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CHAPTER I

INTRODUCTION

The James F. Lincoln Arc Welding Foundation

Since its creation in 1936, The James F. Lincoln Arc Welding

Foundation has been devoted to its object and purpose as stated

in the Deed of Trust, "to encourage and stimulate scientific interest

in, and scientific study, research and education in respect of, the

development of the arc welding industry through advance in the

knov^ledge of design and practical application of the arc v^elding

process".

The activities of the Foundation have included along v^ith other

valuable projects, the sponsorship of many programs of various

kinds. Among some of the more recent programs have been three

that w^ere intentionally limited to the designs of wielded highv^ay

bridges. The first tw^o, entitled "Welded Bridges of the Future",

were conducted in 1949 and 1950 respectively. The third, entitled

"Welded Bridges for Steel Conservation", was sponsored in 1952.

The Foundation has provided funds to many libraries for the

purchase of books on welding and, consistently, the Trustees of

the Foundation have approved the publication of a number of books

on welding. "Welded Deck Highway Bridges" was published to

make available the more valuable information from the 1949
Award Program and accordingly, "Welded Highway Bridge

Design" for the 1950 Award Program. This book presents selected

material from some of the designs of the 1952 Award Program.
The Trustees and Officers of the Foundation are:

Trustees

:

E. E. Dreese, Chairman, Columbus, Ohio
H. R. Harris, Cleveland, Ohio
T. V. Koykka, Cleveland, Ohio
Officers

:

A. F. Davis, Secretary, Cleveland, Ohio
C. G. Herbruck, Assistant Secretary, Cleveland, Ohio

The Award Programs for Design of Bridges

All three bridge programs have been directed toward the task

of encouraging and stimulating structural engineers to design

welded bridges that will cost less and save steel. The first two
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programs stressed the item of low cost, but this 1952 program

had as its primary objective the design of bridges requiring less steel.

The 1949 and 1950 programs were alike in that each specified a

definite span, width, and loading for the bridge designs entered.

The 1949 program concerned structures described as follows: "A
two-lane deck highway bridge supported on two end piers 120

feet apart, centerline to centerline of bearings." The 1950 program

gave the following description for the bridges: "A Two-Lane
Through Highway Bridge With a Span of 250 Feet." Both programs

specified a roadway width of 26 feet between the inside faces of

the curbs and an H 20-44 loading.

This 1952 Award Program did not limit the span or width of the

bridges in the entries; however, it did require two highway bridge

designs—one called Exhibit A and the other. Exhibit B. These

were described in the Rules and Conditions as follows:

"Exhibit A shall be a design of a modern riveted highway bridge,

either a new original design or one of a bridge recently built or

designed. If Exhibit A is for a bridge already built or designed,

it does not have to be a design of the participant. It may be the

design of another engineer, group of engineers, or department,

provided the participant has the proper permisison to use it in

this Program.

"Exhibit B shall be an all-welded design of a highway bridge

prepared by the participant within the period of the competition.

"Both Exhibit A and Exhibit B must be designed for the same
span (or spans if continuous), for the same loading conditions

(including similar type of floor), for the same number of lanes

which must be two or more, of similar structural types and general

outline and dimensions, and in compliance with Specifications of

this Program. The span (or spans if continuous), highway loading,

and type of structure for the entry are not restricted except that the

conditions for Exhibit A and Exhibit B must be the same."

With such a classification for the bridge, each participant was
allowed to select the type he wished to present. His riveted bridge

was to be as light in weight as the design specifications permitted,

therefore, his welded bridge, designed to perform the same services,

would show the weight-saving advantages accruing from the welded

design.

In order that the entries would be in accordance with common
bridge design practice, both exhibits were limited to the use of

shapes and sizes of material that were currently available. Also,

both were to comply with the Specifications of the Rules and
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Conditions

:

"Inasmuch as Exhibit A and Exhibit B cover bridges of similar

structural types designed for the same span (or spans if continuous)

and the same highway loading, the substructure for each would be

essentially the same. Therefore, the design of the substructure is

not included in this competition, but the participant shall show the

outline of its upper parts (or other parts to which the superstructure

is attached) in the general drawings (plans, sections, and elevations)

of the superstructure.

"A floor (curbs and railings) which serves only as such and does

not participate otherwise in the strength of the bridge need be

designed only so far as is necessary to indicate the dimensions from

which the gross weight is determined. A floor (curbs and railings)

which is designed to contribute otherwise to the strength of the

bridge shall be designed in sufficient detail to indicate the extent

and manner of its participation.

"If Exhibit B has a participating floor, Exhibit A must have a

floor that participates in a similar manner (if such a floor would
'save weight). However, if Exhibit A is the design of a bridge that

already has been built without a participating floor, the exhibitor

shall include the calculations necessary to show the net amount of

steel that could have been saved if the bridge had been designed

with a participating floor similar to the one he uses in Exhibit B.

"If a participating floor does not save weight for Exhibit A and
if Exhibit B has a participating floor, then Exhibit B having a

participating floor shall be compared with Exhibit A having a floor

that does not participate.

"The bridge shall be designed for either ASTM A 7-46 steel or

ASTM A 242-46 steel. If a participant uses ASTM A 242-46 steel,

it will be assumed that the fabricator will obtain a steel meeting this

specification that is weldable. Exhibit A and Exhibit B must use

the same steel and both exhibits must utilize only the shapes and
sizes that are currently available. Shapes and sizes as shown in

Manual of the American Institute of Steel Construction, Fifth

Edition, will be considered currently available for the purpose of

this Program.

"For information and guidance, the participants should refer to

the 1949 edition of the American Association of State Highway
Officials Standard Specifications for Highway Bridges and the 1947
edition of the Standard Specifications for Welded Highway and
Railway Bridges of the American Welding Society.

"For Exhibit A and Exhibit B, the article numbers (of the Ameri-
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can Association of State Highway Officials Specifications) shown in

parentheses below are to be considered as an integral part of the

Specifications of this Program.

FOR EXHIBIT A
Clearances (3.1.8)

Dead Load (3.2.2)

Highway Loading (3.2.5 to 3.2.9 incl.)

Impact (3.2.12)

Longitudinal Forces (3.2.13)

Wind Loads (3.2.14)

Thermal Forces (3.2.15)

Distribution of Loads (3.3.1, 3.3.2, 3.3.5)

Unit Stresses (3.4.1 to 3.4.7 inclusive, 3.4.9, 3.4.10)

Structural Steel Design (3.6.2 to 3.6.53 inclusive, and 3.6.56

to 3.6.106 inclusive)

FOR EXHIBIT B

Except that welding is permitted for all structural members,

the above specifications for Exhibit A shall apply. The allow-

able unit stresses for effective area of weld shall be as given

in the American Welding Society's Standard Specifications

for Welded Highway and Railway Bridges, 1947. If a par-

ticipant uses ASTM A 242-46 steel, it will be assumed for the

purpose of this Program that Part II of Section 2 of these

welding specifications applies to ASTM A 242-46 steel, except

that the values given there in Table I for members connected

by fillet or plug welds shall be as shown, but the values given

there in Table I for members connected by butt welds may
be increased by the ratio of the base stress for A 242 steel to

the base stress for A 7 steel.

The Jury of Award, in rating the merits of entries, gave considera-

tion to the quality of the design of both Exhibit A and Exhibit B,

to the proportionate steel savings of Exhibit B as compared with

Exhibit A, and the comparative total cost including erection.

The Rules Committee consisted of the following men:

James G. Clark, Chairman
Professor of Civil Engineering

University of Illinois

Urbana, Illinois



AWARD PROGRAMS

E. E. Dreese

Chairman, Board of Trustees, Lincoln Foundation

Chairman, Department of Electrical Engineering

The Ohio State University

Columbus, Ohio

Charles E. Andrew
Chief Consulting Engineer

Washington Toll Bridge Authority

Olympia, Washington

Raymond Archibald

Chairman, Bridge Committee, AASHO
U. S. Bureau of Public Roads

1270 Flood Building

San Francisco, California

R. N. BergendofI

Consulting Engineer

Howard, Needles, Tammen & Bergendofl

1805 Grand Ave.

Kansas City, Missouri

Harry C. Boardman
Director of Research

Chicago Bridge and Iron Company
Chicago, Illinois

H. W. Brinkman
Vice President & Chief Engineer

Phoenix Bridge Company
Phoenixville, Pennsylvania

E. S. Elcock

Bridge Engineer

State Highway Commission
Topeka, Kansas

N. B. Garver

Consultant

Arkansas State Highway Department
Little Rock, Arkansas
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Morris Goodkind

Director and Chief Bridge Engineer '

State Highway Department

Trenton, New Jersey

Shortridge Hardesty

Consulting Engineer

Hardesty and Hanover

loi Park Avenue

New York, New York

John I. Parcel

Consulting Engineer

Sverdrup & Parcel, Inc.

1118 Syndicate Trust Building

St. Louis, Missouri

Thomas C. Shedd

Professor of Structural Engineering

University of Illinois

Urbana, Illinois

C. Earl Webb
Chief Engineer

American Bridge Company

Pittsburgh, Pennsylvania

John F. Willis

Engineer of Bridges & Structures

State Highway Department

Hartford, Connecticut

The Jury of Award was composed of five members of the Rules

Committee, plus Messrs. Erickson and Hanson.

James G. Clark, Chairman

H. W. Brinkman

E. E. Dreese
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E. L. Erickson

Chief, Bridge Branch

Bureau of PubUc Roads

Washington, D. C.

N. B. Garver

W. E. Hanson

Engineer of Bridge and Traffic Structures

IlHnois Division of Highways

Springfield, IlHnois

Thomas C. Shedd

The 7952 Awards

Each paper submitted was examined by every member of this

Jury before the entire membership of the jury started their meetings

to study and discuss the papers as a group. This method of judging

was consistent with the extreme precautions taken by the Officers

of the Foundation to assure that each exhibit should receive fair

and proper consideration as well as confidential handling.

The authors of the thirteen entries which received awards were

paid a total of $16,100. A list of the award winners with a very

brief description of each bridge is as follows:

First Award—,^7267

Elwyn H. King, 2463 Vuelta Grande, Long Beach 15, Califor-

nia. Design—A sev^n span deck girder bridge composed of

cantilevers with suspended spans. Total length—^^762 ft. Two -

36 ft. roadways, each supported on 5 lines of girders. Welded
bridge uses 24 per cent less steel.

Second Award—1>^(>^$

Kiser E. Dumbauld, 1844 Chatfield Road, Columbus 12, Ohio.

Design—^An eight span deck girder bridge having a total length

of 798 ft. Two - 26 ft. roadways, two - 6 ft. sidewalks and a

4 ft. median. Ten lines of haunched girders. Steel savings

about 26 per cent.
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Third Award—%2o^S

Thomas C. Kavanagh, New York University, College of Engi-

neering, New York 53, New York and Leo Coff, 198 Broadway,

New York 38, New York.

Design—A three span continuous deck girder bridge, 990 ft.

long, carrying a 36 ft. roadway. The slab and girders of com-

posite construction and prestressed by cables. Adjacent to piers,

the girders are box-type structures. Savings in structural steel

is 20 per cent.

Ten Honorable Mention Awards—%^i2 each

Milton D. Randall and Farland Bundy, both of Bridge Division,

Texas Highway Department, Austin, Texas.

Design—^A three span continuous deck girder bridge, 330 ft.

long, having a 28 ft. roadway. Expanded beams between piers,

haunched welded girders at piers.

M. O. Elkow, 75 Lee Avenue, Yonkers 5, New York.

Design—A three span continuous deck girder bridge with spans

of 160 ft., 200 ft., and 160 ft. respectively. Two - 26 ft. road-

ways. Two girders 9 ft. deep, 42 ft. apart.

Horace O. Titus, 822 West Second Avenue, Cheyenne, Wyo-
ming.

Design—A three span continuous deck girder bridge having a

total length of 165.5 ft. Four girders support the 30 ft. roadway.

Nan-sze Sih, 157-16 20th Road, Whitestone, Long Island,

New York.

Design—A deck truss bridge of three continuous spans with a

total length of 360 ft. Two trusses 28 ft. apart support a 36 ft.

roadway. Composite action between slab and truss top chord.

James H. Jennison, 1612 Coolidge Avenue, Pasadena 7, Cali-

fornia.

Design—A deck truss with a span of 150 ft. Composite action

between truss top chord and concrete slab. 26 ft. roadway.

Alan R. Cripe, 2901 Hampton Road, Cleveland 20, Ohio.

Design—A five span deck girder bridge with cantilevers and

suspended spans in second and fourth spans. Total length 555
ft. Two - 24 ft. roadways.
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R. W. Ullman, 3057 Edgehill Road, Cleveland Heights 18,

Ohio.

Design—A deck truss type 130 ft. in length. The 26 ft. roadway

is supported by six trusses inclined to form three triangular

space frames. Concrete slab acts integrally with truss top

chords.

Henry F. Gauss, 721 East First Street, Moscow, Idaho.

Design—An overpass structure consisting of three simple deck

spans carrying 24 ft. roadway and one sidewalk on four Unes

of girders.

Adam R. Werth, 1825 Summerfield Street, Brooklyn 27, New
York.

Design—A three span continuous bridge using self-anchored

arches of box shape for a total length of 1800 ft. Two - 24 ft.

roadways.

R. Reikenis, 607 St. Paul Street, Baltimore 15, Maryland.

Design—A three span continuous deck girder bridge (skewed)

having a total length of 299 ft. Two separate bridges, each

with a 24 ft. roadway.

The remaining chapters are devoted to discussions and more elab-

orate descriptions of the above designs and a few of the other designs

presented which did not win awards.

Summary of the Designs

This program did not restrict the length, width, or type of bridge.

Consequently, the spans vary from the 32 ft. span for a simple beam
of one entry to the 1800 ft. length for the three span continuous

bridge of another entry. The minimum roadway width of any

bridge presented is 26 ft. and, although a significant number of the

designs utilize this width, the variation is remarkable. The greatest

width is 86 ft. total which provides two - 36 ft. roadways, a median,

and two sidewalks.

Of the different structural types submitted, the continuous beams
and girders are the most numerous. Some have floorbeams and
stringers to support the floor slabs, others support the slabs directly.

A few of the continuous girders utilize suspended spans with canti-

lever arms in the intermediate spans. The principles of prestressing
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and composite action with concrete slabs are included in some of

these designs.

Simple beam spans, simple truss spans, continuous trusses, and

arches are all represented in the designs presented. More partici-

pants selected deck bridges than through bridges. Reinforced con-

crete slabs constitute the roadways with but few exceptions. Standard

steel shapes and sizes, except for a small number of bent plates,

comprise the use of steel for all of the bridges.

For the longer or more complicated structures, the amount of

effort required to prepare and enter an exhibit in this program was

not small; nevertheless, the entries are consistently complete and

contain an adequate amount of details. The program has been

successful, considering both the number and quality of the designs.

The authors represent 15 different states. Participation in this

program was limited to citizens of the U.S.A.

The bridges are divided in the chapters that follow according to

the classification of the principal structural member. Drawings

showing the details of the designs are presented along with discus-

sions and descriptions of the exhibits. The papers selected for

presentation in this book are not given in their entirety—the amount
included is sufficient, however, to bring out the more important

material.



CHAPTER II

CONTINUOUS BEAMS AND GIRDERS

About forty per cent of the bridges entered in this program have

some kind of a continuous beam or girder as the main structural

member, however, there is a v^ide variation in span length, number
of spans, and width of bridge. Also, the function of the continuous

girders differs between designs. Because of the large number of

this type of structural member and the differences in the manner
in which it is employed, the bridges of this chapter are divided

into three classifications.

Continuous Girder Bridges Without Floorbeams

This classification includes haunched girders for the longer span

bridges and constant depth girders for the shorter spans. One
design has an expanded beam for the girder in the regions of low

shear between the supports. Another has cantilever arms with

suspended spans incorporated in a continuous girder bridge.

Elwyn H. King, Long Beach, California, designed a continuous

girder bridge having a total length of 762 ft. for its seven spans. The
end spans are 96 ft. long and the five center spans are 114 ft. in

length. Spans 2, 4, and 6 each contain a suspended span of 70 ft.

—leaving a cantilever arm of 22 ft. at both ends of each suspended

span.

The bridge is 86 ft. wide with the deck divided at the center.

Each half supported directly on five lines of girders has a portion

of the median, a 36 ft. roadway, and 5 ft. of sidewalk slab. The
reinforced concrete slab that spans the 8 ft.-6 in. between girders

varies from 7 in. to 9 in. in thickness as shown in Figure i. Figure

2 shows the spacing between cross frames varying from 22 ft. to

24 ft. Details of the welded girders are given in Figures 3 and 4 and
details for some of the riveted girders in Figure 5. As can be seen

the webs for all of the girders are 78 in. deep.

Mr. King commented as follows in discussing his designs

:

"Both designs are for a bridge of seven spans totalling 762 ft. The
bridge crosses a floodway, contained between levees, carrying storm
waters to the sea during the rainy season. The bridge consists of

multiple plate girder spans with alternate girders cantilevering

beyond their supports to pick up suspended spans, thus affecting a

considerable economy of material.

