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Section 1 

Construction Dates 
Built between 1954 and 1957 at a cost of $100,000,000, the Mackinac Bridge took 
the title of world's longest suspension bridge (between anchorages) from the Golden 
Gate. Though it has recently surrendered the worldly honor, it maintains the title for 
the western hemisphere and it long ago secured its place as one of the most 
impressive engineering feats of the 20th century. 

Nine copies of a CD titled “Mackinac Bridge: Images from Construction to the 
Present” (MDOT Photography Unit, 517‐322‐5641) were previously submitted to 
ASCE in January 2009. 

While hundreds of sources, from documentaries to tourist guidebooks, are available 
on the Mackinac Bridge, the following sources summarize some key facts about the 
bridge and its construction.  In particular, the financing and bridge construction was 
approved by the Michigan Legislature in April 1952.  By January 1953, Dr. David B. 
Steinman was selected as the engineer.  Preliminary plans, estimates and contract 
negotiations were only months later.  Bids for the sale of bonds were received by the 
end of that year, and construction began in May 1954.  Three and a half years later, 
including three hard northern winters in the Straits, the bridge was open to traffic on 
November 1, 1957. 

 

1. “About the Bridge.” The Mackinac Bridge.   Michigan Department of 
Transportation.  n.d.  August, 2009.  http://www.mackinacbridge.org 

2. Hyde, Charles K.  Historic Highway Bridges of Michigan.  Detroit: Wayne 
University Press, 1993. (selected pages) 

3. Mackinac Bridge. (2009, September 1) In Wikipedia, the free encyclopedia. 
Retrieved Sept. 2009, fm http://en.wikipedia.org/wiki/Mackinac_Bridge. 

4. Rubin, Lawrence A.  “The Story of the Mackinac Bridge.” Holy Mackinac!  
January 4, 1983. 

5. McMaken, Linda “Building the Mighty Mac.” Michigan History: The Mighty 
Mac at 50. 91 no. 4 (July/August 2007) 36‐49. 

•  Not included herein, but also noted are photos from the construction 
album of the photo gallery found on the Mackinac Bridge web site  
< http://mackinacbridge.org/historical‐construction‐album‐31/ > 

 































































































 

Section 2 

Dr. David B. Steinman 
Steinman was responsible for the design and construction of over 400 bridges, 
including his most crowning achievement, the Mackinac Bridge.  In addition to 
projecting himself as a world class structural engineer, Steinman is also a published 
author of eight books and poet. The following sources provide some background on 
Dr. Steinman and his many achievements.    

1. Weingardt, Richard G. “David Barnard Steinman.”  Engineering Legends: 
Great American Civil Engineers.  Reston: American Society of Civil 
Engineers, 2005. 66‐72 

2. Weingardt, Richard G.  “George Dewey Clyde and David Barnard 
Steinman.”  Leadership and Management in Engineering.  4 no. 2. (April 
2004.) 80‐84.   

3. David B. Steinman. (2009, July 9) In Wikipedia, the free encyclopedia. 
Retrieved Sept. 2009, fm http://en.wikipedia.org/wiki/David_B._Steinman. 

4. Steinman, David B. “The Bridge at Mackinac.”  Miracle Bridge at Mackinac.  
Grand Rapids: Wm. B. Eerdmans, 1957. 

5. Petroski, Henry.  “Steinman.”  Engineer of Dreams: Great Bridge Buildings 
and the Spanning of America.  New York: Alfred A Knopf, 1995. 320‐374. 

Prentiss M. Brown 
Prentiss M. Brown, a Michigan native from St. Ignace, at the north end of the bridge, 
is often referred to as the “father” of the Mackinac Bridge due to his 20 year financial 
battle to construct the massive structure linking Michigan’s two peninsulas.  From 
humble beginnings as the Mackinac County prosecutor all the way up to the U.S. 
Senate and serving until his death as the Mackinac Bridge Authority chairman, 
Brown was devoted to public service.  The Mackinac Bridge continues to serve 
commuters and tourists alike fulfilling Brown’s dream of a unified State. 

1. “Father of the Mackinac Bridge.” The Mackinac Bridge.   Michigan 
Department of Transportation.  n.d.  August, 2009. 
http://www.mackinacbridge.org 

2. Prentiss M. Brown. (2009, April 25) In Wikipedia, the free encyclopedia. 
Retrieved Sept. 2009, fm http://en.wikipedia.org/wiki/Prentiss_M._Brown. 

3. Brown, Prentiss M.  The Mackinac Bridge Story.  Detroit: Wayne University 
Press, 1956. 





























George Dewey Clyde
and David Barnard Steinman
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GEORGEDEWEYCLYDE
A take-charge, no-nonsense two-term
governor of the state of Utah (1957-
1965), George Clyde was the only prac-
ticing civil engineer—a registered pro-
fessional engineer (PE)—to hold such a
lofty public position during the 20th

century.
Prior tohis electiontoUtah’shighest

office, Clyde was much sought after to
fill public leadership roles in several
areas, in large part, because of his exper-
tise in water development and
conservation— and because of his repu-
tation as one of America’s preeminent
irrigation and hydraulic engineers. In
1945, for example, he was named chief
oftheDivisionofIrrigationEngineering
and Water Conservation and Research
for theU.S. SoilConservationService in
Washington, D.C., and in 1953, as
head of the Utah Water and Power
Board.

While serving inthosehighlyvisible
positions of power, Clyde was respon-
sibleforinstigatingtheplanning,design
andconstructionofseveralnotablewater
projects in the west. He was a major
force behind the building of two crucial
U.S.BureauofReclamationdams—the
Flaming Gorge (Utah, 1964) and Glen
Canyon(Arizona,1963).

While governor, Clyde modernized
Utah’s state highway system and
revampeditsstateroadcommission,cre-
ating a more efficient and professional
department. He also broke ground for
PresidentEisenhower’s federal Interstate
Highway System through Utah. Dur-
ing his reign, state highway construc-
tionincreasedby500percent.

In addition to road and bridge
projects, Clyde secured funding for the
design and construction of numerous
other pressing public facilities. He built

...............................................................................................................................
...............................................................................................................................
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the University of Utah’s world-renown
Medical School and established Utah as
the trendsetter among western states for
public libraries, schools and park sys-
tems, including the creation of the Can-
yonlandsNationalPark.

George Dewey Clyde was born in
Mapleton, Utah, on July 21, 1898 to
Elanora Jane Johnson and Hyrum
Smith Clyde, a farmer. Active Mor-
mons, Elanora and Hyrum instilled a
strongworkethicandcommunityspirit
in their children, especially George who
exhibited a passionate interest in scien-
tificanalysisearlyon.

After graduating from Springville
High School, he attended Utah State
University (thencalledUtahStateAgri-
cultural College) receiving a bachelor’s
degree in agricultural engineering. He
then earned a master’s degree in civil
engineering from the University of
CaliforniaatBerkeley.

In 1919, he married Ora Packard.
They would have five children, one of
them, Ned, would later co-found
Woodward-Clyde, which would
develop into one of the world’s largest
and most respected geo-tech/
environmental engineering firms, with
numerousofficesaroundtheglobe.

Armed with both a masters and
bachelorsdegree inengineering,George
immediately commenced his engineer-
ing career in 1923 by joining the
Utah State engineering faculty in
Logan, Utah. There he would teach
continuously until he was called into
full-time public service. After several
years as a professor at the
institution—specializing in agricul-
tural, irrigation, hydraulic and water
engineering—Clyde was named Dean
of Engineering, a post he held until
1953. His advice was often sought by a

...............................................................................................................................
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wide-range of community leaders on
mattersdealingwithhisexpertise.

