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The lenticular truss bridge enjoyed a brief period of wide-
spread use in the late-19th century. Although Gustav Lin-
denthal used this form for his Smithfield Street Bridge in
Pittsburgh, the overwhelming majority of these bridges were
produced by the Corrugated Metal Company and its successor,
the Berlin Iron Bridge Company. Although important points
of similarity can be noted between the Smithfield Street Bridge
and the Bardwell’s Ferry Bridge (a product of the Berlin Iron
Bridge Company), a close examination of the two bridges
reveals differences in the form of the bridges and in the sizes of
the elements of the structure: top and bottom chords, and
diagonal web members. By examining the analytical meth-
ods available to Lindenthal and to Charles M. Jarvis, the
designer of the products of the Berlin Iron Bridge Company, it
is found that these differences result from very different
approaches to the analysis and design of a lenticular truss
bridge. The Berlin Iron Bridge Company bridges were
designed as Pauli trusses, a specialization of the lenticular
truss in which the top chord is shaped so that its compressive
force under full loading is kept constant. While Lindenthal
claims that the Smithfield Street Bridge is a Pauli truss, this
bridge is actually a parabolic lenticular truss bridge.

Introduction
The lenticular truss is one of the most intriguing struc-
tural forms developed in the late-19th century. It was
used for a number of well-known, one-of-a-kind
bridges, including I. K. Brunel’s 1859 Royal Albert
Bridge at Saltash, Friedrich Augustus von Pauli’s 1857
bridge over the Isar at Grosshesselohe, and Heinrich
Gerber’s 1860 bridge over the Rhine River at Mainz.1

The most visible example in the U.S. is Gustav Linden-
thal’s 1883 (widened in 1891) Smithfield Street Bridge
in Pittsburgh, which can be seen in Figure 1.2 On the
other hand, this truss form was also used in the United
States for common highway bridges erected by the
Corrugated Metal Company and its successor, the
Berlin Iron Bridge Company of East Berlin, Connecti-
cut. In this article, the structural components of the
Smithfield Street Bridge and several surviving exam-
ples of lenticular bridges erected by the Berlin Iron
Bridge Company are analyzed, within the context of

lenticular-truss design theories of the late-19th cen-
tury, to ascertain whether different design practices
were employed in constructing a one-of-a-kind struc-
ture and the common stock of a mass-production
bridge company.   

American Lenticular Truss Bridges
In a lenticular truss, the top and bottom chords are
curved in such a way that the top chord functions as
an arch, and the bottom chord functions as a suspen-
sion cable.3 Vertical and diagonal web members are
necessary to divide the top and bottom chords into
manageable lengths and to transfer deck loads to the
top chord and the bottom chord. They also redistrib-
ute nonuniform loading, which cannot be resisted by
arch and cable action alone. The deck can be placed
above the top chord, supported by posts; below the
bottom chord, supported by hangers; or in between
the two chords.

A U.S. Patent for this truss form was granted to
William Douglas in 1878 and formed the basis for the
standardized designs of the Corrugated Metal Com-
pany and its successor the Berlin Iron Bridge Com-
pany. This company enjoyed a period of rapid growth

Figure 1. Smithfield Street, Pittsburgh, Pennsylvania. The trusses suporting
the downstream lanes were completed in 1883. The upstream trusses date to
1891. Photo by Jack E. Boucher, 1974, HAER photograph PA-2-28.
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and sales in lenticular truss bridges between the early
1880s and 1900 when the company was absorbed into
the American Bridge Company.4 The 1882 Bardwell’s
Ferry Bridge, spanning Deerfield Creek in Shelburne,
Massachusetts, is quite typical of the products of this
company (Figure 2). The Pine Creek Bridge, on the
outskirts of Jersey Shore, Pennsylvania, discussed later
and shown in Figure 5, is a further example of a Berlin
Iron Bridge Company product. By 1889, at least 664
lenticular truss bridges had been built on this model.
A relatively large number of the products of these two
companies survive throughout the northeastern U.S.
and even as far away as Texas.5 The contrast between
the use of the same unusual bridge form for large-
scale, one-off projects by engineers of worldwide repu-
tation and for small-scale, standardized bridges pro-
duced by a regional manufacturer has been previously
noted, particularly by Victor Darnell.6