11
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"Exhibit B has further limitations than imposed by the contest

rules. The designer, desiring the most reliable comparison between

welded and riveted construction, imposed on himself the limitation

of accepting the deck, girder spacing, and shoes of Exhibit A. To
that extent. Exhibit B is not original. However, everything else

was planned by the designer, from the moment diagrams to the

welding details.

"The outstanding advantage of Exhibit B is its marked saving of

structural steel, the objective of the contest. The 326 tons saved

amount to 23.7 per cent of the steel used in Exhibit A, which,

incidentally, has been erected. It is estimated the financial saving

would be about $103,000.

"Exhibit B possesses no other advantages over Exhibit A. Erection

methods would be identical (Exhibit A was erected without field

splicing.) Maintenance would be approximately the same.

"It is believed Exhibit B has two distinct features of sufficient

merit to enumerate them. The major item is the use of automatic

submerged arc welding in preference to shielded arc. The former

possesses the following advantages over the latter:

1. Better quality weld (more uniform)

2. Less shrinkage (unless an uneconomical method of manual
welding was used)

3. Less distortion

4. More predictable shrinkage and distortion

5. (As a result of #4) Easier correction for shrinkage and

distortion

"The above advantages fully justify the specifying of the auto-

matic submerged arc welding process.

"The second advantage lies in the use of horizontal stiffeners on

the girders. From an engineering viewpoint, the use of these hori-

zontal stiffeners saved steel (and money) by reducing the required

web thickness one-sixteenth of an inch. From the public's view-

point, a more esthetic structure resulted with clean, horizontal,

functional lines replacing the cut up lines of girders with vertical

stiffeners only."

The riveted structure weighs 2,753,100 lb. and cost $460,000 (bid

price was $0,167). The welded bridge weighs 2,100,200 lb. and the

estimated price of $0.17 would result in a cost of $357,000. The
shop welds amount to 16,688 lb. and the field welds to 560 lb.

Details of the shoes and expansion dam are shown in Figure 6.

Kiser E. Dumbauld, Columbus, Ohio, presented a bridge of eight

continuous girder spans. At the longitudinal centerline of the
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bridge, the overall length is 798 ft., consisting of 78 ft. end spans

and six center spans of 107 ft. each. Because half of the bridge is

skewed, the girders in the two spans adjacent to the center pier in

the skewed half are unequal in length, being longer than 107 ft.

on one side and shorter on the other side. The total width of the

bridge is 70 ft. which includes a 2 in. open joint that divides the

bridge into two parts. There is a sidewalk and a 26 ft. roadway on

both sides of the split median. Figure 7 shows the general plan

and elevation and Figure 8 shows the framing plan for structural

steel.

The 7^/4 in. reinforced concrete slab is supported directly on

the girders which are spaced 8 ft. apart. The slab is covered with

a 2^/4 in. surface coat of asphaltic concrete as shown in Figure 9.

The sidewalk is also reinforced concrete and is 7 ft. wide from the

curb to the outside edge. Mr. Dumbauld stated that the use of con-

crete for the sidewalk, curb, and fascia required ten lines of girders

instead of the eight lines which could have been used had these items

been of steel—supported by light steel brackets attached to the

outside girders.

The parabohc curves for the bottom flanges of the twelve different

lengths of girders are incorporated into one diagram on Figure 8.

These haunched girders vary in depth from 3 ft. at the ends and
midway between piers to 6 ft. at the piers. Figure 10 indicates the

changes in web thickness from 7/16 in. to 3/8 in. to 5/16 in. The
flange plates are 16 in. wide for the inside girders. The fascia

girders have 14 in. flanges.

In discussing his Exhibit A2, Mr. Dumbauld stated: "The esti-

mated traffic count for this structure is 13,500 vehicles per day by

year 1970, with a predicted frequency per lane of heavy loaded

combination vehicles of 400 every 24 hours. This structure should

be placed under contract in summer of 1952 if material is available.

"This bridge was designed to replace a weak, narrow bridge near-

by and improve the roadway intersection with a new highway
located to bypass the city. This industrial city has a population of

12,000. The drainage area is a round shaped basin of 4,850 square

miles. This bridge is located over the source of a river formed by
the junction of two other streams. The abutments and piers were
located to fit the banks and stream flow of the two tributaries, which
resulted in the planning of a structure skewed at one end and
square at the other. . . .
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"All of the design calculations for Exhibit A2 were used for

Exhibit B2, except the computations relating to riveting, stiffeners

and splicing. Exhibit B2 required new designs for girder sections

and stiffener sections. The spacing of intermediate stiffeners was

made the same for both exhibits, but were used in pairs on Exhibit

A2 and singly on B2, except where required in pairs for cross frame

connections. [Elsewhere in his text, the author said: 'It requires

no more holes in the web plate, or rivets, for a pair of stiffener

angles than for a single one. However, the specifications permit

single stiffeners, and a pair of welded stiffener plates require twice

as much material and labor as a single one. Therefore there is more

of a saving when welded stiffener plates are used singly. Welded

stiffeners will be used in pairs only where required over bearings

and for connections for cross frame angles'.
|

The single inter-
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Figure 12 J77//»r/V7^ ot^rm PiSRS
' mediate stififeners were staggered except on the fascia girders. . . .

"There was a change in the web design for Exhibit B2. The web

plate thickness was made % in. throughout on the riveted girders

(Exhibit A2) even where clear, unsupported web depths of less

than 53 in. permitted use of 5/16 in. thickness. There were two

advantages in maintaining a % in. web plate throughout on the

riveted girders. The main advantage was the rivet value. The
bearing value of a % in. rivet is 8,860 lb. on a % in. web and only

7,383 lb. on a 5/16 in. web, which would mean a reduction of 17

per cent in value that could only be regained by using more rivets.

The cost and weight of the increased amount of rivets would oft'set

the economy of a thinner web, or else the section could remain as

one 17 per cent weaker by reason of a 5/16 in. web. Where the

web depth required a % in. thickness, the girder splice would need
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fills, and this is not desirable. With a welded girder (Exhibit B2)

the use of 5/16 in. web plates saved steel and reduced the cost of

the Tee butt weld. The continuous butt weld develops the entire

web section and seals the joint. The butt welding of 5/16 in. web
plates to % in. web plates, and % in. to 7/16 in. webs presents no

special detailing or fitting problems. 26,560 lbs. of structural steel

were saved in Exhibit B2 by varying the web thickness, which

represents a 5.35 per cent reduction in the weight of the web plates.

"The haunched riveted girders in Exhibit A2 required 1,167 tons

of steel (including rivet heads), and Exhibit B2 834.8 tons (includ-

ing weld metal). This is a savings of 332.2 tons, or 28.5 per cent

in the structural steel in the girder. Breaking this savings down
into the main members; 20.50 per cent was saved in the flanges,

5.35 per cent in the web plates, 63 per cent in the stiffeners, 100

per cent in the girder splices, and 90 per cent of rivet head weight

versus gross fillet weld weights. Estimating % in. rivets at one

pound each, the riveted girders required 159,630 lbs. of rivets versus

8,610 lbs. of weld metal; a reduction of 94.5 per cent. 107 lbs. of

shop rivets were used per ton of steel for Exhibit A2 and 7.65 lbs.

of field weld metal per ton for Exhibit B2. The weight of the rivet

heads represented 2.125 P^^ ^^^^ ^^ ^^e structural steel weight of the

haunched girders of Exhibit A2, and the fillet welds on Exhibit

B2 girders were .23 per cent of the girder weight. . .
."

See Figures 11 and 12 for details of the riveted girders.

Mr. Dumbauld included elaborate analyses of costs from which
the following are taken:

The percentage distribution of structural steel cost analyzed

as follows:

Exhibit A2 Exhibit B2
Riveted Welded Girders

I. Materials 22% 29%
2. Shop Fabrication 32% 12%
3. Freight 7% 9%
4. Social Security & Tax 4% 5%
5. Erection 26% 36%
6. Profit 9% 9%

Total 100% 100%
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The preceding calculations and investigations have demonstrated

the follov^ing advantages for Exhibit B2 over A2

:

1. A saving of 332.2 tons of structural steel (28.5%)

2. A saving of $209,774 in the girder cost (45.5%)

3. A saving of $6,644 in paint cost (26.3%)

4. Saved 32% of the painting materials, w^hich indicates a 32%
savings in future maintenance paint costs

5. About 20% savings in time of designing and detailing

6. Estimate same savings in time (20%) for shop detailing and

pattern making

7. Reduced tonnage for transportation and erection reduces vs^car

and depreciation on transportation and equipment

8. Less noise in erecting

9. Greater flexibility in the manner of making shop and field

splices permits greater variety in methods of shipping and

erecting. This should create more competitive bidding and

lower costs to the taxpayer.

"The preceding analysis of tw^o modern deck girder highway
bridges has demonstrated that there is substantial conservation of

resources and wealth available by using welded construction in

place of riveted construction. This is important as related in the two
bridges designed and analyzed in this entry, but the entrant believes

that an entry 'Dedicated to the National Interest' should contain a

conscientious and proven statement as to the possible gross savings

to a national program of highway construction and highway struc-

tures possible by use of welded plate girders when such a type of

structure is deemed practical for a specified site.

"An attempt to make a correct estimate on the gross saving in

steel and wealth made possible by welded bridges, as designed by

the entrant, requires much reading, investigating and estimating.

However, the entrant will make a statement as to the gross savings

possible by the general adoption of his designs on similar bridges

in the U. S. A. The remainder of this paper will be substantiating

facts, tables, data and records to confirm his opinions.

"The estimated annual savings on several different twenty-year

bridge construction programs using welded plate girders, designed

similar to Exhibits Bi, and B2, are analyzed on the remaining pages

of this paper. The following estimated possible annual savings were
predicted by the entrant:
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1. 2900 tons per year on the State of Ohio Highway System.

2. 23,000 tons per year on the Federal Aid Highway System

of the United States.

3. 73,000 tons per year on all public roads, streets and highways

in the United States.

4. 40,000 tons in 1952 of the N. P. A. allotment of structural

steel to the Bureau of Roads.

Milton D. Randall and Farland Bundy, both of Austin, Texas,

designed a three span continuous girder bridge. The spans are

100 ft., 130 ft., and 100 ft. The welded girders have expanded

webs, whereas, the riveted girders have solid webs. This difference

is shown in Figure 13. The welded girders have solid webs and

are haunched in the vicinity of the two center piers (see Figure 14).

The 6)/2 in. reinforced concrete slab of the 28 ft. roadway is sup-

ported directly on four welded girders spaced at 8 ft. centers as the

transverse section of Figure 15 shows.

The expanded portion of the girder is 4 ft.-5% in. deep made by

expanding a 36 WF 150. At the piers, the web is % in. thick and the

overall depth is 7 ft.-io% in. for the interior girders and 7 h.-ioYz

in. for the exterior girders—the cover plates vary in thickness. Cover

plates are added to the expanded beams in the middle of the end

spans. Within the haunched part of the girders, the flange plates

are 12 in. wide and % in. thick, and near the piers 11 in. wide cover

plates are added. Where the web is solid, both a longitudinal

stiffener (3 x 3 x 5/16 angle) and vertical stiffeners (5 x % plates)

are used. At each pier, two - 5/4 x % plates serve as the bearing

stiffener. The diaphragms between girders are 9 ft. apart adjacent

to the piers, but this spacing increases between piers.

Messrs. Randall and Bundy gave these reasons for selecting their

structure.

"The development of this comparison came about through the

desire of the designers to make use of the expanded beam idea in

a continuous girder unit and to compare it with a recently built

riveted structure. The riveted structure selected was a deck plate

girder unit with two curved soffit girders and a floorbeam and
stringer system. An economic study indicated that the two girder

scheme was preferred for riveted construction. This was not true,

however, for welded construction. A four girder scheme was indi-

cated here with a resulting saving in both structural steel weight

and overall cost. For welded construction, the four girder scheme
was preferred over the two-girder one whether or not the expanded
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beam idea was employed. Therefore, the inabihty of the expanded

beam to be used where a depth greater than about 60 inches is

required was no Umitation on its use in this welded structure. The
designers feel that these two deck plate girder units are of 'similar

structural types' as required by the rules of the contest and that a

comparison between them is entirely justified. The increase in the

number of girders to do away with the floor system of the riveted

design is one of the important trends in welded bridge design today.

"The authors are familiar with the recent designs and fabrication

of two bridges which employ the expanded beam idea. Both are

simple spans of 100 feet and 65 feet, respectively. They were

economical to fabricate and erect and present a very pleasing appear-

ance. The expanded beam can be designed rather simply for both

bending and shear resistence. There is a minimum of waste of

material and a minimum of shop welding in the fabrication of

an expanded beam section. The exceptionally small amount of shop

welding more than offsets the cost of cutting. In this structure all

12 of the expanded beam sections are identical except for the

bearing stiffeners required for sections in the end spans. The stress

analyses for both the riveted and the welded structure were based

on the use of influence lines which were arrived at by the applica-

tion of the Miiller-Breslau principle to the variable moment of

inertia girders. Other features of the design follow the requirements

of those specifications enumerated in the rules.

"The site of the bridge is over a small river with centerline profile

and normal water elevation as indicated on the layout. Hydraulic

studies indicate sufficient opening for passage of water and drift

during flood stage. The low steel elevation is made several feet

above the elevation of a seventy-five year frequency flood. The
location of the substructure is determined by the character of the

stream crossing, grade line and general cost studies. The short

simple spans at each end of the girder units were present in the

riveted structure as built and were thus indicated on the layout

for both the riveted and the welded structure. They are not a part

of this contest and are to be considered simply as approaches to the

girder units. The site is a rural area where sidewalks are not

required.

"The reinforcing steel and slab thickness are identical for both

bridges. Essentially the same amount of forming would be required

for placing of the concrete deck in both exhibits. The designers

have some skepticism as to the desirabiHty and economy of a par-

ticipating floor in a unit where large areas of negative moment exist.
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)nfinuous Riveted Girder Uncf-

EXHIBIT "A"

infinuous Welded Girder Unit

EXHIBIT "B

n+
Figure 13
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Neither of these units have a participating floor and no comparisons

are offered concerning the weight which might be saved by such

a floor.

"The erection of the welded bridge would be considerably easier

and cheaper than would the erection of the riveted one. The sec-

tions between field splices for the welded unit weigh from % to J^

as much as corresponding sections for the riveted girder. This means

lighter construction equipment and greater ease of handling. The

shoes for Exhibit B are field welded to the bottom girder flanges al-

lowing for greater freedom in placing of anchor bolts for shoes and

also allowing for some incorrectness in lengths of girder sections

due to fabrication errors or shrinkage from field splicing. The
diaphrams or cross bracing also have some freedom as to fabrica-

tion length. In general, the correctness of fit on the welded girder

unit is not so acute as it is on the riveted unit. A recommended
erection procedure for the girders of Exhibit B would be to place

the two sections over the piers first and anchor them by means

of tension cables tied to the bents. The sections in the end spans

could then be lifted in place and bolted or tack welded to the

abutting ends of the sections over the piers. Finally, the center

section could be raised and secured in place. The field splicing

should then follow before the girders are welded to their shoes.

Each girder should be erected in this sequence and then the dia-

phrams should be welded in place. Minor distortions in the lines

of the girders could be compensated for by haunching of the slab

on the top girder flange. The amount of fleld welding for this

type of structure is exceptionally small, although competent, quali-

fied welders under intelligent supervision are required to make
the field splices in the girders. The field fillet welds require a

lesser degree of skill.

"The saving in steel of 25.8 per cent for Exhibit B does not re-

flect the total amount saved. It may be seen from a study of the

plans that the welded unit is designed so that the waste in steel

is Hmited to a few minor blocks and beveled cuts in the bracing.

The larger trapezoidal sections of web plate on either side of the

interior bearings are intended to be cut from a plate 144 inches

wide by 29 feet long with no waste in steel. The riveted unit on
the other hand has considerable waste from the curved sofSt, from
the blocking of the ends of floorbeams and stringers and most im-

portant of all from the punching and reaming of holes for the

rivets. The per cent saved on the mill order of material would be

around 35 per cent to 40 per cent.
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"Any figures for costs and maintenance of necessity contain many
variables too numerous to mention here. The figures presented in

the summary do fit the conditions of the last few months in the

locality with which the designers are familiar. The cost and main-

tenance figures presented do not include any allowance for engi-

neering planning or supervision. The increased cost of painting

the riveted girder is due to the larger surface area of the riveted

unit as well as to its greater roughness due to riveted heads and

riveted connections. The overall cost saving of 34.6 per cent for

the welded girder would be somewhat increased by a saving in

the cost of piers. This saving however would be minor and no
estimate is made of it in this discussion.