In 1934, Utah Governor Henry
Blood called on the 36-year-old civil
engineertofill thepositionofstatewater
conservator to deal with Utah’s worst
drought in contemporary times. Even
though the Great Plains states—Utah
among them—were especially hard hit
by the 1934 drought, its impact was
nationwide. Along with the drought
camea seriesof seeminglyendlesswind-
storms creating the terrible post-
DepressionDustBowlyears.

The Dust Bowl era dramatically
increased suffering among Americans
nationwide, especially those already left
destitute by the Great Depression.
Banks closed everywhere and countless
farmers losthope, abandonedtheir lands
and moved on, some to the west coast,
others to beleaguered cities—all desper-
atelyinsearchofabetterlife.

In Utah itself, from June 1933 to
May 1934, rainfall was barely 50 per-
cent of normal. As state water conserva-
tor, Clyde’s analysis of the state’s water
prospects in 1934 revealed that the

George Dewey Clyde, 1957
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.

state’s lakeswereathistoric lows,andthe
supply of irrigation water only around a
thirdofnormal.

Clyde calculated that while, on aver-
age, around four million acre-feet of
water ran through Utah’s canals each
year, less than one million acre-feet
wouldbeavailableinthefuture.He, fur-
ther, revealed that few crops would be
harvestableandonlyonecycleofalfalfa,a
much-needed crop for the state’s live-
stock industry, would likely mature.
The state’s sheep and cattle herds, so
important to the area’s economic well-
being, faced an industry-threatening
situation—and the state, as a whole, a
stronglikelihoodamassmigration.

Clyde’s report, along with his solu-
tions on how to resolve the problems,
were forwarded to Washington D.C.
post haste by Blood and Robert Hinck-
ley, Utah’s director of the Federal Emer-
gency Relief Administration (FERA).
Within thirty-six hours, President
Roosevelt approvedanemergencygrant
of $600,000 for the state. The funds
were quickly depleted and, following
another appeal to FERA officials, the
statereceivedanadditional$400,000.

In a little over three months, $1
million in federal assistance was distrib-
uted to a myriad of crucial projects
identifiedbyClyde,BloodandHinckly.
Nearly 300 wells were sunk, 120
springs developed, 185 miles of
irrigation ditches lined and 100 miles of
pipeline laid. Plus, long-term solutions
to drought—current and future—
problems were initiated. They included
the construction of dams and numerous
reclamationprojectsstatewide.

SoonafterUtah’sdroughtemergency
was addressed, Clyde was appointed to
the advisory board of the Utah Depart-
ment of Industrial Development Water
ResourceDivision.Shortly thereafter,he
was elected director and vice-president
oftheUtahWaterUsersAssociation.

Even before construction of the mas-
sive, history-making Hoover Dam
began in the early 1930s, Clyde was a
strong supporter of controlling and uti-
lizing the waters of the powerful Colo-
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rado River, especially the section run-
ning along the borders of Utah and
Arizona. A key element in this grand
plan was the proposed Upper Colorado
River Storage Project. In an effort to
finally get federal approval for the
project, the powers to be in Utah
decided that Clyde—with his national
reputationforresolvingimportantwater
issues—was needed as head of the Utah
WaterandPowerBoard.

After taking over the position
in 1953, Clyde—with the help
of U.S. Senator Arthur Watkins
(R-Utah), a close friend of President
Eisenhower— convinced the Adminis-
tration and U.S. Congress of immense
value of the Upper Colorado venture.
Legislation to build it was officially
signed into law on April 11, 1956, and
final design and construction began
immediately, on both Flaming Gorge
andGlenCanyon.

As teacher, engineer and politician,
Clydeauthoredawiderangeofwritings,
including the oft-quoted article ‘‘His-
tory of Irrigation in Utah’’ (1959, Utah
Historical Quarterly), and was the recipi-
ent of numerous public, industry and
engineeringhonors.

In1962,midwaythroughhissecond
term as governor, he was presented with
an Honorary Doctor of Laws Degree
fromtheUniversityofUtah,anaccolade
he, as a pragmatic engineer, often took
greatpleasurein.

Clyde declined running for a third
term in 1965, and calmly, without fan-
fare, left Utah’s highest office and public
life forever, to once again become a pri-
vate citizen. He joined his son Ned’s
burgeoning engineering company and
spenttherestofhiscareerasanengineer-
ingconsultant.

On April 2, 1972, the 74-year-
old professor-governor-engineer quietly
passedawayathishome,aftersufferinga
debilitating stroke one year earlier. The
tremendous impact of his leadership,
both within and beyond engineering,
though,willlastforever.

...............................................................................................................................
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DAVIDBARNARDSTEINMAN

In the middle part of the 20th cen-
tury, from the mid-1920s until 1960,
DavidB.Steinmanwas thenation’spre-
eminent American-born designer of the
long-span bridges, engineering more
than 400 major bridges on five conti-
nents — a giant among his peers. He
and his archrival, Swiss-born Othmar
Ammann (1879-1965), dominated the
American bridge-building scene. In
their heyday, the two New York-based
geniuses designed most of the suspen-
sion bridges that were built and had a
hand in shaping the majority of the rest
ofthem.

Of the two, Steinman designed a far
greater number of major bridges. His
commissions came from every part of
the world—and his designs were regu-
larly hailed for their cutting-edge engi-
neering and design innovations. He
refinedtheuseofexposedstructuralsteel
as art and pioneered the use of color and
illumination on bridges. Over the years,
dozensofhis structureswerehonoredfor
being the most beautiful bridges in
America and/or the world—many still
are.

Although Ammann was responsible
for two world record-holder suspension
bridges (for longest span between tow-
ers), the George Washington (1931,
1067 meters) and Verrazano Narrows
(1964, 1298 meters), both in New
York, Steinman’s masterpiece, the
Mackinac Straits Bridge in Michigan
(1957) held the title for being what was
the world’s longest suspension bridge
(under-cable) at 2626 meters. A record
that stood for over 40 years, until 1998
when the Asashi Kaikyo Straits Bridge
inJapanwascompleted.

The record held by Ammann’s
George Washington Bridge lasted only
six years. It was eclipsed by Joseph
Strauss’ Golden Gate Bridge (1280
meters, SanFrancisco) in1937.Twenty-
seven years later, New York retook the
title from California—by a mere 18
meters—upon the completion of the
Verrazano Narrows. The Verrazano (and
the USA) lost its world title to
4
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the Humber Bridge (1410 meters) in
Britain17yearslaterin1981.

To Steinman, the Mackinac (the
‘‘Big Mack’’) would always be his
crowningachievement.Acommemora-
tive U.S. postage stamp of the structure
issuedshortlyafter itscompletionrecog-
nized it as an American icon. When
Postmaster General Arthur Summer-
field personally presented him with a
customized, first-issue album of the
stamps in a formal ceremony on June
25,1958,Steinmanwasinhiselement.

The unbelievable 1940 collapse of
the Tacoma Narrows Bridge (‘‘Gallop-
ingGertie’’) –designedbyLeonMoisse-
iff (1872-1943), a European-trained
engineer who was one of the main con-
sultants to Strauss on the Golden
Gate—sent chills through the U.S.
engineering community. The future
design of long-span suspension bridges
went on hold—and Moisseiff’s distin-
guished reputation was tarnished for-
ever.

The disaster immediately prompted
Steinman to intensely study the aerody-
namic stability of thin, narrow long-
span bridges. His research resulted in
the publication of a series of authorita-
tive articles on the subject and estab-
lished him as the foremost expert
on the aerodynamics of suspension
bridges. This expertise, in the long
run, is what allowed him to create his
masterpiece— the elegant, streamlined

David B. Steinman 1953
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and perfectly aerodynamically stable
Mackinac.

