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Recent Developments in the Use of High Strength Bolts
E D WAR D R. EST E S, J R.

FIGURE 1

This study showed just how much stronger high
strength bolts are in resisting actual shearing forces and
what the effects of the higher stresses in the bolts' are
upon the strength of the connected parts.

The butt joint shown in -Figure 1 was made up of
four I-inch plates and contained twenty-five Vg-inch high
strength bolts. The joints were tested in a 5 million
pound universal testing machine. In determining the
strength of the bolt which could be counted on to develop
a balanced joint, as the number of fasteners in a joint was
decreased, the type of failure changed from plate failure
(Fig. 2) to bolt failure (Fig. 3).

The description of test joints (Fig. 4) shows that the
tension-shear ratio varied from 1 :0.75, the tension-shear
ratio permitted in the present specification when a bolt
is substituted for a rivet, up to a value of 1 :1.15. With
the exception of the riveted joint BR-2, all of the joints
shown (Fig. 5) developed the coupon strength of plate
material. The black bars indicate that although a bolt

THURSDAY MO"RNING SESSIO'N
May 5,1960

Mr. Estes is Research Engineer) AISC) New York) N. Y.

The most recent development in high strength bolts is
the new tlSpecification for Structural Joints Using ASTM
A325 Bolts." This new specification, which replaces the
old specification in use since 1954, was appro:ved by the
Research Council on Riveted and Bolted Structural Joints
on March 22nd of this year. Subsequently, it received
official endorsement by the AISC on April 6th, and the
Industrial Fasteners Institute on April 26th.

One of the mqst important provisions of this new spec
ification is the recognition of the difference between fric
tion-type connections and bearing-type connections when
they are required to transmit load between connected
parts as a shear type joint.
, In shear connections where the engineer is concerned
with the adverse effects of stress reversal, severe stress
fluctuation, impact or vibration, or where slippage would
be undesirable, he would specify that the joint be the
friction-type. Many years of experience and research have
shown that the high tension in the bolt permits transfer
of load from one connected part to the other by friction
between surfaces. For this type of connection, the Coun
cil has always required that the faying surfaces be un
painted. The allowable working stress for high strength
bolts in this type connection remains the same as the
value of a rivet in shear or 15 ksi on the nominal cross
section area.

However, the Council also realized that movement of
the connected parts bringing the. bolts into bearing against
the sides of their holes is not detrimental in many instal
lations. In the new specification, as in the old one, faying
surfaces in these connections may- be painted since it is
anticipated that the bolt will slip into bearing. Further
more, when the threads are excluded from the contact sur
face shear planes, the shear strength of A325 bolts is
greater than that of hot driven rivets. The Council ap
proved a higher working stress value based on tests on
large bolted joints which have been conducted at Lehigh
University under Council sponsorship for the past several
years.
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FIGURE 2

failure occurred the strength of the plate was developed
and that with A325 bolts a tension-shear ratio of 1 :1.1
gives a balanced design. Thus, when 20 ksi is permitted
on the net section in tension, 22 ksi is permitted on the
nominal cross sectional area of the bolt in shear.

However, in these large joints the full body of the bolt
was present in all shearing planes. Additional tests have
shown (Fig. 6) that if threads are in one shear plane of a
double shear connection the strength of the bolt is re
duced by 15 % and if they are in both shear planes the
strength of the bolt is 70% of the bolt in 'which. no
threads are in the shear plane. At a 100% load when
the threads are not in a shear plane, the shear ratio as
stated previously is 1 :1.1. Thus for the case when threads

FIGURE 3

are present in both shear planes the working value would
be equal to 0.70 of 1.1 or approximately 75 % of the
tensile stress. In bearing-type connections then, when
threads are in the shear planes the allowable working

DESCRIPTION OF TEST JOINTS

B' 82 83 84 85 86 BR2 A3 GI

I--- ~ I---- I--- ~ I--- .......-- I---- ~..... ..... ..... ..... ••••• ...... ..... ·... . . ·0 ·..... ..... ..... ..... . . . ...... ..... • ••• • •••••••• • •••• ..... . • . • • .. ~!.~.!:! ..... • •••••••• ..... ~.!..!..!!. ..... • • • ..... ...' '.
~---••••• ••••• ..... .......... ~..!.!..!.! ..... ---- ~.!.!..! • t----- 1-----

1------

PLATE MATERIAL MAIN PLATE ~ 2 fls ISlx I- ASTM-A7

LAP' PLATES: 2 fls ISlx I" ,ASTM-A7

NUMBER OF 7/8-

A325 BOLTS 30 25 20 23 20 18 25-71f! 16-11 12-1 Ilff

AI41

Rivets
T:5 RATIO I~ 0.74 1:0.S9 1,1-.11 1:0.96 I: 1.11 I: 1.15 1:0.S9 1:1.10 1:1,11

GAGE, 9 3 5/~ 3 5/~ 3 5/8- 3 5/r! 3 5/SI1 3' :3 5/S1
4 Il't 4 1/2"

Old 3.87 '3.87 3.87 3,87 3.87 3.20 3.S7 4.24 3.79

PITCH, P 3 1/2- 3 1/2- :3 I/~ :3 1/2- :3 IIi' :3 1/2- 3 1/2
1 4- 4"

P/d 3.73 3.73 3.73 3.73 3.73 3.73 3.73 3.76 3.37

·d· is the diameter of the drilled hole

FIGURE 4
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-EFFICIENCY· OF COMPACT JOINTS ALLOWABLE STRESSES

stress for bolts will be 15 ksi, although an intermediate
value could be used for the case of threads in one plane
only.

Tests conducted at the University of Illinois and re
ported in the ASCE transactions have shown that bear
ing pressure for rivets in double or single shear has no
effect on the strength of the connected parts, so long as
this pressure does not exceed 2~ times the tensile stress
on the net area. N a difference in allowable bearing value
seems to be justified when high strength bolts are sub
stituted for rivets, so the allowable bearing stress in
bearing-type joints, whether single or double shear, is 45
ksi. Bearing stress need not be investigated in friction
type joints.

In the previous specification no working stress was
recommended for tension. Since then, tests have shown
that at a working value of approximately % of the initial
tightening force the high strength bolt will experience
little if any change in stress and that the fatigue strength
under this condition is not adversely affected. Maintain
ing an adequate factor of safety and relating to nominal
rather than net or stress area, the recommended working
stress for A325 bolts in tension is 40 ksi.

This summary (Fig. 7) shows the allowable working

81 B2 83 84' 95 96 BR2 A3

Tut Joint.

FIGURE 5
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FIGURE 7

A 325

AISC

based on nomina' area

BEARING

Bearing-type

S-HEAR

Friction-type

Bearing -type

TENSION

stresses permitted in the new specification related to the
AISC basic design stress 'of 20 ksi and the AREA and
AASHO basic design stress of 18 ksi. All these stresses
apply to the nominal area of the bolt.

Another very important revision in this new specifica
tion is the permission to use anyone of three styles of
bolts, and two types of nuts (Fig. 8). It has long been
realized that it would -be desirable to have the same size
bolt head and nut enabling the iron worker to use only
one size wrench or socket for a given bolt assembly. The
use of a finished, heat-treated, hexagon nut with the
same dimension across flats as the regular semi ~finished
hexagon head bolt is now permitted. Furthermore, it has
been realized that the elimination of one or both washers
would result in considerable economy in a bolted connec~

tion. Hence, the bolt manufacturers are now producing
an A325 bolt with a heavy semi-finished hexagon head;
one which has the same dimensions across the flats as the
heavy semi-finished hexagon nut, but with the same
height of head as the regular semi~finished hexagon bolt.

At the Engineering Conference in St. Louis two years
ago the interference-body bolt was introduced. The use
of this bolt which reduces slip in the joint has increased
considerably during this period of time. Since the inter
ference~body prevents the bolt from turning in tightening
only one man is needed to install this connector. The
head has the shape of a button head rivet with the excep
tion that it is flattened to the same height as the regular
hexagon head bolt.

As was the case in the previous specification all the
bolts are identified by three radial lines and the manu-

c
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FIGURE 6
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show that the slight amount of galling which might occur
when the element turned in tightening rubs against the
connected plate, even with over-sized holes, has no ad
verse effect upon the fatigue strength of the joint. In the
interim, washers are not required under heavy hexagon
head bolts or nuts if they are not turned in tightening,
and are never required under the head of the interference
body bolt.

The new specifications require that the A325 bolt be
installed to at least the proof load of the bolt in tension,.
Experience and research have proved that the greater the
tension in the bolt the more satisfactory the behavior of
the connection. No approximate equivalent torque values
are given as in the past. Instead, it requires that the
torque or impact wrench be calibrated in a device capable
of measuring the actual tension produced by a· given
wrench effort.

Calibration studies show that -the turn~of-the-nut

method as 'prescribed in the specification consistently pro
duces tensions above the minimum proof load. During
assembly of some of the large bolted joints a record was
kept of bolt elongation (Fig. 9). In each connection the
plates were pulled up tight with A325 fitting up bolts
(solid squares). Bolts in the remaining holes (open
squares) were then given a half turn from the snug
position. Snug position is defined as the point where the
impact wrench begins to impact after the nut has been run
up on the bolt. The tension versus bolt elongation curves
.are plotted for the case where tension was produced in
the bolt by rotating ~he nut and the case where the bolt
assembly was pulled in direct tension in a testing machine.-

INTERFERENCE
BODY BOLT

NO WASHER REQUIRED

HEAVY SEMI-FINISHED
HEXAGON NUT

NO WASHER REQUIRED
UNLESS NUT IS ELEMENT
TURNED IN TIGHTENING

FIGURE 8

HEAVY
SEMI-FINISHED

HEXAGON BOLT

FINISHED

HEXAGON NUT

WASHER REQUIRED

'~------r
I I
I I
I I
I I
~ I
I

REGULAR
SEMI ~F INISHED
HEXAGON BOLT

WASHER REQUIRED NO WASHER REQUIRED
UNLESS BOLT 15 ELEMENT

TURNED· IN TIGHTENING

CTIJ~· (il]I

facturer's mark. Heavy semi-linished nuts are identified
by three circumferential marks or in some instances by
the number 2 and the manufacturer's mark. The finished
hexagon nuts are identified by the symbol 2H.

The Council felt that the minimum outside washer
diameter required could be reduced since very little pres
sure is exerted along this outer edge. The outside diam
eters now called for are the smallest available without
change of thickness.

Another important development is a start toward the
elimination of washers in high strength bolted joints.
Tests have already shown that the elimination of both
washers do not affect the ability of the bolt to maintain
its clamping force. However, in order to maintain a
suitable torque tension ratio when a calibrated wrench is
used, a washer is· required under either the nut or bolt
head, whichever is turned in tightening. The Council
also decided to leave the washer under the regular hexa
gon head bolts and finished nuts for the fear of over
sized holes reducing the bearing area under these smaller
bolt heads and nuts. A test program is under way to

8



In these installations the elongation of the bolt was meas
ured while tightening and recorded in its relative position
parallel to the elongation axis. By projecting upward
from a given bolt location the corresponding bolt tension
is found from the calibration curve. The most consistent
bolt tension is obtained from an elongation control such
as provided by the turn-of-the-nut method. This is due
to the nearly horizontal portion of the curve when the
proof load has been exceeded. Even though the bolt is in
~he inelastic range an adequate margin against breaking
IS present.

With the requirement that threads be kept out of the
shearing plane in order that the benefit of the full
strength of the A325 bolt be realized in bearing-type
joints, it became apparent that it would be necessary to
reduce the thread length of the A325 bolt and to -require
closer manufacturing tolerances. Under this new speci
fication, the manufacturers will furnish bolts with a
slightly shorter thread length than heretofore. Full
threads will be excluded from all shear planes except
where there is a thin outside part adjacent to the nut.
Some thread runout in the shear plane is permissible
without requiring a reduction from the permitted 22 ksi
stress.

A Commentary accompanies the new Specifications to
prov~de guidance in their application.

With the continuing increase in the use of high
strength bolts it appeared that it might be possible to
justify their use in the shop as well as in the field. Con
sequently, time and motion studies have been sponsored
by a bolt manufacturer in cooperation with one of the
larger fabricators. A sufficient number of identical joints
were available for comparing bolting and riveting oper
ations. The procedures followed in fitting up and rivet
ing, with the necessary intermediate steps of moving and
storage, are familiar. In case of shop bolting the use of
fitting up bolts and tack welding is eliminated. The fit
ting up and bolting all take place at one position, and
the material is then moved directly to the shipping yard
resulting in a release of storage space for other work. One
particular study of trusses, bracing members, and beams
(Fig. 10) showed a saving of almost 400/0 in operat
ing costs with shop bolts instead of rivets. However, the
cost of the bolts, nuts and 1100 washers. was 175 % greater
than the cost of rivets. However, this represented a re
sultant savings of 2% when bolts were used. With one
washer eliminated as will now be permitted, the saving
would have amounted to 10% in the case of bolting. If
both washers are eliminated, as we have every reason to
expect within the very near future, the savings by bolt
ing wOlLld have been 17.%.
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TOTAL COST: Bolting vs Riveting

Rivet Bolt Difference
$ %

OPERATING COST

• Riveting:
Rivet fit·up, handling
riveting, shop overhead $870.48

• Bolting:
Bolting, handling, shop

$524.11overhead -$346.37 -39.8

MATERIAL COST

• Riveting: Rivets,
rivet heating, fit·up
bolts, welding rod 185.43

• Bolting: Botts, nuts,
washers 510.64 +325.21 +175.4

TOTAL: Labor, Over·

head, Material
Riveting: 1055.91
Bolting: 1034.75 -21.16 . -2.0

DEDUCT:

Welsher under head

Riveting: 1055.91
Bolting: -79.55

955.20 -100.71 -9.5

DEDUCT:

Both Welsher'
Riveting: 1055.91
Bolting: -79.55

875.65 -180.26 -17.1

FIGURE 10

Summary·of total costs recorded in shop studies.

This study was based on a design using the old
specification in which one bolt was substituted for one
rivet. Under the new specification ~ of these bolts
could have been eliminated. Hence, there will be an even
greater saving in the use of A325 bolts in the shop under
the new specification.

The Research Council on Rivet and Bolted Structural
Joints is continually investigating the high strength
bolted joint; and when improvements are found to be
satisfactory they are incorporated into the specification.
While a new development may appear to be uneconomic
at first, it should not be excluded for that reason alone.
It may be that its permitted use may eventually prove to
be economical and hence justified.

The effect of cooperation between fabricators, bolt
manufacturers, consulting engineers and researchers, in
studying the A325 bolt and in preparing this new speci
fication will be realized in the near future, in the form
of more economical structural steel designs.



Truss Bridge Project at Northwestern University
J 0 H N F. ELY

What It Is

The Truss Bridge Research Project consists basically of
a IOO-ft., half-scale steel truss bridge (Fig. 1) resting
upon a massive reinforced-concrete test bed, with an ar
rangement for placing loads of varying magnitudes and
patterns upon the structure, together with the instrumenta
tion necessary to measure and record the effects.

The Project had its origin as long ago as 1920, when
Professor Parcel, then at the University of Minnesota, is
said to have suggested that a good way to find out how
various members of a structure act under destructive
loads might be to build a bridge in which selected mem
bers could be destroyed under the end conditions which
are encountered in service.

This would overcome the obvious disadvantages of
testing existing highway and railway structures, which
must not be damaged during the tests, or of testing
built-up structural members in laboratory testing ma
chines wherein the unknown end conditions cannot be
realistically duplicated.

Although many people agreed that this was a good
idea, nothing came of it until 1952, when Committee 15
of the AREA decided to do something about it. During
the next four years, the bridge was designed by Prof.
L. T. Wyly, the foundations were begun in April of 1957,
the bridge was erected in November of that year, and a
building to house the Project was completed in August,
1958. In the Spring of 1959 an hydraulic system for
loading the bridge was installed, and the first loads were
imposed on the structure in June. Since that time a series
of operational and calibration tests have been run, a re
search program established, and initial investigations of
end-post failure have taken place.

The test bridge is a half-linear-scale model of a 20D-ft.,
8-panel, Warren type, double-tracked railway bridge.
It is so arranged that the floor system may be changed~

the portal bracing altered, and a highway-bridge con
figuration achieved when desired. .A departure from nor
mal bridge construction has been made, wherein the two
trusses were not identical-the east truss, called Truss B,
contains members with the angles turned inward, and
with perforated cover plates, while the west truss, called
Truss A, is built in the traditional manner, with angles
turned out and the members laced.

Each of the trusses is _built of Medium Manganese
steel, except for the member being tested, which is com
posed of ordinary A7 carbon steel. The difference in
yield points of these two materials permits the test mem-

Mr. Ely is· Acting Director} Research Project, Northwest
ern University, Evanston, Illinois.
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FIGURE 1

bers to be destroyed without serious damage to the re
mainder of the structure.

All joints being fastened with high-strength bolts, it is
possible then to remove the destroyed member and re
place it with another of different design. A succession of
members, of different design, can thus be tested in this
particular position. When the desired information about
this portion of the structure has been obtained, the test
member will be replaced by a Medium Manganese mem
ber, and similar series of tests will be conducted on other
members. It is contemplated that this program of re
search will require several years, and it is expected to
lead to improved or extended column theory.

The Project is conducted as an activity of the Civil
Engineering Department of the Northwestern Techno
logical Institute. It is sponsored financially by the Asso
ciation of American Railroads, the American Institute of
Steel Construction, the U. S.- Bureau of Public Roads, the
Corps of Engineers of the U. S. Army~ and by the Uni
versity. A large number of commercial, engineering and
industrial organizations and individuals have made sub
stantial contributions of materials and services.

Total investment in the Project to date is something
more than a half-million dollars---ca measure of the faith
and confidence of the sponsors and contributors in the
merits of the Project and the results which may be ex
pected from it.

How it Works

The principal operations are the loading of the bridge,
the observation and recording of data, the processing of
data, theoretical studies arising therefrom, publication of
results, and the planning of further research activities.

The observation and recording of data will be accom
plished by means of systems of electrical, mechanical and
optical instrumentation, and by recording apparatus



which forms a part of the hydraulic loading system.
The loading of the ,bridge will be done hydraulically.

Loading the Bridge

Loads are applied to the structure by fourteen l50-ton
hydraulic jacks, located in pairs, bearing upon the string
ers of the bridge at their connections with the floor beams
(Fig. 2). They are energized by centrally-located pumps,
regulated from one central control panel. The loads are
closely controlled and accurately measured by automatic
equipment.

FIGURE 2

It was also necessary to provide for various loading
patterns-to simulate, for instance, a heavily loaded train
on one track and a lightly-loaded one on the other; or a
locomotive at one end of the bridge, followed by a
string of empty flat cars. This was acco'mplished by run
ning two complete hydraulic circuits around the entire
structure, terminating in headers at each jacking point.
Individual jacks are connee'ted to the appropriate header
of either of the circuits with high-pressure hoses which
are fitted with quick-disconnect couplings. Thus the
jacks can be assorted between the two circuits, 'all con
nected to one, or not connected at all. It being possible
to maintain either circuit at any pressure between 0 and
6000 psi, it will be seen that a very wide range of loading
patterns is possible.

Controlling the Load

Inasmuch as it was desired, at the outset, to maintain
the load to an accuracy of 1 per cent, it was early realized
that hand regulation would not do the job. Therefore, an
over-riding system of automatic controls was superim
posed upon each hydraulic circuit.

The control system consists basically of two pneu
matically-operated control valves in each of the high
pressure jacking circuits. One of these admits fluid into
the circuit, the other relieves pressure. They assume

11

various posItIons, between fully open or completely
closed, in accordance with a pneumatic signal they re
ceive from a Moore automatic controller.

The controller can be set to maintain a desired pres
sure in the jacking circuit. It receives information from
a sensing device in the jacking circuit as to the pressure
being supplied to the jacks. It compares this information
with the desired pressure, and causes the control valves
to open or close so as to correct any difference. A varia
tion of as little as 0.1 per cent of system pressure will
cause this instrument to function,

This ingenious and highly-precise instrument, along
with other operating controls and load recording appa
ratus is mounted on a central control panel located along
side the bridge structure, from which all loading opera
tions are carried on,

The net result is that loads upon the bridge can be im
posed, maintained, and controlled to a precision of 0,1
per cent-ten times better than was originally hoped for,
and better than most laboratory machines-and it was
done entirely with commercial components, bought ttoff
the shelf' and integrated into a smoothly functioning
loading system. The hydraulic system was designed by
Mr. Gerald C. Ward, Administrative Director of the
project.

,Research Program

The research program as established to date has been
divided into three phases designated as Test Programs
#1, #2, and #3.

Test Program # 1 has been completed, and a prelim
inary report has been published, The purpose of this
program was two-fold: (1) to perform preliminary, in
vestigatory tests to establish successful methods of oper
ation for the tests to follow, (2) to perform certain basic
investigations which were important in themselves. There
were three series of tests conducted in this program:

1. Influence Lines for Direct Stress Determined Ex
perimentally.

2. Stresses and Forces with One Track loaded.

3. Stresses and Forces Under Full Design Load, and
the Establishment of a Loading and Testing Pro
cedur~ for the Destructive Test of the Endposts.

The purpose of Test Program # 2 is to establish a
method of estimating the ultimate load of damaged end
posts. This problem arises when a train load has shifted
and struck and bent an endpost. This program has been
divided into 2 series:

1. Destruction test of straight endposts.

2. Destruction test of bent endposts.

Determination of the effects of the floor system in truss
action and of the stresses introduced by the erection of the
floor system are the objectives of Test p1rogram #3. This
program has been divided into three series:
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It is believed that this concentration was caused by
two things:

a. The pantographic action of the lacing bars tends
to ttspread" the lower angles when the member is
compressed, and, as can be seen in Figure 3, this
will introduce e'ompressive bending stresses at
the toes of these angles since the stay plate does
not permit such spreading.

b. The gusset or stay plate, is quite long, and
therefore tends to act as a coverplate, picking
up a certain load. This load must be trans.
ferred from this plate, and the only connection
to transfer this load is to the outstanding legs of
the lower angles, thus causing a stress concentra
tion at this point.

2. The stresses at the Lo joint were subject to con
siderable stress concentrations, and (excluding the
concentrations caused by the ovaloid perforations)
the stress was 1.7 times the average measured stress
in the member.

3. The stress concentration at the edges of the ovaloid
perforations on Truss B was tabulated, and the
overall average value was 1.67 the average meas
ured stress.

DESTRUCTIVE TEST OF STRAIGHT ENDPOSTS

This test was conducted on November .4, 1959, and

the fact that it would be possible to fail the endposts with
out damaging the high strength members of the bridge
were established. In addition several results were dis
covered that were interesting in themselves.

1. (Fig. 3) The stay plates on the endpost of Truss A
appeared to cause stress concentrations in the out
standing legs of the angles outside the stay plate
connection. The concentration amounted to 2.0
times the average measured stress in the member.

1. Stresses In Loaded Bridge with Floor System Re
moved.

2. Stresses In Loaded Bridge with Floor System in
Place.

3. Stresses Introduced During Erection as a Result of
Clearances Between the Stringer and the Floor
Beams.

Tests that have been run so far have themselves sug~

gested many new areas of investigation. Definite plans
have not been made beyond those mentioned above, be
cause analysis of the data from these tests may suggest a
new, more interesting, and more rewarding group of
tests. In all past tests slip gage readings at the joints
were taken, and will be taken on all future tests. These
readings indicated that no slip had occurred.

Current Results

The general conclusions and a general discussion will
now be given for each of the completed tests.

INFLUENCE LINE TESTS

The influence line tests indicated that the forces com
puted on the basis of the simple truss assumption' are
very close to those found experimentally. The only ex
ception to this occurs in the lower chord and diagonal
members, where the measured stresses were lower than
those computed. The reason for the lower measured
stresses is, of course, that the floor system acts as part of
the truss' s lowe~ chord. The precise effects of this ac
tion will be investigated further in Test Program # 3. To
summarize, the copclusions reached on Test Program #1,
Series I, were:

1. The forces computed for the upper chord using
the simple truss assumption are within 5 percent
of those found experimentally.

2. The measured force in the lower chord and diago
nals was between 62 and 76 percent of the com
puted stresses.

STRESSES AND FORCES UNDER ONE TRACK LOADED

There are two purposes of this series: (1) to determine
the distribution of forces to the two trusses with one
track loaded, and (2) to determine the distribution of
stresses within the members of each truss with one· track
loaded. The force in a given member with one track
loaded was between 60 and 78 per cent of the force with
two tracks loaded. This indicates that as to be expected
the forces are less when only one track is loaded; how
ever, the secondary stresses that occur under the eccentric
loading must also be considered. In several sections the
stresses were higher with one track loaded than with two
tracks loaded.

STRESSES AND FORCES IN DRY RUN TEST

This test served as a Udry run" for the destructive test
of the endposts which was to follow. During this test,
the loading system, the required instrumentation, and
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On truss B, however, the strains are greater at 5-5
than the other sections, but it appears that this end
post failed in a more nintegral" fashion than did
truss A. This is borne out by the fact that a white
wash coating on truss B showed cracks joining the
rivets 'along the complete length of the member.
This settion, then, should be investigated more
closely. Figure 6 shows the measured strains in the
webs and also the measured strains in the side
plates and vertical legs of the angles. These values
are the average for both sides of the member.
They are plotted for various measured values of

gradually, and under this decreasing load the meas
ured strains in both endposts continued to increase.
In addition, several plots made during the test
showed that the load vs. deformation curve was flat
at the ultimate load.

3. SR-4 strain gage readings indicated that at several
locations there occurred, either a local buckle, or a
local bend in one of the elements of the main ma
terial or gusset plate. Our subsequent tests will
measure these local deformations to determine their
character in more detail.

4. It appears that the failure began at the La joint of
each truss. Figure 5 shows the increase of maximum
measured strains at each of the sections along the
length of the member for both trusses. Note that
the strains at section 5-5 are greater than the strains
at any other section for both trusses. Note that
there is a great difference between the strains at
5-5 and the other sections for truss A. This indi
cates that the ultimate load could be increased by
improving the design of this joint on the A truss.

Pp

FIGURE 4
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has received considerable' publicity since then, although
no data has been released except for the failure load.
Much of the data has been reduced, but not all of it has
yet been Itanalyzed.p The term Uanalyzed" is used here
to mean Itan endeavor to make the data meaningful."
Some tentative conclusions have been reached already
and checks to determine the validity of these conclusions
are being performed. Before discussing the conclusions,
the loading and instrumentation will be briefly explained.

LOADING

The loading found to be satisfactory is shown in
Figure 4. This corresponds to two trains, both traveling
north, and positioned for maximum stress in the endpost.
Naturally, the loading could not be {(exact," since there
are only two different loads other than zero that can be
supplied by the hydraulic system. The load was idealized,
keeping the stress in the endpost the same.

INSTRUMENTATION

Three hundred SR-4 strain gages were used to measure
the strains in the members. The deformations, both
linear and angular, were measured by means of level
readings on scales that were attached to thin, hanging
weighted wires. Although rather primitive equipment
was used, these readings produced useful and fairly ac
curate data. The new, very precise, optical system which
will greatly improve the accuracy of displacement data,
will be in place for the next test. For our next test we
will use these measured displacements and rotations to
determine the moments and direct forces acting on the
ends of the member, as the SR-4 data showed the mem
ber subject ,to considerable concentrations and distortions
near the gussets. The SR-4 data will serve as a check of
the optical data and vice-versa.

CONCLUSIONS

It is to be understood,that the conclusions given here
are, for the most part, tentative and are based on only a
partial analysis of the data. This will then be considered
as a progress report of this test.

1. The ultimate load was 2.3 times design load of the
end post; where the design load includes live load,
dead load, and impact.

2. Both of the endposts failed! Proof of this is dem
onstrated by the facts that (1) the bridge continued
to deflect under a constant load, and (2) when a
limit switch was tripped, the load began to decrease

N~

Lo £...-_+---.........--+--~--+-----+---+--- La
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are several interesting facts to observe from these
plots:

(1) The concentration of strains in the center of
the web indicates that the distribution of rivets
in the connection could be improved to give a
more efficient distribution.

(2) The ({rotation of the plane of strain" is plotted
and indicates that the member did fail at this
section.

Figure 7 shows the measured distribution of stresses
at this joint in Truss A. Note that the dotted lines
which represent the stresses in the side plates and
vertical legs of the angles lag behind the solid .lines
which represent the stresses in the webs. Note also
that the character of the distribution is quite dif
ferent for the solid and dotted lines. The stress
data will be presented in such form as is shown
here in our next report. Figure 8 shows an enlarged
view of the stress distribution shown in Figure 7.
Note that the webs have a completely different dis
tribution than the side plates and vertical legs of
the angles. This is due to the influence of the gus
set as a stress-raiser, causing the entire web to be at
yield point stress in compression, whereas the side
plates and vertical legs of the angles are still par
tially elastic. The web portion of the section then
can not withstand any moment. The side plates
and vertical legs of the angles supply the moment
resisting capacity and the section is being analyzed
on this basis. This distribution of moment and

,,' 80
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direct load resistance in the section is true only for
this particular ratio of moment and direct load. The
ultimate load of this test is in close agreement with
our analytical study using the experimental distri
bution. We hope to publish this as soon as we have
more experimental verification.