"One special feature of the welded design is its decreased re-

sistance to transverse wind forces. The comparatively shallow,

open-webbed sections present a diminished area for the wind force

to act against. Thus, only a small amount of bottom lateral brac-

ing adjacent to the interior reactions was deemed necessary to

care for the design wind load stresses. Another feature of the

welded unit is the longitudinal stiffeners used in the deeper sec-

tions over the piers. These angle stiffeners are used to reduce the

required thickness of the web plate and are oriented to give the maxi-

mum moment of inertia about the face of the web. The riveted unit

was built without such stiffeners and the structure was not altered

to include them for this comparison."

The shoes, laterals, and the finger joints are detailed in Figure

16. Two half sections on the riveted span are shown in Figure

17. As can be seen, the floorbeams are 30 WF 108 sections and all

stringers in the two interior lines are 21 WF sections. The end

spans (100 ft.) are divided into 5 panels and the center span (130

ft.) is divided into 7 panels

Not including finger joints or shoes, Exhibit A has 334,900 lb.

of steel and Exhibit B has 248,400 lb. The riveted steel includes

6,559 lb. for rivet heads—the welded steel includes 2,288 lb. for

shop welds and 228 lb. for field welds. The welded construction

saves 25.8 per cent of steel, and Messrs. Randall and Bundy esti-

mated the saving in cost to be 34.6 per cent, based on riveted steel

costing $0.17 per lb. and welded steel costing $0.15 per lb.

Horace O. Titus, Cheyenne, Wyoming, compared his Exhibit

B with two others which he termed Exhibit A and Exhibit AX,
respectively. All three are three span continuous girder bridges.

The spans are 50 ft., 62 ft.-6 in., and 50 ft. (see Figure 18), and the

girder spacing is 8 ft.-8 in. The 7 in. reinforced concrete slab
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which includes ^^4 in. for a wearing surface is carried directly on

the four lines of girders.

For Exhibits A and B, the built-up girders have webs 44 in. deep

as shown in Figures 19 and 20, respectively. The 36 WF sections

with cover plates of Figure 21 are used in Exhibit AX. Mr. Titus

made these remarks about his designs.

"The economy of the continuous girder bridge has, in recent

years, given it an important place among contemporary highway

bridges both large and small. This type of structure gives us a

pleasing aesthetic deck structure besides its economy and utility.

It requires fewer bearings for support compared with some other

types of structures and also requires fewer contraction and ex-

pansion joints across the roadway, thereby producing a smoother

riding surface. Also, because of fewer joints, it provides a tighter

deck for the disposal of surface drainage which may produce un-

sightly stains after seeping through a joint or create maintenance

problems because of alternate freezing and thawing in the joint.

"Many state highway departments in the United States have

prepared standard design drawings for this type of structure, the

personnel of highway bridge departments are all familiar with

this type of design, and a very large number of continuous span

girder bridges have been constructed in the last few years. There-

fore, because of its utility and popularity, the continuous girder

type of bridge was selected for the Exhibits presented with this

paper. A relatively small bridge was also chosen to show the

saving possible in cost and steel in the small bridge which makes
up the largest part of the highway bridge construction. A larger

bridge could be expected to produce a proportionately greater

saving.

"A slightly greater field than this contest requires was investi-

gated to work up the exhibits presented. This field covered various

kinds of three span continuous bridges of the same span lengths

and ratios as those given in the exhibits. Although only two-

exhibits are required by this contest, a third exhibit entitled ^Exhibit

AX' is included. Exhibit AX shows a three span bridge with span

ratios of i to 1.25 and with variable moment of inertia, this bridge

to be constructed of riveted wide-flange girders. Exhibit A shows
the same bridge using riveted plate girders. Exhibit B presents

the same structure using welded plate girders.

"In addition to these three exhibits, investigations were made on
welded wide-flange construction, welded split-tee construction, and
continuous welded plate girders with participating concrete slab.
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No exhibits were prepared for the last three named types. It is

obvious after reviewing Exhibit AX and Exhibit B, that the welded

wide-flange girders (similar to Exhibit AX except using welding)

would require more steel than Exhibit B, and computations showed

that Exhibit B would require less steel than either the welded split-

tee construction or the continuous composite type of construction

with participating slab.

"The exhibits herewith presented do not consider the condition

of restricted headroom as many bridges over small streams do not

present this problem. These exhibits, however, would be used at

locations not controlled by clearance and for conditions in which

economical depths could be used for the girders. Exhibit AX was

therefore included to show the wasteful use of rolled sections at

places where welded built-up girders could have served and would

have been more economical, saving both steel and money. It should

be pointed out, that in some instances it will be cheaper to use

girders of economical depth and to provide for a raise in grade

than to use wide-flange girders of shallower and uneconomical

depth since the cost of earthwork in many cases is cheaper than the

cost of structures.

"As the time and labor expended in the design of a continuous

structure with variable moment of inertia, such as presented in these

exhibits, is usually considerable compared to the design of simpler

structures, a set of unpublished influence lines covering moments,

shears, and deflections was used. These influence lines, prepared

a few years ago, reduce the labor and time involved to the extent

that the time required in designing a structure of this type is about

the same as that required to design simple spans.

"One of the known steel saving features of the continuous span

with variable moment of inertia, of course, is that a small haunch
or a small increase in moment of inertia of that part of the girder

over the interior supports can absorb much moment and also de-

crease the midspan deflection. Exhibits A, AX, and B all show
that a small amount of steel used over the interior supports can

produce a considerable saving of steel in the superstructure of a

bridge of this type.

"Please refer to Exhibit B and note that practically all the material

used is of small thicknesses and therefore can be of A.S.T.M. A-7
steel and presents no difficulties or unusual complications in weld-

ing. This type of work can be fabricated by any shop which has

only a small investment in equipment as well as by any of the

fully equipped large shops."
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The total steel weight including shoes, rockers, and railing are

128,012 lb. for Exhibit A, 141, 289 lb. for AX, and 96,807 lb. for

B. The estimated costs for the erected structures in cents per lb.

are 20.68, 17.28, and 16.27, respectively. Although Exhibit AX
weighs more than A, its estimated cost is less; however, the cost
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savings of B over AX is 35 per cent and the w^eight savings of B
over A is 24 per cent. Exhibit B has a total of 1,256 lb. of shop

vs^elds and only 80 lb. of field welds. Of the total w^eight of 96,807

lb., the raihng accounts for 10,727 lb. and the shoes and rockers for

5045 lb. Details of these items are show^n in Figure 22.
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Continuous Girder Bridges With Floorbeams

M. O. Elkow, Yonkers, New York, used stringers and floorbeams

to support the 5V2 in. reinforced concrete roadway of his three

span continuous bridge. The total length of 520 ft. is divided into

a center span of 200 ft. and two end spans of 160 ft. each. The
girders have a constant depth of 9 ft. and are spaced 42 ft. apart.

The web thickness is %g in. except for the region near the center

piers where the thickness is Yi in. For the riveted girders, the

flanges consist of 8 x 8 x ij/g angles with 24 in. cover plates of

varying thickness. The welded girders have flange plates 2J/2 in.

thick with varying width.

The floorbeams frame between the girders and support the out-

side stringer and fascia beam on each side with tapered ends that

cantilever beyond the girders. Figure 23 is a transverse section of

the four lane bridge with its two sidewalks that shows a welded

floorbeam. The 10 ft. spacing for the floorbeams and the 6 ft.

spacing for the stringers (16 WF 36) are the same for both the

welded and riveted bridges. Figure 24 is a framing plan. The
riveted floorbeams are 33 WF 200—the welded are 36 WF 194.

Mr. Elkow discussed his design as follows:

"The structure selected for entry is not unusual in its idea. It

is suited for any number of typical installations requiring the

bridging of highway traffic over valleys, railroads, rivers or other

highways. It is adaptable to so many of the cases arising in the

design of new toll highways and throughways for which there

is a considerable interest and demand during the present time.

"The shape of the structure is simple without haunches or any

sort of arching. Higher strength steel is used only for the flanges

over the supports where the stresses are much higher within a

relatively short length of the structure. For longer spans it may
be preferable to use higher strength steel throughout for the main
material. However, for this design this did not appear to be

necessary.

"Roadway lanes were made wider than the minimum required

by the Standard Specifications for Highway Bridges of the Ameri-

can Association of State Highway Officials. It was felt that today's

faster moving traffic requires lanes thirteen feet wide. The sur-

face of asphalt was another feature considered necessary for fast

moving traffic. Concrete surfaces are never sufficiently smooth

regardless of the amount of care which may have been taken. The
slight waves in the surface cannot apparently be avoided. For slow
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moving traffic this is not noticed. But for fast moving traffic these

weaves act as a defective pavement in jarring the vehicles. Asphalt

surfaces can be better controlled and replaced more easily.

"Considerable study v^as made of a participating floor during the

course of design for the entry. Hov^ever, it was decided that a

thin one-w^ay concrete slab on continuous stringers was more

economical of steel and had the further advantage of being less

difficult and more economical to construct.

"Use of a constant thickness of two and one-half inch plates of

varying width for the flanges of the welded plate girders was decided

after considerable thought. Stitching of individual thinner plates is

customarily used for a riveted flange design. Varying the width

was simpler and resulted in a much better girder section. The only

disadvantage in the use of the thick flange plates is that a one-half

inch fillet weld is required for the connection between the flanges

and the web plates. Actual stresses do not require such a large

weld. However, because of the thickness of these plates, the

American Welding Society in the Standard Specifications for

Welded Highway and Railway Bridges, requires larger welds.

"Constant thickness of flange plates also has a considerable

advantage in simplifying framing of floorbeams and cantilever

beams. Variation in width of these plates does not affect the details

of fabrication especially in the case of welded construction. A
varying width flange on the other hand, is not practical for riveted

structures."

Details for the welded girders and a longitudinal section are

shown in Figure 25. For the riveted girder, these same items are

shown in Figure 26.

The quantities and costs as summarized by Mr. Elkow are:

"The two exhibits for the same design offer a considerable amount
of interesting comparisons. These could not possibly be obtained

by means other than a complete identical design using each method
of construction. Quantities used in the following considerations

are based on actual quantities as indicated in the details. No over-

runs for weight or painting have been included. Weights of bear-

ing are not included. However, since both estimates are based on
the same premises and are further compensated by an adjustment

in unit prices, it is believed that the values obtained, furnish a valid

comparison.

"Estimate for riveted design included under Exhibit A is as

follows

:



66 CONTINUOUS GIRDERS

W

77W-i? z-zoi \
I

Lzczoi

40*

^

^'^^^

TRANSVERSE SECTION AT IMTERMEDIATF BEAMS



WITH FLOORBEAMS 67

Hf 1

LifinT POST i "'sTo Pipe
SPLIT LOWee PABTflNLYON
TWO VOei.%rztt,D TO i-O'

iND WELD it" ft

POSTS YwE»t

Slj'^STD. PIPE BAILS

ERSE SECTION

It J
Figure 23



68

P

CONTINUOUS GIRDERS

m

15t J5.9

..
I

GlUPBJ - SEE

\
/\ /\

\/
/\

^ I

:ik-

M ^
i I!

SV

^1 la ft lo-o' ; lao'- o" c to e et

FRAMING

fiYWMETEIfftt kbOUT 4

*~1
OF SBIOGE '

1
vSl

1

S ritTllNSte

--\
-: '

A

f <fe 9TtlNCfl

i

1
i

r^(:\aPCE

j's- J- 4-
1

1
is'.o- .''>

.

1

\-* n CIIS ut

i

f«^i cies Ttfc

1

i!

r^JTBINGfe

•1 -

_
1

H1

'-

y.
1

1

I 1

i

1 II- III ^=il==^^ 1-

1- 20 «0- A -J

^

PART PECK PLAN

M



+H-

WITH FLOORBEAMS 69

n

%0-lilt 30- kit

tB
40- t» 30. in

6

5

t
I

lit SI e lit 31 8

itW84

iicji.e 14:31,6

14^34 71 "H
FOE DETftlLS

(OVKMEttO J

i£\«f 5fc KiWi^t / ^\i»Fl<i i4W^>6 / '^fV. -

\ „./ .„\ .„„ / ...\ 11WJ4 / •!.f 31 \

\ ./ ... \ \iAfv. .„. \ IC/VJ4 4/f»4 \ o

\
\

•fe Of «.DSI \/ \/ \ / :

/ /\ /\ /

/. \ . /. \ ^ /r \ . /.
/

I \ S ..^ 1 \ \ ./ \ \ \ ../ 1

\/ \/
,

\/
«;«

§
Vf

0
i

i
2

* « j

:
It i

1., s

1-
2
t: It

5 iv
51 '^ S

1-
?

to g lo-o' too-o" c TO e tcaginas

G PLAN

l«-o'eo<ic>*AT f-e MSLl

~|pH"*t^ieBUPS 4^-cus.
|v.i l/-l»'*ai'<;l«5

^J .llli-MIN.)6SfHlll.T ^UKFaCf
^ ^:j4,i • 1* • if^\M-

All lot*; »sts%-«
I LAP I'O'tT BEAMS

A-fM AMUT 4 Of et'CSt

SECTION A-A

Iff
Figure 24

-I



70 CONTINUOUS GIRDERS

W

1

i i

?
i i

1

?
1

1 n—
1

'"

J

Q

[

)

3EAe

20'- 1" 36ii-a'' o'-n" ZA5-0 ••ifl-o-

1
1

Z(SS< ".io'-o"

©
,r-SHOP SPLICE

z©&-o".io-o"i A a>5'-o'-'2o'-o

i

i 4.(9 5-0". 20'-O*

.- FIELD 4PLlCe

S<93UV20-o' &eV-4'.zo"-

SO-0
-' T

1

— _ 160-0'

_

C TOJ BE-aeiNos
. __

LONGiniDINAL SEC

'O © -i- © © © o (|5 m—©—^0—©—®"

MOMENT DIAGRAM

L
>» __ 1

FILlf T WE10"]WEB fuS. yl ^ ~-_ 1— 1

1

1 ts-BOTmiSE-Tee z:; ^^^ -^^ ^°

—
^

^^—

-

1 1

' -J
—

-~~-~.^'
\r

~-'~~—

-

!!:;::::::—---__ - ^^ -
^''' -+--.^ , f

^ ^^3
1

1

1

—^^rrrr-^^ 1^

:r
1

L 1 '
t L 1

c; c; c) c; © 6 ® © cs> C) C2) ct> (s)

SHEAR. DIAGRAM

END SPAN

LONGITUDINAL SECTION AT STRINGERS

+H-



+H-

WITH FLOORBEAMS 71

1

9
1 f ^ ^ (2) CP

J ^
,.

I

(2) ® © ® i®

»-<tBEftEING SHOP SPLICE-

I
zo'-o' _

_4®vir-_zo;-o_

20-0"

6csa-4"-eo '-o"

SY«S.»»t4 OFfcEIOGf
j

1 _4®J-, aS3':4'- lo'-o"! te s'-o^io-o' l 4<gs'-o^';o-o;^ _ st t»i.aoi

^00 -O C TO C bEARINCS

ECTION AT MAIN GIRDER

- i Of SEMINS

BEARING AT A

/^

.STlFfEMEK

NOT SHOWN^

> SO"

4k_

ELD vvEip ptocEouae ip'

I
7T- .. TUCK WFB SPLUE ftsl \ iJl j

I 7 WELD FLANGES '

'^

J, WELD WE6 SPLICE Its.

y

7srt k*

CO-

STlFFfNEKS
KIOT SHOWN

\ .^^i'
i XJiU

SHOP SPLICC AT B&H FIELD SPLICE AT C£G SHOP SPLICE ATDCF

6IRDER DETAILS

\«-v' J f^

TERIOR SPANS

Hr
Figure 25



72 :ONTINUOUS GIRDERS

W
© © © ©

I®

y

tt_CT£S.
I T'CTBi

j

m
I

I®

^o|j® 5-0 'IO-oj_2(9S-0-. 10^-

m
lO-CTBS.

r-RflDSPllCt

I60-O' e TO c

- IS 000

-It 000

7000[

LONGITUDlNAt <;Fr

MOMENT PIAfiPAKii
® © © 6 ^ 4

BFA2mG

p

ft8-LMlEJ /

END SPAN

LONGITUDINAL SECTION AT .^TPm^pp.;

L

mrEBiog

4f I



WITH FLOORBEAMS

-m-

73

1

®
1

® © ©

— —

1

i ^

"
r

1
r t 1

4" 'lo: 0'

®
' WE! SPLI

zo-c
"

iHOPWES

ZO-0"

©
FIfLO SPLICE—

©

i® *4-. ZO-O" jssu-.io^o"
J
Z®5-0"'IO-0'

VYM «Br 4

^iHOPWES SPLICE

4«5-0"-ZO-0'

^9

ttvirrt/

(i-CTES
,

4i'£Tas.
.

ycMs^ -

Si'lTIS, {.CTBS T'£T«. 5W85. lO'CttS. na eiffv

20-0' 70-0' zo-o' tfO-O' 70-0"
Tri^ittt

1
700-0- C TOC BEttEINGS

r

iCTION AT MAIN GIRDER

.> ?

y

__-«^s ^^^^d

P

tss^-

^^^^K.-^ ^^

^^a ^*1A'\
1

r

Vit
1 ?•*

1
1

1,1

=^
]II-JlaiH

ZING AT A SPLICE AT B SPLICE AT C SPLICE AT D BEAKIHG AT E SPLICE AT

<=,PLKE ftT G SPLICE AT H

GIRDER DETAILS

Ti sTiFFeNees 7i>{i-sk.«j ci-wpta V with ^-
FILI. PiaTE EftCH SIDE.