A genuine Horatio Alger success
story, David Steinman figuratively rose
fromragstoriches.Bornintopoverty,he
became a financial success beyond any-
one’sexpectationsandrosetothehighest
plateau in his field: one of the greatest
bridgebuildersofalltime.

David came into this world on June
11, 1887—a few months after the
unveiling of the Statue of Liberty, whose
framework was designed by the great
French engineer Gustav Eiffel. David
wastheseventhchildofEvaScollardand
Louis Steinman, an immigrant laborer
family inablightedtenementneighbor-
hoodonNewYork’sEastSide.Hewasa
mathematical prodigy and was the only
family member to attend college. His
five brothers and sister followed in their
father’s footsteps and became factory
workers, constantly struggling to make
aliving.

It was from such abject poverty that
the youngest Steinman vowed to escape
and somehow make his mark in
the world. Early on, he was convinced
that getting a comprehensive
education—andhardworkandthrift—
weretheanswers.Whileayoungster,he,
like his siblings and many of his peers,
worked at numerous odd jobs for pen-
nies, including selling newspapers
under the shadow of the majestic and
awesomeBrooklynBridge.

Completed in 1883, the Brooklyn,
with a clear span between towers of 833
meters, reigned as the world’s longest
suspension bridge. To young Steinman,
it represented the outstanding engineer-
ing achievement of his day, and its
designers the Roeblings—John, Wash-
ington and Emily—became heroic fig-
ures to him. As a feisty, ragged kid, he
would often get a chuckle when he
wouldpoint to theBrooklynandtellhis
friends and adults, ‘‘Some day I’m going
tobuildbridgeslikethat!’’

While still in high school, David
started taking college classes at the City
College of New York. There he com-
pleted the first phase of his post-high

...............................................................................................................................
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schooleducation,workingatoddjobsto
pay for his tuition and living expenses.
He graduated summa cum laude with a
Bachelor of Science degree in 1906 at
theageof20.

Immediately thereafter he attended
Columbia University and after obtain-
ing enough fellowships, scholarships
andnighttime jobs to stay thecourse,he
earned three degrees. His education at
Columbia culminated in 1911 with a
Ph.D. in civil engineering. David’s doc-
torial thesis ‘‘The Design of the Henry
Hudson Memorial Bridge’’ foretold of
anincredibleproject thatwouldbecome
areality25yearslater.

In 1910, Steinman accepted a posi-
tion at the University of Idaho, the
youngest civil engineering professor in
the country. While there, he published
Suspension Bridges and Cantilevers: Their
Economic Proportions and Limiting Spans.
He also translated two German books,
Theory ofArchesandSuspensionBridgesand
PlainandReinforcedConcreteArches, estab-
lishing himself as a prolific academic
withapracticalbent.

After four years in Idaho, Steinman
longed for New York and contacted
Gustav Lindenthal (1850-1935),
America’s leading long-span bridge
designer at the time, about working for
him on the Hell’s Gate Bridge, which
Lindenthal was in the midst of design-
ing. He was hired and, on July 1, 1914,
he became Lindenthal’s special assistant,
second only to another young bridge
building star, Othmar Ammann. The
experienceofworkingtogetheronHell’s
Gate commenced a rivalry between the
twothatwouldlastalifetime.

The guns of war—World War
I—started thundering across Europe
shortly after David met his bride-to-be,
Irene Hoffmann, on a trolley car ride in
Long Island. Her father Dr. E. Franz
Hoffmann, formerly on the faculty at
the School of Medicine in Vienna,
approved of Steinman, believing he had
good prospects. Plus, he could intelli-
gently discuss Kantian philosophy and
worldeventswithhim.

MarriedonJune9,1915,Theyoung
Management in Engineering
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couple would have two sons and a
daughter: John, Alberta and David, Jr.
John and David would become M.D.s,
specializing in psychiatry, and Alberta
would become a renowned
psychologist.

After his stint with Lindenthal,
which in addition to Hells’ Gate
included work on the important Sci-
otoville Bridge, Steinman was
employed by another well-known U.S.
bridge builder, John Waddell. Wad-
dell’s main engineering office was
located in Kansas City at the time and
David was put in charge of his newly
established New York office. While
there, Steinman helped design the
MarineParkwayBridge.

From 1917 until 1920, Steinman
was a part-time a professor of civil and
mechanical engineering at the newly
formed engineering school at City Col-
lege. In 1920, he opened his own con-
sulting engineering office. His practice
began slowly—and things were quite
bleak at the start. Recalled Steinman,
‘‘My first fee was $5 and for several
months it was a difficult and discourag-
ing struggle. Then Holton Robinson
(1863-1945), who built the Manhattan
and Williamsburg bridges, asked me to
join him in a competition to build the
FlorianapolisBridgeinBrazil.’’

Their design proposal won and they
were selected as the project’s designers.
Thus began a partnership—the firm of
Robinson and Steinman—which
would, over a 25 year period, design
hundreds of noteworthy and impressive
bridges around the globe before Robin-
son’s death in 1945. The Florianapolis,
the largest-span bridge in South
America when completed in 1926, was
the largest eyebar-cable suspension ever
built and thefirst in theAmericas touse
rockertowers.

Next for Robinson/Steinman came
the Carquinez Strait Bridge northeast of
San Francisco, the fourth largest cantile-
ver bridge in the world, and the Mount
Hope Bridge over Narragansett Bay,
Rhode Island. Commissions for the
company quickly started flowing in
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from everywhere, several from overseas.
Neither the 1929 Stock Market Crash
nor the Great Depression itself seemed
toslowdownthenewlyformedfirm.

In late 1929, Steinman/Robinson
designed the Grand Mere, over the St.
Maurice River in Quebec. The project
introduced prestressed twisted wire
rope-strand cables, a Steinman innova-
tion that later debuted in the U.S. in
1931, with the simultaneous comple-
tion of the pair’s St. John’s Bridge across
Willamette River in Portland, Oregon
and the Waldo-Hancock Bridge across
the Penobscot near Bucksport, Maine.
The Waldo-Hancock additionally fea-
tured the first-time use of Vierendeel
trussesinbridgetowers.

Following those came many other
noteworthy bridges like the Henry
Hudson (New York), Deer Island
(Maine) and Thousand Islands (linking
Canada and the U.S. across the St.
Lawrence River)—plus, a wide assort-
ment of significant structures outside
thewesternhemisphere.

In 1947, Steinman was selected to
do the reconstruction of Brooklyn
Bridge— the project that inspired him
to become an engineer. He often said he
considered it his supreme accolade to be
chosentomodernizetheBrooklyn.

In the late 1950s, Steinman was
involved in designing the Messina
Bridge, crossing the two-mile wide
Strait of Messina between Sicily and the
Italianmainland.Itwouldhavebeenthe
world’s longest suspension bridge by a
huge margin. It still remained on the
drawing board, however, when on
August21,1960Steinmanpassedaway
inhisbelovedNewYorkCity, at theage
of73.

A true believer in giving back to and
helping to advance one’s profession,
Steinman served as president of a num-
berofengineeringgroups, includingthe
New York State Society of Professional
Engineers, Society for the History of
Technology, and American Association
ofEngineers(AAE).

As president of AAE, he began a
national campaign for more profession-
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alism, and stringent educational and
ethical standardswithintheengineering
profession—and to get P.E. registration
laws in every state in the Union, includ-
ing U.S. Territories. He vigorously
pushed the concept that engineering
was a profession on par with medicine,
lawandscience.