5. It is thought that a redesign of this joint, es
pecially for Truss A, would be beneficial, and that
the ultimate load could. be increased since it was the
La joints which precipitated the failure. In our
next series of tests we will devote more attention
to studying the action of these joints and thus we
hope to be in a position to offer recommendations
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for improvement of the design details. It is inter
esting to note that this type of failure could not
have been realistically achieved in the normal test
ing machine test. This fact confirms the foresight
of Prof. Parcel in his original realization of the need
for a model test bridge. In connection with this
point I would like to answer the question, !tHaw
accurately were the end conditions of an all A7
bridge reproduced in the model bridge ?" Let us
examine Figure 9. The purpose of this test was
to determine the ultimate load of the endposts;
therefore we must not allow the upper chord, for
example, to fail, as this would defeat the purpose
of the test. For this reason the upper chord was
made of medium manganese steel.

n
TRUSS A

[]
TRUSS B

6. The stresses at failure are shown in Figure 10 for
each of the endposts. The calculated stress is again
that stress computed using the simple truss assump-
tion.
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U1 Joint: The maximum measured stresses in the
various members at the U1 joint are
shown in Figure 9, and it will be noticed
that these stresses are less than the yield
point of A7 steeL When the dead load
stresses are added to these they do not
exceed the yield point of A7 steel until
the final increment of load. Therefore,
aside from a buckling failure of the up
per chord, this joint performed as if it
were made up of A7 members up to the
final increment of load. .

I o Joillt: The same is true at the Lo joint probably
because of the action of the floor system
as part of the truss. We can conclude,
therefore, that the end conditions, aside
from a buckling of the upper chord, were
as they would have been in an all A7
bridge up to the final increment of load.

7. We can now consider a comparison of the actual
test results and what we might have expected. It
has been fairly well established in testing machines
using columns with flat or pinned ends, and

having an + == 57, that the column's efficiency,

(T:!.LT, is between 0.85 and 1.00, depending upon
vyp

the cross-sectional shape of the member. There are
several factors which would operate to lower the
values which this would lead us to expect. These
are:

(1) The endpost did not buckle about its strong
axis, nor in a plane of symmetry, nor was it
free from twisting.

(2) The failure was actually one which began in
the joint, not permitting the column to attain
its full capacity.

(3) End moments introduced shears which some
engineers have suggested would reduce the
column efficiency and possibly cause a sudden
collapse.

The only factor which had a tendency to increase
the column efficiency was the reverse curvature to
which the end post was subjected.

The net result is that we would expect the value
of the column efficiency to be considerably lower
than the 0.85 to 1.00 which testing-machine tests
have yielded.

What we found, however, was a column effici
ency of 0.98 and 0.89, which is even greater than
0.85; and, certainly, no sudden collapse occurred.
This is quite reassuring to all concerned with the
ultimate capacity of a column under actual end
conditions.
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Future Plans

DA¥AGED ENDPOST TESTS

The objective of the damaged endpost tests is to estab
lish a means of quickly estimating the capacity of dam
aged endposts. This program of investigation divides
itself into two separate phases: (1) experimentally find
ing the capacity of damaged endposts under controlled
conditions, and (2) predicting the capacity of damaged
endposts in the _field based on these experiments.

Phase (1) will be carried out this summer and early
fall. We will establish a curve of ultimate load vs.
initial bend (Fig. 11) by introducing a small bend, say
el in the existing straight endpost and then loading to
failure. Following this, the bend will be increased to e2

and the endpost again loaded to failure; and so on, until
our curve has been established. Since this procedure raises

ESTABLISHED BY 4NOV,S9 TEST

p

the question as to how this repeated bending and failing
affects the Hultimate load vs. initial bend" curve v/e
will answer the question in the following way: '

We will perform small-scale laboratory tests under
"ideal" conditions on rectangular bars, establishing the
P vs. e curve, using the progressive bending and fail
ing routine. Then the P vs. e curve will be established
for specimens not previously failed. A comparison will
answer the question.

Since there is always a scatter of experimental data, we
will attempt to duplicate our results of the endpost test
in a series of similar tests using two other endposts which
are now on hand for this purpose.

Our first destructive test showed the important influ
ence of joint details on the ultimate load of the column,
and for this reason a more detailed study will be given
to the joints during these subsequent tests.

The number of SR-4 gages will be about doubled,
stress coat or photo stress will be used on the joints,
optical data will be taken to determine the rotations and
displacements, and dial gages will be installed to study,
among other things, the local deformations.

Test Program #3

INVESTIGATION OF FLOOR SYSTEM

The objectives of this test program are:
(1) To determine the participation of the floor system

in truss action.
(2) To determine the erection stresses, which are

caused by the end clearance between the stringer
and the floor beam.

This program will be carried out immediately after com
pleting the testing of the damaged endposts.

p

• TO BE ESTABLISHED USING
4 NOV. 59 END POST

o CHECK CURVE USING
NEW END POST

~~- :: -0( 1 CONSTANT

e2 =e: + e;

P",

x

~ -----------------
DESIGN

e

PLAN FOR THE BENT ENDPOST TEST
FIGURE 11

Resume

We believe that one fact has now definitely been estab
lished. We now have a facility to check new design con
cepts, to verify new analytical theories on a real bridge,
not only in the elastic range, but up to and including
ultimate loads.
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A Research Development Goes to Work
MAC E H. BEL L

Promoting and advancing more economical, more effi
cient steel construction through research, development,
and advisory engineering programs is one of the most
important functions of the American Institute of Steel
Construction. The Institute is constantly engaged in re
search activities, and in the past few years has greatly
expanded this program.

A large part of the overall research program is carried
on through cooperation with other interested organiza
tions and governmental bodies as co~sponsors of projects
guided by Research Councils. The Institute also sponsors
several research programs which it alone finances and
controls., In addition, it makes Grants-in-Aid to various
colleges and universities to assist student. and college pro
fessors in carrying out projects of limited size and scope.

It is from these various sources that new concepts and
developments, as well as improvements in existing prac
tices, are born. As an alert and progressive industry we
must determine from the large amount of information
obtained, those ideas and practices' which are practical,
economical, and useful. Then comes the task of turning
these ideas into practical, useful tools which will improve
and extend the use of structural steel. Here is where edu
cation, promotion, and selling come into play to put a

, research development to work.
In talking to you a year ago, I spoke of five broad

fields of work, in which the area engineers concentrate
their efforts. Today, I want to tell you about one out
standing research development, Plastic Design in Steel,
and summarize for you the part our area engineers have
played in advancing this completely new design concept,
from the laboratories of Lehigh University to practical
application in many projects throughout the country.

A Brief History of the Research Program

For many years, structural engineers have sought a
rational explanation of behavior of continuous steel
frameworks when subjected to overloads. It had long
been known that such structures, when subjected to severe
overloadings, foundation settlements, and even destruc
tion of intermediate supports, still gave good accounts of
themselves under these unforeseen conditions. But, elas
tic design indicated they would fail. .What was the
answer?

History tells us that the first conscious application of
the principles of plastic design was used in an apartment
building constructed in Hungary in 1914. For nearly a
quarter of a century the uidea" lay dormant except for
limited study and research on the part of a few designing

Mr. Bell is Chief of District Engineel'sj AISCj New
York j N. Y.
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engineers and researchers. Then, with catastrophic bomb
damage raining from the skies in World War II, plastic
design saw considerable practical and successful appli
cation in 1939 in the design of steel shelters to protect
British families.

In 1946, following the close of World War II, an ex
tensive research program on plastic design began at
Lehigh University. The program was co-sponsored by the
Welding Research Council, the United States Navy De
partment, AISI, and AISC. This program undertook an
extensive and thorough study of the ultimate strength of
welded continuous frames and their components. Almost
from the very start, the research program began to pay
dividends by adding to our store of knowledge regarding
the real behavior of the component parts of a structure.
Many questions related to the design of welded corner
connection of rigid frames, amount of lateral support
required, effects of residual stress and so on, were an
swered, and reports were made available to the engineer
ing profession. It was at this early date, that a partial
recognition of the reserve plastic strength of continuous
frameworks was started in this country by the introduc
tion of 20 percent increases in allowable stress in the
AISC specification of 1946.

As the work of the research team at Lehigh progressed,
papers and discussions on the test results and the early
development of design theories were published in both
the Research Suppleme'nt of the Welding Journal, and
in the Proceedings of the ASCE. Many of you will recall
Dr. Lynn Beedle's report on the research findings at the
1952 National Engineering Conference, followed by his
second report as a part of a symposium on Ultimate
Strength as the Design Criterion at the 1954 Engineering
Conference.

By 1955, the theory of Plastic Design In Steel had
nearly come of age for one- and two-story rigid frame
type buildings. At this point the research team was not
yet in a position to promulgate complete design rules,
but they were able to offer promising glimpses of the
ease of design and of the substantial savings in steel
weight which could be realized by'utilizing the new de
sign method.

Acquainting Educators and Engineers
With Plastic Design

In September of 1955, a nine day Summer Course,
sponsored by the AISC and Lehigh University in coopera
tion with the American Society of Engineering Education
and the Structural and Engineering Mechanics divisions
of the ASCE, was held at Lehigh University. This was
the first step in introducing these new design procedures
to educators, to designing engineers, and to engineers



associated with our industry. Out of an atteridance of
some three hundred, 131 faculty members/from 81 uni
versities were present. One result of this conference was
that, today, a great many universities and colleges in
clude plastic design in their curriculum. Another result
was that within a relatively short time some forward
looking designers began to use the method in one- and
two-story frameworks.

As a follow-up to this national introduction to the
completely new design concept, copies of the Lehigh Sum
mer Course lecture notes, and test demonstration reports,
were sent to each of our area engineers in the field. Here,
for the first time, the area engineers began to actively pro
mote meetings, seminars and symposiums devoted en
tirely to discussions of the research findings and the
development of design theories. Beginning in late 1955
and continuing through mid-1958, over 50 seminars of
this type were held. Some took the form of one or two
day conferences, others consisted of a series of weekly
lectures. One or more members of the Lehigh team who
guided the research, together with Ted Higgins and
Ed Estes, and faculty 'members at many of the universities
made up the lecture teams. These seminars, arranged by
the area engineers in cooperation with universities and
fabricators all over the United States, served to acquaint
practicing designers, educators, and students with the
many advantages to be r~alized from plastic design. Al
though no accurate records of attendance were kept, it is
estimated that the total attendance was well over 3,000.

The next educational step, taken in the same period
as .the seminars, was to acquaint the engineers of the
Institute's member fabricators, and their guests, with this

new design tool. This was accomplished by devoting the
entire three day program of the 1956 National Engineer
ingConference to Plastic Design In Steel.

Also in 1956, the Committee on Plasticity Related to
Design took action to join with an existing Welding
Research Council Committee to prepare a (lCommentary
on Plastic Design." First drafts of the commentary were
written by research-staff members at Lehigh University.
As the various chapters of this commentary appeared in
the Journal of the Engineering Mechanics Division of
ASCE, they have been reprinted and distributed by direct
mail, and by the area engineers, to engineers, educators,
and building officials. These were published in 1959
and 1960.

Research and development of theory had reached the
point where a specification and design manual could be
written in 1958. On December 4, 1958 the first plastic
design specification in the United States was issued by the
AISC. This was followed, in January 1959, by issuance
of the AISC Manual~Plastic Design in Steel. These
furnish the tools needed by the practical designer in
everyday practice.

Shortly after the PD manual became available, plans
were started for a series of lectures on the practical ap~

plication of this new design method. At our National
Engineering Conference in Birmingham, a year ago, the
AISC Board of Directors authorized special funds to
prepare material for these lectures, and to retain profes
sors or consulting engineers to present them to architects,
engineers, educators, and building officials.

A team composed of Mr. W. A. Milek, District Engi
neer at Omaha, Ted Higgins and Ed Estes was formed

FIGURE 1
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capsule form the highlights of this brief 15 year history
beginning with the start of research in 1946, and con~

tinuing right up to the current lectures and building code
work of 1960.

Building Code Acceptance of Plastic Design

With adoption of the Supplementary Rules and pub
lication of the AISC plastic design manual, the way was
opened for acceptance of the new design method by
building officials. Written requests were submitted to
regional code authorities, to state building code authori
ties, and to building code officials of many of the larger·
cities, requesting that the Supplementary Rules be ap~

proved and incorporated in building codes under their
jurisdiction. We have had no difficulty in obtaining an
administrative ruling approving the use of plastic design
in almost every instance. Nevertheless, we have taken
these formal steps to obtain code approvals just as we
did severalyears ago in the case of the high strength bolt
specifications. The area engineers have been in the fore
front of this work preparing formal requests, and meet
ing with building code officials and Code Change
Committees in a stepped up campaign to secure early
adoption throughout the nation.

In. the 15 month period since this program was under
taken, building officials have been quick to recognize the
advantages of this new design technique, and the thor
oughness of the research and development program which
documents the rules. As a result, the code change ma
chinery of various ·authorities was put into motion in
many areas, and committees undertook the task of in
corporating the rules into codes. In some cases this has
been done by adopting the rules as a standard. In others,
each provision of the rules has been written into the
appropriate sections of existing codes.

First, as many of you know, there are four so called
ttnation~wideJ1 building codes in existence in this coun
try. These are the Basic Building Code of the Building
Officials Conference of America, the Uniform Building
Code of the International Building Officials Conference,
the Southern Standard Building Code of the Southern
Building Code Congress and the National Building Code
of the National Board of Fire .Underwriters. Plastic de
sign in steel is now adopted in the first three of these
codes, and we are advised by the National Board of Fire
Underwriters that they accept the supplementary rules
under the provision of their building code referring to
the AISC specification as a recognized standard.

These four model codes have either been adopted, or
used as a guide in drafting building codes, by several
thousand cities throughout the country. The exact num
ber of such cities is unknown, but estimates place it at
between 2,500 and 3,000. As each of these cities and
towns revises its codes to conform to the latest edition
of one of these model codes, provisions for plastic design
will be written into an ever increasing number of city
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in New York to prepare lecture outlines, select suitable
design examples, and develop solutions for each prob
lem. High praise is due the outstanding work performed
by this team which, working under pressure, completed
notes for six two-hour lectures with drawings, sketches,
and computation sheets, all illustrated by 174 color
slides, in time for the 1959 Summer Series.

Meanwhile, the area engineers involved completed all
arrangements for lectures in their areas. Then as the
lectures began, they, with the assistance of many individ
uals from member companies, handled all of the arrange
ments necessary to insure their success.

These practical application lectures on plastic design
have been accorded an enthusiastic reception throughout
the country. They, without doubt, represent one of the
most outstanding promotional and educational programs
ever conducted by the Institute. Figure 1 shows that lec
tures were held in 38 cities located in 27 states, criss
crossing the nation from New York to Los Angeles, and
Seattle to Miami. Total attendance in the 38 cities was
7,000.

In .the same ten month period, groups of fabricators
in several areas of the country sponsored and financed
similar l~ctures with the assistance of AISC. These spe
cial series were conducted in eleven different cities in
seven states, and drew an approximate attendance of
1,000.

This educational program, designed to acquaint prac
ticing engineers with the supplementary rules, the con
tents of the PD manual, and the many advantages to be
gained by plastic design will continue for some time in
the future. Schedules are now being arranged for lectures
in several additional cities. Basic criteria used in desig
nating locations include availability of a qualified lecturer,
anticipated attendance of approximately 100 persons,
ava,ilability of suitable lecture hall facilities, and an offer
on the part of fabricators in the area to assist in organiz
ing and conducting the series.

Figure 2, prepared recently by Dr. Beedle, pictures in
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One very interesting feature, brought out by a recent
survey conducted by Dr. Lynn Beedle, has been the
function for which plastically designed structures have
been erected. Early predictions indicated that ware~

houses, military structures, and industrial buildings would
account for a large number of applications of this tech~

.States and Canada as ordinates to the curve above the
calendar line, and the number of structures built in
Britain as ordinates to the curve below the line. It is
clear that the number of known plastically designed
structures in the United States, about 175, has not begun
to approach the number built in Great Britain, which had
reached approximately 600 in 1958 as shown on the
chart, and has now reached an estimated 1,000 structures.
However, the rate of progress, during the early years
since the first structure was built in 1957, seems to com~

pare favorably with that reached in Great Britain in a
similar elapsed time.

The diagrammatic sketches shown in Figure 4 indicate
the types of building frames that have been built. They
cover continuous beams on columns, gabled frames (both
single and multiple span), two-story structures, multi
story braced frames, and several frames with somewhat
unusual geometry. At the present time, in the United
States, the method is most commonly employed in con~

tinuous beam type spans, and in rectangular and gabled
single~span frames.
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codes. Meanwhile, in the interim period, many of these
cities will permit the use of the new design method on
strength of the fact that these national authorities have
approved it.

A survey begun in March of this year and still continu~

ing shows that 78 cities of 100,000 and greater popula~

tioD have indicated they will approve the use of plastic
design, and that 17 of these have adopted code provisions
on plastic design.

The survey covered all cities of over 100,000 popula~

tion, of which there are 137 in the United States based
on 1958 estimates. The survey also covered states in
which there are building codes, and federal ~uthorities

which promulgate codes and specifications applicable to
work under their jurisdiction.

We have reports that five states-New York, North
Carolina, Ohio, Indiana, and Wisconsin-all have in
corporated provisions in their statewide codes which per~

mit plastic design.
With regard to federal agencies, their procedures per~

mit the use of plastic analysis for protective construction.
Up to the present time regulations contained in the En~

gineer Manual of the Department of the Army, Chief of
Engineers, in the Standards of Design of the Department
of. the Navy, Bureau of Yards and Docks, and in the
Structural Engineering Handbook of the General Services
Administration, Public Buildings Service, do not specifi~

cally provide for its use in ordinary construction. In each
case however, it has been indicated that anticipated re
visions currently underway in these various standards will
permit further use of ,plastic design.

Considering the fact that formal adoption of new
specification material in building codes takes: considerable
time, the progress that has been made to date in this
very important area is most gratifying. By way of com
parison, a period of four years, from 1951 to 1955, was
required to secure widespread adoption of the specifica
tions for high strength bolting.

Application of the Method in Design

A chart of Dr. Beedle's (Fig. 3) shows the number
of structures known to have been built in the United
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Civil Engineering magazine described this structure in its
September, 1957 issue.

Space does not permit a review of the many types and
sizes of plastically designed buildings which have re
cently been constructed in every section of the country.
However, I would like to point out a few specific projects
to illustrate some of the things that are being done in
this field.

Three plastically designed buildings were recently
completed for the Safeway Distribution Center, Omaha,
Nebraska. The larger building, 473-ft x 450-ft., utilized
continuous beams on columns. Plastic design achieved a
140/0 weight saving, with a cost saving of $24,500. This
building, designed by Leo A. Daly Company, was re~

viewed in the Steel Construction Digest, 3rd Quarter,
1959.

The new plant of the Gates Rubber Company, Nash
ville, Tenn., constitutes one of the largest structures
in area that has been plastically designed in the United
States. (See Figures 6 & 7.) This warehouse and manu~

facturing plant, designed by the Rust Engineering Com
pany in Birmingham, consists of six continuous gabled
frames with spans of 60 feet each. Column heights are
21 feet and the frames are spaced on 25~ft. centers. The
360-ft. x 975-ft. building has a floor area of about

FIGURE 5

nique. Dr. Beedle's survey indicates that quite the re
verse trend is true, as is shown in this graphic presenta
tion (Fig. 5). Note at the bottom of the figure, that
the majority of applications, (70%) are for housing
personnel, and that structures for storage and a handling
of material account for only 30% of the total. The top
part of the graph indicates that schools and gymnasiums
(30%), shopping centers (14%), and churches (12%),
account for more than three-fourths of the total applica
tions classified as being for personnel at the bottom of
the chart.

In an earlier survey made in November, 1959, about
75 known plastically designed structures had been re
ported as erected in 13 states. The present estimate, from
which Figure 5 was constructed in March, 1?60, indi
cates that 175 structures in 27 different states :pave been
individually designed and erected.

The first such known structure built on the North
American continent is a two-story office building in
Kingston, Ontario. According to Architectural Forum and
Engineering News-Record reports, savings in weight of
steel for this job over conventional design amounted to
22%. (See Steel Construction Digest, 2nd Quarter,
1957.)

The first plastically designed building' in the United
States was an 88-ft. span rigid frame warehouse for the
Dalton Company, located in Sioux Falls, South Dakota.
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350,000 sq. ft. A weight saving of 1970 (140 tons) was
achieved in comparison to conventional elastic design.
This structure is described in Steel Construction Digest,
3rd Quarter, 1960.

The Museum Building of the Metropolitan Boston
Art Commission (Fig. 8 & Fig. 9) is a two-story struc
ture in Boston designed by plastic methods because the
engineers, Goldberg and ie Messurier of Boston, felt
that it was the only logical solution that would afford
protection in the event of small differential settlemenfs
in the foundations, placed on the edge of a tributary of
the Charles River.

FIGURE 8
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FIGURE 9

And now, my story of how a research development is
being put to work is told. In the construction industry,
designers and owners are always open to alert, aggressive
selling combined with imagination and new ideas. Plas
tic design is a completely new idea. It offers: a saving of
material; a saving of design time, a completely rational
design basis; and means of investigating many design
possibilities in a short time. We have given the de
signers the tool they need to use the new method. It is
based upon properties peculiar to structural steel alone
and can not be imitated with other structural materials.
We are encouraging them to use it all over the country!



A Higher Yield Point for Structural Steel?
T. R. H I G GIN S

In a letter to the Chairman of ASTM Committee A-I
on January 25, 1957, Mr. R. W. Binder, Chairman of
the AISC Committee on Specifications, phrased it this

, way:
'tThe Committee would like to have your opinion

whether it would be practical to raise the minimum
specified yield point called for A7 steel to 39,000 psi,
and if not practical how much it might be raised."

For some time prior to this the AISC Committee on
Specifications had been exploring various possibilities for
liberalizing its working stress recommendations. Obvi
ously, one such was that of raising the minimum strength
requirement under which plain material is furnished.
This would require favorable ASTM action.

At the same time in a letter to the American Iron &
Steel Institute Mr. Binder asked for information on the
following points:

1. How much difference is there in the minimum and
average yield point stress of structural steel as fur
nished today under ASTM Specification A7 and
as produced in I934?

2. How much of an increase in minimum yield point
would you consider to be practical?

3. What proportion of structural steel is currently pro
duced under ASTM Specification A7 as compared
with A373?

4. The effect of an increase in yield point upon the
price of structural steel, if no limitation were placed
upon carbon and manganese.

5. The increase in carbon and manganese (over and
above that presently specified in A373) that might
have to be added if the guaranteed minimum yield
point for A7 were increased approximately 20%
above the present 33,000 psi.

Before attempting to follow the vicissitudes of Mr.
Binder's queries it might be well to put a scale on the
size and scope of the specification-writing activities of
the American Society for Testing Materials. We in the
structural steel fabricating industry are rather in the habit
of thinking of ASTM only as the authority for specifica
tions covering three or four grades of structural steel,
supplemented by a few standards for rivets and bolts.

Actually, in the field of ferrous metals alone there are
over 300 ASTM specifications, covering steel pipe, tubes,
fittings, rails and many other steel products, in addition
to the dozen or so specifications for the more familiar
products passing through member company plants.

Mr. Higgins is Director of Engineering and Resear'ch,
A/SC, NetlJ York, N. Y.
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Responsible for the contents of over 200 of these
specifications is ASTM Committee A-Ion Steel, the old
est of all of the ASTM technical committees. It has a
membership of roughly 350. Approximately 50 of these
are classified as having a general interest. The rest of the
committee is almost equally divided between producer
and consumer representatives.

Obviously, the work of such a large committee must be
taken care of largely in sub-groups. Altogether there
are 17 standing sub-committees under A-I, of which Sub
Committee II is charged with the responsibility for
specifications dealing with structural steel for bridges,
buildings, rolling stock and ships. The current member~

ship of this smaller group is slightly over 50.
It was to Sub-Committee II that the January 25th

letter was referred by the Chairman of Committee A-I.
Under date of February 21st, copies of this letter were
mailed to its membership for comment and a discussion
of the problem was included in the agenda for the June,
1957 meeting of the Sub-Committee.

Written comments received prior to the meeting were
largely negative. It is interesting to note that all of these
were from consumer representatives (principally highway
and railroad engineers) or from those listed as having a
general interest (consulting engineers and inspection
agenci~s). None of them came from producer representa
tives.

However, the reply -received from the AISI Technical
Committee on Plates and Shapes, prior to Sub-Committee
II's June meeting, did not lend too much encouragement.
First off, it stated that there was no significant difference
between the minimum and average yield point stress of
structural steel as furnished today and as produced in
1934 when the AISC Specification was revised to reflect
an increase in specification minimum yield. This did not
come as too much of a surprise but it _did close the door
on one possibility for liberalizing the AISC design
specification.

The reply also expressed misgivings that the present
specified minimum yield of 33,000 psi could be raised
without some relaxation in elongation and bend test re
quirements and an increase in carbon and manganese. On
the question of cost it could not make comment, referring
this matter to determination by the several producing
mills.

After considerable discussion of the whole subject at
its June, 1957 meeting, Sub-Committee II adopted a mo
tion placing itself on record with the opinion that tlit is
impractical to raise the present yield point with the pres
ent limitation on tensile strength, elongation and bend
tests." The AISC Committee on Specifications was so
notified and there the matter rested until the next annual



meeting, when the subject was again brought up for in
formal discussion.

At this time the representative of AREA Committee
15 stated that that group would not increase its permis
sible stress provisions even if the yield point of A7 were
raised. As a result again no action was taken.

When the subject came up for discussion at the Sub
Committee meeting last June it was finally voted that a
Task Force be appointed by the chair to obtain firm com
mitments as to what action AASHO, AISC and AREA
Committee XV would take in amending their standard
specifications if the yield point of A7 were raised. If
this group received favorable replies the Task Force was
instructed to formulate a definite proposal for presenta
tion at the January, 1960 meeting of Sub-Committee II.
Chairman of the Task Force was Mr. M. A. Pinney, En
gineer of Tests for the P'ennsylvania Railroad Company.

In reply to Mr. Pinney's inquiry as to AISC's position
and as to any reservations it would impose, the AISC
Committee on Specifications stated:

te ••• would favor an increase of 10 to 15 percent
in the minimum specified yield point (now 33,000
psi). It would continue to use ASTM Specification
A7 if the yield point were so increased and would
adjust the basic working stress in the Institute's Speci-
fication accordingly. L

ttThe only reservations that the Committee would
have are that the increase in tensile strength and mini
mum decrease in elongation not exceed the· increase in
minimum yield strength, and that any resulting econ
omy in the use of the new specification would not be
offset by an increase in cost of the material. "
While Mr. Pinney was able to report less resistance to

change on the part of other code writing bodies than
heretofore, there still was considerable reluctance-not
ably on the part of the railroad car builders-who were
fearful of losing some of the ductility associated with a
33,000 psi yield point. During these months of discus
sion, however, metallurgist representatives of the produc-
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ing mills had been making every effort to reach a common
agreement that would wrap up in one package the largest
possible increase in yield stress consistent with the least
possible change in ductility and cost.

As a result of the objections voiced by other users of
A7 steel, it seemed best, when all of the provisions perti
nent to a higher yield structural grade steel had been
ironed out, to present it as a new ASTM Specification,
merely referring to it as the ASTMSpecification for
Structural Steel and giving it a new serial number.

The final act of Mr. Pinney's Task Force was to rec
ommend the presentation of this new Specification to
Sub-Committee II for letter ballot.

Accordingly, copies of the draft were distributed in
March of this year, with ballots returnable on or beEare
April 27. Out of a total of 44 ballots cast only 5 were
negative. And, after a conference in which minor revi
sions in the draft were agreed upon, all of these were
withdrawn. Copies of the amended Specification were
then distributed for letter ballot by the full membership
of Committee A-I prior to the June, 1960 meeting of
that Committee to be held in Atlantic City.

Assuming that, with the unanimous endorsement of
Sub-Committee II already in the record, A-I approves
the Specification at its meeting next' month, the only re...
maining formality is its certification by the ASTM Com
mittee on Administrative Standards 30 days thereafter.

Thus, barring the unforeseen, the action touched off by
Mr. Binder's January, 1957, letter will soon have run its
full course. But it would be unfair--.--:..yes, and ungrateful
too--to stop there in giving credits. It is no secret that
the goal which now appears to be in sight has long been
a cherished dream of Mr. Duane Molthop, Chairman of
this morning's session. To him let it be said, tlMany
thanks for the persistent prodding."

A detailed discussion of the provisions of the new
Specification will be presented by Mr. John Leeron,
Chairman of Sub-Committee II, whose patience and per
sistence has contributed so much to its promulgation.



A New Specification for Carbon Structural Steel
J 0 H N R. Lee RON

The preceding speaker has outlined the events leading
up to the formulation of the proposed specification to be
known as A36. It will be my intention to explain the
important features of this document by comparing its in
dividual requirements with those of ASTM Specifications
A7 and A373. I am sure you are familiar with these two
basic specifications.

All ASTM Specifications for Rolled· Structural Steel
follow a single format which includes a nscope" clause
as Paragraph 1. In this paragraph, the individual steel
products which may be supplied are enumerated and the
general fields of application are mentioned. Figure 1
shows the differences between the scope clauses of A7,
A36 (the proposed specification) and A373. Using the
A7 paragraph as a base, A36 has added only five words,
which are italicized, to limit thickness. It is necessary
to .limit thickness so that the maximum chemistry can
also be held to the lowest practical limits. Proceeding to
the A373 scope, it can be seen that two additional words
are present which indicate that this material is reCQ.t;Il
mended for welded construction. Such a recommenda
tion was also included· in the original scope clause of
A36 but was removed because of controversy with a
minority group in the Sub-Committee II letter ballot.