STIfFEMFKi »T FLOOeBEOMS 4U7 -A- '^EXl^f '"T 4^ WOTEff, WITH IJi'

fllLi EACH SIDE.

41
-i

Figure 28



74 CONTINUOUS GIRDERS

1. a. Structural steel 1,498,667 lbs. @ | 0.18 $269,760

b. Add for low

alloy steel i73j74o lbs. @ 0.02 3,475

c. Total for struc-

tural steel

2. Reinforcing steel

3. Concrete

4. Asphalt surface

$333,590

"The corresponding estimate for the welded design included

under Exhibit B is as follows:

I. a. Structural steel 1,119,237 lbs. @ $ 0.15 $167,885

b. Add for low

$273,235

46,100 lbs. @ 0.14 20,455

615 C. Y. @ 60.00 36,900

3,000 S. Y. @ 1.00 3,000

alloy steel 83,235 lbs.@ 0.02 1,665

c. Add for welds 5,641 lbs. @ 12.00 67,690

d. Total for struc-

tural steel $237,240

2. Reinforcing steel 146,100 lbs. @« 0.14 20,455

3- Concrete 615 C Y. @ 60.00 36,900

4- Asphalt surface 3,000 s. Y. @ 1.00 3,000

5. Total $297,595

"These estimates indicate a saving in cost of $36,000. This is

equal to 13 per cent of the structural steel work or 8 per cent of

the total cost of the bridge superstructure.

"Comparison of quantities of steel between the two exhibits show
a considerable saving in the amount of steel required for the welded

design. Based on the total quantities of structural steel the welded

design required 25 per cent less steel or comparing the riveted de-

sign with the welded design the riveted design required 33 per cent

more steel. The major part of the saving is due to the reduction in

connection materials. The riveted design required 17 per cent

for such material whereas the welded design required only 9 per

cent. The welded design required only 43 per cent of that required

by the riveted design.

"In the case of the main material this proportion is considerably

less and is due primarily to the reduction of the gross area by rivets.

In the case of main material the welded structure required only

81.5 per cent of that required by the riveted structure. Furthermore,

special low alloy steel for the welded structure was simoler to splice

than for the riveted structure. Consequently, the welded structure
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required only 48 per cent of that required by the riveted structure.

"Weight of welds for Exhibit B amounted to J/^ per cent of the

total weight of structural steel."

A. R. Cripc, Cleveland, Ohio, designed a four lane bridge of

Ryc spans having a total length of 552 ft. Both end spans are 96 ft.

long and all of the three center spans are 120 ft. long. The girders

are continuous over the piers, however, the second and fourth spans

each have a suspended span of 62 ft.-6 in. and two cantilever spans

of 28 ft.-9 in. The girders are 6 ft.-io)/2 in. deep except near the

piers where the depth increases to 9 h.-SYi in. at the piers. These

dimensions and the span lengths are given in Figure 27.

The bridge is divided and on either side two lines of girders 18 ft.

apart support two of the four lanes plus a 5 ft. sidewalk. Figure

28 shows the manner in which the "rigid frame" floorbeams provide

lateral support for the bottom flanges of the girders. The floorbcam

spacing is 6 ft. and stringers are not required. The main transverse

members of the "rigid frames" are 21 WF 62 sections between

piers, 27 WF 102 sections at the piers, and 21 WF 82 sections at the

abutments. The cantilever brackets, attached to the floorbeams

to support the sidewalk, are spaced at 12 ft. centers.

The flange plates for the girders vary in thickness and width from
18 in. by i in. plates, to 20 in. by 1Y4 in. plates. The webs are % in.

thick near the supports and hinges and % in. thick elsewhere.

The structural steel for the riveted structure weighs 1,171,249 lb.

for the girders, 541,076 lb. for the floor, 84,407 lb. for the bracing,

and 13,955 It), for miscellaneous material for a total of 1,810,687 lb.

of steel requiring 35,000 rivets. For the welded bridge the struc-

tural steel needed is as follows: 927,856 lb. for the girder, 457,908
lb. for the floor, 60,340 lb. for stiffeners and miscellaneous parts to

give a total of 1,446,104 lb. The shop welds weigh 8,171 lb. and
the field welds 2,837 1^-

R. Reikenis, Baltimore, Maryland, chose the three span continuous

bridge skewed at both ends as shown in Figure 29. The three

spans are 92 ft., 115 ft., and 92 ft. to provide a total length of 299
ft. The four lane bridge is divided into two separate halves with

each half supported by two lines of girders spaced 20 ft.-6 in.

apart. Floorbeams span the distance between girders but are sup-

ported also at their mid-span by a longitudinal beam which itself is

supported by cross frames every 23 ft. The floorbeam spacing is

5 ft.-9 in.

As his Exhibit A, Mr. Reikenis utilized a bridge recently built

that has girders of constant depth (66^/4 in. webs), This bridge
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has 1,292,000 lb. of structural steel. His welded bridge contains

770,000 lb. of structural steel. As an additional comparison, he

designed both the riveted and welded structures to act compositely

with the reinforced concrete slab. The resulting weights for struc-

tural steel are 1,108,000 lb. and 596,000 lb., respectively. Both welded

girders varied in depth as shown in Figure 30. The girders webs

are 63 !4 in- deep at the abutments and at the middle of the center

span and are 80 in. deep at both piers. The webs vary in thickness

from % in. to Vie in. to ^Hb in.

Figure 29 contains a cost and weight summary. Figure 30 shows

some of the welded details and a material list and a list of welds.

The total weight of welds is 385 lb.

Continuous Girder Bridges—Prestressed

T. C. Kavanagh and Leo Coff, both of New York, New York,

presented the design of a three span continuous bridge with a

total length of 990 ft. The end spans are 270 ft. each and the center

span is 450 ft. long. The main longitudinal members are three

deck girders that become two box girders for 180 ft. of length (90

ft. each side) adjacent to the piers as shown in Figure 31. The
top of the boxes is the 9 in. concrete slab which acts integrally

with the structural steel. The bottom of the boxes consists of a % in.

plate stiffened with 22 longitudinal beams (10 WF 29). At the

piers, the box girders are 17 ft.-9 in. deep. Midway between piers

and at the abutments, the plate girders are 9 ft.-9 in. deep.

The roadway is 36 ft. wide between curbs and there are 3 ft.

sidewalks on both sides. Cross frames occur every 30 ft.; however,

there are no stringers or floorbeams. The composite slab spans

the 16 ft. between girders (or webs of the boxes). The slab is

haunched at these three lines of support.

Not only are the slab and girders of composite construction,

but both the reinforced concrete slab and the steel girders are pre-

stressed by longitudinal cables. The vertical location of the cables

is shown in Figure 31. The lateral positions of the prestressing

cables are indicated in the cross sections of Figure 32.

For the riveted and welded girders and boxes, the web thick-

ness changes from % in. at the piers to ^Ko in. to % in. at the

abutments and mid-way between piers. The welded girder has a

single 8 X 8 X I in. angle and a plate as a flange. This one angle
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is rotated from the normal position to become a vee as shown

in Figure 32. Figure 33 shows some of the details for the riveted

structure.

Messrs. Kavanagh and Coff discussed their design in the follow-

ing manner:

"Where steel conservation is a major factor in highway bridge

design it appears proper to concentrate attention on bridges of

the girder and beam type, which constitute by far the largest ton-

nage of all classes of bridge construction. As an example, the

recent New Jersey Turnpike design [see 'New Jersey Tuhnpike

Issue", Civil Engineering, Vol. 22, No. i, Jan. 1952, and F. S. Merritt,

'Longest Plate Girders are Twins', Engineering News-Record, Jan.

17, 1952, pp. 30-33], with a total of close to 200,000 tons of steel,

specified the avoidance of truss construction of any type in favor

of rolled beams or built-up girders—even to the extent of incorpo-

rating its two longest spans of record plate girder length (375 ft.).

The importance of the girder type of construction extends also to

most other classes of bridge construction where it is employed

in floor systems; to suspension bridges and arch bridges, where

it is used in the form of stiffening girders; to steel rigid frame

bridges, which are essentially modified plate girders ; and to movable

bridges of all kinds.

"Although girder bridges have formed a part of our structural

knowledge for over a century now, or since the time of the eminent

George Stephenson, their use appears to have been restricted for

a good part of that time to the conventional, stolid and somewhat
uninspiring railroad bridges. It is really only in the last twenty

years or so that a new period of bridge construction emerged,

characterized by steel beam and girder highway bridges and over-

passes which have rapidly displaced most other types of construc-

tion in this field. Perhaps, without realization of the transition,

we find ourselves in the midst of what might be termed the plate

girder era, with newer and larger structures coming up each year.

Thus, in this country we have seen following each other in rapid

succession the Thos. A. Edison Bridge (1940) of 250 ft. span, the

Lakefront Bridge in Cleveland (1940) of 271 ft. span, the Charter

Oak Bridge of 300 ft. span (1942). the Harlem River pedestrian-

bridge of 330 ft. span (1950), and the Passaic and Hackensack
River Bridges of 375 ft. span (1951), with spans of 400 to 450 ft.

in contemplation on the New Jersey Turnpike extension and on
the Tappan Zee Bridge approaches. In the same period there have

appeared on the continent of Europe such monumental girder spans
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as the 528 ft. Frankenthal Bridge at Cologne (1939), the 606 ft.

Cologne-Deutz Bridge (1948), and the 643 ft. span Bonn-Beul

Bridge (1951), followed by the Dusseldorf-Neuss Bridge (1951)

of 676 ft. span. It is indeed astonishing to realize that girder designs

have been prepared for spans up to 1312 ft. [see F. Dischinger,

'Composite Steel Bridges with Slabs in Compression', Bauingenieur,

Vol. 24 (1951) No. II, pp. 321-332; No. 12, pp. 364-376, and F.

Dischinger, 'Stability of Composite Bridge Slabs', Bauingenieur, Vol.

24 (1951) No. 4, pp. 103-106], and most recent reconstruction pro-

grams in Europe contain girder design proposals involving spans of

1000 ft. [see 'Competition for Reconstruction of Rhine Bridge at

Cologne-Mullheim', Ed. by K. Schaechterle and W. Rein, Springer

Publ., 1950]. ... It is of interest in this connection that the European

designs are invariably welded, while the American designs have

invariably been riveted.

"In other words, girder type of bridge construction has been

found practical in the range from ordinary short-span expressway

overpasses to the comparatively long-span structures heretofore

relegated to trusses, arches, or other structural types. This wide-

spread adoption is in no small measure due to the relative simplicity

and unobtrusive elegance which may be achieved with this type,

especially in deck construction, in comparison with others which

are less compact in their proportions. It is rather difficult, for

example, to visualize other types satisfactorily replacing the ribbon-

like laciness of the Hackensack-Passaic River Bridges, of the TVA
Bridge over the Fontana Reservoir, of the viaduct of the Gowanus
Elevated Parkway, or of the South Street Bridge in Washington.

"This entry integrates the following well-established means of

securing economy of steel:

a. Welding.

b. Composite Construction.

c. Prestressed Steel.

The final end product in itself may not be well known, but its

merits have been recognized and advocated by many outstanding

authorities, as will be brought out presently.

''Welding: It is well known, and perhaps needs no elaboration,

that structural welding in ordinary bridge structural work will

achieve savings of from 10 to 20 per cent in tonnage merely by virtue

of simplicity of design details (such as stiffeners), by the increase

of net flange area, and by improvement in the effective depth of

girders with the use of welding. Maximum overall savings in

steel, however, can only be achieved when welding is correlated
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with and can be adapted to auxiliary structural systems which in

themselves are known to produce steel savings. Composite con-

struction and prestressed steel construction are two of these which

lend themselves exceptionally to such integration. Both of these

essentially involve the substitution of other materials more effec-

tive and more economical than structural steel.

''Composite Construction: Composite construction implies the

tying in of the bridge slab by suitable shear connectors to the steel

girder, so that the entire section acts as a structural unit. In essence,

this means that the concrete is utilized in compression (where it

is most effective and economical), while the steel acts in tension

(where it is most effective and economical). Composite design is

recognized by most structural authorities as an effective means of

insuring economy (particularly in steel tonnage), of promoting

shallow depth and more graceful structural lines, and of improving

the rigidity of bridges. Typical savings produced with composite

construction alone are in the range of 8 to 30 per cent by weight

of steel [see C. P. Siess, 'Composite Construction for I-Beam

Bridges', ASCE Transactions, Vol. 114 (1949), pp. 1023-1045]. To
be effective, of course, the concrete must always be in compression

if cracks are to be avoided in the pavement. It is one of the features

of a prestressed bridge that this requirement is automatically met
by the technique prescribed below, thus eliminating the difficulties

heretofore encountered in continuous composite bridges.

''Prestressed Steel: Prestressed steel is a new and at the same time

very old type of construction, which has been recently advocated

fairly extensively, notably, by Magnel [see G. Magnel, Trestressed

Steel Structures', The Structural Engineer, Vol. 28, No. 11, Nov.

1950, pp. 285-295; July 1951, pp. 203-206. Also Oss. Metallique,

Vol. 15 (1950) Nos. 6 & 9. Also Stahlbau, Vol. 20, No. 10, Oct.

1951, pp. 127-8], Dischinger, and Coff [see 'American Engineer

Studies Prestressing of Structural Steel', Civil Engineering, Nov.

1950, p. 746]. Magnel has demonstrated quite simply, for example,

that savings in weight of 50 per cent, and in cost of 20 per cent,

are possible by prestressing simple steel tension members, and it

is not difficult to extend his reasoning to apply to steel girders as

well. The savings indeed depend on the ratio of dead to live

load, and the more the dead load the higher the savings. It is for

this reason that the method is particularly suited to the longer spans,

although even on shorter spans it shows considerable savings.

"Professor Dischinger's modification of the above is to incorporate

composite construction in such a way that the same cable system
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which prestresses the steel, automatically precompresses the concrete

slab, and in this way the common objection to the use of composite

construction in continuous spans is removed completely. The re-

sulting economy is much greater than that shown by Magnel, and

by means of this Dischinger proposed spans up to 1312 ft. as

economically feasible.

"It must be pointed out here that there is nothing basically new
in these structural schemes, which have actually been known since

the inception of the science of structural mechanics. The ideas

behind the king-post and queen-post truss, or the trussed beam, are

identical in principle with those described above. Furthermore, the

construction is in a way nothing more than a self-anchored sus-

pension bridge, concerning which we have ample and specific

knowledge and experience. In such bridges, for example, the use

of the deck slab as a composite construction to resist the horizontal

component of cable stress, is fairly common, as noted by McCul-
lough, [see C. B. McCullough, G. S. Paxson, and D. R. Smith,

'An Economic Analysis of Short-Span Suspension Bridges for Mod-
ern Highway Loadings', Tech. Bulletin #11, Oregon State High-

way Dept., Jan. 1938, p. 37].

"While in theory the idea of prestressing as above outlined is

basically the same as that employed in prestressed concrete, there

are certain notable differences which make the present design far

more advantageous in application. Particularly is this true of the

fact that the prestressing cables are not imbedded in the concrete;

therefore, the operation of prestressing is easily accomplished and

the high labor costs associated with current prestressed concrete

in this country do not appear here. Further, there is better control

over creep and shrinkage effects on prestress, for which adjustments

may easily be made at proper intervals. The large cables employed

are essentially the system of 'Americanized prestress', in which the

loading of multitudinous single wires is dispensed with.

"Under this system of prestressing, the aim essentially is to have

the dead load carried as much as possible by the cables. If this

condition is achieved perfectly, the cables induce in the girder

moments exactly opposite to and counterbalancing the dead load

moments, arriving at a so-called 'column condition' in which (for

this design) the slab is in compression throughout. If the slab is

free from the steel girder during the prestressing of the cables, then

for the perfect column condition there would be no stresses of any

kind in the steel girder due to dead load! The achievement of such

a fine balance may not, however, be necessary or even desirable for
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practical reasons, and the designer has complete latitude in his

choice of prestress conditions and the degree to which the perfect

column condition is achieved. After prestressing, the slab is rigidly

connected to the girder, and thereafter the live loads act upon the

composite section. It is noted here that such connection is ideally

made by v\^elding, w^hile riveting, bolting and other media do not

lend them selves readily to this application.

"The normal sag-span ratios for the cable are such that the live

load is almost wholly carried by the composite girder section which

is far stiffer than the suspension system. As in prestressed concrete,

this fact results in a very much better factor of safety against over-

stress failure of the cable, and an allowable stress of 100,000 p.s.i. is

considered permissible in the cable.