In 1934, he invited engineering
leaders from four state professional engi-
neering societies—Connecticut, New
Jersey,NewYorkandPennsylvania—to
discuss forming a nationwide society of
professional engineers. The result was
the formation of the National Society of
Professional Engineers (NSPE), for
which he worked tirelessly for years to
ensureitssuccess.

He was its first president (1934-
1937, serving two terms) and, in his
inaugural/keynote address, he empha-
sized the need to protect legitimate
engineers against competition from
the unqualified, from unethical
practices and from inadequate
compensation—and to build public
appreciation and recognition of the
engineer.

An inspiring figure on the platform,
Steinman made countless speeches over
muchof the landonbehalfofNSPEand
the profession, giving depression-
stricken engineers—many without
jobs—renewedhopeand faith in them-
selves and their profession. Every engi-
neer could make the profession better
than he or she found it if they would get
involved. What he promised the
nation’sengineerswasprideinself,pride
inprofession,andprideinpublicservice.

In addition to being a much sought
after speaker, David was a prolific and
accomplished author, writing both
proseandpoetry,Heauthoredsome600
professional papers and 20 books,
among them Bridges and Their Builders
(1941), co-authoredwithSarahWatson,
The Builders of the Bridge (1945), a best-
selling biography of the Roeblings, and
I Built a Bridge and Other Poems (1955).
His150-pluspublishedpoemsincluded
titles like, ‘‘BrooklynBridge:Nightfall,’’
‘‘Blueprint,’’ ‘‘The Harp,’’ ‘‘The Song of
4
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the Bridge,’’ and ‘‘The Challenge,’’ in
which he stated, ‘‘Nature said: ‘You
cannot,’Manreplied: ‘Ican’.’’

Over his illustrious career, Steinman
received an unbelievable number of
prestigious honors and tributes. In the
period from 1952-56, alone, he received
more then 50 international awards,
plaques, citations and decorations,
including the William Procter Prize
(American Association for the Advance-
ment of Science) and the 1954 Grand
Croix de l’Etoile du Bien (French
Government)—the only other recipient
of the award in 1954 was Dr. Albert
Schweitzer.

In 1957, he was awarded five major
medals:1.TheKimbroughGoldMedal
(American Institute of Steel Construc-
tion), 2. The George Goethals Medal
(Society of American Military Engi-
neers), 3. The Gzowski Medal (Engi-
neering Institute of Canada), 4. The
Louis Levy Medal (Franklin Institute),
and 5. The Gold Medal of the Americas
(Chamber of Commerce of Latin
America).

The first of Steinman’s 19 honorary
degreeswasaDoctorofScience, fromhis

...............................................................................................................................
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almamater, theCityCollege,NewYork
in 1947. His Doctor of Engineering
degreefromManhattanCollegein1953
was conferred on him by the most
imminent Cardinal Spellman, on occa-
sion of the school’s 100th birthday. In
1957, he received a Doctor of Laws
degree from the University of Tampa; at
the institution’s graduation ceremony,
he gave the commencement address
titled ‘‘Moral Armor for the Atomic
Age.’’

In his later years, Steinman became
extremelyphilanthropic, especiallywith
regard to assisting needy and deserving
students, and established the David
Steinman Foundation, the Irene Stein-
manScholarshipandtheHoltonRobin-
son Scholarship. The school of engineer-
ing building – Steinman Hall – at City
College, is named in his honor, as are
numerous engineering awards pro-
grams around the country and the
world.

A man with many passions, David
was, for one, a skilled horseman, regu-
larly riding his white stallion ‘‘Bill’’ at

...............................................................................................................................
...............................................................................................
.......
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the head of the University of Idaho’s
Campus Day parades, while a professor
there. He shared a stamp-collecting
hobby with his youngest son David,
excelled at photography and loved clas-
sicalmusic.

Said Steinman, ‘‘When I listen to a
composition by Bach, Beethoven,
Mozart or Schubert, I would gladly give
up all my professional accomplishments
to be able to create a single composition
of exalting music. If I had my life
to live over again, I would correct one
omission—Iwouldlearntoplayamusi-
calinstrument.’’

In its turn of the millennium special
issue, Engineering News Record honored
Steinman as one of the greatest bridge
engineersof all time.Andhismanyout-
standing bridges continue to be living
monumentstothat.

Richard G. Weingardt, P.E.,
Hon.M.ASCE, is the chairman and
chief executive officer of Richard
Weingardt Consultants, Inc., Den-
ver. He can be reached by e-mail at
Reingardt@aol.com. LME
Management in Engineering
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Section 3 

Historical Significances  
The Algonquin Native Americans called the straits and the surrounding area 
"Michilimackinac", meaning "the jumping‐off place" or "great road of departure". 
Since the last ice age the straits have been the end of the trail.  For 70 years, 
discussion of a potential bridge linking the state was only a dream, until brilliant 
minds and an unwavering workforce of 3,500 men on site constructed what would be 
the largest suspension bridge in the World, connecting Michigan’s two peninsulas in 
less than four years.  
1. “History of the Bridge.” The Mackinac Bridge.   Michigan Department of 

Transportation.  n.d.  August, 2009. http://www.mackinacbridge.org 

2. Modeski and Masters Consulting Engineers.  Report on a Proposed 
Crossing for the Straits of Mackinac.  Lansing: The Mackinac Straits Bridge 
Authority of Michigan, June 1940. 

3. Mackinac Bridge Authority.  Report on Proposed Mackinac Straits Bridge.  
Lansing: State of Michigan Mackinac Bridge Authority, January 10, 1951. 

4. Rubin, Lawrence A.  “St. Ignace‐Mackinac Bridge is 70‐Year‐Old Dream 
Come True; First Suggested Back in 1884.”  The Daily Mining Gazette.  23 
July, 1955. A1. 

5. “Cars Now Streaming Across Straits of Mackinac Bridge.”  The Daily Mining 
Gazette.  1 November, 1957. A1. 

6. Mackinac Bridge Souvenir Book.  Lansing: State of Michigan Mackinac 
Bridge Authority, June 26, 27, and 28, 1958. 17, 39, 23‐24, 54, 55. 

7. Ratigan, William.  “Mackinac My Mackinac.”  Straits of Mackinac!  Crossing 
of the Great Lakes.  Grand Rapids:  Wm. B. Eerdmans, 1957. 11‐16, 35‐51. 

8. Smith, Emerson R.  “A Dream Comes True.”  Before the Bridge.  St. Ignace: 
Kiwanis Club, 1957. 129‐139. 

9. Brown, Maisie. “Happy Birthday, Big Mack!”  The Magazine of Michigan. 1 
no. 1. (October 1982.) 25. 

10. Rubin, Lawrence A.  “Came the Day!”  Bridging the Straits: The Story of the 
Mighty Mac.  Detroit: Wayne State University Press, 1985. 125‐131. 

11. Rosentreter, Roger L.  “It’s Open!”  Michigan History: The Mighty Mac at 
50.  91 no. 4. (July/August 2007) 54‐55.   

12. Stetson, Howard.  "Straits of Mackinac Crossed by 5‐Mile Suspension 
Span."  The New York Times.  Nov 2, 1957.   











THE MACKINAC STRAITS BRIDGE AUTHORITY OF MIC.HIGAN 
700 OLDS TOWER BUILDING 

LANSING, MICHIGAN 

G. DONALD KENNEDY, CHAIRMAN 

OTTO W. LANG. MCMBLR 

JOSEPH GREEN. M E M a E R  

RICHARD H. BARKELL. SECRETARY 

June 25, 1940 

Honorable Luren D. Dickinson 
Governor of Michigan 
Lansing, Michigan 

Honorable Murray D. Van Wagoner 
Michigan State Highway Commissioner 
Michigan State Highway Department 
Lansing, Michigan 

Gentlemen: 
i 

' i 
j 
1. 