Comparison of the Smithfield Street and 
Bardwell’s Ferry Bridges
The Smithfield Street Bridge, designed by Lindenthal,
and the Bardwell’s Ferry Bridge, a representative prod-
uct of the Corrugated Metal Company, bear strong
resemblances to each other. Both have curved top and
bottom chords and a horizontal deck suspended
slightly below the lowest point of the bottom chord. In
both cases, the trusses are subdivided into 13 panels
with pins at each panel point. The top chord of both
bridges consists of a box section fabricated from plates
and angles and stitched together with rivets. The bot-
tom chord of both bridges consists of eyebars. The

panels of both bridges are provided with diagonal X-
bracing meant to function in tension only—eyebars,
provided with turnbuckles, in the Smithfield Street
Bridge and rod/turnbuckle combinations in the Bard-
well’s Ferry Bridge. As a result of these features, both
can be concisely characterized as “through lenticular
trusses with Pratt webbing.” Each Smithfield Street
truss spans 360 feet, while the span of the Bardwell’s
Ferry Bridge is much shorter at 197 feet, 8 inches. The
span-to-depth ratio of the two bridges is also different,
7.2 for Smithfield Street and a more conservative 6.4
for Bardwell’s Ferry. Both bridges have a portal frame
and overhead bracing at mid-height, reducing the
overhead clearance to approximately 25 feet for the
Smithfield Street and approximately 15 feet for the
Bardwell’s Ferry, that is, approximately one-half the
overall depth of the truss. 

Close observation of the elements of each of these
bridges, however, reveals some intriguing differences
in construction that have implications for the under-
standing of the underlying design methods.7 The
Smithfield Street Bridge was primarily constructed of
steel. Bardwell’s Ferry, like all of the Berlin Iron Com-
pany bridges built before 1894, is wrought iron. A con-
stant top-chord cross-section is found at Bardwell’s
Ferry. On the other hand, the cross-section at Smith-
field Street changes slightly from 119.35 sq. inches in
the panel closest to the end post, to 114.35 sq. inches
in the adjacent panel, to 111.35 sq. inches in the
remaining panels. Similarly, the bottom chord at Bard-
well’s Ferry consists of a constant cross-section of four
1-by-3-inch wrought-iron eyebars (12 sq. in. total),
while the bottom chord at Smithfield Street varies
between 8 and 10 steel eyebars, all of 7 inches depth
but of varied thicknesses for a net cross-section area
that varies from 101 sq. inches to 98 sq. inches.8

Although it could be argued that this shaving of ele-
ment sizes on the Smithfield Street Bridge results from
a need to economize on steel (at the time more expen-
sive than wrought iron), such small savings in materials
are generally of more interest to a mass producer like
Berlin than to the builder of a single structure. Similar
observations can be made concerning the web diago-
nals.9 On the Smithfield Street Bridge, the web diago-
nals are matched within each panel; that is, both legs
of the X-bracing are identical, whereas the cross-sec-
tions are different at Bardwell’s Ferry, with the main
diagonals (those pointing towards midspan while slop-
ing downwards) being slightly larger than the counter-

Figure 2. Bardwell’s Ferry Bridge, Massachusetts. Photo by Martin
Stupich, 1990, HAER photograph MA-98-4.
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diagonals in general. On the Smithfield Street Bridge,
the smallest sizes are in the panels closest to the sup-
port (5 x 1 in.) while the sizes increase steadily towards
midspan to 6 by 13⁄16 inches, an increase of 42% in cross-
sectional area. At Bardwell’s Ferry, the sizes of the main
diagonals increase from 5⁄8-inch diameter to 11⁄8 inches
diameter, a factor of 320%, towards midspan and
decrease again in the midspan panel. The counters dis-
play a similar trend. Although the changes in dimen-
sions of the chords could possibly result from differing
approaches to material economy, the differences
regarding the web members can only be the result of
differences in analysis and design methods. 