Mr. LeCrol1 is Metallttrgical Engineer, Bethlehel7l Steel
COl11pany, Bethlehellt, Pat

More will be said on this subject durIng a subsequent
discussion of chemical requirements~

Figure 2 shows a comparison of the Tensile Require
ments of the three comparable specifications. In general,
the tensile strength ranges are closely overlapping and
ductility requirements are almost identical. The proposed
new specification has a maximum tensile strength which
is 5,000 psi higher than A7 and A373 because of the
higher yield point that must be realized. The 36,000 psi
minimum yield point in A36 is the significant figure in
this table.

The major point of interest to most of you is the com
parison of Chemical Requirements sh8wn in Figure 3.
Specification A7 has only a maximum prescribed for
phosphorus and sulphur, both residual elements. The
identical maxima are a part of A36 and A373, but I
have omitted them from this comparison so that the
carbon, manganese and silicon requirements can be more
easily followed. Specification A36 has a maximum carbon
of 0.28 prescribed for all products in all thicknesses. This
same figure is used in A373 for Bars and Shapes of all
sizes, while the maximum carbon for plates ranges from
0.27 to 0.25, depending upon thickness.

This table enables us to see how closely A36 material
approaches A373 material in chemistry and therefore
weldability. In Bars and Shapes, the total effect of car
bon and manganese is almost identical. In Plates the

SCOPE CLAUSES

Comparison of Three Structural Steel Specifications

TENSILE REQUIREMENTS

Comparison of Three Structural Steel Specifications

A-7

FIGURE 1

A373

32,000

21
24

58,000 to 75,000

A36

36,000

20

23

A373

This specification covers carbon steel
plates, shapes and bars of structural qual
ity not over 4" in thickness for use in
the construction of ,welded bridges and
buildings and for general welded struc
tural purposes.

60,000 to 80,00060,000 to 75,000

60,000 to 72,000

60,000 to 75,000

33,000

21
24

25

FIGURE 2

A36

This specification covers carbon steel
plates, shapes and bars of structural qual
ity not over 4" in thickness for use in
the construction of bridges and buildings
and for general structural purposes.

A7

This specification covers carbon steel
plates, shapes and bars of structural qual
ity for use in the construction of bridges
and buildings and for general structural
purposes.

Tensile strength, psi:
For shapes of all thicknesses. . . . . . . .
For Plates and bars up to 11/ 2 in., incl. in thickness

For Plates and bars over 1¥2 in., in thickness . .
Yield Point, min, psi. . . . . .
Elongation in 8 in., min, per cent .
Elongation in 2 in., min, per cent.



Over 112"
to 4"

.28
.85/1.20
.15/.30

Plates

.04

.05

Over%"
to 1-12"

.28
.80/1.10

3;4" and
Under

.28

.04

.05

.28

CHEMICAL REQUIREMENTS
Comparison of Three Structural Steel Specifications

ShapesBars

C
Mn

A7 P (max) .04
S (max) .05
Si

%" and Over %"
Under to 4"

C (max) .28 .28
A36 Mn .60/.90

Si

Other Heavy
than U7 . F.

1" and Q-ver 1" Rea'vy 10" to Y2" and Ot)er -Y2" Q'ver 1" D'ver 2"
Under to 4" U7 ,F. 36" Under to 1" to 2" to 4"

C (max) .28 .28 .28 .28 .26 .25 .26 .27
A373 Mn .50/.90 .50/.90 .50/.90 .50/.90 .50/.90

Si .15/.30 .15/.30

FIGURE 3

(Q) ANONYMOUS: Some architect-engineers do not
consider A7 steel to be weldable. How can we combat
this attitude?

(A) LECRON: I think that will have to remain a matw

ter of opinion. With the A7 specification in its present
form, there is no limit on carbon and manganese. It is
impossible for me or anyone else to say that any steel mill

estimating it would probably be better to have uniform
physicals and, therefore, uniform design stresses for de
signing and estimating purposes. Here again, for
welded structures the choice can be made in the heavier
thicknesses between A36 and other specifications if the
designer wishes to be ultra~conservative.

I have attempted to cover only the basic features of
A36. Bend Test Requirements are the same as those of
A7 and A3 73. Modifications for ductility requirements
according to thickness are standard as are all dimensional
tolerances.

Discussion

(Q) A. L. COLLIN, Kaiser Steel Corp.: Is there a com
parison of costs between A7 and A36?

(A) LECRON: I would like to ask Mr. R. E. Wilmot,
Manager of Sales (Structural Shapes), Bethlehem Steel
Company, to answer this question, since it is really not
in my field.

(A) WILMOT: r m glad the question referred to (tcost"
rather than t'price," because "cost" is the biggest part of
your job. No cost information is yet available, but if
A36 is certified by ASTM, and its values are to be inw
corporated into future designs, I can assure you that it
will be economically better than our present A7 steel.

***
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chemistry for the new specification is somewhat higher,
particularly in the thicknesses over %". However, both
A36 and A373 offer a much greater guarantee of weldw
ability than does A7. For practical purposes A36 is virw

tually synonomous with' A373 for shapes and for plates
up to %" and therefore equivalent in weldability. It
has been estimated by reliable sources that thicknesses up
to %" cover 90+,% of all welded construction. It was
this close similarity in chemical requirements that led to
the decision by the Task Group to include a recommendaw

tion for welded construction such as is given in A37 3.
This Sub-Committee II letter ballot indicated a strong
majority in favor of such a scope clause. However, in
view of five negative ballots, the reference to welded conw

struction was deleted in order to expedite the adoption
of the specification. After adoption, the possibility of
inserting the reference to welded construction will be
discussed.

In thicknesses over %", the chemistry must of necesw

sity be somewhat higher to produce higher yield strength.
In'these heavier thicknesses, the designer has a choice
closer control of welding technique of A36 or substituw

tion of A3 73 for perhaps a very· slight increase in weldw
ability at a substantial decrease in strength. It should be
pointed out that in these heavier thicknesses, geometry
rather than chemistry is likely to be the critical factor in
practical welding problems.

We should point out that the specification writers had
a choice of uniform physical properties across the entire
thickness range with chemistry graduated upward in the
heavier thicknesses; or uniform chemistry across the en·
tire thickness range, with physicals graduated downward
in the heavier thicknesses.

It was determined that for purposes of design and



in the country that makes A7 steel will always ship a
product that will come under a certain limiting chemistry
not called for in the specification.

In my own company (Bethlehem), I am familiar with
the plates, shapes and bars rolled under A 7 specifications,
and I have every confidence that they are weldable under
most conditions. However, the carbon-manganese con
tent ofA7 material supplied by each producing company
may vary because of differences in metals, differences in
residual alloys, and most of all, differences in finishing
temperatures. These variations occur not only from com
pany to company, but even from plant to plant within the
same company. Therefore, I don't think we can say, un
qualifiedly, that A7 material is always weldable.

The main reason for writing the new A36 specification
with limited carbon content on all products and limited
manganese content on heavier plates was to assure weld
ability of the new steel.

* * *
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(Q) E. R. BABYLON, Kaiser Steel Corp.: The pro
posed specification contains a .28 maximum carbon. In
yop.r Bethlehem Plate Mills, what would the actual car
bon range be for %" and for 1~" plate? Also, what are
the future possibilities of controlled finishing tempera
tures on plate mills?

(A) LECRON: To answer your second question first,
the controlling of finishing temperatures on modern plate
mills is very difficult. The newer mills are designed Jor
fast rolling and finishing temperatures above the ideal
range. To slow down the process would result in severe
losses in the tonnage rolled. The variations in width and
thickness of plate make temperature control rather im
practical. Your first question concerns ladle carbon
ranges for %e" and 11;4" plates. Under average condi
tions, to meet the proposed specification, we would aim
for .22 to .26 carbon for %" plate and .20 to .25 carbon
for 11;4" gauge (the 1~" has higher manganese required
than the %" gauge).
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The subject assigned to me is tlSawing and Drilling
Equipment", and it quite naturally follows that I would
feature our new Boulton and Paul Semi-Automated Fab
ricating Line. However, before getting into the subject,
I would like to digress for just a few moments and
comment about some of our common problems.

We are all very well aware of the competitive situation
that has existed for the past two years or more. It is cer
tainly true that there has been, and will probably continue
to be, an intense competition between each of us as
fabricators.

The down-turn in industrial construction has had quite
an effect on the available volume. In addition to this, we
must be fully aware of the competition from pre-stressed
and reinforced concrete, as these have been eating away
at the volume which we used to enjoy. We have today
still another competitive force looming" ever larger on the
horizon-imported fabricated structurals. With the St.
Lawrence seaway now a reality, one can only ponder the
extent of imports in the future. To further comp'ound the
"problem, our industry, according to Iron Age Magazine,
has, since 1957, increased fabricating capacity from ap
proximately seven million to over eight million tons
annually.

I am quite sure that every company represented here
today has come to the same conclusion-that we must do
something to upgrade the efficiency of our plants, to im
prove the output of our workers, as well as to reduce
costs in many other areas of the business. Only by doing
these things can any of us hope to compete in the future.

We at International Steel Co. recognized that many in-

Mr. Dull is Director of ManIIfactllring} International
Steel Co.} Evansville} Ind.
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efficiencies existed in our overall plant layout and flow of
material-inefficient and, in some cases, insufficient equip
ment, as well as some outdated methods. We decided to
do something about it.

Why did we make such a sizable investment in the
Boulton & Paul Fabricating Line? Because it was ob
vious to us that something had to be done to improve our
methods; to eliminate much of the scratch layout, fol
lowed by single punching or single spindle drilling.
Although we had a modern and efficient spacing table
punch, it was consumed most of the time on angle punch
ing, as we do quite a volume of riveted truss work. We
had a definite need for additional spacing table punch
ing equipment for beams, etc., as well as some multiple
spindle drilling equipment for heavy sections. The
Boulton & Paul equipment came into the picture at just
the time we were involved with this analysis.

To make a long story short, we made a careful layout
of this equipment and found that it fit very nicely with
some other plans that we had made to improve our layout
and flow of materiaL We analyzed the savings antici
pated and decided that it was the answer to our problems,
as far as prefabrication of beams, columns, etc., was
concerned.

Before installing our new system, two 18-inch Marvel
hack saws, combined with a 24~inch friction saw, handled
the bulk of our cutting. Most of our beam and column
work requiring accurate length and square ends was cut
on the Marvel saws. We handled all rough cutting on
the friction saw. Following the cutting operations, nearly
all of our layout was of the scratch method. Typical of
many structural shops today, the layout man with the
drawing went through the ·laborious job of locating and
center~punching the hole locations. Following the lay-



FIGURE 4

FIGURE 3

The saw operator in Figure 4 controls the movement
of the steel from the bench onto the conveyor and through
the saw for the length required. The measuring dial,
shown in this view, allows the operator to set the correct
length for the cut to be made. The material moves at
60 ft. per minute and, as the steel approaches the propet
dimen~ion, the operator can inch the material up to
within a reasonable setting of the dimensions required.
Exact settings are made by using the pilot wheel, seen
in front of the console cabinet. We can cut lengths to
plus or minus ~2-inch without difficulty. When the
operator has the material at the proper setting, the self
centering vises are closed by a button on the console and
he moves approximately two steps to operate the hy
draulic saw control.

Figure 5 shows the proper relationship of the saw,
which is at the right, and the vertical drill, which is at
the left. The small I-beam to the extreme left is on the

Figure 3 is a view taken from the extreme end of the
feed conveyor, into the saw, which you see in the back
ground. The column, when on the loading skids, is moved
by a dog-type chain conveyor. T'he dogs are visible in
this picture.
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FIGURE 2

The biller in Figure 1 is using a calculator set up to
handle feet, inches and sixteenths, thereby eliminating
the need for a scratch pad and pencil.

Figure 2 shows a schematic layout of the equipment
installation, which covers an area approximately 70 x 250
it., in the extreme south end of our plant. The capacity
of our installation is up to and including 30 inch wide
flange 210 pounds and 14 inch wide flange columns 426
pounds, 50 ft. in length.

FIGURE 1

out, we would single punch or single drill most of the
beams and columns handled in our shop. Needless to
say, the cost of cutting, layout, punching and drilling,
when combined with the many handlings and storages
between these operations, offered quite an opportunity
for improvement.

The Boulton & Paul equipment has considerably
changed our old methods. Where we previously would
send a full set of shop details tp the prefabrication area
in order that the layout men could properly mark the
material, we now make up the web and flange drill di
mensional layout sheets in the office. We retrained our
staff of billers, one of whom you see in Figure 1 doing
this work. The information is transferred directly from
the drawing to the sheets, thereby' eliminating the draw
ing in the shop. It was necessary that we slightly alter
our Inethod of detailing by adding some accumulative
dimensions that we had not previously found necessary.



FIGURE 5

feed conveyor to the vertical drill. After the saw oper
ator has unloaded the piece cut, depositing the steel on
the skid, further movement is controlled by the vertical
drill operator.

The operator of the vertical drill sets the longitudinal
spacing in the same manner as the saw operator. In
-Figure 6 you can see the sheet on the clip board which
gives the operator the settings for drilling the material.

Figure 7 shows the six spindles, two of which are

FIGURE 6

FIGURE 7
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being used on this particular column. The proper gage
is set from the fixed side of the vise to the right. The
vise, visible to the left, which is hydraulically operated,
opens and closes to any size within the range of the
machine. The cable that you see extending from each
spindle is a gagging device which allows the operator to
select the required spindles from his operating station.

The operator sets the required gage by adjusting the
spindles as indicated on a clock dial for each spindle.
The spindles in the vertical drill are adjustable down to
a 2¥2 inch minimum, and will handle %6 through 1~

inch diameter inclusive. The six spindles are lettered
A, B, C, etc., and the dials are lettered the same.

The column is unloaded by the operator from the web
drill conveyor, and he advances it, by selecting-the proper
button on his console, to a conveyor which unloads the
material after being web drilled only. The unloading
operation is completely automatic, once the web drill
operator pushes the proper button.

FIGURE 8

Figure 8 shows the relationship of the web drill and
the flange drill with the transfer bench in between. The
movement of the material once unloaded from the web
drill, is under the control of the flange drill operator,
and he advances the material onto the feed conveyor as
required. You will note in this view a channel entering
the web drill. We run channels with the toe down in
order to convey them with the pusher dogs. The move
ment of the steel is handled in a similar way as on the
saw and vertical drill. Two operators are required on the
flange drjIl. One man handles the movement of the
material as well as the longitudinal settings required, and
the other operator makes only spindle adjustments. Each
operator has duplicate copies of the layout sheet so that
they work in unison.

Figure 9 shows the two six~spindle heads of the flange
drill, made up of an upper and lower bank of three
spindles each. The spindles are adjustable horizontally
or lengthwise, from 2;t1t: inches minimum to 6 inches
maximum. They are adjustable vertically, which estab-



FIGURE 9

lishes a gage on the flange, from 21;4 inches minimum
to 14~ inches maximum. The spindle spacings longi
tudinally are set according to the lower clock dials, one
dial for each spindle. The vertical adjustments of each
bank of three spindles, 'in order to establish the proper
gage about the center of the web, is made by using the
two clock dials at the top of the machine. The operator
can select any number of the six spindles on either side

FIGURE 10
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FIGURE 11

of the machine as required. Figure 10 shows all 12
spindles entering the column flange..

Figure 11 shows the column coming through the
flange drill in the unload side of the conveyor, and
bearing against the measuring device which sets the
longitudinal dimensions on the clock dial. When drill
ing is completed on the flange drill, the operator ~eeds
only to select the proper button on the console to auto
matically unload the material onto the skid on the left.

It is probably quite evident that this was a rather
costly installation, and it follows that there must have
been a sizable savings from the investment. Now, what
have we accomplished?

First, in our prefabricating operation on all beams,
columns, channels, etc" within the range of this equip
ment, we have eliminated all drawings and templates.
Second, we have eliminated more than half of the previ
ous operations and handlings, and, as you can appreciate,
they were the more expensive half. Third, we have elim
inated the layout man and, to sum it all up, we have re
duced the previous cost of prefabricating the items
within the range of this equipment by approximately
750;0.



Forming Equipment and Practices
GEORGE W. HALL

Mr. Hall is Division Manager, Pjttsbtlrgh~Des Moines
Steel Co., Des Moines, Iowa.

Plate Rolls
The general appearance of plate rolls has changed

very slightly during the past SO years. However, many
new features have been added to improve the productivity
of this type of equipment.

Figure 1 shows the two basic types of plate ro11s
pyramid and pinch.

FIGURE 2

Pre-bending of most diameters can be done on the
pinch type and it is necessary to do this pre.;forming on 
an auxiliary piece of equipment when using the pyramid
roll. Figure 2 shows a very new pinch type roll. Cylin
ders are being rolled in this particular application. As a
shott cut to subsequent operations, this tube is fitted and
tacked in the roll while the plate is still under pressure.
This picture also shows the drop end hinge which has
been lowered to facilitate removal of the rolled pipe. The
drop end hinge is pneumatically operated. The pinch
type is opened in a few seconds and this operadon auto
matically tilts the top roll and releases the pinch over
the full length of the plate. The pyramid is opened by
adjusting the top roll upward, and then lowering the
hinge; this requires several minutes. Similarly, the clos
ing of the pinch roll is much faster, and it is automatically
returned to its original position.

The pyramid type machine, with an idler top roll, is
driven by friction of the plate. Therefore, depending
upon the size of the machine, you may have trouble in
trying to roll material as thin as %6 and it will usually
not handle 1;8~inch material. The bending pressure from·
the light plate is not sufficient to resolve' the idler top
roll. In like manner, the pyramid will mar and scratch
any thickness of soft or polished material. The pinch

diameter of the cylinder produced. All three rolls should
be power driven.

Over 90% of the rolls purchased today are of the
initial pinch type. Many 'of these are ordered to replace
pyramid type rolls.

The pinch type roll will form more nearly perfect
round cylinders than a pyramid because of the fact that
the flat spots on the ends are practically eliminated. It
will also form smaller diameter shells over given roll
forgings than the pyramid. The pinch type is faster.
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INITIAL PINCH TYPE

First, let us talk about the pyramid type roll. The two
lower rolls are in a fixed position and-both are power
driven. They are smaller in diameter than is the top roll.
The top roll is adjustable up and down to determine the
diameter of cylinder produced. The pyramid roll has
only two main advantages over the pinch type; namely, it
can be provided with dies and used as a press brake, and
it is cheaper than the initial pinch type-'.

The initial pinch type roll has three forgings of the
same diameter. The two front rolls are known as the
pinching rolls. The top roll is in a fixed position. The
lower front roll is adjustable up and down to suit the
thickness of the plate being rolled. The rear roll or
bending roll is adjustable up and down to determine the

During these times of· high labor cost, every progres
sive fabricator is looking for better equipment and
methods. In order to remain competitive, it is not only
desirable but it is 'also .a necessity to have up-to-date
pressing and forming equipment'. Today I will merely
touch on some of the more important pieces of equip
ment which fall in this category. In particular, I would
like to discuss plate rolls, angle rolls, bulldozers, press
brakes, and presses.
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roll will handle thin material and it will not scratch soft
material because of the positive pinch and because all 3
rolls are power driven.

Plate rolls can be grooved for rolling angles, tees, and
bars. This type of machine application can save the
purchase price of an angle roll for the fabricator who
works with light materials.

The new dial indicator gages are a most helpful piece
of equipment in the use of a pinch roll. These indicators
permit predetermined settings for rolling duplicate pieces
and it is possible to save considerable time and to elim
inate many passes of material through the roll by the
use of this gadget.

Rollout tables and other handling equipment are a
very necessary consideration in the installation of a roll
set-up. A gantry crane is more satisfactory for a rolling
operation than is a jib crane.

The actual machine rolling time is about 50% of an
entire rolling cycle. Therefore, it is vital to have a fast
machine, and we believe that, for most applications, a
rolling speed of 30 ft. /minute is practical.

Angle Roll

An angle roll is a must for a medium size and/or
large fabricating plant. It provides the fastest known
method for rolling small bars, channels, angles, tees
and beams.

An angle roll is a very expensive machine in larger
capacities, and it would not necessarily be the best buy
for a small shop that wanted to do rolling. Further,
large machines require deep heavy foundations and, in
such installations, the machine is no longer portable.

Angle rolls come in both vertical and horizontal mod
els. The usual preference is for a machine with vertical
roll shafts wherein the material is handled in a hori
zontal plane. Figure 3 illustrates such a machine.

Unless material is pre-formed prior to rolling, usually
there is a waste on each end of the material being rolled
because of the flat spots. These flat spots must be cut
off and scrapped.

FIGURE 3
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I do not know of any revolutionary developments in
the angle rolling field other than new types of controls,
new types of steel for the rolls, quick acting clamps for
roll removal and replacement, and portable rolls for
handling material in and out of the machines.

If a plant is operating on a limited budget for capital
expenditures, it may be wise to pass up the angle roll
and buy an all purpose machine such as the bulldozer
for rolling small shapes.

Bulldozers

N ext let us talk about bulldozers.
Mechanical bulldozers are almost a thing of the past.

Although the mechanical bulldozer is a useful tool, it is
a costly machine to operate because of control problems,
slow adjustment of the stroke and other reasons. It is
also very easy to overload this type of machine.

FIGURE 4

Modern plants are switching to hydraulic bulldozers.
Figure 4 is a view of a Verson 200 ton tdozer.' This
machine is portable and it has an adjustable backstop.
Unless the control end can be located in a leanto, it· is
advisable to mount the hydraulic mechanism, pumps, etc.
at floor level in order that they will not be hit by cranes
moving loads overhead.

Modern day features should be incorporated in new
bulldozers. These include abrasive wearing strips, ad
justable backstop, limit switches for determining length
of stroke, etc. A bulldozer can also be partially auto
ll1ated. It can be operated manually by conventional
methods. Further, it can be set and operated on a semi
automatic basis which means that by pressing one button,
the head stop or ram will move forward to a predew

termined position, build up pressure, return to initial
position and stop. For repetitive work, it can be set and
operated in the fully automatic fashion. This means
that by pressing one button, this ram will advance for
ward, build up pressure, return to starting position, pause
and then repeat the cycle. It is amazing how much this
feature will increase productivity.



Handling is also a problem with a bulldozer. Portable
roller stands and steel tables on the input and output
sides of the machines can be used in conjunction with
conventional hoisting equipment.

The bulldozer is one of the most versatile of all plant
machines. It can be used for straightening, punching,
cambering, rolling, bending, etc. For the money invested,
a bulldozer is one of the best pieces of plant equipment
that can be purchased.

Press Brakes

The trend today is definitely towards hydraulic press
brakes. This is particularly true when fabricating ma~

terial o/s-inch thick and heavier. Some -of the advantages
of a hydraulic press brake are as follows:

1. Less skill is required to operate it.

2 It cannot be overloaded.

3. It is about 10 to 15 % cheaper than a mechanical
brake.

4. It can be designed with a longer stroke.

S. It is easy to regulate the pressure.

6. The stroke adjustment is much faster than on a
mechanical brake.

(At this point speaker shot-oed slides covering tlse of
plate brakes for rolling plates, pttnching, for17'ling, etc.)

In buying any type of press brake, it is important to
provide for an extension of the ram and bed such as
shown on the ends of this brake (Fig. 5). These out
riggers are very important for bending closed units; there
is no stripping problem.

Handling represents over half the cost in a press brake
operation. It is possible and practical to reduce handling
and perform several operations with one master set-up
on a press brake. Double decker dies can be used for
this purpose.

FIGURE 5
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Good dies, imagination and effective use of gages and
backstops are very necessary in obtaining maximum pro~

duction on press brakes The average foreman can design
and provide such gages without too much supervision.

As I have stated, the hydraulic brake is 10 to 15 %
cheaper than a mechanical unit. It is a very versatile ma
chine and can be used for rolling, 'coning, bending, and
punching. Taday's modern machine has the hydraulic
manifold block mounted at the rear of the machine along
with pump, motor and reservoir; leaking oil lines are
no longer a major problem.

Hydraulic Presses

The only types of presses which we will discuss will
be those that are of hydraulic design. These presses can
be either of the four post variety or of the !te" frame
variety.

Figure 6 shows an old four post hydraulic press. The
normal method of handling work through the press is
from front to back. You will note that the material can
also be handled from left to right. This is an advantage
when straightening or cambering long material.

(At this point, speaker showed slides covering the use
of hydraulic presses for rolling plates and angles) straight~

ening stftlctural 1J'laterials} etc.)

FIGURE 6

The modern tlC" frame type press can be equipped
for manual, semi-automatic -and fully automatic control.
I have described this type of automation in the discussion
on bulldozers.

The decision on whether to buy a ttC" frame or a
four post press depends strictly upon the end use of the
equipment. The open throat or I t e" frame press is
chosen for many applications for the following reasons:

1. It is a very simple operation to change the dies in
this press.

2. The open throat permits an unlimited range -of
width and length of material being processed.



3. It is simple to provide this machine with a hori
zontal ram for flanging.

4. It is also a very good machine for straightening
and the normal run of pressing.

This type of press will open up under capacity load
conditions, and the resulting deflection creates some
problems 'Yhen rolling heavy shell plates.

The four post press is the best buy on today's market.
In some cases, depending upon throat opening, the four
post press will only cost lh to % as much as the (tel'
frame model. The operating speed of the four post ma- _
chine is as fast as the tiC" frame unit. There is no
problem .with eccentric loading of dies and no worry
about scoring of the hydraulic cylinders when this ma
chine is used.

In a complete pressing cycle, handling can amount to
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as much as 60% of the total operation. The actual press
ing time is about 25% of the total. It is therefore. im
portant that both handling equipment and speed of
pressing be the best obtainable. We have found that
gantry cranes can do the best job in handling material
at a press.

Conclusions

Here are some typical structures which have been fab
ricated by means of the aforementioned equipment.
(Speaker showed slides of finished p~rodtlcts tnade tip of
cone plates) shell plates} rin7- angles} strtlctttral colulll1zs,
etc. )

I have attempted to cover the basic ma,chines that are
used in a normal fabricating plant for pressing and form
ing. I hope that I have covered items that have been of
interest and value to you. Thank you.



Numerical Control for Structural Fabrication
ROB E R T C. KID D

The words «Numerical Control" have come to be syn
onymous with progress and cost savings. Certainly,
Numerical Control has created more interest and has
captured the imagination of manufacturing management
as nothing else has in the past few years. It has been
estimated that the machine tool industry will sell from
15 to 25 million dollars worth of numerically controlled
machine tools in 1960 and about 50 million in 1961 and
75 to 100 million in 1962.

What is this phenomenon called ((Numerical Control"
and what will it mean to the structural fabrication indus
try? In this paper, which is much too short to possibly
cover such an important and vast subject, I will attempt
to show what our company and a segment of our industry
have done, and what I feel our entire industry will be do
ing in the next few years as concerns automation and
Numerical Control.

Let us first define Numerical Control. Numerical Con
trol is a form of tooling that controls the motions of a
machine by numerical values stored in a suitable medium.
Numerical values normally are in a binary or two number
system and the suitable medium is either a punched card
or punched tape, although magnetic tape is sometimes
employed.

There are two distinct types of Numerical Control:
1. Point to point, or discrete positioning

2. Contouring or continuous path
We will be dealing with point to point positioning as

it will apply to structural fabricating equipment encom
passing those processes with which we are most familiar,
such as punching, drilling, sawing, etc., for in these
processes we are only attempting to work in a single plane
or two dimensional system rather than a three dimen
sional system.

Why should we be concerned with Numerical Control
for structural fabricating equipment? I feel the answer
lies primarily in the great demand to reduce fabricating
costs which is sweeping our economy. Our industry has
lain dormant for many years with regard to the moderni
zation of equipment and automation and it has only been
within the past few years that any effort has been made
to ((change from the old tried and tested way" of doing
things in the shop. You can go into plant after plant in
our industry and find them doing things the same way
they have done them for decades. This all too apparent
attitude is changing rapidly, however, and Numerical
Control is going to accelerate the change. Better and
more efficient methods of handling steel are bringing us

Mr. Kidd is Industrial Engineer) Mississippi Valley
Strltctural Steel Co,} Melrose Park} Ill.
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to the threshold of automation. The Boulton and Paul
automated fabricating plants now in operation at the
International Steel Company and the Mississippi Valley
Structural Steel, Company are indicative of this trend.
Now, incorporate Numerical Control, which automatically
feeds in the proper information to a machine, telling it
what to do so that all or most of all human "error" has
been removed, and we have the ultimate as we can fore
see it today.

We are going to discuss types of punching and drilling
equipment that have been developed for our industry so
that you can see just what has been accomplished to date.
This does not mean that the field has been narrowed to
these two operations nor does it mean that the specific
applications you will see constitute the only efforts made.
On the contrary, we feel that all areas of shop fabrication
will some day employ Numerical Control directly or they
will be in some way indirectly controlled by automated
data processing equipment. This means shearing, cut-off,
welding, assembly, cleaning and painting can be areas
where automation, using Numerical Control, can be con
sidered. In fact, we will attempt to show how this whole
sub ject can reach to the engineering department and the
drafting room.

The two most logical areas to begin this process of in
tegrating Numerical Control into fabricating equipment
were in punching and drilling, where a definite point to
point relationship exists and where potential labor sav
ings were high. The old methods of layout and simple
punching or drilling normally required two men to lay
out the hole spacings, and two men to simple punch, or
one man to drill, depending on the thickness of the ma
terial. Punching has been accomplished on all types of
rack punches, punching one hole at a time, gate punches,
where multiple punch set-ups can be made, or large open
throat or guillotine type punches with spacing tables to
move the mass through a multiple punch system. Prac
tically all o_f these methods use two, three, and sometimes
four men to operate and handle material. All of them
employ a method of setting and reading a template or
reading a drawing directly. Regardless of the method,
they all require considerable time and substantial labor
dollars to prepare the information for actual operation of
the equipment and the element of human error has been
compounded in most cases many times.