3 e  Mackinac Straits Bridge Authority transmits. here- I I 

with a re~ort on a ~ro~osed structure to link Michieanls UDDer , ,  I - -~ - .  . -  " - - -  

and lower- peninsulas. ' This report includes an analysis of* the 
project and recommendations by our engineering consultants, 
Mod jeski and Masters. of ~arrisbur~. ~GnnsvlvaEia. together -with 

I 

" - - 

exhibits and certain-other materiai'produced by the ~~uthorit~. 

The Authority concurs in the recommendations of the , I  

consulting engineers and submits that a bridge across the 
Straits of Mackinac is definitely feasible from- an engineering 
standpoint and that such a structure will solve transuortation 
problems now existing at the Straits. 

L 

1 
i 
1 

The proposed bridge would be constructed from a point 
south of St. 1gGce directis across the Straits to a point on 
the northerly shore of the lower peninsula at ~ackinak City. 1 

There would be two main spans of the suspension type, 
one 2,950 feet long and the other 4,600 feet.long, The latter 
span would be the longest in the world. The center of the struc- 
ture would clear the-waters of the Straits'bv 150 feet- The 
water gap to be crossed has a total width of-four miles. 

The total financial requirement to complete the struc- 
ture ready for traffic is estimated at $26,740,900. Of this 
amount $24 340,000 would be required for actual construction 
costs and Ib2.100,000 for interest cllarees during the four-Year I - - 
period of construction. 
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Hon. Luren D. Dickinson 

Hon. Murray D. Van Wagoner 

The Authority is continuing its studies of the pro- 
ject giving consideration to feasible toll schedules, possible ! 
revenue and the various Federal agencies which might participate 
in this work. On the basis of these studies we will submit sev- 
eral possible plans for financing this work. Sufficient funds 
have already been authorized to the Authority to complete this 
remaining preliminary work. 

1 ,  : I 
Total cost of the work leading up to this report has 

been $175,000 which is 0.67 per cent of the total estimated c~st 
of the bridge--a very low percentage for preliminary engineering 
investigations for structures of such magnitude. 

I I I l i  
As a result of the studies to date, the Authority I 

joins with the consulting engineers in recommending the immed- I 

iate construction of a causeway approximately 5,500 feet long 
from the north shore of the Straits. This causeway would event- 

1 ! 
ually become a part of a bridge project but it would have an 
immediate benefit in shortening the route of the present state 

/ I 1  
1 ' . I  ferry system from nine miles to three miles. This would step 

up the capacity of the ferry service by about 50 per cent and 
also bring about decreased operating costs. Although facilities 
are adequate to present traffic demands, anticipated traffic in- 

i l i  

I 

creases will soon make necessary added facilities at the Straits. I 
I 

The Mackinac Straits Bridge Authority gratefully I .  

acknowledges the complete cooperation of the Michigan State 
Highway Department and its staff. As Chairman I wish also to I I 
acknowledge and thank the other members of the Authority. for I 

! 
their work and cooperation. These include Mr. Patrick H. Kane I 

whose term expired recently at the end of six years of service, I 

Mr. Otto Lang, and Mr. Joseph Green, the latter succeeding bbr. , 

Kane. I wish to thank also Mr. Richard Barkell, of the state 
1 

highway department, for his effective work as secretary for the 
Authority. Neither Mr. Barkell nor the writer have received any 
remuneration for their work with the Authority. 

This report for the first time provides a scientific 
and factual approach to the problem of linking Michiganrs two 
peninsulas. This engineering analysis eliminates the guess-work 
which has surrounded previous approaches to the problem. Michigan 
can now proceed to a feasible and sound solution. 

Very truly yours, 

f GDK: -6 ii 
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M O D J E S K I  A N D  M A S T E R S  

~ ~ Y S L R S  AM. SOC. C. E. 

= 
G. H.. RANDALL 

~RINCICAL ASSISTANT ENGINEER 

CONSULTING ENGINEERS 

Harrisburg, Pa. 
June 3, 1940 52 VANDERBILT AVENUE 

N E W  YORK. N. Y. 

ARCHITECTS BUILDING 
P n l L n D e L ~ n l n ,  PA. 

G. Donald Kennedy, Chairman 
lllackinac S t r a i t s  Bridge Authority 
700 Olds Tower Building 
Lansing, Michigan 

Gentlemen: 

The accompanying de t a i l ed  repor t  contains our 
recommendations f o r  the construct ion of a proposed cross- 
ing  of the Mackinac S t r a i t s  t o  replace t h e  ex i s t ing  
fer r ies .  The following i s  a b r i e f  summary of the  con- 
clusions reached and the  recommendations contained i n  
the  report.  

Ve recommend the  immediate construction of a 
causeway approximately one mile i n  length southward from 
the  St. Ignace shore, from t h e  end of which the  f e r r i e s  
can be operated u n t i l  a permanen8 crossing i s  b u i l t ,  thus 
increasing t h e  present f e r r y  capacity about 50% witliout 
g rea t ly  increasing t h e  investment i n  f e r r y  propert ies ,  
t h i s  causeway t o  become an approach t o  the  recommended 
crossing. The cost of t h i s  causeway i s  estimated a t  
approximately "825,000, the  buildings and t o l l  plaza a t  
approximately 840,000, t he  connecting highway a t  approxi- 
mately $100,000, temporary f e r r y  dock a t  approximately 
$250,000, making a t o t a l  cost  of project  $1,215,000. 

A tunnel crossing of the S t r a i t s  i s  not recom- 
mended on account of t he  excessive cost,  prohibi t ive  grades, 
great  depth of water, the  l imi ted capacity and the  con- 
t inuing high operating and maintenance costs. 

A combined railway and highway bridge i s  not re-  
commended as  t he  topographic and geologic conditions re-  
quire the construct ion of long span suspension bridges. 
Suspension badges ,  on account of t h e i r  f l e x i b i l i t y ,  would 
require  spec ia l  operating equipment wi th  r e s t r i c t e d  loads 
i n  order t o  negotiate the heavy grades. The long spans 
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designed t o  carry  the  railway loadings, even though r e-  
s t r i c t  ed, would require an addi t ional  investment i n  the  
crossing f a r  i n  excess of any a ~ o u n t  tha t  could be 
anortized by. reasonable r e n t a l  charges. 

We recommend the  constructiop of a thzee-lane 
highway bridge consis t ing of two long suspension spans 
over the deep waters of the  S t r a i t s  with necessary appro ache^ 
a t  each end. The construction cost of t he  bridge project ,  
ready fo r  t r a f f i c ,  is estimated a t  $23,375,000, t o  which 
should be added t h e  cost of the causeway, t o l l  plaza and 
connecting highway, which become a par t  of the bridge 
pro'ect when the bridge replaces the  f e r r i e s ,  estimated 
a t  $965,000, and the cost  of i n t e r e s t  during canstruction 
estimated a t  $2,400,000, making a t o t a l  cost  cif the  project  
of  $26,740,000. 

If the  bridge i s  completed, ready f o r  t r a f f i c ,  by 
the Spring of 1947, and the t o l l s  on the  bridge are  the 
equivalent of t h e  present f e r r y  t o l l s ,  we estimate tha t  the 
gross reveEue from t o l l s  f o r  the f i r s t  year of briege opera- 
t i o n  w i l l  be not l e s s  than $925,000. The annual maintenance 
a ~ d  operating costs  should not excee4 $160,000. 