Analysis Methods for Lenticular Trusses
The analysis of a lenticular truss is considerably more
complicated than the analysis of other truss forms
commonly used in bridge design, such as the parallel
chord Pratt truss. This is due to the complex geometry
of the chords and the web. It was surely recognized by
the designers of these bridges that the lenticular truss
with X-braced panels, like many other 19th-century
bridge forms, is statically indeterminate; that is, an

exact calculation of the forces in the truss members
cannot be based on the principles of force equilibrium
alone but depends also on the calculation of the
deformations of the structure. It was further recog-
nized that the exact calculation of statically indetermi-
nate forces depends on assumptions such as no sup-
port settlement and precise sequence of erection that
are unrealizable in bridge construction. To bypass the
complexities of the calculation of statically indetermi-
nate stresses, simplified procedures were developed
that allowed calculation by ordinary means.10 The
assumption that only one diagonal in a panel is active
at a time was particularly widespread and reflected the
general idea that, under many types of loading condi-
tions, one of the diagonals would be in compression
and would buckle harmlessly out of the way.

Two general procedures for the analysis of lenticular
trusses are identifiable. The first is described explicitly
by Swain and, as will be shown below, is the method
employed by Lindenthal in the design of the Smith-
field Street Bridge, for which a stress sheet is illustrated
in Figure 3.11 It depends on the assumption that the
shape of the top and bottom chords are funicular; that

Figure 3. Stress Sheet, Smithfield Street Bridge, Pittsburgh, Pennsylvania. Gustav Lindenthal, 
“Rebuilding of the Monongahela Bridge, at Pittsburgh, Pa.” Transactions of the ASCE XII, (Sept. 1883): plate XXIV.
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is, they are shaped exactly in such a way that the full
dead and rolling loads are carried by axial compression
in the top chord and axial tension in the bottom
chord.12 It is true that the parabola, on which the form
of the top and bottom chords of the Smithfield Street
Bridge is based, is a funicular shape for a uniformly dis-
tributed load. However, for a series of equal, uniformly
spaced, concentrated loads, such as the panel loads on
a truss, the chords of a parabola only approximate the
true funicular shape. The actual funicular shape has a
steeper slope at midspan and flatter slope near the sup-
ports. The assumption that the chords are a funicular
shape has two important consequences:

1. Under full dead and live load, the diagonals carry
no force, and the verticals only distribute half the
panel load to the upper chord by tension. 

2. The horizontal component of the chord force must
be constant, resulting in a larger axial force in the
more steeply inclined chord members closer to the
support and a lesser axial force in the nearly hori-
zontal chord members closer to midspan. 

A review of Lindenthal’s stress sheet, Figure 3, shows
that the top and bottom chords are designed for a
constant horizontal force component of approxi-
mately 715 tons. Consequently, Lindenthal was not
working with the constant top chord force that is the
defining feature of the Pauli truss.

Under the assumption that the diagonal web members
only carry forces due to partial loading and are stress
free under full uniform loading, the web members
need to be designed for partial loading conditions due
to live load alone. A mathematical property of a para-
bolic truss under partial loading, which is used in cal-
culations of maximum and minimum forces in the
web members, is that the maximum horizontal compo-
nent of the force distributed to a diagonal is a con-
stant quantity. A third consequence then emerges of
the assumption that the shape of the top and bottom
chord is funicular.

3. The maximum force in both diagonals in any given
panel is equal, and the horizontal component of the
maximum force in each of the diagonals is constant. 

Lindenthal’s design summary further reflects this
approximation of the behavior of the lenticular truss,
showing equal maximum forces in both the diagonals
in each panel, and a simple calculation reveals that
each diagonal is supposed to have a constant horizon-
tal force component of approximately 25 tons. 

The strain sheet produced by an engineer of the Cor-
rugated Metal Company for the Bardwell’s Ferry
Bridge (Figure 4) shows a different and more accurate
analysis of a lenticular truss than Lindenthal’s analysis
of the Smithfield Street Bridge.13 Under full dead and

Figure 4. Strain Sheet, Bardwell’s Ferry Bridge. Reproduced in HAER no. MA-98, “Bardwell’s Ferry Bridge,” 16.
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rolling load, which determines the maximum forces in
the top and bottom chords, the truss chord forces are
found to increase towards midspan. This requires that
the horizontal component of the chord force also
increase slightly towards midspan. 

