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Antiquated Structural Systems Series

Part 10

By D. Matthew Stuart, PE., S.E., F ASCE, SECB

economical methods of construction.

For this series of articles, “antiquated” has been defined as meaning outmoded or discarded
for reasons of age. In reality, however, most of the systems that have been discussed are
no longer in use simply because they have been replaced by more innovative or more |

This article includes a compilation of
miscellaneous systems and information
for use by the practicing engineer. It
is hoped that this final article — along
with the previous nine — has provided
a resource of information to structural
engineers involved with the renovation
of existing structural systems that are
capable of being adapted or reanalyzed
for safe reuse in the marketplace of today
and the future.

Additional Antiquated
Systems
Masonry

Masonry bearing walls were, rarely, if
ever, designed for aétualloading conditions.
However, gamalysis of\a typical \8-inch,
double-wythe brick wall\ for a three- to
five-story ‘building indicates that the
compressive stresses are well below the'al-
lowable values,thiat were common in the
20" Century.

Wainwright Building (St. Louis, Mo.). Example of steel

skeleton framing clad with brick masonry.

Building codes in New
York City first addressed
masonry walls in 1830. The
code provisions for brick
became more complicated
with each revision and, by
1892, the portion of the
code dealing with masonry
was its most complex part. The NYC
code, like. many other codes from different
majoricities, specified the minimumwall
thickness for varying heights of buildings.
The 1892 NYC code generally called for
an increase of 4 inches (i.e., one wythe
of\brick) \in wall thickness for each 15
fect\down fromgthe top of the Building.
The 'minimum thickness/for*“curtain”
masonry brick wally was generally 4
inches less-than ‘that required for load-
bearing)\walls“at the same height of the
building. Asit is sometimes difficult to
ascertain the thickness of brick masonry
walls in existing buildings, a listing of
the various minimum wall thicknesses
is provided here (7able 1, page
26) for a number of major
cities from the 1920s.

Load-bearing brick masonry
walls were eventually replaced
by cage and skeleton wrought
iron and steel frame con-
struction, often using cast iron
columns. Cage construction
involved the use of brick fagade
walls that were as thick as those
used for load-bearing construc-
tion; the only difference was
that the frame and supporting
columns, including those that
would eventually be embedded
in the brick masonry fagade
wall, were first erected ahead of
the masonry. Skeleton framing,

Draped Mesh Floor,

dlthough pattially embedded in the exterior
masonry walls, was only clad with what
amounted to a brick curtain wall. All three
of these forms of construction co-existed
between 1880 and 1900.

Floor Framing

Draped mesh slabs became popular in
the 1920s. Draped mesh construction
is a type of reinforced slab framing that
involves the use of wires that drape between
the tops of adjacent beams. The types of
mesh used included triangular wire mesh,
ordinary wire mesh, expanded metal
sheets, plain round and square rods and
twisted square rods. The use of wire mesh
was actually preceded by expanded metal
sheets. Welding of wires together to form
the mesh did not begin until the 1930s.
Prior to that, the wires were attached
at the intersection points by staples or
washers, or by wrapping the transverse
wires around the longitudinal wires.

In a draped mesh slab, the concrete
serves only as the wear surface and as the
mechanism by which the imposed loads
are transmitted to the mesh. The mesh
alone is what physically spans between
the beams by means of catenary action.
Because the concrete is not structurally
stressed in this type of system, the com-
position and quality of the concrete is not
as important as in a true flexural slab. As a
result, it was common to use cinder con-
crete with compressive strengths under

Web Resources

Additional information concerning draped mesh construction can be found
}| in the Practice Points archive of The Association for Preservation Technology
website. www.apti.org/publications/PP-archive/Friedman-PPs.pdf
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1,000 psi. The use of cinder concrete, how-
ever, due to the acidic nature of the clinker
(coal cinder) used as the aggregate, resulted in
the corrosion of the embedded iron beams and
reinforcing mesh. Catenary systems are also
vulnerable to collapse as a result of failure of
the wire anchorages.

Brick arch floor construction consisted of
a single arch of unmortared brick, typically
only one wythe or 4 inches thick, capable
of spanning 4 to 8 feet with a center rise of
approximately ¥ of the span. The spring
line of the arch was constructed on top of
the bottom flange of the supporting beams.
The space above the arch was filled in with
concrete, which sometimes had wood nailer
strips embedded in the top of the slab. Tie rods
were commonly placed about %5 of the height
of the beam and were spaced from 4 to 6 feet
on center. The entire system had to be built
on formwork, which supported the brick. The
thrust (T) on the arch, in pounds per linear
foot, can be calculated as follows:

T=>0105xWxL?/R

Where:

W = load on the arch in PSF

L = span length of the arch in feet
R = rise of the arch in inches

Other common floor systems included:

Fawcett System and Atme Floor-Arch—
clay lateral cylindrical tile,#flat-end
construction arch.