In our opinion it  i s  both feas ib le  and pract icable 
t o  s a fe ly  construct t h e  recommended structure-, which w i l l  
serve as a useful  means of joining the  two major peninsulas 
comprising the S ta t e  of liiichigan. 

We acknowledge with thanks the  cooperation of the 
various S ta te  agencies and indiviGuals who have a s s i s t e d  
i n  the compiling of the data and information necessary t o  
reach the above conclusi ons. 

X O D J ~  SF1 and LiASTERS 
Engine e r  s 
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TUCKINAC STRAITS BRIDGE REPORT 

Int roduct ion  and P r i o r  Work 

The S t a t e  of Michigan i s  divided i n t o  tivo major por t ions ,  t h e  upper 
and lower peninsulas,  v:hich peninsulas a r e  bounded by t h e  Great Lakes Super-i- 
or, Filichigan and I-luron. The longer a x i s  of t h e  upper peninsula l i e s  a t  an 
angle of approximately 90' with t h e  longer a x i s  of t h e  lower peninsula. k t  
t h e  t i p s  of t h e  peninsulas Lake IIuron i s  connected with Lake Superior bj t h e  
So0 o r  S t .  Marys River and with Lake Nichigan by t h e  S t r a i t s  of Mackinac, t h e  
l a t t e r  l y i n g  between t h e  t i p s  of t h e  two peninsulas.  The d i r e c t  n a t u r a l  t r av-  
e l  route  between these  two major por t ions  of t h e  S t a t e  i s  ac ross  t h e  narrow 
S t r a i t s  of Mackinac. 

The advent and development of t i e  automobile and modern highways a s  
an economical means of t r a n s p o r t a t i o n  has  made poss ib le  a  c lose r  connection 
o f - t h e  two here tofore  more o r  l e s s  i s o l a t e d  por t ions  of t h e  S t a t e .  The in-  
creased t r a f f i c  due t o  t h e  development of t h e  highway system i n  t h e s e  two 
separated por t ions  of t h e  S t z t e  met with se r ious  de lays  t o  t r a v e l  ac ross  t h e  
S t r a i t s  by means of t h e  e x i s t i n g  f e r r i e s .  I n  order  t o  keep ab reas t  of t h e  
t r a f f i c  demands, t h e  ferny capaci ty  has  been increased  from time t o  time, re-  
s u l t i n g  i n  a  cons tant ly  increased investment i n  t h e s e  f e r r i e s ,  and only during 
t h e  year  1939 and up t o  da te  i n  1940 has t h e  f e r r y  capaci ty  been s u f f i c i e n t  t o  
handle t h e  t r a f f i c  without se r ious  delays.  I f  t h e  t r a f f i c  continues t o  in-  
crease a t  i t s  present  r a t e  it w i l l  become necessary t o  s t i l l  f u r t h e r  inc rease  
t h e  capaci ty  of t h e  f e r r i e s .  For a  long time t h e r e  has been a demand f o r  a 
physical  jo in ing  of t h e  two peninsulas of Michigan f o r  p o l i t i c a l ,  economic 
and t r anspor t a t ion  reasons, as wel l  a s  t o  f u r t h e r  induce t o u r i s t  t r a v e l  t o  
the  upper peninsula. This  demand r e s u l t e d  i n  t h e  c rea t ion  of t h e  Flackinac 
S t r a i t s  Bridge Authority bj Act of t h e  S t a t e  Leg i s l a tu re  dated 1934, a s  amend- 
ed by Act 223 of t h e  1937 Session. This  Authori ty hes  power t o  cons t ruc t  and 
operate an adequate means of t r a n s p o r t a t i o n  ec ross  t h e  S t r a i t s .  

P r i o r  t o  t h e  c rea t ion  of t h i s  Authority, t h e  Michigan S t a t e  Highway 
Department, i n  order  t o  provide f a c i l i t i e s  f o r  t h e  c o n s t a n t l j  increas ing  t r a f -  
f i c  had, by a u t h o r i t y  of Leg i s l a t ive  Acts, e s t ab l i shed  t h e  e x i s t i n g  f e r r i e s  
between Mackinaw City on t h e  south shore and S t .  Ignace on t h e  nor th  shore. 
These f e r r i e s ,  due t o  inc reas ing  t r s f f i c ,  a s  shown i n  Exhibi t  "J", u n t i l  t h e  
past year of 1939 have been unable t o  handle a l l  t r e v e l  a t  peak t imes of t h e  
t o u r i s t  seasons without g rea t  inconvenience and delays.  The necess i ty  f o r  
Constantly increas ing  t h e  f e r r y  f a c i l i t i e s  has  added g r e a t l y  t o  t h e  c a p i t a l  
investment i n  t h e  f e r r i e s ,  so much so t h a t  t h e  growth of investment i n  f e r r y  
f a c i l i t i e s  has  about p a r a l l e l e d  t h a t  of t h e  t r a f f i c ,  as shown by t h e  compari- 
son of t h e  t r a f f i c  with t h e  cumulative c a p i t a l  investment on Exhibi t  "K" ,  pre- 
Pared by t h e  Finance Division of t h e  Michigan S t a t e  Highway Department, which 
shows t h a t  t h e  investment per  c a r  handled has remained f a i r l y  constant f o r  a  
number of yea r s  operation. 

Upon t h e  c rea t ion - of t h e  ?.lackinac S t r a i t s  Bridge Authority, prel imi-  
nary s t u d i e s  were made of poss ib le  cross ings  i n  t h e  region  covered by t h e  
Vicini ty Map, Exhibit  "A", t h e  r e s u l t s  of which s t u d i e s  a r e  covered bj an 



a r t i c l e  prepared by M r .  James H. Cisse l ,  Member of t h e  American Socie ty  of 
c i v i l  Engineers, and Professor  of S t r u c t u r a l  Engineering of t h e  Univers i ty  
of Michigan, published i n  t h e  October, 1937 i s s u e  of "C iv i l  Engineering", and 
discussed i n  Later  i s s u e s .  The f i r s t  c ros s ing  considered followed a c i r cu i-  
tous  route ,  s t a r t i n g  a t  a  po in t  e a s t  of Cheboygan, c ross ing  t o  Bois Blanc Is- 
land, thence t o  Round I s l and ,  thence t o  Mackinac I s l and  and from Mackinac 
Is land  t o  S t .  Ignace, t h e  t o t a l  l eng th  of t h i s  c ross ing  approximating 23.98 
miles.  It was t o  have four  highway l a n e s  and a double t r a c k  railway, and was 
estimated a t  t h a t  t ime t o  c o s t  approximateljr $35,000,000. 

M r .  C i s s e l  recommended a more d i r e c t  r o u t e  f o r  connecting t h e  two 
peninsulas which should be obtained a t  a much lower cos t  and s t u d i e s  were made 
of a  bridge t o  connect Mackinaw Ci ty  with S t .  Ignace, pass ing  over t h e  Graham 
Shoals. This  c ross ing  was est imated i n  t h e  a r t i c l e  t o  cos t  approximately 
$32,383,265. This  es t imate ,  however, was pre l iminary  i n  i t s  na tu re  and M r .  
C i s s e l l s  a r t i c l e  pointed out  t h e  n e c e s s i t y  f o r  a more thorough i n v e s t i g a t i o n  
of foundation condi t ions  and a f u r t h e r  s tudy t o  proper ly  determine t h e  bes t  
d i r e c t  c ross ing .  This  br idge provided f o r  two highway l anes  and a s i n g l e  
t r a c k  rai lway.  

