillo* 33.14 116.13 v
Onyx 35.68 118.23 III
Pala 33.36 117.08 v
Palm Desert 33.72 116.37 \Y
Palm Springs 33.81 116.56 v
Palo Verde 33.43 114,73 \Y
Parker Dam 34,28 114.14 v
Pine Valley 32.82 116.53 v
Plaster City#* 32.79 115.85 v
Potrero 32.61 116.61 IV
Ramona 33.03 116.86 v
Ranchita 33.20 116.55 v
Ripley 33.52 114.65 v
Salton City 33.31 117.65 v
San Bernardino 32.10 117.31 A
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Table 2.--Modified Mercalli intensities assigned for the
Westmorland, California earthquake of April 26, 1981

Location Coordinates (deg) MM
Lat. (N) long. (W) Intensity

San Diego* 32.73 117.16 v
San Juan Capistrano 33.50 117.65 Iv
San Jacinto 33.78 116.96 v
San Marcos 33.14 117.19 v
San Iwis Rey 33.22 117.34 v
Santee 32.81 116.93 v
Seeley* 32.79 115.68 v
Spring Valley 32.75 117.0 v
Thermal 33.64 116.14 v
Thousand Palms 33.81 116.39 v
Vista 33.20 117.25 v
Westmorland* 33.00 115.61 VII
Winterhaven 32.72 114.60 v
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Figure l.-~Preliminary isoseismal map of the Westmorland, California earth-
quake of April 26, 1981. Intensity evaluations are assigned in accordance
with the Modified Mercalli Intensity Scale of 1931 (Wood and Neumann, 1931).
Note: Roman numerals are used to delineate isoseismals and, for clarity,

arabic numerals are used to indicate intensities assigned at discrete lo-
cations.



town along Main Street (fig. 2). Six of these buildings were condemned by the
Brawley Building Inspector, and the remainder were recommended for repair.

The descriptions of damage that follow have been summarized from field notes
and from a damage report prepared by the Brawley Building Inspector (written
communication, 19811). The numbers of the damage descriptions correspond to
the numbered sites of figure 2.

1. The adobe building located at 231, 239, and 241 West Main Street was
damaged beyond repair. The adobe wall along the west side of 241 West Main
Street fell westward on the roof of the adjoining small building. The east
wall of 231 West Main Street collapsed entirely allowing the roof to fall
in. The pillars at curbside have deteriorated at their base, and the
Brawley Building Inspector recommended that this building be demolished in
its entirety.

2. This building has no apparent structural damage. A crack has opened
throughout the vertical extent of the front wall where the building adjoins
the fire station. The building is constructed of cinder blocks.

3. The Westmorland fire station had a crack open about one-half inch in the
brick veneer at the northwest corner of the building.

4, This building had damage to the arcade only. The balance of the
building appeared to have escaped major damage.

5. Porter’s Fountain (fig. 3a and 3b). Porter’s Fountain was badly dam-
aged. The concrete columns at the corner of the building tilted out towards
the street. Apparently these columns were not tied to the overhead portion
of the building. The rebar in the columns simply extended into the frame-
work and were not secured by any means. The building has been torn down by
demolition crews. This building was constructed in a style typical of the
area=two-story, wood frame, covered by stucco with a front portico extending
the length of the building.

6. At 176 Main Street there was a separation between the arcade and the
rest of the building.

7. The rear portion of this three-story wood frame, stucco hotel had major
damage. A column tilted outwards allowing at least a six-inch separation
between the wall and the building. Removal of this building has been recom-
mended by the Brawley Building Inspector.

8. 170 West Main Street. Construction is of hollow tile masonry. A good
portion of the masonry broke loose at the foundation line. The tile has
apparently deteriorated due to water damage and is in very poor condition.
Removal of this building has been recommended by the Brawley Building
Inspector.