"The design is carried out, of course, so that sufficient compression

is placed in the slab so that even under the worst nes^ative live load

moments no net tension (and therefore possible cracks) may occur

in the slab.

''This Design: It was originally contemplated in this entry to

incorporate the above principles in a redesign of the new big

Hackensack-Passaic River girder spans, both of which are riveted.

However, since the structural system would be different, such com-

parison would not meet the rules of this competition; nor would
the ethics of such an attempt be easy to resolve among the many
engineers responsible for the above bridges, which unquestionably

are well conceived and represent the highest degree of structural

design skill thus fare demonstrated in this country. Accordingly,

the decision was made to prepare an independent set of design

calculations (both welded and riveted) for a somewhat longer span

length, but which would still be typical of the system described and
would illustrate not only the advantage of welding vs. riveting,

but also the features of steel conservation mentioned over and above

the conventional types of girder construction.

"In essence this entry should be judged as a whole system of

design, appHcable to wide ranges of spans and conditions, as well

as to other bridge types—such as suspention, arch, rigid frame and
others, as will be described later,—rather than to the specific pro-

portions of the design submitted, which are primarily for purposes

of illustration. Some discussion of such extensions is given subse-

quently in this report.

''Erection: It must be clear from the previous discussion (see

paragraph, 'Prestressed Steel') that truly phenomenal savings in

structural steel are conceivable in a system where the cables and
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slab carry all of the dead load. Indeed, if the bridge is supported

on falsework throughout the various phases of erection and pre-

stressing, the steel begins to assume a minor structural role. An
analagous (though not identical) condition is well known to de-

signers familiar with composite construction.

"In order to emphasize the versatility of the proposed design

procedure, however, and to illustrate its application to the case

where the girder is to be erected by the cantilever method, the entry

submitted has gone beyond the above comparatively simple solution

and has been so designed that no modification of section is necessary

to allow such cantilever erection without overstressing the elements

of the bridge.

"With the use of falsework, the steel girder serves during erection

merely to carry the slab from bent to bent of the falsework, and the

prestressing essentially lifts the girder from the falsework. In the

cantilevering procedure the girder must in itself be capable of carry-

ing the dead load over the entire span while the slab is being poured

or is setting, and prior to slab prestressing. The amelioration of

this latter predicament is acomplished in part by the use of auxiliary

prestressing cables anchored to the steel, and in part by the higher

stress values allowed when erection stresses are included.

"Not only is welding recognized as the 'natural' connecting device

in any system incorporating composite construction, but the design

technique introduced in this entry brings additional and im-

portant advantages with respect to welding. If the table of stresses

and the stress curves on Fgiure 34 be studied, it will be apparent

that the live load stress variations from the dead load stress condition

(#4, #5a, #5b, #5c) are relatively low, and hence fatigue prob-

lems are eliminated in large measure. Furthermore, the cable

suspension system reduces shears, greatly lowering weld require-

ments in the flange elements.. As a consequence of these facts,

the normal amount of welding necessary from a practical stand-

point to join the girder components is found more than ample
from all stress standpoints.

''Erection Sequence: Assuming the side spans erected by con-

ventional methods employing one or more temporary bents and
cantilever erection, the major steps in the erection of the main span

are as follows:

#1. Cantilever individual girders out 90 ft. from piers and

hoist center section in place.

#2. Add auxiliary cables at supoorts and part of main span

cables (W and X), all anchored to structural steel. Pre-
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stress to full value.

#3. Pour slab on formwork resting on girder steel. Slab is

independent of main structural steel. The slab is poured

directly on the top % in. plate with the shear connectors,

this plate in turn resting on rollers on the main girder

flange.

#4. After setting of slab, connect remainder of main span

cables (Y) and prestress against slab. Temporary rollers

still in place. If desired the construction may be allowed

to stand a short period and readjustment of prestress made
to take up shrinkage and plastic flow.

#5. Weld % in. plate to girder flange by continuous side plates

shown in the drawings. Henceforth structure acts as a

composite under live load.

Various live loadings were investigated:

#5a. Max. positive moment at center of main span.

#5b. Max. negative moment over pier.

#5c. Live loads in end spans only.

"The stresses produced by the above loadings, including the

various erection stresses, are plotted on Figure 34. . . . It must be

noted that the stresses are combined stresses (P/A -|- Mc/I) ; there-

fore the conventional plots of maximum moments vs. moment
capacity are meaningless for this type of construction, and as a

result the stress plot must be employed.

"The initial phase of the erection sequence is predicted upon the

construction of the approach spans on falsework bents, the work
progressing from the shore to the piers. In this way the box girder

section at the piers can be set directly in place by derricks, the

sections being allowed to ride the completed portions of the ap-

proach span up to the derrick point. Such a sequence was used in

the monumental Dusseldorf-Neuss Bridge erection [see K. Schaech-

terle and L. Wintergerst, 'Reconstruction of Rhine Bridge at Dussel-

dorf-Neuss', Bauingenieur, Vol. 27 (1952) No. i, pp. 1-19], and
avoids difficulties with field splicing of the deep plate girder sections

if attempted from the pier outward; of course, the method is

ideally suited to box girder sections, such as is employed in this

design at that point.

'The analytical methods of prestressed steel [see Magnel refer-

ence], and of prestressed concrete are now so well known that it

is not necessary here to elaborate on them. Typical design calcula-

tions are appended to this report so as to illustrate the procedures.

Suffice it to say that methods similar to those recently expounded
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by Moorman [see R. B. B. Moorman, 'Equivalent Load Method
for Analyzing Prestressed Concrete Structures', ]ournal ACI, Vol.

23, Jan. 1952, No. 5, pp. 405-416], are all that are needed for the

background for such calculations.

"Designers will undoubtedly find considerable favor in the system

employed, because of the complete latitude given them in selecting

prestressing forces and geometry to meet the physical loading condi-

tions. Advantage is taken of this in the specific design, for example,

to adopt the cables to a system of erection employing cantilever

construction.

"It is a point of interest brought out in the calculations than an

ultimate strength check indicates factors of safety against ultimate

failure of 2.18 and 2.62 at the critical points of the span, both

considerably above normally accepted values of 1.9 and 2.0. The use

of such supplementary ultimate analysis has further practical value

in that it may be employed as a means of preliminary design in

selecting sections.

''Comments on Details: The shallov^ness of the steel construction

(depth-span ratio 1:45) is worthy of note. This is by no means a

limiting value, for the literature contains others with this structural

system relatively much shallower.

"The slab concrete employed has an ultimate value of 5000 p.s.i.

in 28 days. The production of concrete of this quality is fairly

routine with modern methods of mix design and control, and with

the increasing degree of practice with prestressed concrete requiring

such quality.

"The elimination of floorbeams is noteworthy. The economic

desirability of such a construction is attested by the adoption recently

of a comparable system (without floor steel) to the Rio Paz Bridge

between El Salvador and Guatemala by the John A. Roebling's

Sons Co.

"The box-like structure—closed over the piers, and open at the

centers of span—develops improved wind resistance. The bracing

systems were incorporated mainly for erection conditions prior to

the pouring of the slab, and of course lend themselves to further

increasing the wind resistance of the structure after the above pour-

ing period. Another advantage of the box-structure is a better

distribution laterally of the live loading, an important factor in

improving the ultimate failure strength of the structure.

"The parapet, railing, and sidewalk [see Figure 34] were specifi-

cally adopted from the New Jersey Turnpike structures, as repre-

senting modern examples of good practice in this field. The



PRESTRESSED 101

addition of fluorescent lighting in the handrails represents a modern

improvement in detail used with success on some bridges in this

country, and eliminating the unsightly overhead light standards.

"The flange makeup in the welded design, using 8 x 8 x i angles,

has been employed in many welded bridges built in the past. It has

the specific advantage of improved stress flow to the flange plate,

which in this instance must be fairly wide. Conventional riveted

construction (see Figure 33) is inferior in this respect. Further, the

use of the welded flange reduces the depth of the web in respect to

buckling.

"Webs are stiffened at piers both horizontally and vertically.

Erection of the entire center pier section on the ground at the bridge

site is considerably simpler than the building up of the box section

directly on the pier. This is attested to by the adoption of such a

scheme in the long-span Dusseldorf-Neuss bridge.

"Stringing of cables and prestressing are accomplished in stages as

required by the erection stress conditions. . . . Cables of 2^4 in. and

3 in. diameter are standard galvanized bridge cables, as used in

suspension and other construction. Certainly the danger of corro-

sion is neghgible with such tested materials. Cables are of course

free for inspection and maintenance as required.

"True composite construction does not take place in this system

until the % in. plate under the slab is connected to the top steel

flange. The achievement of this connection is certainly one place

where welding is so far superior to riveting that riveting is out of

the question. The riveted junction would require at least field ream-

ing—if not field drilling of the holes, which would hardly be desir-

able to the extent that it would be necessary.

"Likewise, the shear connection between the slab itself and the %
in. plate on which it rests is an item of construction in which welding

is ideal; the welded detail has so far a superiority over the riveted

one that it is questioned whether much support could be found for

the latter.

"The live load deflection is low with such structural systems

employing cables, and amounts to i/pooth of the span for the

design indicated. Dead load deflection is zero by virtue of the

lifting of the cables.

"Shears are particularly low. The ordinary minimum size of

welds required for practical connections constitute more than ample
allowance for the stresses involved. Web plates are also compara-
tively low-stressed.

"In order to give a valid comparison, the riveted sections were
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so designed as to yield die same stresses as attained on the welded

design. Riveted sections are governed by the specification require-

ments governing net section. The riveted design is further penal-

ized by less flexibility w^ith relation to the design of stififeners, etc.,

v^hich must be in the form of angles for proper connection.

"An important advantage of the use of cables is that adjustment

of their stress or of their number is possible w^ith future changes in

live loadings, thus increasing the life and utility of the bridge.

Quantities:

"Quantities for both designs are summarized belov^. For details,

see the calculation sheets.

Exhibit A Exhibit B
Riveted Welded

Concrete, cu. yds 1,840 1,840

Reinf. steel, lbs 383,700 383,700

Galv. Bridge Cables, lbs 382,000 382,000

Cable Fittings, lbs 8,640 8,640

Structural Steel A-7, lbs 4,280,900 3,554,100

(inch 67,000 lbs.)

(c.s. saddles)

Structural Steel unit wt.

Ib./sq.ft. roadv^ay 120.5 99-5

lb./sq.ft. bridge plan 98.8 81.8

Weld Weight lbs. Shop 21,200

Field 8,429

"The riveted design thus uses 21 per cent more structural steel

than does the wielded bridge.

"The follow^ing discussion will further elaborate on the steel sav-

ings of this particular design and the technique in general. It is

well known that bridges in this span classification generally utilize

from TOO to 150 lbs. of high strength steel per square foot of roadway

surface. The Hackensack Girder (silicon steel) falls within this

range (as judged from the reaction and sheer data published in a

recent article, see New Jersey Turnpike reference). The recent

long-span girder at Dusseldorf-Neuss, over the Rhine, of box con-

struction throughout, used 515 kg./m^ = 106 lbs. per square foot

of bridge of high strength steel, which compares with the figure of

81.8 lbs. per square foot of bridge plan of this design, using ordinary

structural steel. (If cables and fittings are added to the latter figure,

it becomes 92.7).

"Seeking further comparisons, it may be noted that a typical

formula [see Huette Handbook, Vol. Ill, p. 344], for highway
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bridge weights in this class is (structural steel)

W = 10.2 — .123 L — .00019 ]J — (31 to 51 for roadway steel)

lbs. per square foot of bridge plan.

For the design in question, this is

W = 10.2— .123 X 450— .00019 X 45<^^— ^vg. 41 = 145 psf bridge

plan of structural steel.

The design submitted achieves the same thing with 81.8 or 92.7 psf,

depending on whether the cables are counted in or not.

"A further comparison is given by the competition preceding the

Cologne-Mullheim bridge construction which produced designs

ranging from 0.5 to 0.9 t/m (= 103 to 180 psf of bridge plan) for

girder construction, all using high strength steel.

"The above demonstrates that the given design not only uses

21 per cent less steel than the riveted analog, but that the structural

system adds savings several times more than this in comparison with

standard constructions, most of which had to resort to high strength

steel to keep within reasonable size limits.

Costs:

"It is not felt that a detailed analysis of costs of such a system

will reveal much difference in the per pound price between riveted

and welded steel. This observation confirms general observations

by others in recent literature, and is more applicable to the present

design in which any difficulties which would arise in cost analysis

would be associated with the conditions of erection and the familiar-

ity of the contractor with the system of prestressing.

"Using typical in place costs of 17c per lb. for structural steel,

lie for reinforcing steel, $ioo/yd. for the high-strength concrete

(which it is felt is perhaps more liberal than necessary), 50c per lb.

for the cables, we arrive at a cost of the bridge superstructure of:

Riveted Welded

Concrete % 184,000 $ 184,000

Reinforcing 42,200 42,200

Cables 191,000 191,000

Fittings 4>3oo 4j3oo

Structural Steel 727,800 604,200

Total 11,149,300 $1,025,700

Thus, the weight savings carries over directly into cost savings,

although not in the same ratio, since the extra cost of concrete is

high relatively."



CHAPTER III

SIMPLE BEAM SPANS

In comparison to the number of continuous span bridges pre-

sented, the simple span structures were relatively few; however,

there were enough to represent various types of construction. Some
are curved, some straight and some are skewed and others have

square ends. Normal reinforced concrete slabs are used for the

roadway, others have composite slabs, and still others have battle-

deck floors.

Henry F. Gauss, Moscow, Idaho, designed a welded bridge of

three simple spans—approximately 32 ft., 78 ft., and 32 ft. respec-

tively. It is the counterpart of a riveted structure already built which

is on a skew and a 3° curve. The bridge carries two lanes of roadway

(24 ft.) plus one sidewalk on four lines of beams with the reinforced

concrete slab spanning the 7 ft.-6 in. between beams since stringers

and floorbeams are not required. The plan view of Figure 35
shows the cross frame spacing.

The riveted beams are 24 WF 76 for the shorter end spans and

fabricated girders using 48 in. by % in. webs, 6 x 4 x % in. flange

angles, and 14 in. cover plates for the center span. The stiffeners are

4 X 3 X 5/16 in. angles spaced at about 3^^ ft. centers.

The welded beams for the end spans consist of 26 x % in. webs

and 9 in. channels as flanges. For the center spans, the web is a

50 x 5/16 in. plate with 4 x 5/16 in. olates as stiffeners and the

flanges are 12 in. ship channels (see Fi8:ure 36). The manner in

which the channel flanges serve as the forms for the haunches in

the concrete slab is shown in the cross sections of Figure 37.

Because the bridge is on a curve and there is a sidewalk on only

one side, the girder nearest the sidewalk (A4) is strongest and the

girder next to it (B4) has the least strength. The two girders away
from the sidewalk (A3 and B3) are of equal size. A comparison

of the weights of these girders both riveted and welded is thus

:

Girder Weight-Riveted Wcisht-Welded Per Cent Savings

A4 16759 12679 24.4

B4 14897 1 1330 24.0

A3 I5183 1 1850 21.9

B3 I5183 1 1850 21.9

104
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The total weights for Exhibit A are 102,844 1^). of structural steel

plus 4,000 lb. of rivets. For Exhibit B, the structural steel totals

82,880 lb. and the welding rod amounts to 1,402 lb.

After summarizing his weights and costs, Mr. Gauss said: "The

difference in cost is I6040.46 which represents a saving of 30 per cent.

It must be remembered that the figure represents the saving in cost

of structural steel work only; when the cost of the abutments, piers,

road-way and grading is included the above saving forms a much
smaller per cent of the total."

J. D. Jewell, Oklahoma City, Oklahoma, utilized three simple

spans for his skewed bridge crossing. The span lengths are 67 ft.,

65 ft., and 67 ft. The total width of 74 ft.-8 in. provides for two 27 ft.

roadways and a 15 ft. median strip (see Figure 38).

The reinforced concrete slab is designed to act compositely with

the longitudinal beams. These beams are 27 WF 94 sections that

have been split longitudinally and welded into beams of variable

depth as shown in Figure 39. At the ends the beams are 12 in. deep,

and for the middle 15 ft., the beams have a constant depth of 32 in.

The composite slab is supported directly on the main beams which
have a spacing of 7 ft.-6 in., except at the median where one space

of 7 ft. even is used. The slab has a 6 in. haunch at each beam.
The bridges are separated along their centerlines into two halves

with no connection between the halves.

The welded bridge requires 446 cu. yds. of concrete, 96,490 lbs. of

reinforcement steel, 213,055 lbs. of structural steel, 2,738 lbs. of shop
welds, and 95 lbs. of field welds.
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CHAPTER IV

SIMPLE TRUSSES

Somewhat more than twenty-five per cent of all of the entries

in this program are simple truss bridges. With but few exceptions,

these structures are deck trusses. Some of the designs use the top

chords as stringers, some have continuous stringers between trusses,

and some have concrete slabs that act integrally with stringers,

truss chords, or both. A few of these bridges have no stringers or

floor-beams—the slab is supported directly on the top chords. Space

trusses that eliminate the need of lateral bracing are utilized in

one entry. Other variations involving the type of roadway and

arrangement of trusses and their members were also presented.