To begin this process toward automation, Mississippi
Valley Structural Steel developed a one man operated
angle punch (Figure 1) which is electro-hydraulically
actuated and performs in the following manner:

The operator sets a plug for each hole to be punched
in a perforated plate attached to a moving table which is
powered through an electro-hydraulic system. He clamps



FIGURE 1

the angle in position (Figure 2) and pushes a start button
after he has pre-selected the ejection distance on the dis
charge side of the machine. The proper ejection distance
is determined by the length of the angle being punched.
The angle moves through the machine (Figure 3) ac
celerating to a maximum of 120 feet per minute between
holes and decelerating to 12 feet per minute as it ap
proaches the hole to be punched. The angle passes under
a control station which automatically selects the hole, ac
celerates and decelerates the carriage, and triggers the
punching cycle. After the punching operation is com
pleted, the angle is automatically ejected from the ma
chine at the pre-selected distance and the carriage returns
to the start position. The advantages gained are pri
marily that one man can operate the machine and during
the punching cycle the operator is released to perform
other work, such as placing the next angle in position,
marking copes, or putting the paint spots and piece marks
on the last completed piece. All functions of the ma-

FIGURE 2
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FIGURE 3

chine speeds, timing, etc., are easily adjustable and very
accessible to the operator.

While we reduced this particular 'operation to one man
and improved handling methods, it still was not the
ultimate in automation that we desired. Our next ap
proach was in the area of beam punching, for we felt
that if we could control the movement of large masses at
fast speeds, completely automatically using Numerical
Control, we could then adapt this basic principle of design
to all phases of punching and drilling.

The first major obstacle to overcome was the proper
selection of the medium we would use to supply input
information to the actuating equipment. That is, from
our definition of Numerical Control, our question was:
rrTf?hat would we tlse for the 1ltl1nerical valtles stored 011

a suitable 17zeditl1Jt for this 0 peratiol1?JJ We resolved the
question down to the two most popular methods, tape
control or card control. We selected the card control for
the following reasons: First, it was easy to handle for
both the preparation of the card itself and more impor
tant its ultimate use on the machine. Material flow in a
structural shop, as you all know, is not uniform. In gen
eral, we do not produce a tlstandard product, Jl and sizes,
types, and quantities vary considerably. In tape control,
the information placed upon the tape is continuous. To
be most efficient the pieces coming to the machine would
have to be in the same order as the information placed
upon the tape. This limited us too drastically as to the
ease with which an operator could ltselect" his work se
quence. The right piece would have to be at the machine
at the right time. With a card, it does not make any differ
ence which piece comes first, since it is only a matter of
selecting the pr'ope! card. We were able to obtain the
most efficient piece of card preparation equipment and
most efficient card from the Industrial Timer Corporation
of Newark, New Jersey. The card we used is shown in
Figure 4. We obtained twice as many discrete positions
with this card (60 to be exact) than was possible from
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FIGURE 4

other sources. We superimposed on the basic card our
own terminology and design dictated by the functions de~

sired. We had determined that in over 90% of the cases,
one card would be sufficient to provide information for
the punching of both flanges and the web of a beam or
channel. In the balance of cases, or 10%, two cards
would usually do the job.

The I(ling Brothers Engineering Company were ap~

proached to provide a suitable guillotine punch whic~

could handle a wide range of beams and channels efficl~

ently. As a result, the punch shown in Figure 5 was de~

veloped. This punch can handle frof? 6 WF 25 to
30 WF 210 pound beams and has several important fea~

tures which make it compatible with Numerical Control.
These include an air~brake clutch system and a balanced
main drive system. The spacing table itself was devel~

FIGURE 5
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oped by Mississsippi Valley Structural Steel, and is com
pletely electro-hydraulic. The Numerical Control. system
was developed in conjunction with Sanders Associates of
Nashua, New Hampshire.

The process begins by preparing the card with the card
punch shown in Figure 6. The operator places a card
into the punch, reads the hole spacings directly from a
drawing and punches the proper dimensions by depress~

ing the keys on the keyboard (Figure 7). A luminous
read-out device shows the dimension selected and serves
as a visual check. The punching portion of the prepara
tion equipment shifts the card from the left to. the ~ight

hand side since the card is divided into two sections. The
feet inches and fractions of an inch, plus the number
of hoies to be punched are selected. The gag section a~to
matically selects the proper punches on the mach1ne.
Twelve punches can be so selected automatically with a
possible expansion to twenty-one if so ~esire~. The c~rd

punch automatically converts the f~act1onal Inform.atto?
so selected on the keybQard into a b1nary system wh1ch IS

used on the card. The card is properly identified and is
ready for the shop.

At the machine the piece to be punched is placed on
the feed-in side of the hydraulic lift table of the machine.
The operator places a card in the card reader and sets the
reader by depressing the start button. The carriage, which
contains the hydraulic clamping equipment, clamps the

FIGURE 6

FIGURE 7



FIGURE 9

able to this operation, the beams will be transported to
the numerical control punch on a conveying system com·
ing directly from the cut-off operation.

The same advances can be made and have been made
in the drilling operation. The Walter P. Hill Company
of Detroit, Michigan, has developed a tape controlled
high speed drill which can employ the same basic prinw
ciples. as we have -outlined in punching. The input me
dium is by means of a punched tape (Fig. 9). The
Hill Company has incorporated a General Electric Mark
IV (a four coordinate) system with an excellent electro
hydraulic circuit. The drilling capacities of the equip
roent are far beyond those normally experienced in the
structural fabrication industry. Such feed rates as 30
inches per minute in mild steel are being accomplished
without difficulty. By incorporating the proper conveying
equipment to and from a machine based on this prin
cipIe, entire girder sections can be drilled from a solid,
all by one man, who merely inserts the.8 channel Friden
punched tape in the tape reader and watches the opera
tion as three drills, one vertical and two horizontal, drill
simultaneously. With this high degree of accuracy it will
be unnecessary to ream any sections so drilled. The basic
drill design is flexible enough to accommodate built-up
sections, large wide flange beams, and girders all on the
same conveying system. Smaller detail sections such as
base plates, gusset plates, etc., can be stacked drilled in
reasonably large quantities at the same high feed rates
and with tolerances of (±) .0005 accuracy. One large
fabricator has already contracted to install this type of
equipment and certainly more will follow suit as the ap
parent cost savings are realized.

Finally it can be seen, I feel certain, that a basic pattern
is developing in our structural plants whereby Numerical
Control can offer a means to control machine operations
and with proper conveying equipment, steel can be moved
from cut-off to final assembly, all automatically. At the
final stage of assembly, we feel certain that improved as-
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piece and is hydraulically driven through the machine.
The operator pushes the start button and the piece moves
through the machine at about 150 feet per minute maxi
mum speed until it reaches the desired position. The card
signals the' proper selection of punches through the hyw
draulic gag system and the punch is automatically en
gaged. The holes are punched and upon the return of
the punch ram to the top of the stroke the carriage moves
to the next position. Selection of the proper position is
accomplished in the following manner:

Figure 8 schematically illustrates the positioning operaw
tion. The card indicates an error signal which is elec
trically transmitted in milliwamperes of current from the
card reader to an amplifier and comparator. The signal
is amplified and sent to an electro-hydraulic servo valve
attached to a fluid motor. This drives the main drive
pinion through a reducer until the 0 error point or ttnull"
is reached. As this unull" point is approached, the error
is constantly diminishing and the actual position or loca
tion signal is being transmitted back to the amplifier
through a feedback system also attached to the drive rack.
This accumulative signal is transmitted back to the com
parator by means of this ratio tran. The signals are
compared and less and less oil is allowed to pass to the
fluid motor by the electrical signal input or control to the
servo valve. Finally, the zero error or ttnull" point is
reached, and the carriage is stopped and the punching
cycle begins. This process is repeated until the system is
returned to the ttstart" position. It takes approximately
five seconds to select and punch any given hole selection.
After a face has been punched, the carriage automatically
returns to the t tstart' 1 position and the piece is rotated
and re-engaged to punch the next face. After all faces
have been punched, the piece is removed from the ma
chine. The operator is freed from the machine during
the punching cycle to perform other operations. The total
overall time to punch a given piece should be reduced by
at least 50%.

Accuracy is an extremely important factor. Tolerances
between hole spacing can be kept to a minimum of
(+) .0005. This is obtained through this special drive
and feedback- system working in conjunction with the
electronic control and electro-hydraulic servo system.

Eventually, when conveying equipment is made avail-



FIGURE 10

sembly operations can further provide savings such as the
applicatIon of high strength bolts in lieu of riveting and
the pieces moved to and through a cleaning and painting
operation without ever touching the ground. In Figure 10
the fitter is assembling the end connection angles to a
beam. He then aligns the connection properly after in
serting one bolt. The entire connection is bolted and
tightened with a torque controlled wrench. The com
pleted product can be moved directly to the shipping yard
without rehandling to a rivet operation. This entire proc
ess has become even more attractive since the acceptance
by the AISC of the new high tensile bolt specification
described this morning by Mr. Estes.

It is absolutely impossible to cover completely this
broad field of Numerical Control and automation. How
ever, let me close by saying that recent developments
show that the future holds some very bright prospects
for reduced costs in data processing and engineering de
sign by employing computers in the engineering depart
ment to feed in basic design information and obtain cost
estimates, plus all of the data necessary to provide the
shop with machine tool control and operating informa
tion complete to the shipping lists for a given job. Fig
ures 11 and 12 illustrate what one company is doing to
approach this goal. It is not impossible. Boulton & Paul
Limited are developing a system of processing informa
tion from general arrangement drawings directly to drill
ing plant information sheets with the assistance of a com-
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putor. While development is still in the early stages,
sections have already been proved and it is anticipated
that in eighteen months or two years the full program
will be offered to owners or purchasers of the Boulton
& Paul mechanized fabricating plant. Already much is
being done to provide design programs for computers
as per the Technical Bulletin No. 244 of 1959 issued
by the American Road Builders Association, entitled
t'Standardization of Highway Bridges." Here in the com
puter program library are available a listing of highway
bridge design programs for various types of computers.
All of this is coming as certain as man will some day
master the distance of 240,000 miles between this planet
and the moon, and the structural fabricating plant of the
future will have a new face and most likely :that new
face will be an extremely automated one at it? best.

FIGURE 11

FIGURE 12



Carbon Dioxide Gas Metal Arc-Welding
RIC H A ROW. MOL THO P

we use as a standard -high grade weld rod. You will also
notice that the speed is about double that of either of
these rods. So we have twice as expensive metal laid
down twice as fast. From this, taking a ~ -inch fillet,
we find that manually we could lay down about 10 inches
per minute or thirty feet per hour using 60% duty cycle.
This comes out with a weld- metal cost of about $1.26
per hour (7018) and if we take a welder at $2.00 per
hour and put a 100% overhead on him this makes an
hour's worth of welding by this man worth $5.26-no
profit or General and Administrative expense. Dividing
this by 30 feet, we get a cost per foot of $0.17. Using
the same process of figuring costs and using a flux cored
CO2 process, which doubles the material cost per inch
and also doubles our speed, we find our metal cost to be
approximately $3.60 but our man is still the same man
so we get a $7.60 cost per hour. Divided by 60 feet, this
gives us about $0.12 a foot. This is considerably less
expensive. Actually, we find a higher duty cycle possible
because our man is not changing electrodes and he gets
more than twice as many feet per hour. This demon
strates that you can use. the process economically. Also
I have used larger wire than %2-in., which increases the
speed and is as much as two cents a pound cheaper.
These larger wires give as much as 10% to 20% faster
melt-off rate than the 14 lbs. per hour that Becker and
Christopher report for %2-in. wire. (Speaker then
showed a series of slides front the B'ecker and Christopher
paper noted above) detnoJtstratillg the greater penetration
achieved by CO 2 processes.)

I am sure that you will agree that the CO2 process fillets.
are considerably stronger than the manually produced

Gas metal arc welding is a family of similar welding
processes which has come to be used more and more in
the past few years. Recent work by Becker and Chris
topher* of International Harvester Manufacturing Re
search will go a long way towards pointing out how we
can reduce welding costs by large factors. Mr. Becker
kindly let me use a great deal of the material that he has
prepared.

The family of gas metal arc processes uses three gases
-argon, helium and carbon dioxide. The availability
and cost of helium removes it from consideration in car
bon steel work and the cost and lack of inherent pene
tration eliminate argon. Carbon dioxide is therefore of
primary interest. CO2 is cheap and the ar~ is very p~ne
trating. The CO2 processes are the bare wire CO2, the
flux cored CO2 and the magnetic fluxed CO2 , The pene
tration that is inherent in _the process is due to the CO2

gas and the large current densities are approximately the
same with all three of these processes. What I want to
show is that (1) you can weld with CO2 processes with
no greater cost and in most cases with a savings of as
much as 20% using standard welding procedure, and
(2) that taking advantage of the inherent penetration of
the welding processes by reducing fillet sizes quite con
setvatively and using butt and groove details tailored to
the process, we can radically reduce welding cost, distor
tion and time that materials are in process. Before going
any further, I would like to show you a film on arc char
acteristics of different manual rods and the flux cored
CO2 process. This film was prepared by Batelle Memo
rial Institute for National Cylinder Gas Co. and ~as
taken at approximately 4,000 frames per second. What
we are interested in is the penetration of the CO2 process.
Watch the arc dig into the plate. I will say at this point
that no special technique is necessary to achieve this pene
tration other than to set the voltage and current at
approximately the correct settings. (At this point) speaker
show'ed the fibn.)

Now I will go into point one that I mentioned above.
Tables 1 and 2 show weld material cost and arc times per
inch of 14-inch fillet.

The weld material cost includes wire, gas and flux in
the cost of the metal deposited, not including labor and
overhead. You will notice that the weld material costs
for the flux cored process are about double 6012 rod
costs and about 50% higher than 7018 weld rod which

* Gas Metal~arc Welding of Low Carbon Steels by G. Chris~

topher and Becker, Vol. 39, Number 5, May 1960 Welding
Journal.

Mr. Molthop is Vice-President) Vierling Steel Works}
Chicago) Ill.
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TABLE 1

Process Of Electfode

JA -in. E-6012
%2-in. E-7018
Bare wire-argon, 7i6-in.
Bare wire-C02 , %6-in.
Flux cored wire, %2-in.
Magnetic fluxed wire, %2-in.

TABLE 2

Process Of Electrode

%-in. E-6012
%2-in. E-7018
Bare wire-argon, Ji 6~in.

Bare wire-C02, % 6-in.
Flux cored wire, %2-in.
Magnetic fluxed wire, %2-in.

Material Cost
Per Inch of
¥4-il1. Fillet

$0.0026
0.0034
0.0056
0.0027
0.0050
0.0048

Arc Titne (Inin.)
Per Inch of
1f4~in. Fillet

0.110
0.105
0.065
0.045
0.050
0.052



ones of the same sizes. Becker also shows in his paper
that while speed and thickness of plate do affect the pene~

tration, they do not affect it to the extent that one might
expect. He also shows that the angle at which a fillet weld
is made determines the depth of penetration, and makes
allowances for this in his tables of equal fillet strength.

Becker and Christopher show the following equivalent
fillet sizes:

E 70 XX Electrodes

%6
14
%6
%
%
%

C02 Processes

Everyone will agree that this shows a radical cost sav~

ing potential. In fact, a simple reduction of 7l6-inch in
the usual fillet which we make will give us enough to
effect at least a 50% saving in weld cost over manual
welds. Your weld speed would be up to four times as
fast and your metal cost would be about the same per
inch as the manual rods. Similar savings result in butt
and groove welds. No preparation is necessary for single
pass welds from both sides in thicker plates than is pos
sible manually. Also, smaller bevel angles are required
in prepared plates, reducing the amount of weld metal
to be deposited and hence raising the speed by which it
is deposited. Along with the faster melt-off rate, this
raises the speed considerably over manual joints.

Using a timer built into some models of these ma~

chines, it is possible to make burn;.through spot welds
to attach thin plates and sheets to a suitable backup. A
louver plate was, attached to an ~ngle (Fig. 1) at the ,rate
of 60 per hour and there was very little distortion due to
welding. After attaching the plate to the angle a small
natural gas torch applied to the bent flange removed the
distortion due to welding and bending and removed any
Hoil canning" in these plates.

One problem in using this equipment is handling the
water line, gas line and control box for the process. We
solved this by mounting the equipment on a double
hinged boom. This gives us a 45-ft. radius half circle
for welding without dragging hoses "and electrode cables
around the floor. This is one of the things you must do
to use this process efficiently.

I don't want to completely neglect other types of weld~

ing. Figure 2 shows a small shop girder builder. The
generators (2-750 amp. units) were purchased to drive
studs (up to Vg-in.). These will also operate a twin wire
automatic submerged arc welder. This welder positions
itself in the girder, takes up little floor space when not in
use and has been generally quite satisfactory.

With reference to assembly practices, I might say that
we have been trying to save fitting and assembly time
by tacking assemblies together and drilling from the
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FIGURE 1

FIGURE 2

solid. One fabricator fitted some rather large girders to~

gether and drilled them with Buckeye automatic drills,
which Mr. Kidd described at a previous conference. We
now use these drills to drill from the solid the beam
splices in continuous highway beam spans. They have
led to considerable savings.

One cost savings in assembly could come from the CO2

welding processes. That would be to use a fitter welder.
If welding speed is increased enough it might become
economical for a man to fit and weld, eliminating the
extra handling from the conventional pick up, fit, put
down, pick up, weld, and put down sequence.

In closing, I think we will have to do some research
on the CO2 processes to prove to the satisfaction of our
customers that we can reduce these fillet sizes. Becker
and Christopher are doing work on manufacturing prod
ucts where they can take advantage of these savings today.
We have to be more conservative. I would like to say
that the cost of the necessary machinery to use these CO2

processes is considerably less than the cost of many of
the other machines described in this symposium.



* Mr. Sbatu's pc1per tvas read by Mr. R. B. lJ7a/don, Manager of Cost and Statistics, American Bridge Division} U. S. Steel COfp.,
Pittsbtll'gh} Pa.

Investment Policy
R. A. S H A W, S R. *

Exhibit I
This exhibit has been prepared to illustrate a method

of presenting the financial story to management. It con
tains a brief narrative of the proposed project and sum
marized financial data concerning the benefits expected.

Exhibit II
This exhibit illustrates in somewhat more detail the

information relevant to the changes in the financial pic
ture expected to result from the proposed project.

The data are detailed to show the benefits from the
increased volume and the benefits accruing from cost

4. Comparison, at a later date, of the costs and sales
proceeds actually achieved with those anticipated (or
claimed) for the project.

Before I illustrate some methods which can be used to
present these financial facts to management for its de
cision regarding capital expenditures, I believe that it
may be well to discuss the word (Iplanning." In the area
of capital expenditures, some projects are rather large in
scope and others can be placed in the minor areas. It is
also important that the Itplanning" segregate those proj
e'cts which are of a desirable nature as opposed to those
which are of a necessity nature. Let us assume that this
working group which I mentioned would have informa
tion concerning all of the facilities now at hand includ
ing such data as year of acquisition, productive capacities,
production rates, repair costs, and other key information
which would permit an objective look as to when the
particular facility should be replaced or completely re
built. By properly analyzing these data, a long-range
program can be established for keeping the existi~g

facilities or equipment in good workable condition or
establishing a program for their replacement. The cur
rent year's progr?-m can then include those projects which
management deems to be the most necessary. In the area
of the desirable projects, it is also well to establish a
long-range program which indicates the type of product
contemplated to be sold, the market potential, facilities
required, and so on. By having periodic reviews of these
long~range programs, management can determine when
and where these particular projects should become fact.

It may be desirable for this working group or some
other group to prepare periodic reports on expenditures
made on approved projects. In this way, then, manage
ment is informed of the cash outlay required from period
to period. I would like to illustrate some methods of
presenting these financial data to management.

Mr. Shaw is Vice-President) 0 peraling) Anzerican Bridge
Division) U. S. Steel Corp.) Pittsburgh) Pa.

You have heard discussions today relative to the
"What," uHow," ttWhen," and nWhere" the projects
should be done. I would like to discuss with you now
the last step in this over-all discussion which consists of
what results are anticipated if the capital expenditure is
made. I believe that the keynote of the discussions that
we have had is the need for adequate planning. This
adequate planning also is important in determining the
financial benefits that will accrue from capital expenditures
in order to achieve the greatest return on the investments
made.

It is my opinion that it would be beneficial to establish
a working committee consisting of Sales, Operating, Engi
neering, Industrial Engineering, and Accounting person:
nel to completely study the various alternatives that
might exist within given areas of a contemplated project.
It is felt that such a group could develop the data and
present to management all of the facts necessary to assure
that the proper decision regarding any capital expenditure
can be made.

The financial aspects involved 'in a contemplated capi
tal expenditure, broadly speaking, are:

1. The Sales Proceeds and Costs as They Exist Before the
Contelnplated Expenditure is Made.

This, in itself, could take various forms, for ex
ample, if the project contemplated an entirely new
product line, it is conceivable that none of the current
costs are applicable and, therefore, the base would be
come zero. If the project contemplates, however, ex
tensions to existing product lines, then the base would
include the current volume, sales, and costs properly
applicable to the production and sales of this product.

2. The Sales Proceeds and Costs as Contenlplated After
the Capital Expenditure has been Made.

This evaluation, of course, would include the con
templated volume, sales proceeds, and costs of manu
facturing the particular products which would be pro
duced and sold after the expenditure is made.

3. Benefits
The difference between the foregoing Items 1 and 2

then becomes the financial benefits accruing from the
capital expenditure after deducting Federal Income
Taxes. The net profit then can be related to the total
capital expenditure to determine the number of years
(or per cent return) required to recover the invest
ment.
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XYZ COMPANY
Estimatl!i Earnlngs snd Rl!;turn on Invelltment

J.'1:'oject No. 1401 .. Additional Structural Fabricating P'acUitiu
At No. 1 Plant

EX&ll\DleS of Methods of Calculating Rl!;coveries of Investment

A. Recovery of Total Investment (Capital and Expense)

Pro lect Expe"ndituru

Investment chargeable to capital (deI-reelabll!; property)
Investment chargeable to expen,e

Total Project Expendituru

$ 450,000
150.000

$ 600,000

1.~

Applicab 1e to Cap! tal
Applicable to Expense

Total

$4S0,OOO
150.000

$600}OOO

"B. Recovery of Capital Investment Only

Xears to Recover $525,000 -+ $151,500 • 3.5 Years
Per Cent Return on Investment $151,500 + $525,000 • 28.9 Per Cent

Brief Statement of Proposal

In recent years the trend of our bUllineaa haa indicated that an incren..
ing o!UlIount of light fabricated work hal been auigned to the No. 1 Plant. BecaUfle.
this lighter vork requires more floor area and the fact that the existing layout
and cranes are not appropr:l.ate for this type of fabrication, congestion and operat
ing ineffeciencies have resulted. It la proposed, therefore, to construct a new
building for fabrication of light II tructural work including seven nev pendsnt-
con tt'o11ed ct' ane S i conver t i ng the seven teen ex is ting crane s to pendan t eontr 0 is i
relocate, install, and dismantle various facilities as required. In addition to
the economies this new layout 10'111 provide, added capacity for light fabricated
'Work will also result from this, expenditure.

Summary of Benefits

It is anticipated that thl!; gain in profit. accrulng from thh l!;xpenditure
'o'ill be $15.1,500 annually (after Federal Income Taxea). Thl!; investlQent vill, there ..
fore, be recovered in 3.5 years. (See Exhibit II for furthl!;r detail.)

Total Annual Increased Profits After Federal
Income Taxes

2. Calculations of Return on Investment

Capi tal Inves tmen t
Expense $150,000
Less Federal Income Taxes 507. -l2..a.QQQ.

Net Expense

Total

$lS1,500

$4S0}000

. 75.000

$S25,000

All financial data refhet current wage and price levela. It ill expeete.d
that satiafaetory operations will be achieved six months after completion.

EXHIBIT I

Years to Recover $450,000 + $151}500 • 3.0 Years
Per Cent Return on Investment $151,500 + $450,000 + 33.7 Per Cent

C. "Recovery of Total Investment (Capital and Expenae) Baaed on Added Pro"fit
and Added Depreciation.

Total Added Profit After Federal Income Taxes
Total Added De.preciation

Total Added Profit Plus DepreciationXYZ COMPANY
Estim.ated Earningll and Rl!;tut'n on Invl!;lItment

Project No, 1401 • Additional Structural Fabricating Facilities
At No. 1 Plant

Financial Changea (Annual Buis)

(Dollar Data in Thousands)

Capital Investment"
Expense Inves tment
Lesa Federal Income

Taxea

Total

$150,000

---?l.&QQ.

$450,000

$151,500

~
$171 ,500

Total

~ Proposed Changes

Capacity ~ Net Tona 52,000 60,000 8,000
:Expected Volume • Sa1ea - Net Tons 50,000 55,000 5,000

Fabricating Sales Proceeds $14,630 $16,093 $1,463

Fabricating Costs:
Net Material $ 6,500 $ 7,150 650
Direet Labor 3,000 3,300 300
Overhead Costs 3,150 3,455 305
Depreciation. Preaent FaciUtiea 100 100
Depreciation • Added Fac1litiM 20 20
Selling & Administration Expense 550 605 55

Total Fabricating Costs $13,300 $14.630 IL:llQ:
Fabricating Profits $ 1,330 $ 1,463 $ 133

Reduced Operating Costs:
, Direct Labor $ 1,080 970 110

Overhead 590 530 60
Total .$ 1,670 $ 1,500 '$T7O

Total Change Before Fedet'al Income Taxu $ 303.0
Federal Income Taxea at 50 per cent 151.5
Net Change After Federal Income Taxea rrrr:s
Years to Recover InvestMent 3.5
Per Cent Return on Investment 28.9

EXHIBIT II

reduction. Behind these cost data, of course, would be
more detail which would be useful, at a later date, in
comparing the claimed benefits with the actual benefits.

There are many ways, and in varying detail, in which
these financial data could be presented. For example; an
exhibit could be prepared showing all of the equipment
and facilities required, the present and proposed capital
investment, data concerning the proposed products to be
produced with expected selling prices, and so on.

Exhibit III
In this exhibit we have illustrated varying methods of

showing recovery of investment, using the financial data
from Exhibit II, No one method has been universally
adopted among accounting organizations. These data are
expressed as the number of years it will take to recover
the investment as well as the per cent return.
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Years to Recover Invl!; 15 tmen t $.525,000 + $171,300 • 3.1 Year I

Per Cl"nt Return on Investment $111,500 + $525,000 • 32.7 Per Cent

D. Return on Initial and Average Investment

1, Capital Only

Annual Income After Fedl!;ral Income Taxes $151,500
Capi tal Investment $450,000
Return on Initial Investment $151,500 + $450,000 • 33.7 Per Cent
Return on Aversge Investment $151,500 + $225,000 • 67.3 Per Cent

(i. e., $450,000 + 2)

2. Total Investment

Annual Income After FederAl Income TaX1!l8 $151,500
Tu tal Inves tmen t $600,000
Re turn on Ini ttal Inves tmen t $151,500 + $600, 000 .. 25.3 Per Cen t
Re turn on Aver age loves tment $151,500 + $300,000 • 50.5 Per Cent

(i.e., $600,000 + 2)

EXHIBIT III

I. Method A-portrays the recovery of total capital and
expense investment after deducting the Federal Income
Tax applicable to the expense portion. This approach
has the advantage of presenting the total investment
requirements to management. Where the amount of
expensed charges is large relative to capitalizable costs,
failure to include expensed items in the investment base
may cause serious overstatement of the rate of return.
As a result, management might unknowingly approve
a project from which cost cannot be recovered.

2. Method B-presents ·the recovery of investment for
the capitalized portion only. This method becomes a
disadvantage for the reason stated under Method A.

3. Method C-some companies have used the added profit
plus added depreciation method· to determine the re
covery of investment. This is sometimes referred to
as the ~ tAvailable Cash" method. Depreciation be
comes a non-cash cost during the life of the investment.



Analysis of Financial Changes Before Federal Inc01lle Taxes

EXHIBIT IV

For that reason, a simplified example of a report showing
the benefits claimed for the project as compared to the
actual results for the period under study is presented as
Exhibit IV.

Depending on the complexity of the operations in
volved, the inherent operating problems connected with
these operations, etc., determine the course and detail the
results would be displayed. The length of the period for
which individual project reports would be made is also

:dependent on the benefits actually achieved.

Inflationary Effect of Cost of Facilities on
Profit and Loss

Some companies because of the nature of their business
must be heavily invested in long-term facilities. The real
capital of such companies is eroded away by the present
corporate income tax. This is because it takes many
more of today's dollars to replace equipment as it wears
out than it took originally to purchase the equipment
many years ago. But depreciation allowed in computing
taxable income is limited to the smaller number of dollars
originally expended. The difference between such de
preciation and the larger amount needed to recover the
purchasing power expended-is arbitrarily called income
and taxed as such. The corporate income tax not only
hampers the formation of new capital but also erodes
away existing capital, and does it in highly inequitable
fashion because of the varying importance of deprecia
tion to the businesses taxed. p'ermit me to give you a
simplified example of this problem.