Although the strain sheet for the Bardwell’s Ferry
Bridge is the only known information available on the
analysis of this truss, it is possible to infer that the
designer was probably employing a variant on the
“method of moments” in which the truss is cut at suc-
cessive intervals, and the forces in each bar are deter-
mined by a careful choice of a pole for the calculation
of moment equilibrium.14 This procedure, dubbed Rit-
ter’s method, is described by Gerber in an 1865 article
on the Pauli system.15 This method was applied to the
analysis of the bar forces in the Bardwell’s Ferry Bridge,
and agreement was obtained between calculated values
within 5% for top and bottom chord bars, within 10%
for diagonals, and within 20% for verticals, except for a
few bars with very small forces (Table 1). The close
agreement, especially for the chords, supports the
hypothesis that Ritter’s method was employed in the
design of this truss. It is further noted that small
changes in the height of the panels, which could result
from errors in the measurements reported on the
HAER drawings, produce relatively large changes in
the diagonal and vertical member forces.  

The principal design consequence of the use of this
refined analysis is that the chords, which generally are
of a constant cross-section, must be designed for a
greater force than in the simplified analysis procedure.
The main diagonals and the verticals are subjected to
greater maximum tension and compression, respec-
tively, although the forces in the counter-diagonals are
reduced somewhat. Table 2 compares the maximum
forces used in the design of the elements of the Bard-
well’s Ferry Bridge to the forces that result from the
simplified analysis method. The table indicates that the
Corrugated Metal Company passed up an opportunity
to design the chords for a lower force but gained a
small advantage in the design of the counters. 

Pauli Truss
The Pauli truss is a variant of the lenticular truss, with the
top chord carefully shaped so that it has a constant force
along the entire length of the truss. Whereas a uniformly
loaded parabolic truss, such as the Smithfield Street
Bridge, has a constant horizontal component of the

chord force, the varying inclination of the chord results
in a larger chord force towards the support and the least
chord force at midspan. For the loads used in highway
bridge design, as will be seen in the following section, the
difference in overall truss shape is very slight, with a
steeper inclination near the supports and a flatter chord
at midspan. This shape has been described as more
“cigar-shaped.”16 For railroad bridges, the additional
weight of the locomotive results in a different distribu-
tion of maximum moments and in greater differences in
shape between the parabolic and Pauli truss forms. 

Casual use of the term “Pauli truss” has clouded the lit-
erature. Authors seem almost equally divided on
whether a Pauli truss is a general lenticular truss or the
variant described above. Max Becker speaks of the
Pauli system but presents the design of a parabolic
chord bridge.17 Augustus J. Du Bois claims, “The form
of the Pauli truss is so arranged that the maximum
strains in the flanges shall be constant,” and presents a
fourth-order polynomial for the height of the top
chord, based on the assumption that the truss is sub-
jected to a uniformly distributed load.18 Swain describes
the Pauli truss in terms of constant strain in the flanges
but does not present design details.19 Lindenthal in his
article on the Smithfield Street Bridge says, “for the
channel spans, Pauli trusses were proposed,”20 whereas
the dimensions, the calculated bar forces, and the
cross-sections used show that this bridge was not con-
ceived as having a constant maximum chord force.
Gerber, a close associate of Pauli’s, wrote an authorita-
tive article on the Pauli system that refers in such spe-
cific terms to the design of the Mainz Bridge that it
becomes quite clear that a Pauli truss is purposely
shaped in such a way that the top chord has a constant
axial force.21 Correctly, and contrary to the implication
of Du Bois, Gerber notes that only one chord can be
shaped so that the axial force under maximum loading
is constant, while the other (usually the bottom chord)
can only approximate this condition. The Pauli truss
problem requires the designer to determine the geom-
etry of the chord for a given force instead of determin-
ing the forces in members of a given geometry, as in
the design of a parabolic bridge truss. Because of the
chord geometry of a Pauli truss (a parabolic truss and a
funicular truss are different), it should be possible to
determine the intended chord profile of each bridge
on the basis of physical measurements.