James H. Jennison, Pasadena, California, presented a very com-

plete design of a 150 ft. truss bridge. The end panels are 15 ft. long

and the six intermediate panels are 20 ft. The truss has a curved

bottom chord with a maximum depth of 15 ft. The 26 ft. roadway

consists of a yYz in. reinforced concrete slab that is designed com-

positely with the truss top chords (22 ft. apart) and three inter-

mediate lines of continuous stringers.

The following is quoted from Mr. Jennison's discussion.

"Success in designing a bridge to conserve steel depends upon the

judicious application of several design principles and careful design

of connection details. The following principles were applied to

conserve steel in the bridge designs presented herewith:

(a) The type of bridge should be selected to economize mate-

rial for the particular span.

(b) Sections should place the material as far from the center

as possible for the cross section area required. This results

in large section modulus for beams, large resisting moment
for trusses, and large radius of gyration for compression

members.

(c) Loads should be carried to the abutments by the shortest

possible path.

(d) Members should serve for more than one function, where
possible, rather than individual members serving for each

individual function.

(e) Beams should be designed continuous over supports where
possible.

(f) The deck should participate with other members in carry-

ing load to the greatest extent possible.

116
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"A span of 150 ft. was selected, and a riveted bridge (Exhibit A)
and a welded bridge (Exhibit B) were designed with similar fea-

tures for comparison. Deck trusses of the Warren type were chosen

as the type most likely to conserve steel for a bridge of this span.

Moreover, a deck-type bridge has the additional advantages of

affording an unobstructed view from the roadway, unHmited clear-

ance above the roadway, and protection of the steel work from the

weather and from damage by vehicles.

"Full advantage of the concrete deck in carrying loads to conserve

steel was achieved by making the stringers continuous composite

beams, by using the deck as a horizontal diaphragm to carry lateral

loads, and by full participation of the deck and stringers with the

truss top chords in carrying the compression load. Many bridges

have been built with a concrete deck keyed to steel beams to produce

a compositite member, and large savings of steel have resulted. How-
ever, as far as the author has been able to discover, deck truss bridges

have never been built with the concrete deck carrying a large portion

of the compression load. Such composite action between the deck

and the trusses conserves a considerable weight of steel, particularly

in a welded bridge.

"The welded bridge designed as Exhibit B with the deck partici-

pating with the stringers and top chords in carrying bending and
compression loads is shown in Figure 40. Welding a bridge of this

type makes possible a large saving in weight of steel and permits

the elimination of much of the small detail material such as clip

angles, gusset plates, stay plates, and lacing bars. The resulting

design combines the advantages of steel conservation, low construc-

tion cost, durability, clean appearance, and low maintenance cost.

"The trusses were made 15 ft. deep for a span of 150 ft. giving a

depth to span ratio of 1:10. This is the lower boundary of depth

from the standpoint of the specification for limiting deflection.

Neverthless, the weight of steel should be near the minimum pos-

sible, and the live load deflection should be smaller than the deflec-

tion experienced in a conventional truss because of the low top

chord stress resulting from participation of the deck. The trusses

can be transported to the construction site in three sections on low-

bed trailers, whereas deeper trusses would require field assembly
of individual members.
"A Warren type truss was selected because it gave a shorter stress
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path to the abutments and permitted Hghter verticals than the Pratt

type. The horizontal shear from the diagonals is transferred to the

deck at Uo, U2, and U4 (5 panel points) whereas a Pratt truss would

have required that shear be transferred at all 9 panel points. The
lower chord was curved to give more uniform size to the lower

chord section and to the diagonals.

"Loads were applied at the panel points of both chords to deter-

mine the stresses in the truss members.

"Connections between truss members were made by means of

gusset plates in the riveted bridge. However, in the welded bridge,

the members were welded directly to each other with stiffeners

provided as required to maintain uniform distribution of stress on

the cross section of the member.
"The design of the top chord was tedious because several succes-

sive trial designs were analyzed before sufficient refinement was
attained. Moreover, the stresses at mid-panel and at the panel points

were necessarily analyzed separately because the bending moments,

cross-sections, and in some instances the direct stresses were differ-

ent. At mid-panel the full concrete area is always in compression,

so the member can be treated as a composite beam subject to bending

and direct compressive load. At the panel points the analysis is

similar except that the upper part of the concrete is in tension and
therefore is neglected. This required that the neutral axis be deter-

mined by trial, but by analyzing the errors it was possible to locate

the neutral axis in close agreement with the stresses obtained from
the usual elastic theory as applied to reinforced concrete. Formulas

for stresses in the composite beams could be derived in the same
way as the formulas for reinforced concrete beams subject to bend-

ing and compression are derived. However, a little investigation

will show that these formulas are too complicated to be useful and
that the trial method is best.

"A complete analysis of any member composed of more than one

material should include the effects of temperature expansion and
contraction and shrinkage. The thermal coefficient of expansion

of concrete is close enough to that of steel that thermal effects can

be neglected, as is usually done in reinforced concrete design.

Shrinkage effects deserve more detailed consideration.

"Shrinkage, or shortening, of a concrete member arises from
initial hardening of the concrete, from drying, and from plastic flow,

or creep, under sustained load, and from elastic compression. The
values of these factors that may prevail in the deck slab of the

composite bridge are as follows:
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in. per in.

Shrinkage from initial hardening: (i) o.oooi

Shrinkage from drying: (2) 0.0008

Plastic flow or creep : (3, 4) 0.0004

Elastic compression: 0.0001

Total 0.0014

References:

(i) A. A. Anderson, "Expansion Joint Practice in Highway Con-

struction", Transactions of the American Society of Civil Engineers,

1949, Vol. 114, p. 1 162.

(2) Davis, ASTM Proceedings, Vol. 30, Part I, p. 677.

(3) R. E. Davis, H. E. Davis, and J. S. Hamilton, "Plastic Flow

of Concrete Under Sustained Stress", Proceedings ASTM, Vol. 34,

Part II, p. 34.

(4) J. R. Shank, "The Mechanics of Plastic Flow in Concrete",

Proceedings of the American Concrete Institute, Vol. XXXII (1936),

pp. 149-180.

"It is clearly evident from the above values of shrinkage and

shortening effects that the steel beams will be stressed beyond the

yield point in compression. However, the same theoretical conclu-

sion apphes to composite beam bridges of the usual type where a

concrete deck is keyed to steel beams. Numerous bridges of this

type have been built and have performed satisfactorily. Moreover,

tests have indicated that the practice of designing the beams as

elastic composite members without special consideration of shrink-

age and plastic flow is satisfactory, [see C. P. Siess, 'Composite

Construction for I-Beam Bridges', Transactions of the American
Society of Civil Engineers, 1949, Vol. 114, pp. 1023-1072]. Further-

more, shrinkage and plastic flow in reinforced concrete columns
frequently stresses the longitudinal reinforcement beyond the yield

point but does not lessen the load carrying capacity as shown by

numerous tests and much practical experience, [see F. E. Turneaure
and E. R. Maurer, Principles of Reinforced Concrete Construction,

1935, Wiley, pp. 19, 185-193].

"Because of the above considerations the effects of shrinkage and
plastic flow were not considered in the stress analysis. The bending
stresses from dead loads were obtained by considering the steel

beams acting alone; bending stresses from live load and direct stress

were calculated on the basis of composite beam action based on the

usual assumptions for reinforced concrete, namely: (i) Plane sec-

tions remain plane, and, (2) Hooke's law, stress is proportional
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to strain.

"However, it seemed best to make the. stringers and chords

continuous so that the tendency for large strains to develop at local

points w^ould be minimized. The welded design, in effect, produces

a single continuous member. The chords of the riveted bridge run

through the joints and the abutting ends of chords and stringers are

to be milled for bearing.

"Shear lugs made from a Z section were used on the riveted

bridge, and shear lugs made from a channel section were used on

the welded bridge. They were designed from test results, [see

N. M. Newmark, F. E. Richart, and C. P. Siess, 'Discussion on

Bridge Floors', Transactions of the American Society of Civil Engi-

neers, 1949, Vol. 114, p. 1071]. Both the channel and the Z section

tie down the deck in a positive way.

"The shear transfer at Uo is accomplished by direct bearing on the

end of the deck slab. At U2 a special shear transfer device is

provided. The hooked reinforcing bars carry most of the load, and

no satisfactory substitute could be found for the riveted bridge.

Since the bars could not be attached by any method except welding,

they were welded on both bridges.

"The rivet heads no doubt provide considerable shear resistance

on the chords of the riveted bridge; however, this was considered

an added factor of safety rather than a primary load carrying factor.

In this respect the riveted design appears to have an advantage.

"The bottom chord of the welded bridge is butt welded, taking

full advantage of the gross section of the wide flange sections. The
riveted bridge has a bottom chord composed of two channels in the

conventional manner.

"The end connections of the tension web members of the welded
bridge were designed with butt welds to avoid kinking of the

stress paths. However, it was not feasible to avoid stress raising

effects from abrupt intersection with other members. Consequently,

to be conservative, the formulas from Table i of the AWS Specifi-

cation for members end-connected by fillet or plug welds were used
for all the web members and Uo - Li. The truck loading which
governed these members was Category B, not more than two panels

of loaded single lane, with a basic tensile stress of 14,000 psi. Two
lanes loaded with a basic stress of 18,000 psi was a less severe condi-

tion for these members.

"The verticals of the welded bridge are made from pipe. Because
pipe provides the largest possible radius of gyration in all directions

for a given weight it is ideal for compression members. The welded
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connections at the ends are simple and effective. Some eccentricity

at the weld is not serious because of the polar symmetry of the pipe

and its circumferential strength.

"The welded diagonals Ls - U4 are built up members composed

of two channels and a bar to give a larger radius of gyration than

can be obtained in a single rolled section of equal weight. Pipe

was considered for the diagonals, but did not appear to be well

adapted to joining the chords, particularly at the upper chord.

"The riveted bridge was designed with 8 WF 31 verticals and two

channels for each diagonal. An alternate design using the following

members was considered:

Verticals 10 WF 33
L1-U2 10 WF 60

U2-L3 10 WF 54
L3-U4 10 WF 49

In many respects the wide flange diagonals are more satisfactory,

and most designers would no doubt choose them in preference to

the channels. However, the heavier main material, wider chords,

and the fillers increase the weight by 4,075 lb. more than the elimi-

nation of stay plates and lacing on the diagonals reduces it. This

increase in weight amounts to 2.5 per cent of the total structural

steel; and, since the main objective was to conserve steel, the lighter

design was adopted.

"The complete bracing system with the deck acting as a horizontal

diaphragm and bracing in the vertical planes at the panel points and
in the lower chord plane will give great torsional and lateral stiff-

ness to the bridge.

"Section 3.6.67 of the AASHO Specification appears to require

lateral bracing in the plane of the top chord, but Section 3.2.14

appears to allow for its omission. Because, the deck is exceptionally

well keyed to the stringers and chords and adequate bracing is

provided in a vertical plane at the panel points and in the bottom
chord system, no top lateral braces were provided. The deck can
carry the lateral loads at the top chord level with very low stresses

resulting.

"The lateral bracing of the riveted bridge was governed by the

maximum L/r of 240 for tension bracing members. If rods with
clevises were used, the bracing would be lighter, but this would not
be a riveted system. Rods and turnbuckles were used with pipe
lateral struts (governed by L/r) for the welded bridge lower
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lateral system.

"The lateral bracing in vertical planes (cross-frames) of the

welded bridge will be explained in connection with the floorbeams.

"The welded bridge has weldments for rockers, shoes and bearing

plates. At the fixed end the bearing plate permits deflection of the

span without concentration of load at the edge of the bearing plate,

and also is interlocked to take longitudinal and lateral loads. This

design avoids all machining operations on the fixed end bearing

plates except drilling the holes for the anchor bolts.

"The riveted bridge utilizes conventional cast steel rockers and

pedestal shoes.

"The deck is concrete made with ordinary rock aggregate. A
lighter deck with a consequent saving in steel could be made by

using hghtweight aggregate, but the larger shrinkage exhibited

by lightweight concrete is undesirable from the standpoint of the

composite action with steel members. Likewise, prestressing would

save deck reinforcing steel, but would be costly and difficult to

incorporate without introducing undesirable stresses in the stringers,

chords, and floorbeams, and consequently was not used.

"The deck performs all of the following functions

:

1. Running surface for traffic.

2. Stiffening diaphragm for lateral loads.

3. Top flange member of stringers and chords acting as com-
posite beams.

4. Participating member with stringers and chords in carrying

the compressive chord stress.

"The curb is reinforced and keyed to the deck so that it acts as

an outside stringer or edge beam. Both the curb and the deck are

reinforced longitudinally at the panel points to prevent cracking

from negative moment. This reinforcement was considered in

computing the negative moment resistance of the stringers.

"With the exception of the shear device at U2, there are no hooked
bars. The reinforcement mats can easily be laid out and tied, and
there are only a few bar sizes and lengths.

"The stringers of both bridges were keyed to the deck so that the

deck and stringers act together as composite beams. Dead load

bending stresses were computed with the steel acting alone, because

the dead load would be applied before the concrete has hardened.
Live load bending stresses and direct compression stresses from
action with the truss top chords were computed on the assumption
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that no sliding takes place between deck and stringers. Horizontal

shear loads applied at one panel point were* considered to be uni-

formly distributed over the full width of the deck at the adjacent

panel point and beyond. The top flanges of the stringers were

designed to have lateral support from the concrete deck by making
the bottom surface of the deck flush with the lower faces of the

stringer top flanges.

"The stringers of the welded bridge were deepened at the interior

floorbeams to carry negative moment and to make them the same
depth as the floorbeams, thus giving lateral support to the lower

flanges of the floorbeams. The welding specifications limit the ten-

sion stress to 75 per cent of the basic value (13,500 psi) at points

where there are abrupt changes in section or transverse attachments.

However, the governing stress in the stringers at panel points was
the 18,000 psi allowable compression resulting from combined

and direct chord compression.

"The stringers of the riveted bridge were placed over the tops of

the floorbeams and were spliced near points of contraflexure. This

should give a close approach to the integral action with the deck

achieved in the welded design, and would be very easy to erect.

Another reason for placing the stringers on top of the floorbeams

was that this located the floorbeams below the top chord channels

and avoided congestion at the joints. Obviously the floorbeams

could not be on top of the chords if the chords were to act with

the deck as a composite member.
"The combined bending and compression load at panel points

requires a cover plate on the bottom flange of the stringers of the

riveted bridge at the support, and web stiffeners were provided

at supports to prevent local buckling of the webs.

"The interior floorbeams of the welded bridge are supported at

mid-span by diagonal struts which carry load to the lower chord

panel points. Pipes were used for the struts to obtain maximum
radius of gyration. This arrangement saves considerable steel in

the floorbeams by making them continuous beams with 11 ft. spans

instead of the 22 ft. span between trusses. Moreover, the verticals

at panel points i, 2, and 3 were made lighter by this arrangement

which divides the load between upper and lower panel points. The
struts also function as a part of the bracing system and thereby

achieve the economy of material that attends the use of a single

member for more than one function.

"Although the author attempted to design the riv&ted floorbeams

in the same way as the welded ones, this proved to be impractical.
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The diagonal struts could not be connected rigidly to the floorbeams

by any simple connection and with the stringers above the floor-

beams the lower flanges of the floorbeams lacked lateral support.

This would be an unsafe condition in a region of high compression

from negative moment. Consequently the interior floorbeams of

the riveted bridge were designed as simple beams with a span of

22 ft."

Figures 41 to 46, inclusive show the details of the welded bridge.

Figure 47 shows an elevation and cross section of the riveted bridge.

Mr. Jennison gave elaborate cost studies, detailed lists of material,

and even made comparisons between the use of A 7 steel and A 242

low alloy steel. Summaries for the riveted and welded bridges are

as follows:

RIVETED BRIDGE
Structural Steel, Shapes and Plate

Structural Shapes 124,151 lb.

Plate 32,179 lb.

Bearing Plates 790 lb.

Subtotal 157,120 lb.

Rockers and Pedestal Shoes 1,568 lb.

Miscellaneous Iron and Steel

(Pins, pin nuts, bolts, washers, rivet heads) 5jI98 lb.

Subtotal 163,886 lb.

Reinforcing Steel 21,461 lb.

Total Structural and Reinforcing Steel 185,347 ^^^

Rivets Shop Field Total
%" 10,186 1,624 11,810
%'' 1,312 .... 1,312

Concrete Deck Slab 108 cu. yd.

Timber, Railing 2,237 ^^m

WELDED BRIDGE
Structural Steel, Shapes and Plate

Structural Shapes 70,498 lb.

Plate 10,820 lb.

Bearing Plates and Rockers . 1,342 lb.

Subtotal 82,660 lb.
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Pipe, Structural Members 8,732 lb.

Subtotal 91)392 lb.