M r .  C i s s e l r s  a r t i c l e  a l s o  proper ly  e l iminated  t h e  f u r t h e r  s tudy of 
any proposal  f o r  cons t ruc t ing  a tunne l  b u i l t  on t h e  s h o r t e s t  l i n e  f o r  t h e  
fol lowing reasons: 

"Building such a s t r u c t u r e  on t h e  s h o r t e s t  l i n e  vfould n e c e s s i t a t e  
cons t ruc t ing  t h e  i n v e r t ,  a t ~ i t s  lowest po in t ,  some 350'-below water l e v e l ,  
The over a l l  l ength  would probably be about s i x  mi les .  Based on c o s t s  of 
vehicular  t unne l s  completed during r e c e n t  yea r s  it i s  bel ieved t h a t  t h e  cos t  
would be two o r  t h r e e  t imes  t h a t  of a bridge;  moreover, t h e  annual opera t ing  
cost  would probably p lace  a  p r o h i b i t i v e  burden on such a pro jec t ."  

I n  a  d iscuss ion  of t h i s  a r t i c l e  i n  t h e  February, 1938 i s s u e  of 
"Civ i l  Engineering", M r .  C.  F. Goodrich est imated t h a t  t h e  cos t  of t h e  neces- 
sary  prel iminary engineering s t u d i e s  and i n v e s t i g a t i o n s  f o r ,  t h e  p r o j e c t  would 
be a t  l e a s t  $200,000. 

Our review of t h e  e a r l y  s t u d i e s  made f o r  t h e  Authori ty l e d  u s  t o  
concur i n  t h e  recommendation of Professor  C i s s e l  t h a t  a d i r e c t  r o u t e  should 
be found which would shor ten  t h e  t ime and t r a v e l  d i s t a n c e  between t h e  two com- 
munities.  We do no t  recommend t h e  cons t ruc t ion  of a  c ross ing  on t h e  c i r c u i L  
tous  rou te ,  as t h i s  r o u t e  does not  s u f f i c i e n t l y  reduce t h e  t r a v e l  d is tance ,  
r e q u i r e s  excessive maintenance 2nd opera t ing  c o s t s ,  and p resen t s  d i f f i c u l t i e s  
i n  keeping t h e  r o u t e  open dur ing  winter  seasons. Fur ther ,  it might be poss ib l e  
t o  opera te  high speed . f e r ry  s e r v i c e  which could success fu l ly  compete with t h i s  
rou te  during t h e  peak months of t r a f f i c ,  and t h i s  r o u t e  does n o t  adequately 
connect t h e  a l r eady  developed highway systems of t h e  S t a t e .  Furthermore, t h i s  
rou te  makes no provis ion  f o r  handling t h e  i n c r e a s i n g  f e r r y  t r a f f i c  during t h e  
time of cons t ruc t ing  another  c ross ing .  

I n  1937, p r i o r  t o  our engagement by your Authori ty f o r  t h e  prepara-  
t i o n  of t h i s  r e p o r t ,  t h e  problem of an  adequate c ross ing  had been discussed 
bg u s  with M r .  Murray D. Van Wagoner, S t a t e  Highway Commissioner, and with 
Mr. G. Donald Kennedy, Deputy S t a t e  Highway Commissioner and Chairman of t h e  
Mackinac S t r a i t s  Bridge Authori ty and M r .  V. B. Steinbaugh, Chief Engineer of 
t h e  Michigan S t a t e  Highway Department. A l l  of t h e  t r a f f i c  d a t a  dur ing  t h e  
period of t h e  opera t ion  of t h e  f e r r i e s  had been furn ished  us,  t oge the r  with 



1 
s tud ies  r e l a t i ve  t o  the  demands f o r  and cost  of addi t ional  f e r r y  f a c i l i t i e s .  

i 

I 

I A review of these data c l e a r l y  indicated t h e  int imate r e l a t i on  of 
t h e  f e r r y  operation t o  any proposed crossing t o  be constructed by the  Authority 
and involved t h e  problem of handling t h e  increas ing t r a f f i c  during the  time 

I of construction of an adequate crossing without, i f  possible, having t o  in- 

I crease g r e a t l j  t h e  investment i n  t h e  f e r r i e s ,  a s  it would be d i f f i c u l t  t o  
! salvage the  f e r r y  investment a f t e r  another crossing i s  bu i l t .  Hence, we recom- 

mended a t  t h a t  time t he  development of some plan of increasing t h e  f e r r y  c a ~ a c i -  
t y  without g r ea t l a  increasing the  f e r r y  investment. This can best be done by 
reducing t h e  length of t h e  f e r r y  t r ave l ,  consequently reducing t he  time of t h e  
t r i p  and thus  increasing t h e  capacity of t h e  ex i s t ing  f a c i l i t i e s .  

A study of t he  ava i l ab le  naps of t h e  S t r a i t s  c l e a r l j  indicated t h a t  
i f  a s a t i s f ac to ry  locat ion could be found on t h e  shor tes t  and most d i r e c t  

I route ,  it would be possible t o  construct  an inexpensive causeway through t h e  
shallow waters southr:ard from t h e  north shore, from t h e  southern end of which 

I t h e  f e r r i e s  could be operated; t h i s  would reduce t h e  t r a v e l  distance f o r  t he  
f e r r i e s  from about nine miles t o  about t h r ee  and one-half miles. This saving 
i n  dis tance  should increase t h e  f e r r y  capacity about f i f t y  percent and enable 
t h e  f e r r i e s  t o  handle t he  t r a f f i c  during the  time of constructing another more 
adequate crossing without g rea t ly  increasing t he  l a rge  sums a l ready invested 
i n  t h e  f e r r y  operation, t he  causeway when b u i l t  serving a s  en approach t o  and 
becoming a pa r t  of t he  new crossing. 

The proposed causeway t o  be economically constructed must be b u i l t  
i n  shallow waters, which a r e  found t o  ex i s t  on Line "A". These waters a re  

I shel tered on the  west by Point L a  Barbe and Green Is land and on t h e  eas t  by 
Graham Shoals. 

Discussions with t he  captains operating t h e  f e r r y  boats confirm our 
opinion t h a t  there  would be no d i f f i c u l t y  in operating the  f e r r i e s  from t h e  
end of t he  causeway t o  Mackinaw City during t h e  open navigation season. Should 
i c e  conditions become too severe during t h e  winter months of low t r z f f i c ,  the  
f e r r i e s  could be operated on t h e i r  present  rou tes  between t he  S t .  Ignace docks 
and t h e  docks a t  Mackinaw City and they w i l l  have ample capacity f o r  handling 
a l l  t r a v e l  during the  winter season, 

The recommendation, based on t h e  preliminary data avai lable ,  t h a t  a 
causeway be b u i l t  t o  increase  t he  present  f e r r y  capacity during t he  time of 
constructing a crossing l ed  u s  t o  a conclusion t h a t  addi t ional  s i t e s  d i r e c t l y  
connecting t he  south shore wi th . the  north shore should be studied with a view 
t o  determining t he  most feas ib le ,  p rac t i cab le  and econonical type of crossing 
which could be b u i l t  t o  meet adequately a l l  of t h e  requirements of both t he  

' I 
! 

present and fu tu re  t r a f f i c  across t he  S t r a i t s .  

