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During the last few months Ameri-
cans and people all over the world
have been horrified by the stories and
pictures of the devastating earthquakes
in Turkey. Photos and newsclips show-
ing hundreds of collapsed homes bury-
ing entire families have become all too
commonplace. As residents of North
America we are thankful that this sort of
calamity doesn’t happen here. The earth-
quakes we’re used to seeing (mainly in
California) cause inconvenience and in
some cases property damage, injury and
even some deaths, but nothing as cata-
strophic as in Turkey this year and
Azerbaydzhan a few years back.

After all, we have those brilliant civil
engineers and modern building codes
that ensure that our buildings can “take”
an earthquake. The truth is that earth-
quakes just like the ones in Turkey,
Russia and even Mexico City have oc-
curred frequently (in terms of geologi-
cal time) over relatively large portions
of the United States and the rest of the
Americas. The New Madrid quake in
present day Missouri caused the Missis-
sippi River to run backwards for a short
period of time. The Charleston earth-
quake of 1886 was felt hundreds of miles
away and its scars are still vividly dis-
played in architectural oddities known
locally as “earthquake bolts” on homes
and buildings throughout the city.

While most building jurisdictions en-
force proper codes in earthquake-prone
areas there is the potential for devastat
ing effects on large population centers
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if an earthquake of any real magni-
tude were to occur. The timebombs wait-
ing to explode include mostly
unreinforced masonry structures, which
were built prior to the development of
modern seismic codes.

Every large city in any seismically
active zone has a historic section—San
Francisco, Seattle, St. Louis, Charles-
ton, and Savannah to name a few. Al-
most by definition these historic dis-
tricts are filled with old, quaint,
unreinforced brick buildings. The ar-
chitecture of these structures may vary
tremendously due to age, era, local
tastes, and climates, but the one thing
they all have in common is bricks and
mortar.

With few exceptions, the seismic re-
sistance (ability to withstand lateral
loads placed on a structure by an earth-
quake) of unreinforced masonry is prac-
tically ZERO. This is basically true with
relatively new unreinforced masonry
structures but on truly historic struc-
tures the opportunity for catastrophe is
almost a certainty. There are streets in
Charleston, South Carolina where it has
been said for years that the only things
holding the buildings up are the roofs,
the floors, and each other. Most of these
structures are one hundred to one hun-
dred fifty years old. Many survived the
1886 quake and therefore offer some
unsuspecting souls a false sense of se-
curity with respect to the structures be-
ing able to sustain another major seis-
mic event.

Today’s codes require new structures
to be designed and built with resistance
to lateral loading as a design criterion.
Codes also require owners to use current
seismic standards for the design of ma-
jor renovations and remodeling. Such
seismic upgrades often incorporate
shotcrete as a construction method for
existing structures since shotcrete is
uniquely capable of providing a versa-
tile, cost-effective way of installing shear
walls and other structural members. This
allows the buildings in question to en-
dure the loads of a seismic event with
minimal damage and/or injury to its oc-
cupants.

Buildings which have incorporated
shotcrete in this manner include major
hospitals, a federal courthouse, retail
space, private homes, colleges, office
buildings, and marine facilities to name
a few. Most seismic upgrades utilize the
shotcrete as an independent support
mechanism with the existing structure
acting as a form on one side. The ability
of shotcrete to bond with this “form,”thus
incorporating it into the new load-carry-
ing member, is an added bonus in the
case of unreinforced masonry. The oc-
currence of falling bricks is vastly re-
duced during an earthquake if the bricks
are held in place by shotcrete rather than
old, deteriorated mortar. The adaptabil-
ity of shotcrete to irregular shapes and
obtuse planes often makes it the only
cost-effective construction method for
some structures.
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Design criteria and the extent of the
shotcrete application varies from site to
site. Some buildings incorporate
shotcrete shear walls in conjunction with
existing masonry walls to strengthen
what is already there. If the mortar be-
tween the bricks is still intact and the
design engineer is satisfied that the origi-
nal structure still has structural value,
this is often the most cost-effective route
to follow. Steel reinforcement and wall
thicknesses vary according to the load-
carrying capacity required.

Some structures, such as the new fed-
eral court complex shown in the adja-
cent photographs, incorporate shotcrete
as an independent load-carrying struc-

Shotcrete shear walls provide an internal support structure for this
unreinforced masonry building
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ture using the existing unreinforced ma-
sonry walls as a “form” only. Wall thick-
nesses varied from 18 inches (450 mm)
below ground level to 6 inches (150 mm)
on the third floor. Reinforcement ranged
from double mats of No. 6 bars (@ = 19
mm) to single mats of No. 4 bars (@ = 13
mm) and several combinations of caged
steel as design requirements dictated.
The reason this approach was necessary
was that the new courthouse incorpo-
rated and surrounded an existing two
hundred year old unreinforced masonry
structure in the completely new, modern
complex. The old building will be sub-
jected to live and dead loads which would
have exceeded its structural capacity

Incorporation of
shotcrete shear
walls made it
possible to include
this historic
structure into a
modern federal
courthouse
complex

when it was new. Obviously, a new struc-
tural design solution had to be estab-
lished before modern loads could be
applied. Due to the historic nature of the
structure, and its proximity to the fa-
mous “Four Corners of the Law,” demo-
lition of the existing structure was un-
thinkable.

Another major structure in which
shotcrete was incorporated was a por-
tion of the Storm Eye Institute at the
Medical University of South Carolina.
The project was a vertical expansion of
the existing building by adding three
more floors and an enlarged mechanical
mezzanine level to this seven story struc-
ture. Shotcrete shear walls were added
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Seismic shear walls incorporated to add lateral support to an existing
structure were critical to allow the addition of the top three floors in
the vertical expansion of this medical center building
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to the column and beam structures on the
existing seven floors to enhance the lat-
eral load carrying capacity of the build-
ing. Wall thicknesses ranged from 8
inches (200 mm) to 30 inches (750 mm)
with reinforcing steel designed accord-
ingly. Shotcrete was chosen as the con-
struction method due to cost savings and
acceleration of the overall speed of con-
struction. The fact that the entire project
was accomplished while the hospital was

in full operation is a testimony to the
adaptability of the shotcrete method.
The structures shown in the photos
demonstrate the versatility of shotcrete
for seismic retrofit of both modern and
historic structures. While seismic
strengthening is of major interest in
earthquake prone areas, it should be
noted that wind loads in coastal areas are
often the controlling or ultimate design
criteria for many structures. Most of the
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structures shown and referenced in this
article are located in Charleston S.C.,
and may be subjected to lateral loads
resulting from earthquakes and hurri-
cane force winds over the design life of
the structure. Shotcrete continues to be a
widely used method of construction as
structures are constructed, renovated,
and upgraded in this area and through-
out North America. s
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