Sq.ppose in 1940, capital expenditures were made at a
plant amounting to $100,000, and the life of these facil
ities is twenty years. In 1960 we will have recovered the
$100,000 through cost. However, to replace these facil
ities in 1960, according to the Engineering Nezvs Record,
it would cost $330,000 (1959 == 100%; 1940 ==
329.5%). This represents an increase of $230,000 cash
required to install these facilities which must come either
from profits or by floating a loan. At present interest
rates of around five per cent, you can see that this just
makes matters worse, as the interest costs must also be
recovered from profits. It appears to be a never-ending
spiral and lends credence to the importance of good,
sound planning of capital expenditures. It is my firm be
lief that legislative correction of the tax injustice or the
renewal of granting of the equivalent of Certificates of
Necessity should be made. If enough companies and
individuals would make these thoughts known to their
legislative representatives, I am sure that the proper cor
rective action would be made in our tax laws.

Gentlemen, I trust the foregoing comments have been
helpful to you in your various planning functions. I per
sonally feel that good planning of investments is sound
business and that adequate financial reporting on the
project plans assists management in making the proper
decisions.

$442
146

$S8B
$380.0
$190.0

2.7
36.9

$303
380

$fi

Year 1960 Results

$450
150

$600
$303.0
$151.5

3.5
28.9

Actual Tons at
Proposed Sales

and Costs Levels Actual Difference
(3) -ill--ill..-

Statement of
Proposal

Present ProptHled
--li.L -...ill--

(Dollar Data in Thousands)

Or19inal Expec ted Annual Finane ia 1 Changes
Actual Annual Financial Changes
Financial Changes Attained More Than Anticipated

Expenditure - Yroperty
Expense
Totsl

:Benefits llefore Federal Income Taxes
:Benefits After F.;'deral Income Taxes
Years to Recover
Per Cent Return

Tons Produced 50,000 ~5,00O 57,000 57,000
Sales Proceeds $14,630 $16,093 $16,678 $16,530 $148 *
Fabricating Costs

Material $ 6,500 $ 7,150 $ 7,410 $ 7,296 $114
Labor 3,000 3,300 3,420 J,363 57
Overhead 3,150 3,455 3,580 J,580
Depreciation 100 120 124 124
Selling and Adm. 550 ~ 627 627
Total Cost $13,300 $14,630 $15,1&1 $14,990 $l7l
Net Profit $l,~463 $ 1,517 $ 1,540 $ 23

Profit Change $133 $54 ~2J

operating Coats
Labor $1,.080 ., 970 $ 970 $ 970
Overhead 590 530 530 530 -Total $ 1,670 $ 1.500 $ 1,500 $1,500

Cost Change $170

Total Change $303 $54 $23 $ 23

Malor Factors'aesponsible for financial Change a

$ 54 - Volume Effect - Fabrication of 57,000 tona of product aa cOlDpared to anticipated
55,000 tona re Bul ted in this increase in prof its, a,\ exhibited between Colu=s
2 and 3.

. $148 * - Salea Price - Actual per cent m.arkup leu than anticipated due. to effect of
current competitive prices.

$114 - Material - Principally due to lower than normal scrap yield resulting from
ordering material cut to length needed for contracta.

xu COMPAN'l
COlllPsr1l50n of Proposed Versus Actusl Earnings

PllOJect No. 1401 - Additional Structural Fabricating Facilities
Period Covered - Year 1960

Exhibit IV

Quite frequently, management becomes vitally inter
ested in obtaining information concerning the progress
made on approved projects which are fully operative.

$ 57 - Shop Performance - Pr1Jnsrily due to favorable labor performance on all products
produced during period.

Therefore, the added profit plus the added deprecia
tion applicable to the project increases the cash
availability.

4. Method D-portrays another way to express the return
on investlhent. The first alternate shows the recovery
of the capital investment only on an initial basis and
average basis. The second alternate shows the recovery
of the total investment on an initial basis and aver
age basis. Return on the average investment is ob
tained by dividing the initial investment by two.

The Discounted Cash Flow Method

Under the discounted cash flow method, the rate of
return is computed on the amount of capital unrecovered
from period to period instead of upon the initial average
amount invested. This rate of return may be defined as
the maximum rate of interest that could be paid for the
capital employed over the life of an investment without
loss on the project. This method of presentation is some
what more complicated than the other methods men
tioned, though it has many advantages.
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(Q) M. H. KING, Carolina- Steel Corp.: What is the
minimum amount of duplication necessary to justify the
automated equipment that has beeh discussed?

(A) HALL: In order for the equipment to payoff, r d

Discussion on Symposium

(Q) H. W. BRINKMAN, Phoenix Bridge Co.: Are
there any codes or acceptable standards which establish
the sizes of ((deep" welds which can be substituted for
given sizes of standard welds?

(A) MOLTHOP: As far as I know, there are none.
That is one of the reasons I discussed this subject in my
presentation. I believe that, if there is enough interest,
we :an get something done in this area. We can begin by
askIng for a very conservative increment, and I believe
we can demonstrate quite easily that it is conservative.
Later, we may be able to go further and achieve greater
benefits.

* * *
. (Q) J. A. RAu,Allison Steel Manufacturing Co.: I
would like to discuss the automation that was illustrated
by the drilling of the beam and column work. This indi
cates a trend away from welded construction in the shop.
In our plant we are currently thinking strongly about an
increase in welded shop fabrication, rather than the type
of fabrication shown here. I would like to have the
panel's thinking about the trend in competitive methods
of fabrication.

(A) DULL: I do not believe anyone can be certain of
trends in fabricating methods. International Steel has
always been a booster of welding, and still is. We have
approximately 150 pieces of welding . equipment, and
have never had less than sixty welders in our shop. Under
normal conditions we will take any kind of work that
fits our facilities. It is not our plan to push riveting or
bolting and to take any emphasis off welding. We believe
in welding and will continue to promote it.

(A) KIDD: Many times the design of a particular, job
dictates the way in which it will be fabricated. Often
welding is more easily adapted to that particular design.
However, we feel that there will still be many jobs for
which high strength bolting, with proper automated
equipment, will be more economical than welding.

say in the case of a bulldozer-if it were used four hours
per day, you would get your money back. An angle roll
is usually more expensive than a bulldozer, so it should
be operated four or five hours a day. In the case of a
plate roll of 2V2-inch capacity, you should probably
operate that equipment six to eight hours a day. The
C-frame press which you saw would cost ninety thousand
dollars today, and you would need to operate it a mini
mum of eight hours per day.

* * *
(Q) S. KAPELSOHN, Grand Iron Works: What is the

approximate cost of the programming method?
(A) KIDD: Approximately a quarter of a million

dollars.
* * *

(Q) A. E. SHLAGER, Groisser & Schlager Iron Works:
I have two questions. First, on beam work, how do you
establish your working points?· Most beam flanges vary
somewhat, which must have some effect on layout in an
automatic operation. Second, ho~ do you prevent the
point of the drill from ((walking"?

(A) DULL: With reference to the first question, we
drill column or beam flanges about the center of the web,
exactly as they would be laid out or punched by other
methods. The variations are taken up by the operator
cOffiRensating for the off-center conditions that do happen
consIstently. We started out doing it with a rule, meas
uring. and then checking periodically as we run through
a section. We are now installing a web-finding device on
the machine. Hydraulically operated ((finders," push-but
ton controlled by the operator from the operating sta
tion, come down to the web of the beam. A preset dial
on this device shows the relationship of the center line
of the beam to the datum line (or roll line). The
operator reads this dial and compensates for variations
by adjusting the drill itself. These adjustments take only
a few seconds.

Answering your second question, rigid clamping pre
vents drill Itwalk," and is the secret to long drill life.
The material being 'drilled does not Ufloat" as it does
under a typical radial or otber standard type of drill
machine. It is the movement of the material, not the cut
ting of the steel, tha~ wears out the drill in the average
shop.

***
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FRIDAY MORNING SESSION
May 6,1960

Presiding: D. F. GUELL, Chief Engineer, Denver Steel & Iron Works Co., Denver, Colo.

Color Film: Crossing at Glen Canyon
The lnotion pictllre} describing the constrllction of the Glen Canyon Bridge across
the Colorado River} was presented through the courtesy of the Judson Pacific
Murphy Corporation, Division of Yuba Consolidated Industries} Inc.} Etneryville,
Calif.} fabricators and erectors of the bridge. Mr. T. Philip Murphy} president of
the Jt/dson Pacific-Murphy Corporation, introduced the filnz.

Glen Canyon Bridge - Highlights on Design, Fabrication and Erection
ROB E R T S A'I L E R

When Glen Canyon Dam, a $330 million project, was
in the overall planning stage, where and how to cross the
Colorado River was studied extensively. The crossing
was the missing link for the access road from Arizona, on
one side of the river, and from Utah on -the other side.
At first, consideration was given to routing the highway
over the dam. The crest of the dam is over 100 feet
below the rim of the canyon. To build highway ap
proaches to fit the curved crest of the arch dam and

Mr. Sailer is Head of the 'Bridge Section, Bltreatl of Rec
lanzation, Denver, Colo.
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meeting present day specifications for curvatures, sight
distances and grades would have required a 90-foot deep
rock cut on one side and a tunnel on the other. Of major
objection to a crossing on the dam was that the two new
highways leading to the dam could not be connected until
the dam was completed.

Realizing that a vehicular crossing over the canyon for
use during construction would be of tremendous advan
tage, cost estimates for a suspension bridge serving con~

struction purposes were made. A bridge with 24~foot

roadway and 2-foot safety curbs on each side was esti
mated to cost $1,800,000.

When the State of Arizona and the Bureau of Public
Roads expressed their willingness to participate in the
cost of a permanent crossing approximately 1,000 feet
downstream from the dam, all factors previously men w

tioned were reconsidered. It was concluded that a perma
nent bridge downstream from the dam, and constructed
at the earliest possible date was the best solution.

For the permanent crossing an arch bridge and a sus
pension bridge were considered. The cost of the arch was
slightly less than that of the suspension bridge. Further,
the choice to use the arch span offered greater flexibility
in planning the road approaches and vista areas and was
much more pleasing in appearance.

In the estimates above, a fixed arch having solid ribs
similar to the Rainbow Arch bridge at Niagara Falls was
used. The Rainbow Arch is about 70 feet shorter than
the Glen Canyon Bridge. As further studies were made,
it became apparent that a solid rib arch, which has a
large exposed wind area, would seriously effect the stabil
ity of the Glen Canyon bridge, as the overall width is
only 40 feet. By comparison, the Rainbow bridge is 60
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feet wide. Truss type arches were then studied in more
detail. Types investigated were: fixed arch, two-hinge
arch with pins in lower chord and midway between lower
and upper chord, and a 3-hinge arch for dead load, and
2-hinge effect for live load. The hinged arches were
found to have decided weight advantages over the fixed
arch. Also, the fixed arch is' more difficult to erect and
hence the erection costs are likely to be higher.

The final choice was a two~hinge arch with hinges in
the bottom chord. Inaccuracies in control during the can
tilever erection will cause only small stress uncertainties.
Also, the heavy top and bottom chords of the arch truss
were more uniform in cross section than for any other
type of arch. This makes for simpler details and easier
fabrication. Figure 1 shows the final design. The overall
length of the bridge is 1,228 feet. The arch has a span
of 1,028 feet, and is the fourth longest in the world, the
second in the United States. The rise is 165 feet or ~
of the span. The bridge deck is 700 feet above the Colo
rado River. Well just how high is 700 feet? Figure 2
shows the bridge superimposed on the skyline of Denver.
The tall building is Denver's tallest, the First National
Bank Building. Put another one on top of it, and you
just about reach the bridge.

Figure 3 shows the typical cross-section. The bridge
has a 3D-foot roadway and two 4-foot sidewalks. For
stability reasons the trusses were spaced 40 feet apart.
The half section to your right shows the section at the
crown, with the floor beams supported directly on the
truss. The half section to your left shows the section
at the quarter point. Here the floor beam is supported by
columns. All columns are box sections. The column at

the skewbacks is 156 feet long, 38 inches wide, and 30
inches deep. Manholes provide access to the inside and
ladders were provided full height.

,The stringers bear on top of the floor beams and are
continuous beams. This resulted in a considerable sav
ing over simple beams. The bridge deck is a 6-inch thick
reinforced concrete slab.

In the truss~s, two kinds of steel were used. Diagonals
and verticals are A7 carbon steel. They are relatively
light, and are made up of four angles and plates. For the
chords, a manganese silicon steel was used, which is
suitable for riveted work. It had been used on several
recent monumental bridges and was recommended by
leading steel companies. For %,-inch material, the ulti
mate strength is 72,000 psi, and the yield strength 50,000
psi. For thicker materials, the strengths are slightly less.
The design stresses were 24,000 psi in tension and ap
proximately 19,500 psi in compression. All truss chords
were box sections with 3D-inch webs, and 3D-inch cover
plates. Solid rather than perforated plates were used
for maximum efficiency of material. The heaviest mem
ber was at the skewback and had a cross sectional area of
302 square inches. The web thickness was 4 inches. The
cover plate Vs-inch thick.

In view of the heavy material, riveted rather than
welded work was specified. In an arch truss most of the
Inaterial is in compression, and the advantages of welded
work as far as net section is concerned becomes unim
portant. Welding was used for the bracing members, in
the stringers and diaphragms for columns and truss
chords. For reason of heavy thickness field riveting was
required for the arch trusses and bracing. High tension
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The structural steel was fabricated at the plant of Jud
son Pacific-Murphy at Emeryville, California. The work
was performed to a high degree of workmanship. Of
particular interest was the yard assembly of each half of
the arch truss. This was required by the specifications to
assure proper fitting in the field. Each half of the arch
truss was over 500 feet long. Figure 4 shows one of the
halves completely assembled. Comparing sizes of car and
men gives a perspective of the size of the arch. Figure 5
shows the method used for control of length and rise.
A base line accurately surveyed, with steel pins set in
concrete monuments was established. Concrete monu
ments were surrounded with steel posts as a precaution
against damage from trucks and equipment used in as
sembling.From the base line the location of each panel
point was determined by ordinates and abscissas. As the
work progressed, it was found that this work could be
speeded up by using sub-base lines to the quarter point
and then measure from there. The truss members were
assembled and made up 25 percent with a combination
of drift pins and bolts. The truss chords were assembled
with particular care to assure that the milled ends were
in contact all around. The first yard-assembled truss was
completely assembled and checked out for dimensions
from skewback to crown. While so assembled the coo
nections were reamed full size.

While the reaming was still going on at the crown

HALF SECTION
(AT CROWN)

I
~--- - - ---20'-0"- - ~ - - -- - ---1

FIGURE 3
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bolts were used for the field connections in the floor
system.

The bridge contains 3,920 tons of structural steel. Of
this, 1,590 tons or 40 percent is high strength manganese
silicon steel.
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higher strength but when these steels were welded, the
welding heat would wash out the heat treatment and the
heat affected zone would usually become brittle. This
naturally led into a new line of research to develop a steel
which would retain its strength or even gain strength
under the rapid cooling experienced adjacent to a weld.
Steels are now available which meet this requirement.
The rapid cooling after the welding arc has passed ac
tually is a beneficial treatment and as far as this parent
metal is concerned, the faster it cools, the better its
physical qualities. Unfortunately, however, the weld
metal usually does not have similar capability. Hence,
some post heating to control grain growth and chilling is
often necessary when the plate thicknesses differ greatly.

High-strength steel is more expensive than ordinary
A7 structural steel. The designer must, therefore, get an
extra value from the high-strength in order to make it an
economical proposition. He can't afford to waste steel
for splices and lap joints. By welding, plates may be
joined edge to edge to make box and plate girders without
the need for flange angles, splice plates and thousands
of rivets. This is a real saving. Add to this the advan
tages of the use of high-strength steel and the savings
become very worth-while. More important though, weld
ing makes possible an entirely new system of design into
which high-strength steel fits admirably.

Now, lest you think this is merely a theoretical dis
cussion on the use of high-strength steels, let me show
you a few things that we in California have done to
utilize them thus far.

Twenty-five years ago, the steel companies brought out
their alloy steels in structural shapes. California started
using them soon after. In 1939, two rather large truss
bridges were designed utilizing over 2,200 tons of this
new steel. Two years later this steel was covered by
ASTM tentative specification as ItA242 Alloy Steel." In
the intervening years many thousand tons of this alloy
steel have been used in California highway structures.
Well over 100,000 tons of A242 steel have been used in
the, last 10 years in welded structures alone. The next
step into an even higher stress grade was therefore viewed
with full realization of its probable economic bepefits.

About 1953, when the early designs for the second
Carquinez Straits Bridge were beginning to take shape,
there had been no extensive use of the new 90,000 psi
yield steel in any application. The saving in weight and
the smaller members which this steel would make pos
sible were very attractive to the designer. We made a
very thorough investigation of this new steel. Facts
were collected and many discussions were held with
various steel experts and metallurgists to prove its re
liability for a structural use. Over 3,000 pounds of the
new steel were tested, welded, broken and torn in the
California State Highway Laboratory to discover its vital
characteristics. Finally in 1954 it was determined that a
substantial portion of the proposed Carquinez Bridge
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would be fabricated from the new 90,000 psi-yield steel.
The Carquinez Bridge just north of San Francisco is a fi~

double cantilever structure with two 1,100-foot main
spans (Fig. 1). It closely parallels an existing structure
built in 1927 and, for reasons of appearance, the new
bridge was given the same general overall lines and spans.

With its all welded construction and bolted field con
nections, we see the clean lines and the trim members
which welding makes possible (Fig. 2).

FIGURE 1

FIGURE 2

The heavily stressed members are made of T-l steel,
intern1ediate members of A242 steel and those lightly
stressed were of A373 steel (Fig. 3). The total tonnage
of these three types of steel is roughly 3,000 (2,910)
tons of T-l steel, 5,000 (5,370) tons of A242 steel, and
6,000 (6,440) tons of A373 steel. We figure that the
use of alloy steels made possible a saving of about
$800,000 in the cost of the superstructure. '

Another large bridge using a combination of alloy steel
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is the West Branch of the Feather River Bridge now
under construction as a part of the Oroville Dam project
in northern California (Fig. 4). Since the bridge carries
a railroad on the lower deck and highway on the upper
deck, the truss design features were governed by the rail
road requirements. This necessitated riveted or bolted
connections throughout and the welding of main mem
bers had to be confined to the strictly highway portions of
the structure (Fig. 5). The use of high-strength steel was
limited to A242. Although this bridge is a strictly con
ventional approach to the steel design problem, being
mainly riveted and bolted, it illustrates the intermingling
of A7 and A242 steel to achieve some very real savings
in weight and size of members.

The Benicia-Martinez Bridge (Fig. 6) is now being
constructed across Carquinez Strait about four miles above
Carquinez Bridge. Like Carquinez it is all welded con
struction with bolted field connections. It makes maxi
mum use of the best qualities of all three grades of steel.

FIGURE 4
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RA.lLROAD AND HIGHWAY BRIDGE
(WEST BRANCH OF FEATHER RIVER)

FIGURE 5

High-strength steel is used in the most highly stressed
members (Fig. 7). It was also used in the joints to
achieve the greatest strength with the least weight and
bulk. The use of the high-strength material made it pos
sible to economically carry a uniform depth of truss clear
across the bridge without the necessity of deepening over
the piers.

FIGURE 6

Tr Sleel-
A242 Sleet _MM~ _

.A373 .Sleet -.-.

BENICIA - MARTINEZ BRIDGE

FIGURE 7

An interesting combination of high-strength steel which
takes best advantages of the high-strength characteristics
by means of welding, is to be found in the Whiskey Creek
Bridge now being built in northern California (Fig. 8).
A dam, now under construction, will flood out U. S. 299
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just west of Redding. The new line, high on a mountain
side, crosses a deep canyon at Whiskey Creek. A three
span welded steel plate girder has been designed for this
location. The two ehd spans are 260 feet and the center
span is 350 feet, which includes a suspended span of 260
feet. The web plate is maintained at a constant depth of
144 inches throughout the length of the bridge. In order
to maintain this constant depth, three different stress
grades of steel were used. T -1 steel is used in the web and
flanges in the most highly stressed sections. This is gradu~

ated down to A242 steel in the areas of intermediate
stress. And A373 is used in the areas where the stress is
least. Another fact which should gladden the heart of a
fabricator is that except for 90 feet in the middle of the
long span, where 2 inch material was used, the flanges are
a constant 1% inches in thickness clear across the bridge.
Where this change was made to 2 inches, the additional
thickness was taken on the outside so as to make the weld
between flange and web continuously straight.

There are numerous advantages to -.this arrangement.
There is of course first a savings in gross weight-both by
reason of the welding and use of the high-strength steel.
Very important advantages come from the fabrication
simplification and also from the improved appearance.
Most attractive though, is the economy to be found in the
use of high-strength steel. In other words, the strength
of the steel rises at a faster rate than does its price so that
in high-strength steel you get more for your money.

In -some cases the use of high-strength steel makes cer
tain types of fabrication possible which would not have
been possible had ordinary A7 steel been used. On Car
quinez Bridge, it would 'have been impossible to have
fabricated the trusses by welding A7 steel. The plate
thicknesses would have been such as to make welded con
nections very difficult. The Whiskey Creek girders would
have been much deeper and of variable depth had they
been of A7 steel. These disadvantages also have an eco~

nomical effect even though they cannot be evaluated by
comparing prices.

So much for these notable examples of how we inter-
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mixed grades of high-strength steel within one structure.
The question that most of you are asking, and do ask
when you come into the office, is: nWhen will we get a
chance to build another one?" Some of your representa~

tives and members who are charged with promoting more
fabricated steel emit cries of pain every time they see a
concrete bridge being built. They keep up a continual
pressure for more steel jobs. Unfortunately they are not
too impressed by the fact that a steel job is often not the
most economical, but they still persist in demanding more
steel jobs.

Longfellow said that a man must be eithe~ a hammer
or an anvil. But he overlooked the fellow who simply
bellows.

Steel girders are generally not in competition for the
short spans. By short spans in this case I mean those
under 100 feet. A few cases will illustrate the point.

We made a comparison of concrete box girders, can·
crete tee-beams, and steel girders for similar bridge spans.
We build a lot of separation structures, that is bridges
over highways and freeways. These often have four spans,
two long spans in the. center and two short side spans.
A Common type on which we made the study had two
70-foot spans in the middle and a 40·foot span on each
end. The concrete tee beam bridges came out cheapest at
about $4.50 a square foot for the superstructure only.
Concrete box girders were about 10% more expensive at
a little over $5.00 per square foot. Steel plate girders were
the highest of the three, another 15% higher or about
$5.70 per square foot. These figures were all for super·
structure only, to eliminate the variance in cost of sub
structure. However, taking into account the substructure, _
the total cost of these bridges per square foot averaged
$8.20 for tee beams; $8.35 for box girders, and $9.59 per
square foot for steel plate girders.

Another comparison was made of bridges with 100
foot spans over waterways. We compared the three types:
concrete box girder, concrete prestressed girders, and steel
plate girders. Just to keep the record straight we had only
two examples of the prestressed girder, whereas we had
seven concrete box girders in this category and six steel
plate girders. The concrete box girder design was the
cheapest with an average price of superstructure only of
$6.34 per square foot. The prestressed bridges were
slightly higher with a superstructure cost of $6.44 per
square foot, whereas the steel plate girders came out high~
est with a cost of $8.17 per square foot.

It has been our experience, that regardless of location,
comparable structures of the four different designs always
seem to cost in about the same relationship. That is, tee
beams or box girders are cheapest, then prestressed and
finally steel at the top. Until you get well over 100 feet
in span length, the steel bridges don't seem to be able to
compete unless there are some other factors such as ease
of erection or traffic safety, to allow one to disregard
economics.



All of this is fine, but· it doesn't answer the problem.
Your people come in wanting more steel bridges. I point
out the price is too high. They throw up their hands and
say they have no control over price. Is that the end of
the story?

If it is true that price is beyond your control, then you
should strive as an organization or as an industry to make
steel more attractive on other grounds. Attractive from
any angle you can devise. Money is not always every
thing. Things like availability, time of delivery, safety
and conyenience, ease of erection and appearance-these
all have an influence that will sometimes overrule economy.

I know when I speak of price and selling steel, some
are going to say I'm talking to the wrong group. These
are engineers, not salesmen. That is true. The steel in
dustry has no dearth of salesmen out ringing doorbells.
This message is not for them. The future of the steel
industry lies in its management and its engineers who will
find better ways to produce and fabricate steel and widen
the range of its application.

Although many of you have varied interests in the
field of construction, most of you are concerned with the
fabrication of structural steel. I am told that under even
the most optimistic interpretation, structural steel for
highway bridges amounts to only 2 or 3% of the gross
volume of the steel industry. Even with the other fabri
cating interests you have, your use of steel probably rep·
resents nat more than 5% of the entire industry.
Therefore, we share a minority position. Sitting at the
foot of the table as we do, we do not carry a great deal of
force or influence with the industry.

Although I may tell you, as fabricators in the steel in
dustry, that your product is priced too high, there is not
a great deal you can do about it. Every time the steel
producers raise their price, you find a little more of your
market slipping away.

Beside price, there is another factor that is stealing
business from you. That is competitive materials. I do
not need to tell you that concrete has cost you a lot of
business. You are well aware of that. But are you aware
of the inroads which other materials, aluminum, plastics,
rubber, and even timber are making into your market?
Are you aware of the very active and aggressive battle
that these other materials are waging to supplant steel as
a preferred building material? And even more important,
what are you doing to fight back?

In California we have what we call a barrier rail which
we use on almost all of our structures. It has a heavy
concrete mass which will stop a car from. going over the
side of a bridge. It is topped by a metal railing consisting
of a 5 inch pipe supported on stubby posts. In the space
of about five years, that type of railing has gone from all
steel to all aluminum. Unless somebody on the steel side
of the picture gets interested, there is an item that is per
manently lost to steel.

The aluminum people are frequent visitors to our
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offices seeking avenues through which to make further in
roads into the steel dominance of the market. I suggest
that people interested in promoting steel should show a
similar ambitious interest.

I should not have to tell you other fields in which in
roads are being made. No doubt each one is all too
familiar to you. In the materials we use in highways, you
are no doubt well aware that aluminum chain-link fence
is rapidly becoming competitive. Aluminum plate guard
rail is already on the market. Many signs and sign stand
ards are already made of aluminum or plastics, while
other materials too are squeezing into this field to edge
out steel. Even rubber, a lowly slab of rubber, gives
promise of substituting very adequately for that gold
plated steel detail on our structures-the expansion
bearing.

Is it impertinent to ask-what are you doing about it?
You can do three things, at least. You can improve

your own attitude; you can improve your facilities; and
you can work collectively to improve the lot of the steel
industry as a whole.

I have a personal note 1'd like to add. I have heard it
said that I am against steel. Nothing could be farther
from the truth. To me a steel bridge typifies the fullest
exemplification of bridge. building. Steel made possible
those long spans which have given bridge building its
romance. I still relive the thrill of my first steel job every
time I smell burned red lead paint. Because I do recog
nize and respect steel as the ultimate bridge building
material, I am the more pained to see the industry sink
into the morass of complacency. For these reasons, I feel
compelled to make these f~w suggestions.

We still find fabricators who ask us to put out riveted
designs because they do not want to convert their facilities
to a welded operation. Riveted designs-when it is well
established that they are anywhere up to 200/0 more ex
pensive. This is about the same as requesting us to pro
vide a lane on our freeways for horse-drawn vehicles.
You may contrast this with fabricators in our area who
are installing the latest equipment, who are actually put
ting a degree of automation in their operations. Automa
tion, which can reduce that most expensive commodity
hand labor. Hand labor seems to be the hallmark of steel
fabricating shop practice. Our structures are practically
hand made in many cases by the same methods that were
used 30 or 40 years ago.

The inevitable force of competition will in the end
force you to move-to improve your plants, change your
attitudes, and accept the new ways of doing things.

A newspaper reporter went to interview an old man on
his hundredth birthday: tlpop, I'll bet you've seen plenty
of changes around these parts." HYep. And I've been
agin every durn one of 'em." Believe it or not, there are
fabricators like that.

The prevalent use of many different steels brings up
another matter you should be interested in-



While the advent of these many superior alloy steels
has opened up new vistas of interesting and economical
application to the designer it has also opened a Pandora's
box of troubles and confusion in specifications. In the
interest of the industry as a whole and from the stand
point of simplicity of your own operations therefore,
I would think it well for your organization to throw its
weight behind some standardization in grades of steel.

Each of the steel companies has several steels in differ
ent stress ranges which they are pushing commercially.
They can provide a steel with practically any given ulti
mate strength from 60,000 psi to over 100,000 psi and
they are ready to go higher in the future. Now, where
does this leave the designer? It would be theoretically
possible to intermix steel in a structure so that some
might be working at 20,000 psi, other at 30,000 psi,
some other alloy at 35,000 psi, and so on. Theoretically
this could be done, but as you all know it would be a
mixed up mess to fabricate.

For purposes of orderly design and specification, and
reasonable control during fabrication, it is essential that
the stress grades of steel be grouped into classes. There
should probably be not more than four classes to cover
the range of available stresses.

Incidentally, who is in a better position than AISC
to develop a good standard method of marking and iden
tifying these different types of steels? As fabricators, you
know the difficulties and hazards that come of having a
number of different types. of steel lying around the shop.