Miscellaneous Iron and Steel

(Pins, pin nuts, bolts, washers, turnbuckles) 1,000 lb.

Reinforcing Steel 21,578 lb.

Total Structural and Reinforcing Steel ii3?97o lb.

Welding Rod 781 lb. (shop) -[- 151 lb. (field) = 932 lb.

Concrete, Deck Slab 108 cu. yd.

Timber, Railings 2,237 ft)m

Adding up all of the contributing items, the estimated cost of the

erected structural steel is $0.21 per lb. for the riveted structure and

fo.247 per lb. for the welded structure.

R. W. Ullman, Cleveland Heights, Ohio, selected a 26 ft. roadway

and a span of 130 ft. for his bridge. Also, he choose to design the

reinforced concrete slab to act compositely with the longitudinal

deck trusses. The slab is 9 in. thick at the bridge centerline, but

because of a 2 in. crown, is 7 in. thick at the curbs. It spans the

9 ft. between the four lines of truss top chords without the need of

stringers or floorbeams.

The riveted bridge utilizes four vertical trusses spaced at 9 ft.

centers as shown in Figure 48. The welded bridge consists of six

inclined trusses that are arranged to form three triangular space

frames as shown in Figure 49. The depth of both types of trusses is

7 ft.-9i/2 in.

Mr. Ullman described his welded structure as follows:

"The bridge consists of a concrete roadway slab securely attached

to three triangular units 'U' (see Figure 49). Each of these three

units is comprised of two inclined trusses of the Warren type which
are cross-connected at the top, every 8 ft.-ij^ in. These Units 'U'

are to be erected as one unit, then attached to each other by
completing the welding of the shear lugs across the top flange

of the adjacent Unit. The bottom laterals, space at 16 ft.-3 in. center

to center, are then field welded in and the supporting deck

structure is complete. From the typical cross section, it will be seen

that the supporting deck structure is broken down into Rvc isosceles

triangles in which the inclined trusses are the load carrying mem-
bers of the bridge, and the concrete deck is the compressive member
of the entire span.

"This unique arrangement results in many advantages over
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present methods of design:

1. Great strength and rigidity because of the triangular break-

down of the supporting system in longitudinal and transverse

directions.

2. No cross frames are required because the inclined members,

leaning against each other provide at the same time lateral

stability and a very effective load transfer.

3. All interior loads are aWays taken by tv^o inclined members
against one in the vertical design. Thus a load P, for which

a vertical member must be designed, reduces in the inclined

design to P in which the angle cc is the angle between
2 sin oc

the inclined member and the horizontal.

4. An overall economy, in comparison with an identical design

of vertical truss riveted construction, which is surprising.

This is attributable to the advantages quoted in paragraphs

V and '3', the elimination of punching and precision shop

layout necessary in riveted construction and other advan-

tages gained by the use of the arc welding process.

TT ^ tP

"Diagonals and posts are all wide flange T sections welded to the

inclined sides of the top and bottom chords. The top and bottom

chords consist of 14 x ^ in. plates and 8 in. plates of varying thick-

nesses welded to each other at an angle of 60°. Because of composite

action, the horizontal top chord plates vary in thickness only from

% in. to Yi in., while the bottom chord horizontal plates vary

from % in. to 1% in.

"To the top chord, 2^/2 x Yi in. shear lugs are welded at 12 in.

center to center. To these shear lugs, three longitudinal deformed
bars are welded. This device will attach the concrete slab securely

to the steel work so that a composite action is assured.

"As shown in Figure 50 the top and bottom chord plates are first

fabricated to a length of 131 feet by butt welding. The 14 x Yi in.

and 8 in. wide plates are then machine welded to each other on an
angle of 6o\ To the long leg of the angle thus formed, the diag-

onals and posts are fillet welded to the face of the 14 x Yi plate

and later, after turning the truss over, across the back of the T
section. The entire deck structure is, practically, made up of six

identical trusses which are easy to fabricate, with most of the weld-

ing done in flat position (see Typical Truss Details, Figure 50).
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"The design submitted shows the posts and diagonals fillet

welded to the outstanding leg of the top and bottom chord plates.

This, in the author's opinion, is the most practical and economical

method and is comparable to vertical trusses having angles as web
members. While approximately two-thirds of the direct stress

passes in almost a straight line through the flange of the T sections

between the top and bottom chord plates, a slight eccentricity

exists, which may be objectionable.

"Figure 49 shows three methods of what might be done to further

reduce eccentricities of the inclined truss members:

"Alternate T': The web members of the two adjacent trusses are

butt welded to each other at the bottom chord along these lines of

contact. At the top, a portion of the web of the inclined members
is welded to the underside of the horizontal chord plate.

"Alternate 'Q'
: The flanges of the web members are cut to fit the

outstanding edge of the chord plates and then butt welded to it. The
extending portion of the web is then welded to the 14 x J^ in. plate

of the top and bottom chords.

"Alternate 'R': The webs of inclined web members are slotted

to fit over the 14 x i/4 in. plates of the top and bottom chords. This

will require a milling operation since the entire fillet must be

removed flush to the face of the flange. The member then is fitted

over the chord plates and welded to it.

"Of the three alternates shown, the author prefers method P
since it eliminates all eccentricities and will cost the least. While
all three alternates mean an increase in fabricating cost, it is pointed

out that such an increase will affect the advantages of the welded

design only shghtly.

"The open angle of the top chord section is provided with shop

welded vertical stiffeners at 14 in. centers. In addition a horizontal

stay plate, field welded, is placed between the inclined chord plates

at every panel point.

"The bottom chord is provided with three stiffeners on the outer

side of each panel point and with four stay plates each, between
the panel points. All stififeners and stay plates for the bottom chords

are shop welded.

"Because the deck construction is shallow in depth and violates

the ratio of depth requirements as set forth in the Highway Speci-

fications Section 3, 6 and 11, the deflections were thoroughly

checked. The ratio of depth to the length of span, including the

depth of the deck slab and curb, is 9.35 = i

130.0 13.8
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"However, the depth ratio, according to specification require-

ments, should be L/io, which would require a depth of 13 ft. As

computed in the design a truss with a required depth of 13 ft. would

deflect approximately 2^/^ in. (assuming no composite action).

Investigations as to deflection of the submitted composite design

show the following results:

Approximate Deflection by Moment of Inertia Method 2^3 in.

Approximate Deflection by Top and Bottom

Chord Average—Unit Stresses 2}/^ in.

Correct Deflection by Work Method 2% in.

Correct Deflection by Williot Diagram 2^/4 in.

"From these investigations, it may be concluded that no excessive

deflection occurs and that sections need not be increased to reduce

deflection. The main factor causing low deflection with lesser depth

is, of course, the large moment of inertia which is obtained from

the composite section. Of 2% in. total deflection, 1% in. is due to

Dead Load, and % in. is due to Live Load; the latter is approxi-

mately I of the span. It is recommended that the trusses be

1800

cambered 3 inches.

"The trusses may be fabricated in section or to full length in one

piece, then shipped to the site, assembled into a triangular section

and hoisted into position; or, they may be fabricated into a full

triangular unit in the shop and transported to and erected at the

site. This procedure would depend on location of site, access to it,

and also on shop, clearance and transport conditions. To avoid

undue stresses in the steel of the top chord while the concrete is

freshly poured and still in a plastic condition, it is proposed to

support the span at its third points temporarily. After hardening

of the concrete, these supports are to be removed and the resulting

compressive stresses will then largely be taken by fully engaging

the concrete deck slab."

The weights and estimated costs are: Exhibit A, 158,844 lb. at

$0,147 P^r lb. for a total of $23,400; and Exhibit B, 106,440 lb. at

$.167 per lb. for a total of $17,800. For each, a total of 117 cu. yd.

of concrete and 19,000 lb. of reinforcement bars are required. The
welded structure requires 2795 lb. of shop welds and 40 lb. of field

welds.

Franz Schulze, Evanston, Illinois and E. A. Bartkus, Chicago,

Illinois designed the bridge shown in Figure 51. The bridge has

six 16 ft. panels for a total length of 96 ft. Two 13 ft. roadways
are separated by the upper part of the trussed structure. This single
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upper chord, a pipe section, is connected below the roadway to two

lower chords—also pipe sections. The bbttom laterals and the

inclined diagonals of this structure are also pipes. As the designers

said:

"The design is based on the use of two lower half trusses inclined

toward one another and joining at deck level into one upper half

truss which extends above the bridge deck and thus serves as a

traffic separator. The two lower chords, spread apart, are diagon-

ally braced and form, together with a common deck stringer, a

triangular space frame, making further bracing unnecessary while

still giving ample torsional resistance. To this core of the structure

are joined simple struts resting on the lower chords and supporting

the outer sides of the cross beams and through them the deck

stringers. Struts and frame present a cross section of three triangles

blending nicely with the appearance of the length view of the bridge.

The bridge deck is of reinforced concrete with curbed sidewalks

on the outsides of the bridge and on both sides of the upper truss

half in the length center of the bridge. The cross beams and

stringers arc of rolled sections. The deck, its elevation being between

those of the upper and lower truss chords, will take the main part

of the lateral (wind) stresses. The vertical posts above the deck

are of sufficiently strong rolled section to withstand the lateral

stresses occurring in the upper chord.

"The fabrication of the present type of design includes the cutting

of pipe members in a certain way. Their ends join other members
with cross sectional planes at an inclination to their length axis.

At the center deck stringer, some of their junctions require two
cuts in such angular inclination. The angles of these cuts are easily

ascertainable and the cuts made accordingly. Holding plates are

provided, which aid the proper placing of the members to be ready

for being welded into the frame. Butt welding is being used on
most of the pipe sectional members, fillet welds otherwise. To
provide the needed larger areas for the respectively high stresses

the outside pipe sections are reinforced with smaller diameter pipe

sections. They are centered to each other by rings welded around
the smaller pipe at all points of stress intersection. At the ends of

each member the several pipes are welded together in such a manner
that the combined sections come to full bearing. Aside of that

the pipe members are to be reliably sealed at the ends to prevent

access of air to the inside. Preceding this the pipes are completely

dried by the use of appropriate chemicals and pressure tested so as

to guard against possible development of inside rusting.
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"The shop work is intended to complete the entire triangular

frame, including the middle length beam at deck level and the

stump lengths of the vertical posts of the upper half-truss. These

stumps vv^ill serve an easier erection of the upper half-truss in the

iield.

"The shipping of the bridge is done in parts, but the whole tri-

angular frame possibly in one piece, loaded on two railroad flat

cars with the deckline tilted at 45 degrees to the horizontal. The
upper half-truss is likewise shop completed and, like the struts

and beams, can be shipped right alongside.

"The erection in the field thus requires putting the upper half-

truss in place, its vertical posts being easily fastened to the stumps

of the space frame, its diagonal members guided by holding plates,

and then completely welded to the frame so as to cause the whole

truss of the bridge to carry its full weight. This can be done on
shore before moving the structure into place or—by means of

scaffolding suspended from the lower chords of the space frame

—

on the final site. The latter procedure is advantageous insofar as a

considerably hghter weight needs to be moved. This is favored by

the fact that the bearings of the bridge fixed on one end and on
expansion rollers on the other, are parts of the space frame. Easily

accessible welding can then proceed to the point where the deck is

ready for the application of the reinforced concrete slab. It may
be mentioned with regard to this space frame that it is capable of

carrying the erection loads while the upper half truss is not yet

connected to it. However, the latter must be erected and thus the

entire truss completed, before the concrete floor of the bridge deck

is laid.

"The type of design was chosen particularly for the following

reasons

:

1. While it is not new (it has been used in Europe) it has not

yet been built in America according to available information.

2. The criterion of usefulness being more or less the same for

different countries, it is assumed that this type may be appro-

priate anywhere.

3. The advantages then are considered to be:

a. The separation of direction of travel as this expedites

traffic and makes for greater safety.

b. Unobstructed vision toward the outside of the bridge.

c. Protection against glare from the lights of approaching

vehicles.

d. Production of this type is considered advantageous as to
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weight and cost, because of the need of fewer supporting

members."

Details of the welded bridge are shown in Figures 52 and 53. The
riveted bridge has the same shape and dimensions as the welded

one but the members are composed of WF sections, channels, angles,

and plates rather than pipes. The reinforced concrete requirement

is identical. The riveted steel amounts to 146,610 lb.—the welded,

97,980 lb. The shop welds weigh 527 lb. and the field welds weigh

158 lb.

S. M. Bagdoyan, Washington, D. C, chose an unusual structure

for his 80 ft. span. As shown in Figures 54 and 55, the bridge has a

single vertical truss located between the two 24 ft. roadways. The
through truss has a curved top chord and has a depth at mid-span

of II ft. The top chord consists of a 26 in. cover plate and two 18 in.

channels. The bottom chord is a cylinder with a wall thickness

of I in. and a diameter of 36 in. The verticals and diagonals are

16 WF sections.

The reinforced concrete slab is supported at each panel point

(every 10 ft.) by 28 ft. cantilever beams welded to both sides of the

bottom chord of the truss. Mr. Bagdoyan explained the action of

his single truss as follows:

"The main feature of this design is the use of a pipe as the bottom

chord of the truss. Under the dead load alone the truss will sustain

only balanced vertical loads. Whereas, the live load on two lanes

only on either side of the truss will produce torsional stresses of

great magnitude, which will be transmitted to the abutments

through the pipe. The force couple resisting this torsion is provided

by anchoring the ends of the cantilever beams into the abutments

at both ends of the bridge.

"The top chord and web members of the truss were designed for

maximum stresses produced by loading four lanes of the roadway
simultaneously. The bottom chord was designed for combined ten-

sion and torsional shear. The concrete safety curb at the end of

the cantilever beams is securely anchored to the steel framing in

order to prevent the excessive deflection of each individual beam
under concentrated wheel loads.

"Deflection at the center of the truss due to dead load is 0.86 in.

"Deflection at the end of the cantilever beams due to dead load

only is 0.75 in.

"Deflection at the end of the middle cantilever beam due to

bending moment and twist in the pipe produced by H15-S12-44
live loading is 0.97 in."
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The details of the method utiUzed to prevent rotation at the

abutments are given in Figure 55.

The following summary of quantities and costs compares the

riveted and wielded bridges.

Exhibit A Exhibit B
Weight of steel 101.18 Tons 76-03 Tons
Surface to be painted 11,000 sq. ft. 7)5oo sq. ft.

Concrete 140.1 cu. yd. 142.3 cu. yd.

Reinforcing steel 24,550 lb. 25,284 lb.
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CHAPTER V

CONTINUOUS TRUSSES

Whereas the number of entrants who used continuous girders

for their bridges greatly exceeds those who used simple span girders,

the reverse is true for the trussed bridges.

Nan-sze Sih, Whitestone, New York, submitted a continuous

deck truss with three spans of 90 ft., 180 ft., and 90 ft. respectively.

The entire length of 360 ft. is divided into twenty-four panels each

15 ft. in length. The bridge has three lanes with a total roadway

width of 36 ft. The trusses are 28 ft. apart. The depth of the

trusses varies. At the piers, the depth is 21 ft., and at the abutments

and at the center of the middle span, the depth is 10 ft.

A 7 in. reinforced concrete slab with a 2^^ in. crown is designed

as a two-way slab. It is supported on the floorbeams which are

continuous over three supports and on three lines of continuous

stringers. The top chords serve as the two outside lines of stringers.

The other stringer is a continuous 16 WF 45 located at the centerline

of roadway. The floorbeams receive support at the truss top chords,

also at the centerline of roadway from the diagonals of the cross

frames as shown in Figure 56.

Mr. Sih made these comments about his design:

"Wide flange or built-up H sections with approximately equal

radii of gyration in both directions, are used for the welded bridge

which is more economical than the riveted built-up sections ; whereas

if only wide flange sections are used for the riveted bridge, it will

result in approximately the same cost but will require more steel.

"Gusset plates are also used for the welded bridge in order to

simplify the end detail of the members, to reduce the length of the

welds and to have all main connections butt welded.

"It is assumed that the erection of the welded bridge will be

carried out as follows: The bridge may be welded in the shop or

at the site in a jig in R\c sections as shown in Figures 57 and 58

[see field splices]. One falsework will be required to erect the first

two end sections and the intermediate sections; the center section

will be suspended from the cantilevered intermediate sections by
erection bolts before welding. This same method may be applied

to the erection of fascia and railings. While this erection procedure

will reduce the field weld to a minimum, the design is still adapt-

able should the number of field splices be increased for other

considerations.

164
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"As an approximate comparison the following estimate is made
on the cost of structural steel only, as all other costs are the same.

Riveted Bridge: 264.4 ^^^^ @ $4^^ $105,800

Welded Bridge:

(6<f/lb. steel, 5^/lb. fab-

rication, 5^/lb. erection

and assembly) 187.7 ^^^^ @ fe^^ 60,500

Shop weld 2,616 lb. @ $6 15,700

Field weld 748 lb. @ $12 9,000

$ 85,200

"Conclusion:

1. The welded bridge achieves greater saving on the weight of

steel in comparison to riveted bridge and with proper erec-

tion scheme and details, cost of construction can also be

reduced.