Measurements are available for the Bardwell’s Ferry
Bridge (in the HAER drawings for this structure) and
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Table 1. Comparison of Bar Forces, Bardwell Ferry Bridge

Component Panel Bar force (tons) Strain sheet (tons) Percentage
+tension +tension difference

-compression -compression
(by Ritter’s method)

Top chord 1 68.79 70.30 2.1
2 69.84 71.50 2.4
3 70.52 71.90 2.0
4 71.34 72.16 1.1
5 72.24 72.47 0.3
6 73.40 73.50 0.1
7 73.37 74.08 1.0

Bottom chord 1 -68.79 70.30 2.1
2 -67.81 -70.84 4.5
3 -68.95 -71.00 3.0
4 -69.88 -71.90 2.9
5 -70.94 -72.16 1.7
6 -72.03 -72.44 0.6
7 -73.37 -74.08 1.0

Diagonal 2 6.30 7.3 -13.7
3 7.22 6.64 8.7
4 8.23 6.67 23.4
5 8.74 9.18 -4.8
6 9.29 9.31 -0.2
7 7.09 7.14 -0.7

Counter-diagonal 2 2.77 2.04 35.6
3 3.47 3.85 -9.9
4 4.14 5.18 -20.2
5 4.75 4.3 10.5
6 4.86 4.53 7.3
7 7.09 7.14 -0.7

Vertical 1 1.10 2.07 -46.8
2 3.04 2.65 14.8
3 4.34 3.40 27.7
4 5.15 4.84 6.4
5 5.63 5.16 9.0
6 4.82 5.47 -11.9

Table 2. Comparison of Maximum Forces

Member Design Force (tons) Simplified Method
Top chord 74.08 (C) 66.9 (C)
Middle chord 74.08 (T) 66.9 (T)
U1-M2 (main diagonal) 7.3 (T) 4.2 (T)
U5-M6 (main diagonal) 9.3 (T) 6.9 (T)
U1-M2 (short post) 2.1 (C) 1.2 (C)
U5-M5 (long post) 5.2 (C) 4.6 (C)
U2-M1 (counter) 2.0 (T) 4.2 (T)
U6-M5 (counter) 5.5 (T) 6.9 (T)
Note: In most cases, the exact method employed on Bardwell’s Ferry produces larger
member forces, hence larger member sizes.  This applies not only to the chords but
also to most of the web diagonals.  
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for the 1889 Pine Creek Bridge, shown in Figure 5.22

The Pine Creek Bridge is a product of the Berlin Iron
Bridge Company. It is a variant on the standard design
(the web is similar to a Warren truss)—a single diago-
nal in each panel, alternating in direction, and
designed to resist both compression and tension.
Although the Douglas patent calls the chord profile of
the Corrugated Metal Company bridges “elliptical,”
nearly all of the company’s later claims are that this is
a “parabolic” truss.23 Significant deviations from the
parabolic shape can be noted however. The Nicholson
Township Bridge (1881) deviates substantially from a
parabolic shape, probably because of the blacksmith
work used to make larger angle changes in the chords
at panel points and because the bridge has only three
intermediate panel points.24 It has not been previously
noted that the measured drawings of the Bardwell’s
Ferry Bridge show that the chords are not parabolic
but more “cigar-shaped,” that is, flatter in the center
and more steeply inclined near the supports. Figures 6
through 9 compare the actual profiles of three bridges
to the profiles of a similar bridge designed exactly in a
funicular, Pauli, or parabolic shape. Figure 6 shows a
comparison of these profiles for the same span and
midspan height as the Bardwell’s Ferry Bridge. It is
surprising to see the very small difference between the
funicular, parabolic, and Pauli profiles and the larger
difference between the actual profile of the bridge
and all three of these alternatives. The strain sheet for
the Bardwell’s Ferry Bridge makes it clear that this dif-

ference was understood because the chord forces
increase towards midspan and because the web diago-
nal descending toward midspan is considered the
active diagonal. For the Pine Creek Bridge, figures 7
and 8 show that the actual bottom chord profile is very
close to parabolic, while the top chord is closer to a
Pauli configuration. While only one chord (usually the
top chord) can actually be subjected to an equal force
throughout, this raises the strong possibility that the
designers of this bridge were intentionally designing a
Pauli truss. For comparison, the profile of the Smith-
field Street Bridge truss in shown in Figure 9. This
bridge is doubtless designed as a parabolic truss. An
additional trace on figures 6 through 9, called the Du
Bois formula will be explained in the next section.  