Heretofore, structural steels have been grouped into
two principal grades: A7 and A242 using the ASTM
designation. Recently, the very high-strength alloy steel
was added as a third grade. A7 and A373 have design
stresses of 18,000 psi; A242 is used at 27,000 psi; and
the new alloy steel works at 45,000 psi. This makes a
fairly clean separation of types and there are steels to
meet each grade. The rather large jump between the
A242 level and the 1-1 level indicates that there should
probably be another grade somewhere around a working
stress of 36,000 psi. This would provide four evenly
spaced steps to work from.

Whether a fourth step is desirable is debatable. Its cost
would probably be the main concern. If it begins to ap
proach the next higher grade in cost, its use would not be
economical. Being right on the margin between so-called
carbon steel and alloy steel, there would probably be some
pulling and hauling to see which group would make it.
If it becomes an alloy steel, it would probably inherit
some expensive extras to throw it out of economic com
petition. With steel crying for business, the criterion
should be the overall approach which would manufacture
the best steel at the cheapest price, regardless of who
does it.

There are also many steels which fall in between
grades, and there is every indication that the situation will
get worse. There is no economy in furnishing a 40,000

psi steel to meet the requirements of a 27,000 psi design.
Neither is it reasonable to tailor a design for a number of
odd strength steels. Naturally, each steel maker would
like to see the design plateaus adjusted so that his favorite
steel just meets the qualifications. It will not be possible
to please everybody but we certainly need some agreement
on the stress classes or design plateaus so that designers
will have clean stress ranges within which to choose,
knowing that there will be several structural steels to
meet the need.

Another need is for some clarification of the welda
bility of the various stress grades. A7 steel has no maxi
mum carbon content specified. It is generally agreed that
carbon content must be below 0.25% for satisfactory
weldability. As a practical fact, most of the A7 steel
furnished is well below the 0.25% carbon. It seems
reasonable that an A7 steel could be graded by its carbon
content and an A7 weldable steel offered at no premium.

Until the new A36 steel grade is definitely tied to
weldability and weldability assured, it falls short of the
high ideals set for it.

A242 steel, now on the second step of the stress range,
is specified with a limited carbon content (0.22%) as
well as restricted manganese and sulphur. However, by
an unsatisfactory combination of other alloying elements,
a rather unweldable steel may be obtained. Thus, we have
a weldable and an unweldable steel both falling within
the chemical requirements for A242. This leads to more
confusion.

There have been cases, when both an A242 and a
weldable A242 were specified in the same job, where
suppliers rightly or wrongly jumped to the conclusion
that for the ordinary A242 steel one of the common trade
named steels classed as t(A242 Type" would be accepted.
Without special order, these steels usually will not meet
that A242 chemistry and severe disappointments have
resulted.

It only increases the chaos to have steels available and
pushed commercially which almost but not quite meet the
accepted chemical and stress grade standards. Designers
and suppliers should get together and mean the same
thing when they specify certain steel grades. Also, with
the increase in welding, steps should also be taken either
to make all the steel furnished in 'a given grade com
pletely weldable, or there should be a clear differentiation
between weldable andunweldable steels in the same
grade. This separating and establishing of grades must
certainly be done before too long if the high-strength
alloy market is not to become hopelessly tangled in its

r own harness.
I understand the ASTM is gradually working toward

the adoption of a new steel grade in the A242 range,
which will help some of this confusion.

Let us look for a minute at some of the things which
show steel in a bad light in a competitive comparison.

First, of course, is the base price. It must be agreed
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I still wonder if those figures aren't a misprint. This fig
ure, I understand, is being increased. For an industry
grossing as much as a billion dollars, seventy thousand
dollars for research is not at all impressive. Can you
think of another industry as large that spends less? I
don't know what the latest figure is, but are you sure it
doesn't sound like a misprint too?

For your research program you spend a modest amount
on some worthwhile projects. Whether you should go
further is for you to determine. It is your problem-what
is it worth to you?

You are.now running a test program on shear connec
tors for composite girders. These are the welded studs,
bars, coils, etc., fastened to the top flange of a steel girder
to make the concrete deck act in conjunction with it. The
welding of these shear developers to the top flange is a
very expensive operation. The design of these connectors
is now done by a largely empirical method on very
meager information. We are convinced that we are prob
ably putting two or three times as many of these shear
connectors onto our steel girders as is necessary. This
unnecessarily increases the cost. However, we have no
jnformation reliable enough to permit us to make a reduc~

tion. We hope that your research will make a material
reduction possible and thus reduce the final cost of these
beams. This is a good practical project.

You also are participating in a series of tests aimed at
determining the effectiveness of thin web plates in plate
girders. This project is of great academic interest.

,You are doing some very fine things. Your recent
publication containing the moments, shears, and reactions
for continuous highway bridges was a step in the right
direction--and what made it better, it was distributed for
free. Santa Claus opening his pack never had anything
on the joy and fullness of heart of your representative
when he came into our drafting rooms to distribute some
free AISC literature.

Your seminars on plastic design also are to be com
mended. Your studies of orthotropic design rnay well
lead to something good-although the problems of hand
labor and corrosion resistance loom large.

I well realize many of the problems you are up against.
You are an association of competing fabricators banded
together for the common promotion of your industry.
Nevertheless, I imagine anyone trying to raise funds for
research or promotion has a rather tough time. However,
promotion and research are essential to your well being.
The steel industry as a whole must get together in one
common purpose.

A ship was approaching shore at night. The bosun, on
watch in the bow, got worried and approached the cap
tain. ItSir, I hear breakers ahead. I suggest we change
course." The captain pointed out that he was navigating
the ship and that everything was under control and sent
the bosun back to his post. In a couple of minutes the
bosun was back again. ItSir, I distinctly hear the breakers

that much of this is beyond your control. However, even
this is subject to some reduction by modern methods,
automation and careful planning.

Probably the second biggest factor from which you
suffer in comparison is the maintenance cost. Steel cor
rodes and must be protected from the elements. To make
this item as small as possible, you should be vitally in
terested in the development of the best possible protective
coating for steel. Recent increased activity by the Steel
Structures Painting Council is very gratifying. Until re
cently they were still recommending red lead and oil.

We have bad locations along the Coast where it has
never been possible to make any protective coating last
more than 3 or 4 years. Every 3 or 4 years we h,ad to go
back and sandblast and repaint. We tried dozens of dif
ferent types of paint. We hung test panels under bridges
to see how they would react. We have painted and re
painted with many different materials. We have experi
mented with some of the new vinyl coatings and find
that we now have one that has lasted eight years and will
probably last ten. Thus we have found one that will last
twice as long as the best one we had before. If the paint
lasts twice as long, the. maintenance factor is cut in half.

But with the memory of your representatives hammer
ing at me to use more steel, I cannot help but wonder
why we have to do all this research. Certainly we are try
ing to get the most for our money and we will continue
to make such studies as are required to make our dollars
go as far as possible. But, yOtl are the ones who are trying
to sell the steel.

In speaking of some of these things I am well aware
that you have already launched programs of investigation
along some of these lines. A year ago at your annual Na
tional Engineering Conference Mr. W. R. Jackson of
the Pittsburg-Des Moines Steel Company covered the sub
ject very well. He pointed out projects that are underway
in various places in which you have some interest. It is
also easy to see that he had a very real awareness of the
value of these projects and their necessity in maintaining
steel's position in a competitive market.

Last year also, Mr. Marvin of the American Bridge
Company spoke to you on the economic design of short
span steel bridges. Mr. Marvin presented some very good
ideas and pointed out the problems in short span steel
design. (Parenthetically, I would disagree with his con
clusion that steel is holding its own. On the west coast
steel is definitely falling behind in its battle for the
short span bridge.)

I can claim no originality for these ideas of what is
necessary for you to do in support of your product. Your
literature is full of people pointing out the need for bet
ter protective coatings, for cheaper designs, for more eco
nomical ways of fabricating steel. Is it all talk by a few,
or is the industry as a whole doing something about it?

Last year it was said that your research prograf? had
cost annually between fifty and seventy thousand dollars.
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Discussion

(Q) ANONYMOUS: Are you comparing costs on
riveted versus welded design?

(Q) ANONYMOUS: What design stresses are you
using for T1 steel?

(A) ELLIOTT: 45,000 psi.

*

*

*

*

*

*

*

*

*

(Q) ANONYMOUS: Do you have any hesitancy about
mixing steels with different yield points? For example, in
butt welding, or in welding a flange to a web, do you
hesitate to use T1 with A242? What about the box sec·
tion with the two side members different than the cover
plates?

(A) ELLIOTT: Well, if you'll notice on Whiskey
Creek there wasn't too great disparity of steels. We
didn't have the different kinds of steels overlapping too
far. However, when you start welding these different
steels together, you'll find that you're controlled by de~

flection. This becomes more important than the stresses
in some cases. The modulus of elasticity of all these steels
is the same, so that deflections are quite similar despite
differences in stress. You don't run into much trouble if
you don't go too far in mixing the steel.

(Q) S. CLARK., AISC, District Engineer, San Francisco:
r d like to ask if you have any recollection of the last
time you used your standard beam cover plate design for
a short span bridge? I think it's been some time since a
cost comparison was made.

(A) ELLIOTT: I don't remember how long ago, but I
would guess probably about 1953.

(A) ELLIOTT: We are using only welded designs.

* * *
(Q) A. L. COLLIN, Kaiser Steel Corp;: Can you tell

us specifically how we, as fabricators, can help your de·
sign section?

(A) ELLIOTT: There are a number of ways in which
you can help. You claim that you can fabricate certain
types of steel structures cheaper than we are estimating
the cost. Show us what you can build it for, and, if you
will bid on that basis, usually we would be glad to put it
out as an alternate. If you quote to a contractor and he
boosts your price, we'll be glad to give consideration to
the true price. Things like that are just a matter of com
munication. It's one thing to complain and another thing
to bring in something that's conservative, show where you
can do the work cheaper, and give us ideas. Have you
ever gone around to designers to show them some of the
difficulties of fabricating? Have you ever shown them
what troubles you have or how much cheaper it would be
if you could do it this way or that way? We are always
glad to have someone ,come in and show us, for example,
that if a certain angle could be relocated slightly it would
simplify jig work, or in some other way reduce costs.
Communication with the designer can frequently iron
out your problems.

(Q) ANONYMOUS: Why do you still use only 18,000
psi stresses in your comparison?

(A) ELLIOTT: We follow the AASHO Code.

*

*

*

*

*

*

*

*

*

(Q) ANONYMOUS: What prices are used as the basis
for your cost comparisons?

(A) ELLIOTT : We investigate the prices of bridges
that are as nearly as possible like the bridge under inves
tigation and of recent design. I think that prices used for
the bridges I have described were less than three years
old. We have made similar comparisons, though, over
the past ten years, and the comparative results always
seem to come out the same. We watch the trends in
bridge design and costs to get our prices for comparison.
We don't just investigate one job here and one job there.

* * *

(Q) ANONYMOUS: What type of splices did you use
on the bridge ?

(A) ELLIOTT: Butt welded splices.

(Q) ANONYMOUS: Did you completely seal the box
girders to prevent corrosion-?

(A) ELLIOTT: The box is about 2V2-ft. wide x 8-ft.
deep. We considered sealing it completely, but decided
there was too much chance of a leak somewhere. We
therefore sealed it except for an inspection' door, so that
we could get in and have a look.

ahead. I suggest seriously that we change course." The
captain exploded: ttListen Bosun, 1'm running this ship.
You take care of your part of the ship and I'll take care
of mine." The bosun left and a minute later there was
the sound of chain running out. The bosun reported back
to the bridge: UCaptain Sir, my part of the ship is
anchored. "

The steel industry has many of the same problems. One
group cannot be dropping its anchor while another tries
to get ahead. The fabricators and the mills, the carbon
steel people and the alloy steel people, the welding en
thusiasts and those who still believe in riveting, the sales
men and the technical men-all should have a common
goal, to get the most out of steel.

The new horizons for high-strength steel are clear
and bright. Wherever steel is used, high-strength steel
will become more and more popular to simplify details,
carry greater loads, and effect more economical construc
tion. However, these benefits also bring responsibilities.
The steel industry cannot expect to partake of these fruits
unless it plants and fertilizes the trees and tends and cul
tivates the orchard.
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Economic Possibilities of Corrosion - Resistant Low Alloy Steel in
Short Span Bridges

J. M. HAY E 5 -* and S. P. MAG GAR D

FIGURE 1
Typical Details of Comparative Designs.

Details of Typical Design for
Short Span Highway Bridges

A 64-foot simply supported span with a 3D-foot clear
roadway was considered to represent the size of a large
portion of the short span highway bridges to be built in
the next few years. A two-span structure, probably con
tinuous, with each span 64 feet in length, represents
about the minimum structure over the interstate highway
system. In order to take into consideration possible
variations in the efficiencies of the WF rolled sections
available for stringers, comparative designs were made
at two-foot intervals from the 64-foot span to the maxi
mum simple span length permitted by the span-depth
limitations of the American Association of State Highway
Officials (AASHO) , STANDARD SPECIFICATIONS FOR

HIGHWAY BRIDGES, 7th edition, 1957-about 76 feet for
non-composite design and about 94 feet for composite
design.

Many details of the typical concrete slab steel stringer
highway bridge are matters of personal opinion. !he
objective in this study was to make comparable designs
in both the high strength low alloy and structural carbon
steels, with the details as generally acceptable as pos
sible. Complete superstructure designs were made for
both six and seven foot interior stringer spacings. (See
Fig. 1.) An even spacing of stringers probably would have
served as well. Bearing and diaphragm details are as
found in the Bureau of Public Roads, U. S. Department
of Commerce, STANDARD PLANS FOR HIGHWAY BRIDGE
SUPERSTRUCTURES, revised 1956. ASTM A7 structural
carbon steel is used for the non-composite designs and
ASTM A373 structural carbon steel is used for the com
posite designs where a plate is welded to the bottom
flange of the WF rolled section.

Assumptions Made in Comparative Designs

The structures were designed for the H20-S16 live
loading in accordance with the AASHO specifications
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Nickel-Copper High Strength Low Alloy Steels
These steels are covered under Standard Specifications,

ASTM Designation A242, which define composition in
terms of maximum contents of carbon and -manganese.
Proprietary steels supplied to A242 Specifications con
tain various combinations of additional alloying elements
such as nickel, copper, silicon, phosphorus, molybdenum,
chromium, and vanadium to achieve the specified strength
properties and to .enhance atmospheri~ corrosion r~si~t

ance in differing degrees. ,The economIC cost analYSIS In
this study was based on only the types within A242
Specifications that contain nickel and copper and ~hat

provide an atmospheric corrosion resistance recognIzed
to be 4 to 6 times that of carbon steel.

P.urpose of Study
The objective of the work at Purdue University is to

investigate the economic possibilities of nickel-copper
high strength low alloy steels in short span highway
bridges. The first phase of the study has been analytical
comparisons of the designs for the superstructures of
typical short span concrete slab and rolled WF steel
stringer highway bridges fabricated from nickel-copper
high strength low alloy steels with those fabricated of
structural carbon steels.

The economy of the use of high strength low alloy
steels in long span highway bridges is an accepted fact.
The economic possibilities of the use of these steels in
short span highway bridges has not been fully studied.
This is a report on a study of the economic use of nickel
copper corrosion resistant types of high strength low al
loy steels in short span highway bridges which is under
way at Purdue University in cooperation with The
International Nickel Company, Inc.

Results of the study indicate that short span highway
bri.dges may, for all practical purposes, be constructed of
nickel-copper types of high strength low alloy steels at
the same first cost in dollars as if structural carbon steel
has been used. This means that the greater resistance to
atmospheric corrosion of nickel-copper types of high
strength low alloy steels, with the resultant increase in
durabir'ity of paint coatings, may be obtained at no extra
cost over the use of structural carbon steel.
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all three of the concentrated loads will remain on the of 1/800 of the span for the H20~S16 live loading and
span when positioned for maximum bending moment. impact effect. Also shown are the, required minimum
The deflection in inches under the load at point of maxi- sums of the moments of inertia of all the stringers in a
mum bending moment for two lanes of H20-S16 live simple span to maintain the live load plus impact deflec-
loading and impact may then be written as tion at both 1/1000 and 1/1200 of the span for the

[+ 0.17875862 · L3 - 109.00304 · L + 272.51
H20-S16 live loading. Deflection limitations are some-
what of an unsettled problem at present. Also shown are

1 ] 1 [50 ] the values of the total moments of inertia furnished for- 763.02 · - . -. '. + 1
L Z L + 125 both composite and non-composite designs for the 7-foot

where L is the length of the simply supported span in interior stringer spacing. There would be minor varia-
feet and I is the sum of the moments of inertia of all tions with other interior stringer spacings. This sho,vs
the stringers in the span in inch units. that the live load and impact deflection limitations of

Figure ,4 shows a plot of the required minimum sum the AASHO Bridge Specifications are not critical where
of the moments of i~ertia of all the stringers in a simple stringers are fabricated with WF sections rolled from
span to maintain the specification deflection limitation A242 steels and adequate diaphragms are used.

Table 3

COMPARATIVE QUANTITIES AND COST ESTIMATES

COMPOSITE ACTION----i:q-FT. INTERIOR STRINGER SPACING

Span
Length STRINGER STRUCTURAL STEEL-LBS. COST ESTIMATE-DoLLARS

Steel' ft. If/F Plate St1'. Diaph. Total St1'. Diaph. Total

A373 64 33WF130 10 x Vs 68,390 10,300 78,690 $12,125 $1,700 $13,825

A242 64 30WFI08 9 x o/B 55,580 9,950 65,530 $12,269 $1,928 $14,197

A373 66 33WF130 lOX%, 71,540 10,300 81,840 $12,663 $1,700 $i4,363

A242 66 30WF108 9 x 1JA.6 59,850 9,950 69,800 $12,987 $1,928 $14,915

A373 68 33WF130 10 x Y8 74,830 10,300 85,130 $13,223 $1,700 $14,923

A242 68 30WFI08 9x% 62,090 9,950 72,040 $13,513 $1,928 $15,441

A373 70 36WF150 11 X%6 84,350 10,600 94,950 $14,879 $1,750 $16,629

A242 70 30WF116 9x% 67,830 9,950 77,780 $14,975 $1,955 $16,930

A373 72 36WF150 11 x Vs 87,360 10,600 97,960 $15,385 $1,750 $17,135

A242 72 30WF116 9x'Vs 70,770 9,950 80,720 $15,542 $1,955 $17,497

A373 74 36WF150 11 x % 91,140 10,600 101,740 $16,023 $1,750 $17,773

A242 74 33WP130 10 x V2 77,070 10,"300 87,370 $16,524 $1,990 $18,514

A373 76 36WF150 11 x 'VB 94,990 10,600 105,590 $16,671 $1,750 $18,421

A242 76 33WF130 10 x 1Is 80,430 10,300 90,730 $17,210 $1,990 $19,200

A373 78 36WF160 11 x Va 102,900 10,600 113,500 $17,905 $1,751 $19,656

A242 78 33WF130 10 x 1l;i6 83,090 10,300 93,390 $18,098 $1,990 $20,088

A373 80 36WF160 11 x 1 106,960 10,600 117,560 $18,461 $1,753 $20,214

A242 80 33WF130 10 x 1%6 86,520 10,300 96,820 $18,716 $1,990 $20,706

A373 82 36WF170 11 x 1 115,500 12,720 128,220 $19,762 $2,106 $21,868

A242 82 33WF141 10x% 94,360 12,360 106,720·' $20,178 $2,388 $22,566

A373 84 36WF170 11 x IVs 119,840 12,720 132,560 $20,337 $2,107 $22,444

A242 84 33WF141 10 x 'VB 98,070 12,360 110,430 $20,830 $2,388 $23,218

A373 86 36WF182 11 x 1%6 130,690 12,720 143,410 $21,982 $2,110 $24,092

A242 86 36WrP150 11 x 1IB 103,600 12,720 116,320 $22,210 $2,424 $24,634

A373 88 36WF194 11 x 1%6 141,120 12,720 153,840 $23,525 $2,112 $25,637

A242 88 36WF150 11 x % 107,660 12,720 120,380 $23,370 $2,424 $25,794

A373 90 36WF230 15 x V8 162,890 12,600 175,490 $26,909 $2,096 $29,005

A242 90 :36WF150 11 X 1%6 110,880 12,720 123,600 $25,380 $2,420 $27,800

A'373 92 36WF230 15 x 1JA.6 167,580 12,600 180,180 $27,684 $2,096 $29,780

A242 92 36WF150 11 x 1%6 115,080 12,720 127,800 $26,219 $2,420 $28,639

A373 94 36WF230 15 x 1%6 173,600 12,600 186,200 $28,679 $2,096 $30,775

A242 94 36WF160 11 x 1%6 124,110 12,720 136,830 $27,686 $2,420 $30,106
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Figure 5 shows a plot of the actual H20-S16 live load
and impact deflections in inches for interior stringers with
7-foot spacing where the deflections are computed for
the same load distribution as was used in computing the
critical extreme fiber stresses. It should be noted that
non-composite designs of A7 steel do not satisfy the
specification deflection requirement under these assump
tions of load distribution. It is seen that only the use
of A373 steel in composite action will satisfy the speci
fication deflection requirements under these assumptions
of load distribution. Even under these assumptions of
load distribution, the deflection problem should be less
critical with the use of builtwup stringers. The next
phase of the investigation will include a study of built-up
stringers. References to load distribution in the I-beam

bridge may be found in the bibliography at the end of the
paper.

Comparative Quantities

Although the 64-foot simple span was considered to
represent the size of a large portion of the short span
highway bridges to be built in the next few years, com
parative quantities were computed for simple spans at
two-foot intervals from 64 to 76 feet for non-compos~te

action and from 64 to 94 feet for composite action.
These comparative quantities do not include the shear

connectors, since it was assumed that the quantities and
type involved would be about the same regardless of the
steel used. Another variable is differences in concrete
slab quantities for changes in stringer spacing. This

Table 4

COMPARATIVE QUANTITIES AND COST ESTIMATES

COMPOSITE ACTION-7-FT. INTERIOR STRINGER SPACING

STRUCTURAL STEEL-LBS.

Str. Viaph. Total
COST ESTI~ATE-DoLLARS

Str. Diaph. T olalSteel

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

A373
A242

Span
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If7 F

33WF141

30WFI08

36WF150
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33WF130
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33WF141
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33WF141
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36WF150
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Plate

10 x V8
9 x 5/8

11 x 11;16

9 x Vs
11 x 1%6

10 x V2
11 X 1~6

10 X V8
11 x 1%6

lOX%,

11 x 1~6

10x~

11 x I 1h6
10 X 1%6

11 x 1V8

10 x 1%6

11 x IVs

11 x 11A6
11 x 1 1,4
11 x 1%6

15 x l1A6

11 x 1%6

15 X 1%6

11 x 1%6

15 x Vs
11 x 1

15 x 1

11 x 1~6

15'x 11/s
11 xl

15 x IV8

11x1Vs

64,860

49,380
69,540

55,920

72,660

60,960

75,900

63,780
82,320

66,600

88,980
69,480

92,520

75,720
101,220

78,840

109,560
83,460

113,700

86,940

131,580
90,420

136,560
97,680

140,640

100,560
145,800

108,960
151,080
117,240

162,780
121,260
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9,750

9,500
10,000

9,500
10,000

9,750
10,000

9,750
10,000

9,750
10,000

9,750
10,000

9,750
10,000

9,i50
10,000

10,000

12,QOO

12,000
11,880

12,000

11,880
12,000

11,880
12,000
11,880

12,000
11,880

12,000

11,880

12,000

74,610

58,880

79,540
64,420

82,660

70,710

85,900

73,530
92,320

76,350

98,980

79,230
102,520

85,470
111,220

88,590

119,560

93,460
125,700

98,940
143,460
102,420

148,440

109,680

152,520
112,560
157,680

120,960

162,960
129,240

174,660

133,260

$11,266

$11,072

$12,016

$12,123

$12,491

$12,872

$12,979

$13,393
$14,003

$14,193
$15,064
$15,018

$15,580

$15,914
$16,904
$16,856

$18,155

$17,905
$18,681

$18,468
$21,448

$20,114

$22,068
$21,103

$22,545
$21,547
$23,168

$22,645

$24,007

$23,924

$25,865
$25,241

$1,609

$1,833
$1,651

$1,856

$1,651

$1,881

$1,651
$1,881

$1,651

$1,881

$1,651
$1,881

$1,651

$1,881

$1,652

$1,881

$1,653
$1,906

$1,985
$2,287

$1,966
$2,276

$1,967
$2,276

$1,970
$2,278

$1,970
$2,278

$1,970
$2,278

$1,970

$2,278

$12,875

$12,905

$13,667

$13,979
$14,142

$14',753

$,1~,~30

$15,~74

$15,654

$16,074

$16,715

$16,899

$17,231

$17,795
$18,556

$18,737

$19,808

$19,811
$20,666

$20,755
$23,414

$22,390

$24,035

$23,379
$24,515

$23,825
$25,138

$24,923

$25,977
$26,202

$27,835

$27,519
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FIGURE 5
Live Load Plus Impact Deflection Limitations Based on

Design Stress in Interior Stringer. 7 ft. Stringer Spacing.
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FIGURE 6
Structural Steel-Nan-composite Action.
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has been neglected. Still another variable is a difference
in· depth from grade to low steel. This might mean a
reduction in quantities in overpass structures due to a
decrease in height of the approach fill. No substructure
items ar~ considered in these comparisons. The use of
high strength low alloy steels would probably not reflect
any savings in the substructure quantities for short ,span
highway bridges as compared to the use of A7 or A373
steels. This may be an important item as the span length
of the bridge increases. In practice, each structure must
be evaluated on its own merits.

The structural steel quantities are ~esignated in Tables
1, 2, 3, and 4 as stringer or diaphragm quantities. The
stringers include the main beam, bottom plate, bearing
details, and bolts for field connections. All diaphragms
are IS-inch, 42.7 pound channels using split T connec
tions with a maximum spacing of 20 feet. In all instances
the diaphragms and connections are of the same type of
steel as the stringers.

A comparison of the structural steel quantities is shown
graphically in Figures 6, 7, 8 and for the various span
lengths and stringer spacings for both composite and non
composite action. The stringer quantities are plotted
f rom the origin with the diaphragm quantities plotted
directly on top of the stringer quantities. The A7 or

64

A373 steel quantities are on the left of each span com
parison with the portion of the bar diagram representing
the stringer steel hatched.

Comparative Cost Estimates

Comparative cost estimates in dollars are shown in
Tables 1, 2, 3, and 4. Detailed cost analyses were made
for the 64 and 76 foot spans for non-composite action
and for the 64, 76 and 90 foot spans for composite action
-for both the six and seven foot interior stringer spac
iqgs. The structural steel was grouped into two divisions·
-stringers and diaphragms. A separate unit cost analysis
was made for each grouping. Each piece of material was
individually priced from the mill base with appropriate
charges for all extras, including camber. Freight from
mill to fabricating plant to distribution point was as
sumed at an average of one cent per pound. Costs in
dollars of engineering, fabricating, erecting, and painting
were assumed the same regardless of the type of steel
used. The slightly higher cost of fabricating A242 steel
is practically offset by the lesser weights to be handled in
the shop and field. A unit cost analysis of these items was
made for A7 or A373 steels and the same total cost was.
used for the A242 steel.
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FIGURE 8

Structural Steel-Composite Action. 6 ft. Stringer Spacing.

graphically in Figures 9, 10, and 11 for the various span
lengths and stringer spacings for both composite and non~

composite action. The stringer costs in dollars are plotted
from an origin of $10,000 with the diaphragm costs in
dollars plotted di·rectly on top of the stringer costs. The
cost estimates for the A7 or A373 steel are on the left of
each span comparison with the portion of the bar diagram
representing the stringer cost estimate hatched.
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FIGURE 7

Structural Steel-Composite Action. 7 ft. Stringer Spacing.

Summaries of the cost analyses are given in Tables 5,
6, and 7 for the 64, 76, and 90 foot spans respectively.
Table 7 shows the analysis for the diaphragm steel for
the 90 foot span. Similar analyses were made for the
diaphragm steel in the 64 and 76 foot spans, which gave
practically the same unit costs.

A comparison of the total cost estimates is shown
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Table 5

SUMMARY. OF COST ANALYSIS

UNIT PRICE-CENTS PER POUND

STRUCTURAL STEEL-STRINGERS

64-FoOT SIMPLE SPAN

6-FT. STRINGER SPACING

Composite Non-Co1nposite
A242 A373 A242 A7

7-FT. STRINGER SPACING

C01Jlposite Non·C01nposite
A242 A373 A242 A7

Material base, extras and camber .

Freight . . . .

Engineering, fabricating, erecting and painting

Total Price. . . . . . .

9.41 7.25 9.38 6.58 9.43 7.24 9.17 6.52

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

* 9.48 * 6.79 :~ 9.13 ~~ 6.60

17~73 14.37 17.37 14.12

* Same total cost for these items as A7 or A373
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Table 6

SUMMARY OF COST ANALYSIS

UNIT PRICE-CENTS FER POUND

STRUCTURAL STEEL-STRINGERS

76-FoOT SIMPLE SPAN

9.44 6.70 9.57 7.29 9.21 6.68

1.00 1.00 1.00 1.00 1.00 1.00
:~: 6.32 ..;..... 8.55 * 5.87

14.02 16.84 13.55

Material base, extras and camber. . . . . .

Freight . . . . . . . . . . . . .

Engineering, fabricating, erecting and painting

Total Price. . . . . . . . . .