9. The building located at the southeast corner of Center Street and Main
Street sustained damage to the parapet wall at the arcade (fig. 4). The
building is primarily of frame and plaster construction with metal "orna-
mentation'" along the Center Street side. Some weakness was apparently
caused by a leaking roof that allowed water to rot the wooden members. The
balance of the building appeared undamaged.

lLetter from Mr. Robert L. lLane, Brawley Dept. of Planning and Building to Mr.
Ron Rodriguez, Mayor of Westmorland describing results of Mr. Lane’s and Mr.
Francisco Soto’s inspection of Westmorland after the April 26, Westmorland
earthquake. The letter is dated April 27, 1981.
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Figure 2.--Plat of the city of Westmorland, California. Circles indicate damage
to a structure at that site and the numbers refer to the corresponding
damage description in the text. (Redrawn from a plat of the city pro-
vided by the Westmorland City Government.)
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istic cracking and fall of plaster at this site. The Planter’s Hotel has
experienced exterior cracking in prior earthquakes and shows evidence of much
patching and repair. As indicated in figure 1, Brawley was assigned Intensity
VI.

As shown in Table 2, intensity assignments range from a maximum Modified
Mercalli intensity of VII to that of II. '"Not Felts" are not listed in
Table 2 but are shown on the isoseismal map in figure 1.

Discussion

Both the total area and the shape of each of the intensity isoseismals
for this earthquake are affected by several variables. Social factors and
physical geographic factors interact in controlling the distribution of pop-
ulation and the type and degree of economic development.

Large tracts of land in southern California, being extremely arid and/or
mountainous, remain sparsely populated. Felt areas of many earthquakes thus
consist of points which are clumped in settled areas, leaving much unpopulated
desert area which is impossible to evaluate. Also, to the west, the Pacific
ocean precludes complete intensity evaluations of long-period effects. The
Salton Sea also has an effect on isoseismal shape because of its size and
because population is distributed only intermittently around its shores.
Traditionally, people tend to settle areas very near rivers—-location and
direction of flow of major rivers (such as the Colorado River to the east of
the Imperial Valley) affect the distribution of population and thus, intensity
isoseismals.

No intensity study was undertaken in Mexico resulting in lack of tenable
evaluations to the south. This lack of data from Mexico has been the norm for
evaluations of recent earthquakes occurring in the Imperial Valley even though
a number of earthquakes in the Imperial Valley are known to have caused damage
in Mexico. Earthquake effects in Mexico have been successfully investigated
for several Imperial Valley/Mexico earthquakes which occurred in the early
20th Century. Perhaps a means for observing future intensity effects in
Mexico should be investigated, although logistical problems in gaining access
to areas of Mexico may be somewhat more complicated at present.

The Imperial Valley proper, by comparison, is relatively densely popu-
lated. Variation in population concentration however, occur within the
Imperial Valley, most notably in the size of and type of development of its
cities and their conterminous areas. Cities such as El Centro and Calexico,
both located at the southern end of the valley, have combined populations of
approximately 35,800. The northern part of the Imperial Valley, by contrast,
has two major towns, Westmorland and Calipatria, that have combined popula-
tions of approximately 3,670 (Imperial Irrigation District, 1977). The south-
ern portion of the valley is much more urban in nature than the northern part
which is still characteristically rural. In the southern portion, the cities
of El Centro, Brawley, and Calexico have many recently built, modern commerc-
ial structures dispersed around large downtown sections. The older downtown
areas are typically comprised of many (pre-1940) wood—-frame and stucco build-
ings described previously on page 5 of this report. A number of older struc-
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tures in Westmorland are apparently being gradually weakened by successive
Imperial Valley earthquakes and many will undoubtedly be torn down as they
become damaged. As new buildings are constructed in Westmorland using the
current building codes, there will be a gradual increase in the number of
earthquake resistant buildings. From the point of view of interpreting
degrees of shaking using the Modified Mercalli Intensity scale criteria,
buildings that relate well to the intensity scale criteria (developed prior to
1930) will eventually cease to exist. This indicates the need for revision of
the Modified Mercalli scale to include criteria that reflect changes in the
earthquake resistance of structures resulting from the adoption of modern
building codes.
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