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code developments and announcements

Walls, WG”S, WG”S

By James E. Amrhein, S.E. and James S. Lai, S.E.

Walls are the signposts that mark the location of civilization. The search for our
ancestors invariably is centered on areas where people lived and built shelter for
protection against climate and weather. This would leave outlines of shelters that may
have been constructed of stone with mud as a mortar. These materials are still used
today in many underdeveloped countries.

From the time of the ancient temples of
Egypt and the Great Wall of China, humans
have learned to build shelters to protect them-
selves from the elements, as well as houses of
worship, defense fortresses, monuments and
other structures. These walls were very thick
and did not go very high. They were thick t
support loads and be stable.
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Test Results

e 1950-60s, reinforced concrete
tilt-up walls were a great innovation and
construction advancement. Walls could be
built without expensive wall forms, by being
cast on concrete slabs on the ground and lifted
into final position to serve as architectural
enclosures or elements.

Clients, particularly supermarkets, wanted
taller walls than the 16 feet, 8 inches allowed
for 8-inch concrete block. They wanted to
use concrete block walls up to 18 or 20 feet
high. In the case of concrete walls, second-
order analysis was permitted by the building
code and led to trends towards designing
slender walls with little or no concern for
long-term serviceability.

It was interesting that there was a definite,
two-part load-deflection performance. The
walls would be stiff and hold together up
until the modulus of rupture was reached and
the initial crack formed. As lateral load was

The Answer
The Southern California Chapter of the

American Concrete Institute, under the
direction of the late Joseph Dobrowolski,
PE., organized a Task Force Committee on
Slender Walls, 1980 to 1982, to include the
Structural Engineers Association of Southern
California, Masonry Institute of America
and the cooperation of many engineering

offices and building officials.
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Results of t scale tests showed the

response_of @nder combined lateral
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ere was no instability, which led to the
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Xvelopment of new design methods.

After the tests were successfully completed,
the committee worked on resolving, distilling
and codifying the information. It involved not
only safety to resist vertical and lateral loads,
but also the introduction of a new concept:
serviceability after a lateral force event.

The walls had to be serviceable and not ex-
perience damage. However, the limitation of
wall deflection became a factor. The amount
of permissible deflection was initially stated
as 0.01 times the height of the wall. Dur-
ing subsequent review by code officials and
structural engineers, the permissible deflec-
tion was reduced to 0.007 times the height
of the wall.

Panels at Test Site (1980). 7
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Wall Details

into the 1985 Uniform Building
h/t Code; similar provisions for con-
Thickness | slenderness | Strength crete wall panel design were intro-
9.5 30 3225 psi duced into.the 1987. Sl.lpplement
y 75 oo of the Uniform Building Code.
%Clmgete 725 0 3225 psi The design method incorporated
e Up 5.75 50 3225 psi the combined load effects due to
475 60 3225 psi eccentric vertical loads and the P-
N 460 ool delta effect. Strength requirements
Concrete om. 10 30 2460 psi are considered when selecting the
Mason Nom. 8 38 2595 psi reinforcing required. Deflection |
y Nom. 6 51 3185 psi under service loads was established )
p 0 051 to provide a reasonable limitation
Clay . 30 3060 psi on the stiffness of the wall pane
7.5 28 3440 psi This-significant project has saved) | SRR e
Masonry ; ﬁ\’“\g proj
5.5 52 6243 psi | Owgover $5
<" Savings continue b

Table 1: Note all walls were 24 feet 8 inches tall.

This was the first time that serviceability
was even considered and written into the
building code for wall panels. This wa
significant advancement, to the credit of ¢
committee and the structural engineers wh
served on it.
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Concrete Test Panel (1981).

layman can do for two dollars. This is due
to the engineer’s knowledge of materials, the

tee, the
and desi
to
under vertical and lateral wind or seismic
loads. An alternate slender wall design proce-
dure for masonry wall panels was introduced

Tilt-up Building under Construction. Cottonwood Christian Center, Cypress, CA.
Courtesy of R M. Byrd Assoc., Ontario, CA.

James E. Amrhein, S.E., Honorary member of SEAOSC and The Masonry Society. Fellow of
ASCE and ACI, served as organizing member of the ACL, SEAOC, MIA Task committee on
Slender Walls. Mr. Amrhein is the author of the authoritative Reinforced Masonry Engineering
Handbook. Amrhein is retired Executive Director of the Masonry Institute of America and was
Supervising structural engineer for the Portland Cement Association. James can be

reached via email at amrhein@usa.com.

James S. Lai, S.E., Honorary Member of SEAOSC, Fellow of SEAOC, served as a member
of the Joint ACISCC-SEAOSC Task Committee on Slender Walls. Lai is a past president of
SEAOCSC, and a past board member of SEACC and ATC. He currently chairs the SEAOC
Building Code Committee and is member of Tri-state Wind Ad Hoc Committee. He can be
reached via email at jslai@sbeglobal.net.

Please see next page for detailed references.
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