* Same total cost for these items as A7 or A373

6-FT. STRINGER SPACING

Composite Non-Colnposite
A242 A373 A242 A7

9.59 7.40

1.00 1.00

7~FT. STRINGER SPACING

Composite Non-Colnposite
A242 A373 A242 A7

Table 7

SUMMARY OF COST ANALYSIS

UNIT PRICE-CENTS PER POUND

STRUCTURAL STEEL-STRINGERS AND DIAPHRAGMS

90-FoOT SIMPLE SPAN

COMPOSITE ACTION

6-FT. STRINGER SPACING

Stringers Diaphrag171s
A242 A373 A242 A373

7-FT. STRINGER SPACING

Stringers DiaphraglJZs
A242 A373 A242 A373

Material base, extras and camber 9.74 7.25 9.04 6.56 9.56 7.25 9.00 6.51

Freight 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Engineering, fabricating, erecting and painting * 8.27 * 9.07 * 7.64 * 9.07

Total Price . 16.52 16.63 15.89 16.58

* Same total cost for these items as A373

The total estimated cost using a nickel-copper grade of
A242 steel for the six-foot interior stringer spacing with
non-composite action varies from 0.3 percent to 5.4 per
cent greater than the cost using A7 steel. The variation
is from 2.6 percent to 8.3 percent greater for the seven~

foot interior stringer spacing.
The total estimated cost using a nickel-copper grade of

A242 steel for the six-foot interior stringer spacing with
composite action varies from 4.5 percent greater to 4.2
percent less than the cost using A3 73 steel. The variation
is from 3.2 percent greater to 2.8 percent less for the
seven-foot interior stringer spacing.

These variations reflect the comparative efficiency with
which the rolled WF section and plates may be used for a
specific span length. In general, it might be stated that
the cost is about the same regardless of the steel used.
Each design should receive individual attention.

66

This economic evaluation does not include possible
long-term maintenance savings due to the increased re
sistance to atmospheric corrosion and the better paint life
of nickel-copper types of high strength low alloy steels.
This will require individual study for each structure or
like grouping of structures in the same locality, but gen
eral information that has been accumulated on this sub~

ject can be cited.

High Strength Low Alloy Steel Paint Life

A great deal of work on the durability of paint coat
ings on steel by many investigators has confirmed the
belief that any improvement in the corrosion resistance of
the steel produces a, beneficial effect on the durability of
paint coatings. These benefits include longer life for the
paint, less pitting of the steel, and a better surface for
repainting. Investigations made under a great variety of



FIGURE 10

Estimated Cost-Composite Action. 7 ft. Stringer Spacing.

FIGURE 9
Estimated Cost-Nan-composite Action.
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Conclusions

It is seen that short span highway bridges may be fab
ricated and erected using a nickel-copper grade of high
strength low alloy steel in accordance with the AASHO
Bridge Specifications at practically the same. cost as if A 7
or A373 carbon steels were used, if adequate diaphragms
are used in order that full live load and impact deflection
may be equally distributed to all stringers. Therefore, it
seems reasonable to suggest that good engineering practice
would dictate the giving of individual attention to each
bridge site,. or to like groupings of structures in the same
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FIGURE 11

Estimated Cost-Composite Action. 6 ft. Stringer Spacing.

this point ca'n be found in the work of LaQue, Boylan,
Copson, Larrabee and a number of others cited in the
bibliography. Their findings can be summarized as fol
lows: (1) Rates of deterioration of the low alloy steels
fall into two general orders: first, that typified by the steels
with atmospheric corrosion resistance equal to that of
copper steel; i.e., twice the corrosion resistance of carbon
steel, and second, 4 to 6 times the corrosion resistance of
carbon steel which is typical of the higher copper nickel
types. (2) In the unpainted condition the nickel-copper
types deteriorate more slowly in both marine and indus
trial atmospheres. (3) These advantages, due to improved
corrosion resistance, persist in the painted condition. (4)
The nickel-copper types provide at least SO percent longer
paint life than does carbon steel.
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atmospheric exposure conditions indicate that the advan
tages displayed by certain alloy steels can be traced to the
nature and amount of rust that forms on them.

Among the combinations of alloying elements that may
be used to achieve the strength properties of A242 steels,
those incorporating nickel and copper, frequently in com
bination with other alloying elements, produce the thin
ner, less permeable, more tenacious rust coatings that are
more protective than those of carbon steels. Evidence on
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locality, "7ith respect to the possible use of nickel-copper
high strength low alloy steels, since any savings in main
tenance costs due to the use of these steels may be obtained
at practically no additional cost over the use of carbon
steels.
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Further Tests on Welded Plate Girders
KONRAD BASLER

The main objective of the research project carried out
at Lehigh University has been explained thoroughly at
the 1958 National Engineering Conference (Ref. 1).
With the help of Figure 1 it shall be reviewed brie~y.

Plotted in this graph is the anticipated web buckltng
stress, (Tcr, versus the ratio of web depth to web thick
ness. Web buckling would mean that the straight web,
shown in the upper right corner of Figure 1, suddenly de
flects laterally; or, using the diagram to the right, the
web deflections would be zero up to the critical load and
then suddenly increase. The presently used specifications
for plate girders are based on this web bucklin.g conc.ep~.

It is seen that, with an allowable stress of 20 kst, the ltmlt
of about ·170 for the web depth over web thickness ratio
should not be exceeded. It can be realized further why
for a high strength steel with correspondingly higher al
lowable stresses this web slenderness limit is reduced to
even lower values. THEORY r EXPERIMENT

I

I The Test Girders
r-- 1- ------------1
IBending Strength I Bending Tests :
I I -.J
j-------------I- I
IShear Strength I Shear Tests I
L -l-------------~
llnteraction betw. I Tests under Com-:
~en~ll'!.C!~_S_h~.Q~ _I pln~~ _B~ ~_SJl~qrJ

'" /

Figure 2 repeats the discussed diagram again but it
contains the test results as obtained on the girders sub
jected to bending. It is seen that there is little drop iri
the ultimate bending stress when the web slenderness
limitations of today's specifications are exceeded. And
how does the web behave? The unavoidable initial web
deflections due to fabrication increase gradually with the
applied load, not showing any sudden change when ex
ceeding the predicted web buckling limit. As seen, the
main objective of this investigation was the problem of
the web stability of plate girders. The significance of the
conducted tests is that they convincingly demonstrate
that the web buckling theory is unable to predict the
carrying capacity of plate girders and that, therefore, the
specifications for plate girders should not be based on
this theory.

To this experimental investigation was added a theo
retical study which answers the question: If not web
buckJing, what then does determine the strength of plate
girders and how can their strength ~e predicted? B~sed

on these two investigations new destgn recommendattons
will be drafted. Figure 3 reflects this thinking and indi
cates, at the same time, the adopted scheme of publica
tion. At present, the report on the conducted experi
ments is completed and ready for publication in the Bul
letin Series of the Welding Research Council. It is con
templated to follow with the ultimate load theory in the
Proceedings of the. ASCE. As seen, each of the two
groups are subdivided, investigating the bending stren~th,

the shear strength, and the interaction between bendtng
and shear.
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Figure 5* is the shear force which can be sustained by a
girder with a web slenderness ratio of 257. (The non
dimensionalizing factor Vp is the product of shear yield
stress and the web area). The numbers along the ab
scissa give the stiffener spacing measured in terms of the
web depth. The thin line gives the prediction of the web
buckling theory, while the heavily drawn line is the
strength predicted by the new ultimate load theory and
the height of the columns represent the observed ultimate
shear force on test girders. The graph shows that these
girders exhibit a shear strength which can be as much as
three times the value predicted by the web buckling
theory. This finding should result either in a saving in
web area or an increase in the transverse stiffener spacing,
because even with wider spacing the strength predicted
by the web buckling theory can be obtained. .

This I {post buckling strength" is due to a way of car
rying the shear which, so far, has not been taken fully
into account by the civil engineering profession. It is due
to a tension field or truss-type action. Figure ,6 is a
photograph of a girder failed in shear, indicating such an
action. The web slenderness ratio of this girder is 130,
the stiffener distance 1.5 times the web depth, and the
girder was built of A7 steel.

After considering some of the results emanating from
this theoretical investigation we shall next turn our at-
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* The derivation and detailed description of these figures ap
pears in Reference 2.

In order to illustrate the type of results emanating
from this theoretical study, I intend to go briefly through
the first two topics, bending strength and shear strength-.
Thereafter, in the last portion of this presentation, some
commentary to this test report shall be given.

How will the web slenderness ratio affect the bending
strength of plate girders? If the -usual section modulus
concept is used for the design, then the nominally com
puted ultimate bending stress is somewhat reduc~~ at
high web slenderness ratios because the web partIcIpa
tion in carrying the bending moment is less than what
the ordinary beam theory takes into account. For low
values of the web slenderness ratio the web participation
is better, approaching a stress distribution of a fully
plastified web. This is pictured in Figure 4* by using
the same diagram as introduced in Figures 1 and 2, cor
relating the extreme fiber stress with the web slenderness
ratio of a plate girder. By applying a certain factor of
safety the allowable bending stress appears as a function
of the web slenderness ratio. This allowable stress is not
yet settled; therefore, new design specifications are not
available now. But it can be seen that it will be possible
to build plate girders in the web slenderness range be
yond 170 without introducing a longitudinal stiffener.

Having discussed briefly the girder's bending strength
we shall next consider the shear strength of a trans
versely stiffened plate girder., Plotted as ordinate in



tention to the test report (Ref. 3). The test report con
tains information which may be of direct interest to the
fabricator·,

Among many other graphs, the test report includes a
number of observations as shown in Figure 7 where the
web deflections of the different girders are recorded. The
upper portion of this figure indicates the elevation of the
girder's test section and, at their respective cross sections,
the web distortions to a scale twelve times that of tne
girder. Two states of web deflections are given, those
which were there initially, i.e., were produced during
fabrication, and the ones observed at about 90% of the
girder's ultimate load. The left half of this test section,
which is subdivided by transverse stiffeners, has fairly
small initial deflections. On the right side the welding
distortions are about three times bigger. When this
girder was tested, failure occurred in this right hand
panel. It was reinforced and a second, independent test
produced failure on the left hand side. The load versus
centerline deflection diagram (Fig. 2.8 in Ref. 3), re
cords little difference in ultimate load. The conclusion
is that the larger initial web deflection on the right hand
side of the test section did not impair the strength. In
deed, failure in the first test occurred by lateral buckling
of the compression flange which is unaffected by the web
distortions.

One should not try with spot heating to straighten the
web because this cannot improve the performance or
strength of the plate girder, but only introduce more
residual stresses and embrittle local web areas.

The reason why initial web deflections have little
effect on the girder's strength is due to the fact that the
ultimate bending strength is determined by the flanges
rather than the web. And, in the case that shear governs
the failure, it is obvious that the development of a ten
sion field in the web is not dependent on the stipulation
that the web be perfectly plane. This latter supposition,
however, is an essential assumption for the computation
of web buckling stresses. From this interpretation it can
also be concluded that a web of higher strength steel does
not require smaller initial deflections than that built of
mild steel.

Another item which is not generally known is how to
conduct a test on a welded structure and to learn what
observations to make. If, for instance, a welded bridge
is to be tested then one should not, while carefully load~

iug it for the first time, read gages and try to compare
them with the theoretical cOfi1.putation. This leads mostly
to disappointment, for the first loading cycle is, in a
welded structure, very misleading. As an example Figure
8 is given, showing a typical load versus the centerline

FIGURE 8
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Considering the change in web deflections throughout
the course of loading, it is observed in the lower half of
Figure 7 that near ultimate load the deflections were all of
about the same magnitude despite different initial de
flections. In panels with small initial web deflections
the rate of web deflection increments are generally bigger
than in panels with already sizable initial distortions.

Of course, attention for proper alignment of the web
plate with respect to the flange center should be given,
and the welding sequence chosen such that welding dis
tortions result as small as possible. But there will always
be an unavoidable set of web deflections in a welded
plate girder. It is recommended that they be left as is.



deflection of a welded plate girder (part of Fig. 2.5 in
Ref. 3). Note how the deflection increments, shown on
the right of the graph, increases with higher load, caus
ing a clear deviation from the predicted, straight lined
deformation and resulting in a permanent set of deflec
tion. B.ut in the second loading cycle, conducted within
the previous load range, the correlation is perfect. This
curious behavior is due to residual stresses which are
partially eliminated in the first loading cycle. The fol
lowing model shall explain it.

I
;:f'

Ir------

the magnitude of the previous cycle, no further yielding
occurs. Thus, the measured and the computed stresses do
agree with each other.

The conclusions are that not only in research but also
in field tests on welded structures the first load applica
tion should not be used to judge the performance of the
structure on the correlation with the theoretical predic
tions. A proof test, therefore, should include at least
two loading cycles, and it is encouraged to go with the
first as far as one can reasonably go without causing
damage. This serves as a partial stress releaving.

By studying the various girder tests one realizes that
the ultimate load is not the only measure of safety. Steel
has the excellent ability to undergo yielding and then to
strain harden. When a girder exhibits such a udeforma
tion capacity" as indicated from the girders G3 and GS
with their load versus centerline deflection in Figure 10,
then ample warning would be obtained before failure
occurs. Furthermore, in a continuous girder, a moment

Y.t [in]76

I

5432
O----+----+--+-----+------tt----+----+--~

o

50

p

or ~ t.6O'"" OJ [k]

1--' 100c:__-... J

FIGURE 10

A likely state of r~sidual stresses is shown in Figure 9
and the stresses due to applied bending moment shall be
added to it. In superimposing these two stress distribu
tions, the compression flange stresses are as shown in
the second row of this figure. It is obvious that the
change of stress, Aa, is not uniform across the plate. The
yield stress ay is first reached along the flange tips. Due
to redistribution of stresses to fulfill the equilibrium re
quirements, the istress at the center line of the plate is
not simply ar + al' That is, if a strain gage is mounted
at this point, the strain recorded by the difference of
gage readings will not equal the predicted value al'

After reducing the applied load, the residual stresses take
a new pattern with lower magnitudes as depicted in the
last row of Figure 9. For subsequent loadings, within
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distribution could take place. With symmetrically pro
portioned cross sections such a favorable load deflection
characteristic is hard to achieve. The compression flange,
which buckles like a column, needs to be braced so closely
that it can strain harden. However, if unsymmetrical
girders are built such that tension flange yielding occurs
just prior to compression flange instability, the desired
rotation capacity can be expected. .

Certainly it is, in such a case, preferable to have no
plate splice at a point of maximum bending moment.
Unavoidably, this happened to be the case in the last
series of girders tested. Figure 11 shows a detail of a
yielded flange splice under tension. In no case occurred
a weld fracture which would affect the ultimate load of
a girder. Again, to proof test welds was not the objective
of the investigation. But- the excellent performance of all



the welds in the total of 13 plate girders on which more
than 30 ultimate load tests were conducted, bears mute
testimony as to the reliability of present welding pro
cedures.

FIGURE 11

As you can see, one cannot conduct research on large
size, built-up members without encountering detail prob
lems such as I have mentioned, although they have
nothing to do with the actual objective of the research.
We would like to see these explanations added to one
treated at last year's Engineering Conference, the detail
ing of transverse stiffeners (Ref. 4). The additional tests
confirm again the fact that cutting transverse stiffeners
short at the tension flange side does not impair the ulti-
mate load of the girders. >

The thoughts presented here are only a selection of
ideas to which the investigators were inspired while con-

ducting the tests. We hope that the study of the test
reports enables the designer to obtain a feeling for the
behavior of plate girders which goes beyond what dry
specification rules will tell.
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Simple Space Structures in Steel
MIL 0 S. K ETC HUM

Increased strength and performance of engineering
structures may be obtained by two different basic ap
proaches. The first is by increasing the strength and per
formance of the material of which the structure is made.
The second is by utilization of new shapes and forms.
An example of the first approach is the use of plastic
design of steel structures. The properties of the steel are
utilized to obtain a much more rational design for ulti
mate load and thereby achieve a greater economy of
material than is possible with the previous concept of the
structural behavior of steel.

The second approach has for its object the shaping of
the structure so that the stresses are smaller and the
amount of material is reduced. An example is the rigid
frame building with tapered and haunched members. It
is obvious that there is less material but the cost of fabri
cation is increased. Our experience in this field is that the
tapered frame will usually cost less than the frame with
straight members. 'However, we have little experience; to
compare plastic design with the use of tapered members
to reduce the amount of steel.

There is another fertile field for obtaining efficiency
through shape: the space structure. An absolutely precise
definition of a space structure is difficult' to formulate,
but in general they include those structures requiring con
sideration of forces in more than two directions for
individual components or a series of components. A
characteristic of space structures is that forces often take
a shorter path, than for two dimensional structures and
heavy moment connections are avoided. Most of the ele
ments work as components of arches rather than members
in bending only. Another characteristic is that since some
,or all of the members must be considered in three dimen
:sions, the connection problems are much greater and the
,efficiency of the structure may be lost through increased
,cost of fabrication.

There has been extensive development of plastic design
,of steel ~tructures in the last few years, but comparatively

M,.. Ketchtttn is a,Partner in the firnz of Ketchu1Jl} Konkel
,and Hastings} COJ1slIltiilg Engineers} Den'ver} Colo.
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little attention has been paid to development of space
structures. The problem to be solved is the development
of forms for which members and connections are rela
tively simple and inexpensive. The average engineer and
architect does not have the time to sit down and study
these types of structures and it would seem to be advan
tageous to the structural steel fabrication industry to assist
him in this matter and to indoctrinate the architects in the
acceptance of these new forms. The latter task is the least
difficult of all the problems because the architects are
eager to use new forms and may be even willing to pay a
slight premium for unusual shapes.

The purpose of this article is to describe several types
of space structures and compare them with more con
ventional solutions. It is characteristic of space structures
that it is difficult to describe them with ordinary ortho
graphic projection used for engineering drawings. The
engineer and architect must thipk and draw in three di
mensions either with isometric or perspective sketches or
with models. The structures are described here by photo
graphs of models made of balsa wood and glued together
with Duco Cement. Many more models than are shown
have been developed, and it is a very fascinating hobby
to work on these models and to evolve new forms which
satisfy all the criteria for economy, ease of design and
beauty. We have not been quite as successful as we would
like to be in getting our architect clients to use these
structures and in this phase, we need full cooperation of
the fabricators.

Square Domes (Figure 1)

The first m~del to be described is the series of square
domes shown in Figure 1. The example to be studied has
spans of 40 feet for the interior members. The diagonals
form triangular cross arches which thrust against the
horizontal tie beams forming the square. Note that these
tie beams on interior spans are also supported at the center
by the rafters acting as catenaries and have a span in bend
ing of only 20 feet. In the model shown, the diagonals
in one of the units have been omitted so that the effect of
the diagonals can be demonstrated by the model. Note



FIGURE 3

According to our calculations,. the dome design has
8900 pounds of steel for a typical interior bay not includ
ing columns, and the beam and the articulated beam struc
ture have a weight of 9150 pounds for an interiot panel.
The cost of fabrication, of the articulated beam system
may be lower so the dome design may cost a little more.
Also, the cost -of the wood deck might be greater because

CONNECTION DETAlt AT C~O\VN

The analysis of this structure is perfectly straightfor
ward and is statically determinate except for the horizon
tal members which act as two-span continuous beams.
Some of the members have both bending and tension. A
design was made for this structure, and the cost was com
pared with an orthodox articulated beam structure with
the same spans. Framing plans for the alternates are
shown in Figure 2 and typical connection details are
sketched in Figure 3. The detail used at the crown of the
dome is a separafe crown block to which the eight mem
bers may be bolted. All of the blo.cks will be the same.
The detail at the pipe column is a large cap plate to which
the arches and ties are welded in the field.
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there is n10re area and more cutting. However, this ex
ample does demonstrate that this dome structure may be
quite competitive with orthodox structures.

Arches With Cross Girders (Figure 4)

The next model of a space structure to be considered
has a structural action which resembles that of a suspen
sion bridge. A photograph is shown in Figure 4. There
are two structural elements: (1) Thin circular arches,
(2) Cross trusses or girders. The arches are hinged at
the points where they are attached to the girders, act only
as columns and do not take any bending forces.

FIGURE 4

For full dead and live load,' there is practically no stress
in the cross girder. They come into use only when there
is an unbalanced live load. Therefore, they ..3:re quite.
small in comparison to the size of truss requited for the
entire span. This design is most suitable for gymnasium
structures where the side columns will not interfere with
the performance of the structure as in the case of an
aircraft hangar.

Arches With Trussed Diagonals (Figure 5)

The cross girders in some cases may be eliminated by
placing diagonals in all the bays of the structure as dem
onstrated by the photograph of the model shown in
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FIGURE 5

Figure 5. This structure may further reduce the material
required for a gymnasium type structure. Double diago
nals may be used instead of the single diagonals which
would only be a little larger than the members required
for wind bracing.

Pitched Trusses (Figures 6, 7 and 8)

A space structure has been designed and built with
trusses tilted so that the vertical web members become
purlins for the roof structure. A model of this type of
structure is shown in Figure 6. It represents two bays of
a typical truss building. The outside trusses are supported
by columns along the lower edge. The web members of
the trusses are arranged similar to members of a spandrel
braced arch. The length of the diagonals is thereby re
duced and a much more pleasing form is created. Econ
omy studies were not made to compare this with ordinary
construction, but it is believed that when all factors are
considered this system will be competitive with the usual
type of truss construction. It may appeal to architects or

FIGURE 6



FIGURE 7

owners as being a more interesting and cleaner framing
system.

Several enterprising structural engine~rs have built
structures of this type in this country in recent years. In
Figure 7 is a picture of trusses used in the Canon City,
Colorado Court House. Nixon and Jones of Denver
were the architects, and Johnson and Voiland of Denver
were the structural engineers. The trusses are designed
to take heavy mezzanine loads in several places.

FIGURE 8

Another i~teresting example of this type of construc
tion is the roof for the Foxboro Racetrack. The structure
was designed by Abraham Woolf and Associates of Bos
ton, Massachusetts and is shown in Figure 8.
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Arches and Horizontal Trusses (Figure 9)

The last model of a space structure to be described is
the series of arches shown in Figure 9. This structure
would be most suitable for a church or other buildings
requiring an unusual shape. The feature of this structure
is that the arches, which in this case are of pyramidal
shape, are set in the top of slender columns. The arch
thrusts are carried by flat horizontal trusses to the ends of
the structure where they are taken out by either diagonal
members in the end walls or by horizontal ties between
the two trusses. There is a lightness and elegance to the
building that cannot b~ achieved by any other structure.
The design of this structure is not difficult and is statically
determinate. The inclined thrusts at first may be con
fusing to the uninitiated. Almost any form of arch or
rigid frame may be used for this type of structure so the
freedom to experiment is greatly enlarged.

FIGURE 9

Conclusions

There are many other space structures that can be de·
veloped with a little ingenuity and perseverance. It is
essential that they be studied by use of balsa wood models.
It is especially important that the connection details be
simplified so the saving in material is not eaten up by
extra cost of fabrication. In many cases these interesting
and beautiful structures will sell themselves regardless of
cost and most architects would like to have these strucw

tures available as a solution of some of their problems.



Structural Steel After AFire
F. H. D ILL

. T? make ~he~e v~rious characteristics of steel have any
slgnlfica.nce In JudgIng the effects of a fire it is necessary
to conSIder now what happens to the steel in a fire.
Naturall~ the steel gets hot, but estimates of the tempera
ture attaIned are often on the high side of actuality.
Temperatures of 2000°F and sometimes even higher can
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Heating the steel to very high temperatures, above
2000°F for example, and maintaining it at such tempera
ture for half an ,hour or more may develop some grain
coarsening and it will almost assuredly develop a very
heavy scale on the steel unless the steel is well protected
from the atmosphere. The grain coarsening by itself is
not particularly detrimental to the steel. Some structural
carbon steels have fairly coarse grain in their as-rolled
condition without any impairment of their strength and
ductility. It is only when the grain coarsening is accom~

panied by excessive scaling and oxidation that it becomes
truly harmful to the steel. Fortunately, when steel is
overheated to this extent it is usually recognizable as
I tburnt" _steel.

A final characteristic of structural carbon steels that is
as important to the question at hand as the others just
discussed is the change of strength as temp,erature is in
creased. Yield point decreases with any increase of tem
p.erature. Tensile strength increases a little as temperature
rIs~§ to about 400 o P, then it decreases and falls below the
atPbspheric temperature tensile 'strength at: 'all tempera
tqftes above 600 to 700°F. Modulus of elasticity is re
duced as temperature increases. Approximate values for
these properties of structural carbon steel at various tem
p:eratures, expressed as percentage of atmospheric temper~

ature properties are noted in Figure 2.

FIGURE l'

Modulus of
Elasticity

100%

95
85

80

70

50

After Heating to
1475°P and Fully

Quenching in IVater

53,000 to 77,000 psi
83,000 to 107,000 psi

15%

212 to 270

Tensile
Strength

100%

110

85

50
15
10

As Rolled

35,000 psi
63,000 psi

280/0

140

FIGURE 2

Yield
Strength

100%

90
60
50,

20

10

Yield point . . . .

Tensile strength

Elongation in 8"

Brinell hardness

T em perature

Atmospheric

400°F

800

1050

1300

1600

1v1'1'. Dill is Assistant to the President} Engineering Re
search) Anlericdn Bridge DivisioJl) U. S. Steel Corp.)
Pittsburgh) Pa.

A fire in a steel framed building or other ste'el structure
almost inevitably leaves a nightmarish assortment of
warped and crooked' steel and a question of how much
damage has been done to the strength of the steel.
T~e first thing necessary in developing an answer to

the question is to set it apart from the subject of pro
tecting steel from fire and from discussion of how to
stra~ghten warped and crooked steel. Means for pro
tecting steel from fire are thoroughly discussed and de
tailed in the American Institute of Steel Construction
booklet tlFire-Resistant Construction in Modern Steel~

Fralned Buildings." Methods, for straightening steel by
mechanical means, either in the shop or the field, are
well known in the fabricating industry. Straightening
with localized heating has been described in many articles
in the technical press and a particularly good presentation
of the subject was made by Mr. R. C. Stitt at the Insti
tute's 1952 National Engineering Conference.

The question, ttWhat does fire do to the strength of
structural steel?" invites a brief review of how heating
and cooling affect an as-rolled structural carbon steel such
as ASTM~A7 steel. Shapes and plates in the as-rolled
condition are the common material used in steel struc
tures. Such steel usually has some residual stresses ,in it
as a result of the rolling operation and final cooling.
Subsequent heating and cooling may reduce these' stresses
or maysimply.redistribute them. In either case they are
not generally given any special consideration in design
calculations.

Heating structural carbon steel to stress relieving tem~

peratures, 1100 to 1200°F, or to temperatures of 1500 to
1600°F, as in annealing or normalizing, and cooling it
slowly may reduce its as-rolled tensile strength and yield
point by as much as 5000 psi. These reductions of strength
are well recognized, both technic?lly and comm~rcially,

however, and usually do not affect design calculations.
Heating structural carbon steel to temperatu~es that are

into or above its transformation temperature range, 1300
to 1550°F, and rapidly cooling it, as by quenching it in
water, will of course harden it to some extent. Therehas
not been much information published about this, largely

,because of lack of interest in the subject, but some tests
have been made. Data from a few tests made with V8 and
% inch thick ASTM~A7 steel is provided in Figure 1.
Other ASTM-A7 steel might not harden as much as these
samples did. Very little of it would harden beyond the
higher values listed.



be attained but temperatures of 500 to 1300°F are prob
ably more common. Often the estimate of temperature
attained is influenced by the amount of distortion in the
steel without any realization that there is no correlation
between the two factors. It is not recognized that stresses
great enough to buckle the steel are developed at tempera
tures of only 250 0 P when the thermal expansion of the
steel is completely restrained. At higher temperatures
where expansion is greater and yield point is lower, even
less restraint of the expansion will create sufficient stress
to buckle the steel severely and permanently. The amount
of expansion at fire temperatures is often surprising, too.
It is an inch in each ten feet of length at 1100 0 P and it
is one percent of the length at a temperature of 1300°F.

The effects of loads that are on the steel while it is
hot· are usually more easily visualized than the effects of
stresses that are created by the expansion of the steel. It
is quite apparent that a beam designed to support its
loads at a stress of 20,000 psi will begin to sag when the
temperature reaches 1000°F and the yield strength of the
steel drops to perhaps 18,000 psi. In contrast to this, it
is only sections of low bending strength, like angles or
bars, or pieces that are heated to very high temperature
that truly sag by their own weight. Restraint of expansion

, and interaction from connected members are more pre
dominant causes of deformation of unloaded members.

Another cause of much of the distortion that is found
in steel that has been through a fire .is the unequal and
unsymmetrical heating that takes place. Mr. Stitt's pres
entation on straightening and forming by the use of
locally applied heat that was previously mentioned ex
plains the mechanisms by which the deformations are
developed. It is necessary here to add only the comment
that these deformations, like the development of buckling,
can occur at surprisingly low temperatures. Permanent
deformations can be developed by temperature differences
of as little as 450°F.

The cooling of steel from its fire temperatures is im
portant too. Much of it cools in air and some may be
cooled very slowly, as under a covering of hot debris.
Some of the steel, of course, may be cooled by the water
from fire hoses. This is spectacular cooling, but from a
metallurgical standpoint it is often much less drastic than
the water quenching that is used in heat treating and, of
course, it has no metallurgical effect if the steel is below
its transformation temperature when the water strikes it.
From a practical viewpoint, cooling by the water from fire
hoses usually leaves its mark by making the water cooled
pieces some of the most distorted pieces in the structure.
This becomes understandable when it is recalled that men
who do heat straightening like to use water spray or water
poured onto the steel to get sharp bends that are difficult
to obtain without such treatment.