Rapp Floor and McCabe Flpor~ gauge-steel
inverted tees spaced at approximately 8
inches on center, supporting a layer of brick
and upper cinder concrete slab spanning 4
feet between supporting beams.

(a) Ransome

cold-ticisted o
square 4

(b} cota-
twisted
Tug bar

(e) Thacher

) Johnson Corrugated

o e (D)

A series of deformed bars.

St 9@'@&; \ﬁﬁﬂhﬂ
WITHOUT SKEW-BACK
TYPE (B) FLANGE PROTECTION

BRICK FLOOR-ARCH

TERRA-COTTA
SKEW-BACK
FLANGE PROTECTION

The Kahn System.

bar with cross-shaped deformations on each
face; the Lug bar, which was a square bar with
small round projections at the corners; the
Inland bar, which was a square bar with raised
stars on each face; the Herringbone, Monotype
and Elcannes bars, which included complex
cross-sections similar to radial deformed
bars, but with longitudinal deformations;
the Havemeyer bar, which included round,
square and flat cross-sections with diamond-
plate-type deformations; the Rib bar, which
included a hexagonal cross-section with cup-
shaped deformations; the American bar with
square and round cross-sections and low
circumferential depressions; the Scofield bar
with an oval cross-section and discontinuous
circumferential ribs; the Corrugated bar with
flat, round and square cross-sections with
cup deformations; the Slant bar with a flat
cross-section and low projecting diagonal ribs
on the flat faces; the Cup bar with a round
cross-section and cup deformations; and the
Diamond bar with a round cross-section
and low circumferential ribs. The modern
designation of #3 to #8 round cup or diamond
deformed bars was established in 1924.
Reinforcing for concrete beams was also avail-
able in prefabricated trussed bar units. A truss

Roebling Floor Arch — arch of dense wire
mesh supported on the top of the bottom
flanges of the beams covered with concrete.

Manbhattan System and Expanded Metal
Company (EMC) Floor — flat and arched
(for EMC) expanded metal mesh covered
with concrete.

Multiplex Steel-Plate, Buckeye and Pencoyd
Corrugated Floor — Riveted steel plates
supporting a concrete slab.

Thompson Floor — Unreinforced concrete
slab spanning approximately 3.5 feet between
beams connected with tie rods.

Roebling Flat Slab Floor and Columbian Floor
System — reinforced concrete slab.

Metropolitan System — early draped mesh
floor system.

Plain round and square bars were typically
used in reinforced concrete buildings built
before 1920. Plain bars began to be phased out
during the 1910s and early 1920s in favor of
deformed bars. The two types of deformations
used at that time included longitudinal and
radial deformations. In addition, the Ransome
bar included deformations induced by twisting
square bars.

Other forms of longitudinally deformed bars
included: the Thatcher bar, which was a square
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. . Table 1: Minimum Building Code Thickness of Brick Masonry Walls — Inches.
bar is essentially a top bar at the ends of a beam

that is bent diagonally down to a bottom bar Total

City

position at midspan. Prefabricated assemblies — [RIEITS
included the Kahn System, the Cumming
System, the Corr System, the Hennebique
System, the Pin-Connected System, the Luten
Truss and the Xpantruss System.

Conclusions

Engineers involved with renovation and re-
habilitation projects need to be aware of the
specifics of antiquated structural systems in

order to develop non-destructive and unob- Boston 12 12 12
trusive solutions. This approach enables the New York 16 16 12
project to be more economically viable because :

of the extent of structural costs associated with Chicago 16 12 12
a typical renovation project. In other words, Philadelphia 18 13 13
without any knowledge of an existing structural

system, it is still possible to develop a structural Denver 16 12
solution; however, this approach will always Sam Franc{sco

be much more intrusive, and therefore more
costly, than if the engineer has a sound under-
standing of the system involved.