Analysis and Design of 
American Lenticular Trusses
The differences previously noted in the cross-sections
of the chords along the span of the truss can be
explained in terms of the results of the two types of
truss analysis described in the two previous sections.
The changes in the top and bottom chord sections in
the Smithfield Street Bridge result from the analysis
method employed by Lindenthal for this structure, in
which the horizontal component of the chord force is
presumed constant. As a result, the force in the chord
is presumed to increase with the inclination of the
chord to a maximum in the panel adjacent to the sup-

11

Figure 5. Pine Creek Bridge, Jersey Shore, 
Pennsylvania. Photo by author.
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Figure 6. Top chord profile of Bardwell’s Ferry
Bridge compared to parabolic, funicular, and
Pauli chord profiles under same loading.
Although the parabolic profile is determined on the
basis of geometry alone, the funicular and Pauli
profiles depend on the loading. Drawing by
author.

Figure 7. Pine Creek Bridge, top chord compared
to parabolic, funicular, and Pauli chord profiles
under same loading. Drawing by author.
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Figure 8. Bottom chord profile of Pine Creek
Bridge compared to parabolic, funicular, and
Pauli chord profiles under same loading.
Drawing by author.

Figure 9. Chord profile of Smithfield Street 
Bridge compared to parabolic, funicular, and
Pauli chord profiles under same loading.
Drawing by author.
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port. The member size also increases slightly from
midspan to support. On the other hand, the calculated
force in the Bardwell’s Ferry Bridge chords is approxi-
mately constant, increasing only slightly towards
midspan. The cross-section of both the top and bottom
chords remains the same over the entire span of the
truss. Similarly, the web diagonals and counter-diago-
nals at Smithfield Street are presumed to have the
same maximum force and are of the same cross-section
in each panel, whereas the maximum force in the main
diagonal is found to be greater than in the counter-
diagonal at Bardwell’s Ferry. The selections of member
sizes reflect these differences in analysis. 

William O. Douglas’s patent drawings (Figure 10) can
be seen as precursors of the later designs of the Corru-
gated Metal Company. The patent drawings are very
unsophisticated and show discernable engineering
errors. Although Douglas refers to his truss form as
“elliptical,” three of the four elevation drawings depict
top and bottom chords that form straight lines, referred
to in the text of the patent as a “hipped chord,” rather
than any sort of curve. Douglas apparently did not see
the need for counter-diagonals in every panel, as only

the two center panels are provided with counters.25 In
the remaining panels, the diagonals are inclined toward
midspan from the bottom chord to the top chord. This
feature is shown on both the hipped trusses and the
“elliptical trusses.” For a hipped truss under uniform
load, this is the correct inclination of the tension
chords. However, it is likely that different loading condi-
tions would produce a reversal of the forces in the diag-
onal and, unless the diagonals are designed for com-
pression, would require the use of counters. For the
elliptical truss, or any chord shape approaching a
parabola, the web vertical and diagonal members expe-
rience very low forces under full rolling load, and ten-
sion diagonals must be present in both directions. More-
over, in the drawbridge version in the bottom of Figure
10, Douglas himself notes that the forces will be
reversed—tension in the top chord and compression in
the bottom chord in the open configuration—but he
fails to extend this reasoning to the reversal of forces in
the web diagonals: his draw-span configuration is thus
unstable when open. All of these features—straight-line
chord, reverse inclination of web diagonals, and
absence of counter-diagonals—are also apparent in an
article published by Douglas in 1877 (Figure 11).26

Figure 10. Elevations for a truss bridge and a swing span. William O. Douglas, “Improvement in Truss-Bridges,” 
Patent no. 202,526, filed 28 Mar. 1878, issued 16 Apr. 1878.
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On the other hand, all of the bridges depicted in later
catalogs and all the surviving bridges have curved top
chords and counters in every panel. In the design of
the Bardwell’s Ferry Bridge, for instance, the diagonals
that descend towards the midspan of the bridge are
clearly considered the main diagonals, by analogy to a
parallel chord Pratt Truss, and are considered active
under full loading. The most plausible explanation for
the significant refinements in engineering introduced
from 1878 onwards is the engagement of an experi-
enced engineer.  