The point of these several observations of what hap'
pens during a fire is to emphasize that very gross defor
mations of the steel take place under the influence of
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temperatures that are below the transformation tempera
tures of the steel and in the range where heating and
cooling rates have no appreciable metallurgical effect on
the steel. Large deformations are not in themselves evi
dence that the steel has been heated to high temperature.
They result from stresses imposed on the steel while it is
at reduced strength. The same kind of deformations
would result if comparable stresses were applied to the
steel while it was cooling from its final hot rolling.

Tests of structural carbon steel that has been severely
distorted in a fire offer some corroboration of this. There
have been many tests of steel that has been exposed to a
fire and the results of various tests do not differ greatly.
The data in Figure 3 is taken from samples representing
the most distorted beams and channels from a building
which suffered a fire during construction. The specimens
were from the webs of the sections; the usual test location.

Yield Tensile Elongation
Section Point Strength inS"

6" channel 33,250 57,700 23.6

6WF15.5 36,100 57,600 28.7

8BL13 . 33,450 53,250 25.4

10BL15 37,850 59,880 27.4

12120.7 36,200 62,600 27.0

12WF16.5 38,980 59,050 31.5
12\XTF31 40,450 62,900 28.8

16CB40 35,580 62,150 29.2

Average. 36,480 59,390 27.7

FIGURE 3

None of the yield points in these tests was below the
specification minimum of 33,000 psi. Only one of the
tensile strengths was as much as 10% below specification
requirements (60,000 psi). Even this probably would
not cause any concern to a designer who is basing the
factor of safety on yield point conditions. It may be noted
also that these were light sections which, because of nor
mally low finishing temperature in rolling, are generally
more vulnerable than heavier sections to loss of strength
by re-heating after rolling.

The conditions that result from very high temperatures
during a fire need some attention too. Unless there is
some protection from the atmosphere, any steel that has
been heated to a very high temperature will be very
heavily scaled and possibly eroded. Both of these actions
will reduce the cross-section of the material and their dam
age is easily evaluated by measurement. Grain coarsening
and severe oxidation that can result from high tempera
tures may be damaging to the steel also but these are
things that take time to develop. If they occur it is almost
certain that other conditions, such as severe distortion or
the loss of section from scaling or erosion, will already
have caused rejection of the steel as unfit for further use.

The question of whether steel has been hardened by
drastic cooling during a fire has been partly answered by
prior comments on temperatures attained, usual rates of



cooling and information about the response of structural
carbon steel to drastic cooling. One further comment can
be offered. That is that hardness testing with a portable
Brinell hardness tester can quickly resolve any doubts
that may exist after the various other means of judging
the steel have been applied. Hardness tests can, of
course, pick out steel that may have been unduly softened
by the fire as well as that which may have been hardened.
ASTM-A7 steel is expected to have Brinell hardness in
the range of 120 to 180. Hardness measured after the
steel has been in a fire that are below 100 or above 200
would be warnings that the material under examination
needs more scrutiny before it may be continued in service.

Connections have not been given any separate consid
eration in this discussion, because the material in connec
tions is subject to all the phenomena that have been
reviewed. The greatest effect of a fire as far as connections
are concerned is the overstress that it imposes on them.
This often loosens rivets or bolts and makes their replace
ment necessary. In welded connections it makes careful
inspection necessary to make sure that no welds have
fractured as a result of excessive stresses.

Conclusions

The conclusions from these various considerations of
the effects of fire on structural 'carbon steel are that even
though the fire will almost certainly warp and twist the
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steel, it does not inevitably follow that the strength of the
steel is reduced. It is almost certain that any steel which
has been heated hot enough to undergo damaging grain
coarsening or which has been cooled rapidly enough to
harden it will be so badly distorted that it would have no
consideration for re-use anyway. This leads to a general
statement that:

Steel which has been through a fire but which can
be made dimensionally re-usable by straightening with
the methods that are available may be continued in use
with full expectance of performance in accordance with
its specified mechanical properties.

If this rule needs further support it may be found in the
observation that straightening operations themselves are
tests of the strength and ductility of the steel.

Discussion
(Q) S. CLARK, AISC: Does the heavy scale (which

you described as possibly being accompanied by grain
growth) have a distinctive color? If not, how can it be
identified?

(A) DILL: The scale would normally be dark grey to
black, but it often picks up coloring from surrounding
materials. Its color is not particularly significant. The
thickness of the scale and the pitting that would be with
it, indicating what the blacksmith would identify as
Itburnt" steel, are the warning signs.



Steel Framed Houses in the West
5 A M U E L H. C L ARK

It is a pretty safe bet that nearly everyone is interested
in the design of houses. Unless you happen to live in an
apartment or in a tent, this must apply to everyone who
needs shelter. If youJre not interested in the design of
houses, most likely your wife is. Houses with steel frames
are becoming increasingly important in these United
States. When I chose the title, ttSteel Framed Houses
in the West," I had not anticipated the number of ex
amples I could find East of the Mississippi. It looks as if
everything is included in the term uWest'J except the
State of Maine, and that would be Down East to a
Bostonian. I hope to give you some good reasons why
steel framed houses are important and then I would like
to show some examples of how they are ,~being built.

The importance of steel framed design for houses cer
tainly is something of interest to owners or prospective
owners. Architects are also interested-so are general
contractors or builders. So are steel fabricators and so,
last of all, are lending institutions.

Excluding, perhaps, people who are not interested in
contemporary houses or contemporary living, or who are
not interested in quality construction in a residence, I
feel sure that almost everyone is interested in steel framed
houses.

Owners Like Steel Framed Houses

Whether it's an impossible site on a steep hillside that
makes it hard to develop the lot, or whether it's a desire
for a long overhang on the roof, a steel framed house
offers a solution which many owners have accepted with
enthusiasm. The use of large amounts of glass for mod
ern nindoor~outdoorJJ living leads to more and more re
quirements for high strength and light crisp appearance.
Here is where steel framing has it allover the com
petition..

One big consideration that impresses home owners is
the cost of maintaining their new house. In this question
steel framed houses pay dividends over the years. Prob
lems of patching of plaster where warped timber beams
have opened up cracks and the costs of termite protection
all are eliminated when" steel framing is used. Steel fram
ing will not burn. This is a factor to be considered when
thinking of fire insurance rates and the loan value of a
home. Having a house with incombustible framing pro
vides a measure of safety and security worth a great deal
to a home owner.

One of the active companies in promoting the use of
steel framing in residential construction has been Bethle
hem Steel Company. They recently received a deluge of

lVI1'. Clark is District Engineer) Anzerican Institllte of Steel
Constrtlction} San Francisco} Calif.
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letters about a series of advertisements in West Coast
newspapers. Among the comments in some of the letters
are the following quotations: t'We are planning on doing
some remodeling on our home. Headers are needed for the
sliding glass doors SO will appreciate your free booklet." Ul

am planning to build a home and your ad in the Tribune
interests me." ulf it is possible I would like you to send
me a list of builders who use steel as their chief con
struction material for homes." It I have been interested
in building a steel house and saw one in the San Diego
Union Daily." ttl am planning to build a home on a steep
hillside lot. Saw your advertising on steel framing and
its advantages." ltA list of architects designing for steel
framing would also be greatly appreciated." (tWill you
please send us some interesting examples of how and why
architects and builders are at long last awakening to the
fact that more steel should be used in the construction of
a good house. They are undoubtedly 'learning this from
home owners who, like ourselves, have found that wood
joists, even at 12" on centers, cannot carry the load of a
second story without additional cross support of the steel
I beam." ((After a recent experience with pests and
water damage to the framing of some real estate of mine,
1 find myself quite receptive to suggestions for a more
permanent type of construction."

Architects Like to Design in Steel

Many architects have found that the use of steel fram
ing frees the design of a house. The possibilities are
widened for use of long interior spans, curtain walls, such
things as hillside platforms, or even anchored cantilevers.
The advantages of wide open feeling toward the designer
can be achieved with steel framing to an extent not pos
sible with other material. The Ulight lookJJ is desirable
in many cases and can be attained most easily with steel.
The use of modular design lends itself to the prefabrica
tion techniques of steel framing also. Possibilities of
welded frames and more clean-cut details and connections
open up the use of exposed framing and give the archi
tect a new medium of expressing the most graceful and
suitable finish detail he might conceive. A great amount
of flexibility is possible in enclosing space with different
shapes of buildings and a precise appearance of framing
is also desirable in many cases.

Engineers Are Enthusiastic About Steel Framing

Foundation problems on steep sloping sites can be
solved more easily with steel framing, whether it is a
house or an apartment, than with other types of design.
With the nwide open spaces" rapidly disappearing in
many cities, the most abundant remaining property seems
to all be on marginal steep hillsides. Access to these sites



is difficult and conventional continuous wall footings
with stud wall underpinnings become extremely expen
sive when added to the large amounts of earth work.
For these reasons, and also because of dangerous possible
slides in many locations, the use of steel frame underpin
nings on a steep hillside lot has been on the increase. One
engineer tells me that this design has made the difference
between being able to build or not being able to use a
given steep lot when the lighter weight and more eco
nomical steel framing can be used. A builder in Alameda
County, California has laid out many lots for steel fram
ing based on a design which involves drilled in place
concrete piling and a minimum of earth work. On top of
this is erected the steel frame.

Steel frame underpinnings do not necessarily have to
go on steep lots either. The Watson Foundation Com
pany in Fort Worth, Texas has conceived an innovation
which uses steel framing on concrete caissons on level
ground. In this case, the elimination of wall cracks due
to settlement and problems of movement of the subsoil
due to freezing, thawing and changing of moisture con
tent were all solved by the use of steel framing and these
concrete caissons which extend down to bedrock. Ac
tually, there is nothing new about these principles or
ideas for larger buildings. They are only new in their
application to residential construction.

The ability to take care of lateral loads by means of
rigid frame design and not by shear walls is another ad
vantage of steel framing in houses. This idea, of course,
is used in many commercial and industrial buildings also.
It is interesting to note that· one of the foremost research
experts on earthquake vibrations, Ptofessor Lydak Jacob
sen at Stanford University, is just now having a new
steel framed house designed for his own.

There is no need to dwell on the possibilities of longer
spans with steel, on the shallower depths of structural
framing in a roof or on the efficient use of material and
strong connections with a more resilient integrated frame
work. These advantages of steel ovet other materials are
well known to all of you here, t'm sure.

General Contractors and Builders
Like to Work With Steel

The fact that the basic material is a manufactured item
holds many advantages for a general contractor or a
builder when steel framing is used. This basic stock ma
terial is fabricated in a shop away from the building site
so that the builder has only to schedule the relatively short
erection period to coordinate with the work of other
trades. This reduces on-site labor and provides a basic
framework from which to work. In addition to this the
builder immediately has a platform to work on when the
structural frame is erected on a steep hillside.

Fabricators Are Interested in Steel Framed Houses

Many smaller fabricators are recognizing that this is a
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possibility of a new market for their steel framing. Cer
tainly there are many shops who would not be interested,
but the fact that I am speaking here today is evidence that
some shops are impressed with the importance of the
steel framed house. The development of such a market
will admittedly take some careful planning and a great
deal n10re time and effort and expense than has already
been put forth.

Lending Agencies Are Interested in
Steel Framed Houses

The banks or savings and loan companies or insurance
companies who are underwriting new custom built houses
cannot help but be impressed by the facts. Here is a ma
terial which will not be subject to termite or rodent at
tacks, that will not support combustion,' that has stability
and does not change properties with time, will not warp,
check, shrink, r<:>,,~ or tire. As a matter of fact, inquiries
have come from several banks and savings and loan
companies to Bethlehem Steel Company in San Francisco
about their advertisements for steel framed houses.

Even though it means nbreaking with tradition" in
house design, many of the more forward lending agencies
have recognized the basic advantages of steel framed
houses. One of the prime considerations in making loans
is to make sure the house does not slide away in the event
of a bad rainstorm. Steel framing with a minimum of
earth work on a steep hillside offers an answer to this.
A photograph I have seen shows a mud slide extending
through the steel framing and the underpinning of a
house in the Los Angeles area. The house remained firm
but the slide went through.

Examples

Now I would like to show some of the recent ex
amples which illustrate some of the advantages of steel
framing in houses.

Figures 1 and 2 show a steel framed family retreat,

FIGURE 1



FIGURE 2

designed for H. D. Bartlett and his son, Paul, of Fresno,
California by Architect David Thorne of Berkeley. This
two bedroom, fully equipped home, is located an hour
and a half's drive from Fresno in the Huntington Lake
area and provides a striking contrast to its natural sur
roundings. To set the house securely on this rocky pOInt
where a view of the entire valley is visible over the tree
tops, the architect used a steel frame to carryall structural
loads of the house and open up the interior to take full
advantage of the view. Only one small cedar tree was
removed to set the foundation. The entire 1200 it. floor
area is carried on two steel beams, 60 ft. long, supported
at two points over concrete pylons keyed into rocks.
These 16 WF 36 beams cantilever the rectangular shell
of the house 12 ft. in each direction. Floor and roof
areas of the house are framed with six steel bents or
frames composed of 5 WF 16 columns and 8B15 beams
spanning 17ft. with a 5Y2 ft. cantilever over each col
umn. Interior paneling in the living room is book
matched panels of teak. The floor is white vinyl tile.
The deck was cradled between inverted frames composed

FIGURE 3

83

of 8B15 sections and 4 WF 13 columns. These short
columns serve as railing posts for 2 x 2 square steel
tubing. On one side of the house a circular steel stairway
serves as access for the flat roof portion of the house,
which is used as a sun deck in summer. Instead of pulling
out or destroying the natural growth, Thorne built deck
areas and overhangs around existing trees. An opening
in the roof overhang permits a small cedar to grow up
through the roof line.

Architect Raphael Soriano solved a hillside site prob
lem with an award winning steel framed house (Fig. 3)
for the McCauley family in Mill Valley, California.
Natural foliage and magni.ficent trees were preserved, and
glass walls and doors dramatize the hillside view. The
home, built over a steep site, utilizes a steel ftame every
10ft. The clean, crisp lines of the steel are painted a
warm col~,~ giving emphasis to the modular design and a
carefree 'elegance to the structure. Folding doors sup
ported by steel frames can be opened to give additional
floor area off the living room.

Architect David Thorne added a splash of the spectacu
lar to this home on a bluff in EI Cerrito, California (Fig.
4). Taking full advantage of the lot's view possibilities
he designed the living room kitchen wing of the house
with an 8 ft. cantilever over the steepest portion of the
lot. Main support of the roof is rendered by four steel
carrier beams spanning 72 ft. between concrete block.
shear columns. Glass non-bearing curtains walls on three

FIGURE 4



sides enhance the view by offering a 180 degree pano
rama. This is without any pillar or wall obstructions. The
overhang achieves an 11 ft. cantilever to screen the area
from daytime sun.

Rigid connections as strong as the steel members them
selves provide thinness of line and a crisp elegance to this
design for the Fields family by Craig Ellwood of Los
Angeles (Fig. 5). The steel framework is composed of
tubing in two sizes. It is all welded. Connections are
precise and clean. Modular arrangement was worked out
so that prefabricated panel units could be installed as well
as door units, windows and jalousies.

FIGURE 5

The Whelan house (Fig. 6) In Menlo Park, Cali
fornia, shows how adobe bricks can be used with steel
framing to achieve both an interior and exterior finish
surface for the walls at the same time. The design was
by Donald Knorr.

FIGURE 6

Figure 7 illustrates a home on one of those llirnpos_
sible" lots in Sausalito, California, just north of San
Francisco. Engineer John Brown says, llUsing the steel
frame solved the costly problem of underpinning the
house to elevate it to street level and the shorter time
required for the steel work made the overall cost of the
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FIGURE 7

hOUle lower." This 2200 sq. ft. house was built for archi
tect Hoop's own family for $24,000.

A good two story house is hard to find these days, ac
cording to nBetter Homes and Gardens." This home for
the Leon Grassier family (Fig. 8) won the magazine's
5 star award in 1958. Steel framing was used. Location,
Lexington, Massachusetts.

FIGURE 8

The completely modern house shown 'in Figure 9 was
described in Look Magazine, March 15, 1960. It is
located in Rye, New York, and was designed by Ulrich
Franzen for the George Weissman family. To quote the
owner, ltlt turned out so great, I nearly forgot the mort
gage." This' home has a steel frame.

Steelwork was left exposed throughout the award win
ning W. C. Bailey home in Los Angeles (Fig. 10). With
a steel frame, Architect Pierre Koenig kept his interior
plan completely open. This divider wall separates built
in kitchen utilities from the living room. Floor is white



FIGURE 9

vinyl tile and walls have vinyl paint. Structural steel is
painted charcoal black. Furnishings repeat this theme in
stainless steel, black leather and soft-toned eggshell
carpet.

FIGURE 10

Architects Johnson & Hawley, A.LA., of Palo Alto left
the steelwork exposed in the living room of this home
for partner Milton Johnson (Fig. 11). Glass panels
close space between partition wall separating kitchen
and give visual depth to the span of steel.

Architect David Thorne lifted 3,000 sq. ft. of house
on five fingers of steel to transform a huge rock into a
view lot in the Oakland, California hills (Fig. 12).
Jazz pianist Dave Brubeck, his wife and four children,
have privacy, isolation both for jam sessions and the needs
of a nursery, plus plenty of safe deck space as play area
for the children. The structure has the appearance of
growing from solid rock, yet its spectacular cantilever
gives an impression of soaring eloquence.
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FIGURE 11

FIGURE 12



Registration List

COMPANY CITY INDIVIDUAL

ACORN IRON WORKS, INC. . Detroit, Mich. ROBERT D. SALLEN
ALLEN STEEL COMPANY Salt Lake City, Utah ROBE,~T B. ALLEN

Sal,t Lake City, Utah VERNON BRADY
Salt Lake City, Utah W. C. HOWE, JR.
Salt Lake City, Utah ROBERT W. TRAXLER

ALLIED STRUCTURAL STEEL COMPANIES
MIDLAND STRUCTURAL STEEL CORP. Hammond, Ind. E.C.BROCKE

Hammond, Ind. R. S. CLARK
ALLISON STEEL MANUFACTURING Co. Phoenix, Ariz. J. AUGUST RAU
AMERICAN BRIDGE DIVISION-U. S. STEEL CORP. Birmingham, Ala. G. P. WILLOUGHBY

Chicago, Ill. W. K. MCGRATH
Denver, Colo. R.A.ELK
Denver, Colo. W. R. HOLMSTROM
Los Angeles, Calif. G. P. WILLARD
New York, N. Y. C. I. ORR
Orange, Texas O. H. LEBLANC
Pittsburgh, Pa. K. D. CUNNINGHAM
Pittsburgh, Pa. O. C. DIEHL
Pittsburgh, Pa. F. H. DILL
Pittsburgh, Pa. F. K. GOODELL
Pittsburgh, Pa. A. S. MARVIN
Pittsbul'gh, Pa. R.A.SHAW
Pittsburgh, Pa. R. G. WALLIN

AMERICAN SMELTING & REFINING Co. Denver, Colo. R. D. THOMAS
ANDERSEN & KOERWITZ Denver, Colo. R. A. ANDERSEN

Denver, Colo. L. C. KOERWI'IZ
ARKANSAS FOUNDRY COMPANY Little Rock, Ark. HAROLD ENGSTROM

Little Rock, Ark. ROBERT F. OATES
ARKANSAS STATE HIGHWAY DEPART1vfENT Little Rock, Ark. W. E. ROWND
ARKANSAS, UNIVERSITY OF Fayetteville, Ark -PROF. C. W. YANTES
ATCHISON KLOUERSTROM D,enver, Colo. D. A. KLOUERSTROM
AUSTIN BROTHERS STEEL CO. Dallas, Texas ARMO BASSE
BAKER & COMPANY, HUGH J. Indianapolis, Ind. L.G.BROCK

Indianapolis, Ind. WM. KaSSEBAuM
BELMONT IRON WORKS, ,_THE Philadelphia, Pa. WM. E. HENDRICKS

, ~. ~

BETHLEHEM FABRICATORS, INC. Bethlehem, Pa. ERNEST O. GERLACH
.' BETHLEHEM STEEL COMPANY Bethlehem, Pa. KARL DEVRIES

Bethlehem, Pa. W. H. JAMESON
Bethlehem, Pa. JOHN R. LEeRON
Bethlehem, Pa. R. E. WILMOT
Chicago, Ill. L. D. HERB
Chicago, Ill. T. W. SPILMAN

BETHLEHEM STEEL COMPANY
PACIFIC COAST DIVISION Alameda, Calif. W. E. EDWARDS

Torrance, Calif. R. W. BINDER
Torrance, Calif. L. A.NAPPER

BINGHAMTON STEEL & FABRICATING CO., INC. Binghamton, N. Y. JEROME A. PATTERSON
BOLAND, HENRY J. Denver, Colo.
BUELL, & CO., T. H. Denver, Colo. W. WEAVER
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REGISTRATION LIST

COlvIPANY

BUILDERS STEEL COMPANY

BURKHARDT STEEL COMPANY

BUTLER MANUFACTURING COMPANY

CALIFORNIA DEPARTMENT OF PUBLIC WORKS

CALIFORNIA, UNIVERSITY OF

CAlvIPBELL STEEL COMPANY .

CANADIAN INSTITUTE OF STEEL CONSTRUCTION, INC.

CAPITOL STE-EL & IRON COMPANY

CAROLINA STEEL CORPORATION .

CHURCHMAN CO., INC., M. S.

COLORADO BUILDERS SUPPLY CO., THE

COLORADO DEPARTMENT OF HIGHWAYS

COLORADO FUEL & IRON CORP.

COLORADO SCHOOL OF MINES

COLORADO, UNIVERSITY OF

COLORADO STATE, UNIVERSITY OF

COLUMBIA GENEVA STEEL DIVISION, U. S. STEEL CORP.

CONCRETE STEEL CORPORATION .

DENVER & RIO GRAND WESTERN R.R. CO.

DAVE STEEL CORP.

DELANEY, C. S.

DENVER 'BOARD OF EDUCATION

DENVER STEEL & IRON WORKS CO.

CITY

. No. Kansas City, Mo.
No. Kansas City, Mo.
No. Ka~sas City, Mo.

. Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Kansas City, Mo.
Kansas City, Mo.
Sacramento, Calif.
Berkeley, Calif.
San Antonio,. Texas
San Antonio, Texas
San Antonio, Texas
Montreal, Canada
Toronto, Canada .
Toronto, Canada.
Vancouver, B. C., Canada
Oklahoma City, Okla.
Oklahoma City, Okla.
Greensboro, N. C.
Indianapolis, Ind.
Denver Colo.
Denver Colo.
Denver Colo.
Denver Colo.
Pueblo, Colo.
Pueblo, Colo.
Golden, Colo.
Boulder, Colo.
Boulder, Colo.
Fort Collins, Colo.
Fort Collins, Colo.
Fort Collins, Colo.
Denver, Colo.
Detroit, Mich.
,Dettoit, Mich.
Denver, Colo.
Lebanon, Ohio
D'enver, Colo.
Denver, Colo.
Denver, Colo.
D'enver, Colo.
Denver, Colo.
D'enver, Colo.
Denver, Colo.
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I NDIVIDU AL

R.T.BRUCE

GORDON FINCH

A. W. TEMPLIN

ALVIN BAUMGARTEL

· ED D'AMICO

C. W. FISCHER, JR.

J. D. HORGAN

· WALTER E. HOUGHTON

H. P. KRAPP

· DUANE T. MOLTHOP

· PETER MOLTHOP

· WM. D. POTTER

· ]. E. ROWLAND

]. C. SCHREINER

· H. L. WELSH

· ED WOLFE

HAROLD G. SIMPSON

BRYANT W. SPARKS

ARTHUR L. ELLIOTT

PROF. BORIS BRESLE

R. TRENT CAMPBELL

Roy D. SPRAGUE

· EUGENE E. STOCKING

R. E. DAVID

· D. L. TARLTON

D. K. TURNER

]. WHEELER

A. F. HANSMAN

]. A. HEAGY, JR.

MAXON H. KING

· MARVIN FERGUSON

· M. W. JACKSON

· A. D. NEWBOLD

A. ZULIAN

]. R. CATEN

J. SHANK

H. H. STRACY

]. S. JOHNSTONE

C. H. BOWES

· ]. CHINN

J. W. N. FEAD

J. R. GOODMAN

R. W.HAYMAN

H. A. ARCHER

· WM.RoSE

FRED HIRTZEL

A. G. CUDWORTH

CHARLES M. HACKER

]. LINGER

· G. R. MILLER

M. L. DYE

D. F. GUELL

S. SKALICKY

· J. G. WILSON

H. H. WOLLESON



COMPANY

REGISTRATION LIST

CITY INDIVIDUAL

DENVER, UNIVERSITY OF ,

DIETRICH BROTHERS, INC.

DOLLINGER, JR., INC., JOHN

ELKHART BRIDGE & IRON CO., THE

FLINT STEEL CORPORATION

FLORIDA STEEL CORPORATION

FORBATH, E. F. .

FORT PITT BRIDGE WORKS

GARVER & GARVER, INC.

GATE CITY STEEL, INC.

GATES RUBBER COMPANY .

GENERAL STEEL COMPANY

GOLDEN GATE IRON WORKS, INC.

GRAND IRON WORKS, INC.

GREGORY INDUSTRIES, INC.

GROISSER & SHLAGER IRON WORKS

GUIBERT STEEL COMPANY

HARTLEY BOILER WORKS, INC.

HASSENSTEIN. STEEL COMPANY

HAYEN-BuSCH COMPANY

ILLINOIS, UNIVERSITY OF

INDIANA BRIDGE COMPANY, INC.

INDUSTRIAL STEEL PRODUCTS CO., INC.

INTERNATIONAL STEEL COMPANY

IOWA STATE UNIVERSITY

JOHNSON & VOlLAND .

JOHNSON, CLIFFORD & Assoc.

JOHNSON, ]. H. ASSOCIATES ARCH.

JONES & LAUGHLIN STEEL CORPORATION·

JUDSON PACIFIC-MURPHY CORPORATION

DIVISION YUBA CONSOLIDATED INDUSTRIES, INC.

KAISER STEEL CORPORATION.

D,enver, Colo.
D'enver, Colo.
Denver, Colo.
Denver, Colo.
Baltimore, Md.
Baltimore, Md.

Baltimore, Md.
Baltimore, Md.
Beaumont, Texas
Beaumont, Texas
Elkhart, Ind.

Tulsa, Okla.

Tulsa, Okla.

Tampa, Fla.
Rifle, Colo.
Pittsburgh, Pa.

Pittsburgh, Pa.

Pittsburgh, Pa.

Little Rock, Ark.

Boise, Idaho
Omaha, Neb..
Wheatridge, Colo.
Denver Colo.
Fort Worth, Texas
Fort Worth, Texas
San Francisco, Calif.
New York, N. Y.
Lorain, Ohio
Lorain, Ohio
Somerville, Mass.

Pittsburgh, Pa.

Montgomery, Ala.

Sioux Falls, S. D.

Grandville, Mich.
Grandville, Mich.
Urbana, Ill.
Muncie, Ind.
Muncie, Ind.

Shreveport, La.
Evansville, Ind.

Evansville, Iod.

Evansville, Ind.

Evansville, Ind.

Ames, Iowa
Ames, Iowa
Denver, Colo.
Denver, Colo.
Denver, Colo.
Denver, Colo.
Pittsburgh, Pa.

Emeryville, Calif.
. los Angeles, Calif.

Oakland, Calif.
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· D. A. DAY

· ]. R. ORRIS

W.H. PARKS

B. WYLIE

· H. BUCKLEY DIETRICH

H. W. DIETRICH, JR.

EDWARD J. KLAUENBERG

LLOYD E. LECOMPTE

C. R. DOLLINGER

· H. SILVER1vfAN

F. E. MILLER

C. B. GANNaWAY, JR.

· O. B. PEDERSON

GEORGE KARRAN

C. K. BUELL, JR.

J. A. DONNELLY

F.E.EBERLE

MARK GARVER

J. D. GRIFFITHS

H. G. VOLLMER

D. E. GELL

C.A.PAYNE

DOYLE E. MILLER

HERBERTG. WALKER, JR.

ARTHUR HOFFMAN

S. D. KAPELSOHN

ltOBERT C. FRIEDLY

ROBERT C. SINGLETON

A. E. SHLAGER

O. E. GUIBERT, JR.

EARL C. GREEN, JR.

HOWARD T. CASHMAN

JOHN H. BUSCH

· KENNETH M. S\VEERS

PROF. E. H. GAYLORD

H.E.WRAY

G. C. BIRT

JOE L. DAVIS, III

LINTON B. BURR

FRED DULL

JAMES B. IGLEHEART

JOHN KOCH

DR. CARL E. ECKBERG

PROF. DAVID A. VANHORN

R. H. VOlLAND

C. JOHNSON

P. A. Upp

]. H. JOHNSON

A. F. WEISE

]. PHILIP MURPHY

ALVARO L. COLLIN

E. R. BABYLON



COMPANY

REGISTRATION LIST

CITY INDIVIDUAL

KANSAS CIlY STRUCTURAL STEEL COMPANY

KANSAS, UNIVERSITY OF

KETCHUM, KONKEL & HASTINGS

KLINE IRON & STEEL CO., THE

LAKESIDE BRIDGE & STEEL CO.

LAMSON & SESSIONS CO., THE

LECKENBY STRUCTURAL STEEL CO.

LEHIGH CONSTRUCTION CO.

LEHIGH STRUCTURAL STEEL COMPANY
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