2. Repair and maintenance for the welded bridge are simpler

and less expensive than on a riveted bridge on account of its

simplicity in detail and in construction.

3. The welded bridge gives a neater and more pleasant appear-

ance."

The details of the riveted bridge are shown in Figures 59 and 60.
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CHAPTER VI

ARCHES

Slightly more than one-sixth of the designs presented in this

program are arch bridges. Some of the arches are trussed—others

have solid ribs. There are many differences between the designs.

Among these differences are: the manner in which the longitudinal

thrust is resisted, by abutment reaction or by tie girders; the mem-
bers proportioned to resist most of the bending moment, the arches

or the stiffening girders; and the location of the roadway deck.

One arch bridge is continuous for three spans.

A. R. Werth, Brooklyn, New York, designed a three span bridge

using what he termed "self-anchored arches". The spans are 450 ft.,

900 ft., and 450 ft. (see Figure 61). Two 24 ft. roadways are

separated by a 2 ft. wide median. The deck is an 8 in. reinforced

concrete slab designed to act compositely with the main longitudinal

structure. The arch is a box, 30 ft. wide, which varies in depth from

7 ft. to 15 ft. as shown in Figure 62. This box is stiffened longi-

tudinally on all four sides.

Mr. Werth presented the following discussion of his design.

"It has been a major aim of the writer to show details herein in a

generahzed fashion, so as to suggest the adaptability of these details

to other spans, design systems and types of construction.

"One of the main features of this entry is the presentation of

means whereby welded structures may properly enter into the

domain of trussed bridge and, in addition, penetrate well within

the province of the suspension type bridge.

"The system developed in this entry shall be tentatively called

self-anchored arches. This term embraces in great degree the basic

concept of the action and, in point of fact, has already been used in

connection with suspension bridges without exterior anchorage.

More strictly, however, the system is a combination of girders and
arches, inasmuch as the end and center portions act as girders, i.e.

no axial force exists.

"In addition to this system, the writer has provided an alternate,

shown on Figure 63. The alternate is a structure with a tie which,
extending from one end of the three-span structure to the other,

has no intermediate connection with the arches; i.e. the arches

are anchored at the ends only. A genuine self-anchored arch type

of structure, this structure is in actuality an inverted self-anchored

suspension bridge. It may be noted parenthetically that in order
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that this system achieve its optimum expression, the tie ought be a

cable. Thus the most favorable internal stress condition is obtained,

namely, compression in the welded structure, while tensile forces

are exclusively confined to the cables. Such an arrangement results,

no doubt, in extreme economy.

"It is easy to envisage that from the presented conceptions and

details many other arch types, especially top-tied arch type systems

can be derived. It shall be mentioned that several arches can be

advantageously tied together; the architectural effect of such a

structure is supreme. (In order to obtain a sufficient stiffness of such

a structure more than one of the arch bearings should be fixed).

"There is another conception of the presented system: it is a

continuous girder with the web cut out in the vicinity of the inter-

mediate supports. In such a view it is a girder with a very effective

varying moment of inertia. (Compare influence lines on Figure 63

and notice that the maximum moments at the center are only about

8 per cent of those over the supports).

"In regard to the composition of the main members of the struc-

ture, a broad application of box units is made. The principal box

units are the girder boxes and the arch boxes. Large single boxes

without intermediate webs, they follow the principle that material

is most economically used when it is the greatest possible distance

from the centroid of the section. This approach was possible

because the shears in this type of structure are of an insignificant

order and because the reactions and tie forces are introduced and
distributed over the entire box width through transverse members
of great torsional stiffness.

"The box principle is employed throughout the whole structure,

from the biggest to the smallest units. The question of interior

corrosion of inaccessible small boxes is herewith mentioned only

in passing, since the writer shares the prevalent view that the

possibility of corrosion is remote, inasmuch as the boxes are effec-

tively sealed.

"One of the major features in the application of the box principle

is the use of half-pipes as stiffeners for the main box walls. The
half-pipes are welded to the box walls and, acting in concert with

the walls, they make for units of high torsional and buckling stiff-

ness. The stiffness action of such stiffeners is much greater than
that of single-web stiffeners. Moreover, a striking economy is

afforded. This is readily seen from the fact that the half-pipe

furnishes two stiffeners, yet requires half of the amount of welding
for two single-web stiffeners.
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"Welded big box girders are manifestly the ideal technical and

economical solution of great and even medium sized bridges. It is

the belief of the writer that the box girder of the submitted design

comprises an important contribution to the development of big

box girder structures, w^hose chief problem is the provision of

adequate and economical stiffening of large surfaces.

"There is no necessity to emphasize the advantages of welded

box structures. It suffices to say, that the box structure is a monolith

in the broadest sense of the word—a bridge of one cast—with all

its attendant technical and economical advantages.

"The details of this entry are applicable to all types of box

structures. As to these details a few notes shall help to explain

them:

1. The shape of the arch is an empirical one found by several

trial designs. In the elevation boxes have to be shaped poly-

gonally for stability reasons. The writer thinks that there is

no objection to this from an architectural point of view. Be-

sides, there is a simple way of breaking the corners by adding

a curved vertical shield to each of the four edges, which would
consist of a plate about 6 x % in.

2. In the welded structure transverse stiffness is achieved by rigid

frames and by cross bracing in the riveted structure. In the

welded structure heavy cross bracing is added at the ends of

the girders and at the tie connections only.

3. The writer considers that a box of about 2 ft. by 3 ft. minimum
dimensions is fully accessible if properly provided with man-
holes.

"The roadway design features a composite slab with a concrete

deck poured atop a steel plate. There are many structural ways of

achieving such a composite slab. The one selected consists of bar

trusses which are welded to the steel plate by means of plugs

composed of heavy flat steel bent around the web bars (see Figure

64). These plugs are welded at the bottom to the plate and at

the top to the chord bar.

"The bar trusses provide support for the steel plate during the

pouring of concrete. With the setting of the concrete, the trusses

act as shear connectors for the composite slab. The design of the

plugs originated with tests made by the writer, which indicated

that a direct connection between bent bars and plates failed rela-

tively quickly because of stress concentration at the ends of the bars.

Moreover, the direct connection offered insufficient shear resistance.

"The advantages of the composite slab as presented may be out-
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lined as follows:

1. With respect to the roadway, the Composite slab with a

concrete thickness of 8 in. possesses about double the stiffness of

a conventionally reinforced slab of 8 in. thickness. (The ratio of

stiffness increases sharply with decreasing concrete thicknesses.)

2. With respect to the main structure, the composite slab com-

prises an economical and effective means of stiffening the top

plate of the box.

"In the opinion of the writer, the provision of a concrete deck

atop the steel plate, being advantageous both technically and eco-

nomically, is certain to find wide usage in the future, wherever

heavy decks are considered.

"As alternates to this roadway design, lightweight battledeck

roadways, as shown on Figure 63, have been studied by the writer

and found to be less economical in the present case. However,

there is no doubt that such decks, used in conjunction with box

stiffeners of semicircular or rectangular section, would prove to be

the cheapest and best roadways for structures with larger spans or

smaller rises than those of the entry.

"In order to show the economical advantages and the technical

implications of the present design, the writer has used all the design

data—such as loading, roadway width and pavement weight—of

a conventional riveted trussed deck bridge which has been designed

in 195 1 and 1952 by a prominent bridge-builder and which is now
under construction. At the outset it was the writer's intention to

submit this design as his Exhibit A. Exhibit B would have served

the same purpose as this bridge and the same investment with

respect to the substructure was involved for both. However, the

type of structure envisioned by the writer differed from the con-

templated Exhibit A; moreover, the spans of Exhibit B, the middle

one of which was increased for architectural reasons, also differed

from the contemplated Exhibit A. Hence the writer developed an

original Exhibit A, based, however, upon the same criteria as that

of the aforementioned bridge. This background of the choice of

exhibits is presented in order to show that Exhibit B can be evalu-

ated in relation to the conventional bridge as well as the writer's

own Exhibit A.

"With respect to the conventional bridge, it is to be noted that

the writer penalized himself to an extent by increasing the middle

span. In addition, the writer had to introduce a counterweight at

the junction of the arch and the girder sections of the exterior

spans in order to balance the arch moments and to prevent uplift
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at the end bearing.

"The comparison of the weights is given in summaries on Figure

63 which are based on enclosed estimates [omitted here]. In the

estimates no deductions have been made for scrap such as for per-

forations, manholes and other, since it was considered, from the

point of view of steel conservation, that this material is fully wasted.

"It is shown that the welded bridge is the most economical not

only inasmuch as material is concerned; there is a great probability

that also the cost of Exhibit B might be less than those of Exhibit A
and the conventional truss.

Table of Weights and Costs

Steel Weight in %
Type Alloy & Total

of Carbon Silicon (Exh. B Weight in Unit Total

Bridge Steel respect. 100% 1000 lbs. Price Cost

Exhibit A 79% 43% 122% 11,000 .24 2,640,000

Exhibit B 59% 41% 100% 8,994 •27 2,428,380

Conventional

Truss Bridge 60% 61% 121% 10,828 .23 2,490,440

"By refining the design of Exhibit B—a refinement which can be

achieved only with the execution of the final design for construction

—a saving in weight of about 5 per cent can be safely predicted.

"For the comparison of costs, the following assumptions have been

made:

1. The cost of concrete is the same for all three solutions. With
regard to Exhibits A and B, the cost of additional quantity of

200 cu. yd. of concrete in the counterweight is more than offset

by savings effected through the use of lower and narrower piers.

2. The cost of the steel reinforcement of the roadway is the

same for all three solutions. In Exhibits A and B savings are

effected on formwork and some steel; the conventional bridge, on

the other hand, has no welding cost.

3. For erection the conventional trussed deck bridge is assumed

to be 0.5 cents per pound cheaper than Exhibit A and 1.5 cents per

pound cheaper than Exhibit B. The assumed erection methods
are shown on Figure 63.

4. Bearings, expansion joints, railings, inspection walks, drain-

age, and other secondary items are omitted, being assumed equal

for all three solutions.

"The estimates of costs have been established on the basis of
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the writer's own long experience in design and shopwork, as well

as on a knowledge of the estimating of sev.eral contractors. The
estimates of contractors vary considerably so that a breakdown of

costs would be of restricted value and would furnish no essential

contribution to the purpose of this entry."

K. W. Dobert, Cleveland, Ohio, used the riveted bridge shown in

Figure 65 as his Exhibit A. This span plus another just like it are

part of a total bridge crossing of 3420 ft. that has already been

constructed. As the drawing indicates, these trussed arches are

50 ft. apart to provide 45 ft. of roadway. They have a span of 600 ft.

and rise 100 ft. at mid-span. The 600 ft. of length is divided into

twenty 30 ft. panels.

An elevation and plan of the welded arch are given in Figure

66 and a floor plan and typical section in Figure 67. For the welded

bridge, there is a single triangular, trussed arch as indicated in

the typical section of Figure 68. Each of the two top chords are

built-up sections 2 ft. wide and 2 ft. deep as shown in the detail

on Figure 68. The one bottom chord is basically triangular in shape

(see Figure 69) that consists of the two tees, made by cutting a 30

WF 108, plus a plate 23 in. wide. The other members of this

triangular, trussed arch are shown on the elevation of Figure 70.

The triangle is equilateral—each side measuring 25 ft.

The welded arch has the same twenty panels of 30 ft. for a total

length of 600 ft. It has a rise of 102 ft. The two 24 ft. roadways

are separated by a distance of 33 ft. The trussed floorbeams at each

panel point are shown in Figure 67. The twenty-eight tie wires

(each 254 in. in diameter) for the tie member of the arch bridge

are located along the centerline of the bridge.

A summary of the weights for both Exhibit A and Exhibit B
are a part of Figure 68. Mr. Dobert gave the following advantages

for Exhibit B:

(i) Compared with Exhibit A, Exhibit B saves 49.2 per cent of

steel required for same function.

(2) Easy field erection.

(3) Wind bracing eliminated due to space frame arch.

(4) All arch members are generally the same size and rela-

tively light in weight.

(5) Built-up members in the arch utilizing simple, linear

welds.

(6) All of the arch members are confined. Lower chord forms

a walkway where paint spray lines, ropes and welding

cables are slung.
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(7) The snow plow can "edge" the snow over to the center of

the bridge where it will fall over the pipe curb. The blade

can be raised to plow the sidewalk also.

(8) Divides the traffic lanes.

Walter Preimats, Asheboro, North Carolina, presented the design

of a stiffened, tied arch. For the 200 ft. span (ten panels of 20 ft.),

the rise is 35 ft. The arches are 30 ft. apart and carry a 26 ft. roadway

as shown in Figure 71.

The arch ribs and the top chord bracing members are pipes. The
ribs are 18 in. pipes and the bracing members are 8 in. pipes,

arranged as K bracing.

The stiffening girder serves also as a tie. It consists of a 60 in.

web with two flanges. Each flange has one 6 x 6 in. angle (rotated)

and a 16 in. plate. Details of this girder are given in Figure 72.

The 5V2 in. reinforced concrete slab is supported by 6 lines of

stringers that are spaced at 5 ft.-3 in. centers. The interior stringers

are 18 WF 50 and the curb stringers are 16 WF 36. The floorbeams

are 33 WF 130. These members are shown on Figure 73.

Details of the arch pipes and hangers (1% in. rounds) are shown
in Figure 74.

In discussing his design, Mr. Preimats said:

"Advantages of such a girder section are as follows:

(i) There are separated welds closer to the edge of the flange

plate instead of welds concentrated at the middle of the flange

plate.

(2) It is possible to build-up such girder sections without spe-

cially rolled shapes.

(3) There is more inner connection between web and flange

plate and a better distribution of stresses than in direct web-to-

plate welded girders.

(4) Deformation of flange plate is prevented.

(5) Flange under compression is better stiffened in horizontal

direction.

(6) Height of web plate is lower. It is possible to use a thinner

web plate and under certain circumstances less stiffeners.

(7) Making-the-welds heat is not concentrated in one spot but

more distributed over the flange area.

(8) It is believed that the appearance of this girder is better

than that of a girder built-up in the usual way.

"There is no danger of rust if the inside faces of angles and plate

are coated before assembling and the ends of angles are sealed

because neither air nor moisture can enter this closed space.
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"For arch and top bracing members, pipes are used as being most

economical for compression stresses. They h'ave a most pleasing

appearance, have far less surface to paint and maintain, do not have

so much wind load on them and they are easy to assemble and

connect. Interior face of pipes shall be coated and sealed to prevent

rust as hollow^ space in girders.

"Round bars with upset ends are used as hangers. Standard

clevises, as best looking, are used for end connections.

"Since most economical sections for compression and tension

members are used, there is a considerable saving of steel. Still more

economy is achieved by the simpler way of erection because false-

work is needed only at points of stiffening beam splices. It is

strong enough to carry the crane necessary for erection of the arch.

Erection of the arch members and top bracing will be simple using

light falsework to support arch members so that correct shape of

arch is secured before field welding is made. No camber for this

type of bridge is necessary and connections shall be made with

provision that under dead load the stiffening beams are straight.

"Some small items, such as floor drains and roadway connections,

are not shown. Since the amount of steel used for them is very

small and they are the same for both bridge designs, it was not

considered necessary for estimating and comparing the cost of the

two bridges.

"The system of this bridge was selected not only for its economical

advantages, but also for its appearance. It is believed that a bridge

is not only a means to cross an obstacle but it is also a construction

showing the skill and ability of modern engineering. The simpler

the lines showing the members of construction, the more impressive

is the structure.

"It is also believed that a truss bridge with wide and numerous

web members gives a heavy appearance and also obstructs the view

of travellers crossing the bridge. However, it seems to be correct

to show them that they are on a bridge which is hard to achieve

as with bridges with roadway above the construction. From this

point of view, the designed bridge satisfies both requirements: it

shows its being there in a casual way, and the thin hangers do not

prevent the travellers from having an unobstructed view. The
railings are omitted because the stiffening beams are sufficiently

high and this helps to make the appearance simple and clear. This
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type of bridge with its uniform arch, hangers, and floor supporting

construction shows the play of stresses in its functional form even

to the layman and only a suspension bridge can compete with it

in this respect."

The weight of the structural steel including hangers, clevises, and
pins amounts to 276,022 lb. The shop welds weigh 1496 lb. and the

and 32,230 lb. of reinforcement bars.















MARSTON SCIENCE LIBRARY

& [AO Date Due

^m» Y^i

HUN 1 2 1l

WAY lifiTT

NOV 18'^^

JL'H ) 'm i

HAR23»9Z

*
4 19JI4

MAY 1.9

SJff

Jii

WflB n R 1 W7

WTeTii APR 06

JAH 18 1994 IAN 4 19M

le^ 7PRT
-9«— 2 695

1^

1993

85

I

4

4



<f mmn science immn

Comparative bridge designs, sci

624J29cC.2

1 lEtE D3EM3 El'lt

'^.':f.



M

l^m'

#«^

Mv.,^