It is practically certain that this change is attributable
to Charles M. Jarvis27 He was an 1877 graduate of the
Sheffield Scientific School at Yale University who was
employed by the Corrugated Metal Company as a civil
engineer upon graduation. When the company was
reorganized as the Berlin Iron Bridge Company in
1882, Jarvis was promoted to chief engineer and vice
president.28 Among Jarvis’s instructors at Sheffield Sci-
entific School was Professor Du Bois whose textbook,
The Strains in Framed Structures, is most likely based on
his lectures in civil engineering. The book includes an
analytical formula for the shape of the chord of a Pauli
Truss (under an implicit assumption of uniformly dis-

tributed load) and a description of Ritter’s method of
calculating strains in trusses.29 The formula for the
shape of the Pauli truss is particularly interesting, as its
application to the geometry of the Bardwell’s Ferry
and Pine Creek bridges yields the as-constructed
geometry of these structures (see figures 6–8). The
method given by Gerber for the design of a Pauli truss
loaded at panel points requires some trial and error to
determine the shape of a truss with a given midspan
depth.30 Du Bois’s formula, while it represents an
approximation to the shape of a Pauli truss loaded at
panel points, allows the immediate determination of
the shape of the chord. This method was evidently
used in the design of the Bardwell’s Ferry and the Pine
Creek bridges. While the analysis presented here and
on the Bardwell’s Ferry strain sheet shows that the
conditions of a Pauli truss are not strictly satisfied, in
that the chord force varies slightly under full loading,
it is clear that the intention of the designer was to pro-
duce a Pauli truss.   

Conclusions
The design of American lenticular trusses was partly
based on the more familiar design of the Pratt truss,

Figure 11. Douglas’s suggestion for an “Elliptical Truss Bridge.” From W. O. Douglas, “Wrought Iron Bridge Designs,” 
Scientific American Supplement IV, no. 80 (1877).
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with the diagonals descending in the direction from
the supports to midspan considered as the main diago-
nals, and the opposite diagonals in each panel consid-
ered as counters. 

The term Pauli truss is not interchangeable with the
term lenticular truss. The Pauli truss is a specialization
of the lenticular truss in which the top chord is
designed for a constant maximum force and the bot-
tom chord is allowed to assume approximately the
same shape, in order to approximate a constant force
along the length of the truss. 

The foregoing analysis has determined that the Bard-
well’s Ferry Bridge and the Pine Creek Bridge were
designed as Pauli trusses, based on an idealized formula
for the shape of the chord in a Pauli truss. The chord
force is very nearly constant, and the form of the chords
of these bridges is generally closer to the ideal Pauli
form than to a parabolic form.  This is an interesting
curiosity, in that the Berlin Iron Bridge Company litera-
ture referred to their truss type as “parabolic,” when, in
fact, they were designing and selling Pauli trusses. On
the other hand, Lindenthal, who says in his writings that
he designed the Smithfield Street Bridge as a Pauli
truss, actually produced a parabolic lenticular truss.  

Ritter’s method, an exact method for the determining
of maximum member forces in a truss when only one
diagonal in each panel is active for any given loading,
is probably the analysis method employed in the
design of the Bardwell’s Ferry Bridge. For the Smith-
field Street Bridge, Lindenthal used a simplified
method to determine the maximum forces in a para-
bolic truss. In designing a monumental one-of-a-kind
structure, Lindenthal took simplifying shortcuts, while
the engineers of the Corrugated Metal Company, who
have a great interest in expedient design, fabrication,
and construction, use a more painstaking analysis that
generally results in larger forces in the components of
the system. The apparently very strong connection of
the design of Corrugated Metal Company and Berlin
Iron Bridge Company bridges to advanced contempo-
rary ideas in truss-analysis practice can be attributed to
the education and to the influence of Jarvis, a point
that merits further investigation.
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