Information concerning antiquated structural
systems provided by this series of articles, and
the referenced source material, has been co
piled and made available because the hist
of structural systems is far les
than the history of archi

documentation can beftraced to th

public’s lack of aware bout the B?@

structural components of a building, ew York 20 16 16 16 16
are typically enclosed after erection by the ;

architectural finishes and therefore of less in- Ol 20 20 16 16 16
terest to a casual observer. Philadelphia 22 18 18 13 13
This general lacl.c of readily available in- Denver 20 20 16 16 12
formation on antiquated structural systems

has occurred despite the fact that most of the San Francisco 21 17 17 17 13

methods of analysis and materials used in this
country, including steel and concrete, are not
much older than 100 years. At the same time
that new materials, technologies and methods
of analysis have become available and readily
embraced by design engineers and the con-
struction industry, previously used systems
were, more often than not, quickly discarded
and forgotten.

.The.infor.mat.ior.l that has been presented Boston 20 16 16 16 12 12 12
in this series is intended to represent the

knowledge that has been available at various New York 28 24 24 20 20 16 16
stages of different methods of construcFion Chicago 20 20 20 20 16 16 16
over the past century or so in the United . .

States. However, this information cannot be Philadelphia 26 22 22 18 18 13 13
used from a perspective in which any framing Denver 24 20 20 20 16 16 12

system can be assumed to correspond precisely
to a specific system described in the material
presented. As is still the case now, the fact that
records indicate that a particular structural
component should be able to support a given
load does not mean that errors were not made
during the original construction or as a part of
the initial design.
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il A
19% Century Train Station (Reading Terminal,
Philadelphia, PA).

In addition, it is common to encounter
some overlap between a previous and more
recent method of construction, which has
resulted in a blending of two otherwise discrete
structural systems. Also, before ASTM began
to standardize construction materials in the
late 1890s, the quality of irons, steels and
cementious products varied greatly. Therefore,
when dealing with a building thag, predates
ASTM testing, samples of/the existing structural
materials should be obtained and tested as a
part of the due diligence effort:

In the absence of existing drawings, the
methods of evaluating thegypfoperties of an
existing system include core samples for
cementious material strength, depth and/or
thickness; coupons to determine iron or steel
tensile strength; x-rays to determine internal
reinforcement; petrographic analysis to deter-
mine the quality, condition and consistency
of concrete; ground-penetrating radar (GPR);
profometer to determine the location of internal
reinforcement; Schmidt hammer to determine
in situ concrete compressive strength; explor-
atory demolition; and in situ load tests.

In some instances, it is not possible or not
practical to obtain material strength properties
of an existing system in order to complete an
analysis using current methods. However, if
the past performance of the structure has been
good (i.e., no signs of distress or significant
deterioration), then it is very likely that the
system is adequate for the same use in the
future. In such situations, however, it is helpful
to try and determine what the likely original
live load designation was for comparison to
the planned current use.

If the engineer can determine what the likely
original use of the building was and has access
to copies of older building codes, it is some-
times possible to determine the original live

Table 2.

Minimum Building Code Live Load - PSF
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Current Day, Jim Thorpe, PA.

load for comparison to the proposed adaptive
reuse. Individual building codes were com-
monly developed by different cities before the
advent of national codes. These local codes
often reflected different allowable strengths
for the same building materials and varying
degrees of minimum live loads. 7able 2 (pag
27) is an example of minimum lj
number of major cities.

The original criteria for
structural systems was a

bad (i.e., successes and failures)./ The transition
to the more recent analyticaldesign approach
has come about through the development of
strength-based formulas derived from scientific
experimentation and tests. Structural engi-

Early 20 Centmy Retail Arcade (Downmwn
Nashville Arcade).

neering of bu1lq®§\s as a
did not exis3% late as the

is
e rapld

‘ nical i 4 , such as re-
of experl ne h cast and wrought
iron perfor and by Hodgkinson

anWrn
It should also be recognized that an existing

structural system can often be found to have
two different load-carrying capacities — one
found using the original codes and methods
of analysis, and another using the current
codes and methods of analysis. The differences
between these two approaches can typically be
explained by the expansion of knowledge in
the field of structural engineering. More often
than not, comparisons between the original
and more current methods of analysis will
reveal that the older design was conservative.
In any case, if the properties of the materials
can be substantiated, it is always possible to
analyze an older structure using the latest
methods of analysis and most current codes.
In most cases, in fact, the current building
code will mandate such an approach.

In situations in which it is confirmed that
the existing structural system does not have
sufficient capacity to support the new loads,
there are two basic methods that can be used
to rectify the condition: adding new framing
members, either to support the new loads inde-
pendently or to provide supplemental support
of the existing structure; and/or internally or
externally reinforcing the existing system.»
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