The ex i s t ing  maps and surveys did not contain suf f i c ien t  information 
r e l a t i v e  t o  sub-soil and foundation condit ions f o r  u s  t o  properly study and 
recommend the  best and most economical crossing and it became necessary t o  

I 

secure such information before a repor t  could be made. It was, accordingly, 
I agreed t h a t  your Authority would request  M r .  Murray D. Van Wagoner, S ta te  

Highway Commissioner, t o  hzve t he  Michigan S t a t e  Highway Department, using 
i t s  well organized s t a f f  of engineers, and t h e  other  agencies of t h e  S t a t e  
secure f o r  us  such data r e l a t i v e  t o  t h e  sub-soil, foundation, geologic, 
physical  and topographic conditions a s  we would need i n  connection with our 

i 
I s tud ies  and t h a t  such information should be furnished f o r  use i n  t h e  prepara- 
1 
I t i o n  of t h i s  repor t .  

- 

L.. 



Acknowledgment is  given here  of t h e  cooperation of Mr.. h r r a y  D. 
Van Wagoner, S t a t e  Highway Commissioner, and t h e  Michigan S t a t e  Highway De- 
partment i n  t h e  assembling of t h e  da ta  requi red;  and of t h e  a s s i s t a n c e  furn ish-  
ed u s  by Professor  J. H. Cisse l ,  of t h e  Univers i ty  of Michigan, who had pre- 
pared preliminary s t u d i e s  f o r  t h e  Authority; a l s o  t o  t h e  hezds of t h e  var ious  
Divisions of t h e  Michigan S t a t e  Highway Depertment r:ho prepared t h e  Exhibi t s  
published i n  t h i s  r e p o r t  which were used as a b a s i s  f o r  reaching our conclu- 
s ions ,  and t o  t h e  Chief of t h e  Geology Division of t h e  Michigan Department 
of Conservation, 

Before preparing t h e  agreement f o r  our serv ices ,  t h e  s i t e  was v i s i t -  
ed on September 20, 1938, with o f f i c i a l s  of t h e  Authority and of t h e  Michigan 
S t a t e  Highway Department, We were accompanied by Mr, Leon S. Moisseiff,  our 
a s s o c i a t e  on t h e  prepara t ion  of t h i s  r epor t .  T r i p s  were made along each shore 
and over t h e  adjacent  highways and a l l  a v a i l a b l e  d a t a  s tudied.  An agreement 
was entered i n t o  f o r  t h e  prepara t ion  of t h i s  r e p o r t  November 7 ,  1938, under 
t h e  terms of which t h e  Authori ty would f u r n i s h  us  with t h e  s tud ies  and pre- 
liminary d a t a  which had been prepared r e l a t i v e  t o  a bridge a t  t h e  S t r a i t s  of 
Mackinac and would f u r n i s h  t r a f f i c  and geologic da ta  as a bas i s  f o r  se l ec t-  
i n g  t e n t a t i v e  s i t e s  f o r  t h e  proposed cross ing ,  The Authority, a f t e r  t h e  
se l ec t ion  of t e n t a t i v e  s i t e s ,  was a l s o  t o  f u r n i s h  soundings, and surveys of 
t h e  physical  p rope r t i e s  a t  t h e s e  s i t e s  a s  a b a s i s  f o r  determining t h e  bes t  
l oca t ion  f o r  t h e  cons t ruc t ion  of  t h e  cross ing ,  Yo

ur 

Authori ty a l s o  agreed 
t o  make borings a t  s e l ec ted  s i t e  o r  s i t e s  and t o  have boring samples analyzed 
by t h e  S t a t e  Highway Laboratory, and agreed t o  p l o t  a l l  surveys, soundings, 
borings, s o i l  analyses,  t r a f f i c  da ta  and similar information necessary t o  
determine t h e  proper s i t e  and type of cons t ruc t ion ,  The c o s t  and expense of 
obta in ing  a l l  of t h i s  information f o r  our use  was t o  be paid by t h e  Authority. 
We i n  t u r n  agreed, a f t e r  s tudying t h e  a v a i l a b l e  da ta  and physical  condit ions,  
t o  prepare with our s t a f f  and organizat ion an economic study t o  determine t h e  
most f e a s i b l e  and p rac t i cab le  type and design of s t r u c t u r e  t o  be used a t  t h e  
crossing,  and t o  s tudy t h e  economic p o s s i b i l i t i e s  of a combination r a i l r o a d  
and veh icu la r  s t r u c t u r e  and t o  confer with r ep resen ta t ives  of t h e  United S t a t e s  
Army Engineer Corps r e l a t i v e  t o  t h e  necessary navigat ion clearances f o r  t h e  
s t ruc tu re .  We f u r t h e r  agreed t o  prepzre prel iminary general  plans of t h e  bype 
of s t r u c t u r e  recommended and cos t  estimates based on p reva i l ing  cons t ruc t ion  
p r i c e s  of t h e  recommended type  of s t r u c t u r e ,  and t o  f u r n i s h  you with t h i s  
r epor t  f o r  use  i n  developing plans and f inanc ing  t h e  cons t ruc t ion  of t h e  work. 
We a l s o  agreed t o  a c t  i n  a consul t ing  and advisory capaci ty  i n  a l l  mat ters ,  
furn ish ing  necessary i n s t r u c t i o n s  and s p e c i f i c a t i o n s  f o r  carrying out a l l  
phases of t h e  work and t o  fu rn i sh  t h e  s s r v i c e s  of M r ,  Leon S o  Moisseiff ,  a 
Consulting Engineer of New York City,  t o  cooperate i n  t h e  economic s t u d i e s  
and designs and a c t  throughout on t h e  prel iminary r e p o r t  a s  an a s soc ia t e .  

Prel iminary Selec t ion  o f x z t e s  

I n  order  t o  determine t h e  bes t  s i t e  f o r  t h e  cons t ruc t ion  of a cross-  
i n g  meeting a l l  of t h e  t r a f f i c  requirements,  t h e  sounding maps of t h e  S t r a i t s  
a r e a  made by t h e  U, S o  Lakes Survey Office,  of t h e  U, So Army Engineer Corps 
were secured, These surveys had been published i n  1907. 

These soundings ind ica ted  t h a t  t h e  nos t  d i r e c t  route  s u i t a b l e  f o r  
t h e  cons t ruc t ion  of a causeway and o the r  type of c ross ing  was on a l i n e  ex- 
tending almost due nor th  ac ross  t h e  S t r a i t s  from t h e  poin t  a t  which highway 
rou tes  U. S. 31 znd U, S o  23 converge on t h e  south shore. However, t h e  1907 
soundings a l s o  ind ica ted  t h a t  b e t t e r  foundation condi t ions  might be expected 



a t  l o c a t i o n s  eas t  and west of t h i s  l i n e .  It was accordingly  decided t o  in-  
v e s t i g a t e  t h e  foundation condi t ions  i n  a l l  a r e a s  bj means of probings t o  rock 
through t h e  overburden, over t h e  a r e a  from Po in t  La Barbe on t h e  west t o  t h e  
shoals  a r e a  on t h e  eas t .  These prel iminary l . ines ,  namely Lines "Af1 ,  f fB f7  and 
" C H ,  shown on Exhib i t  "C" and d iscussed  i n  t h e  r e p o r t  of M r .  K .  R. MacDuff, 
Survey Chief, Michigan S t a t e  Hi,ghviay Departnent,  were se l ec t ed  f o r  purposes 
of making accura t e  surveys of t h e  S t r a i t s  a r e a ,  and Line IfA" was se l ec t ed  a s  
t h e  l i n e  f o r  s t a r t i n g  probings t o  determine rock e l eva t ions .  

Since it was not  poss ib l e  t o  e s t ima te  with any degree of accuracy 
t h e  amount of work t o  be done t o  determine foundat ion condit ions,  an arrange-  
ment was made with t h e  Luedtke Engineering Company, of Frankfor t ,  Michigan, 
which had equipment a v a i l a b l e  a t  t h e  s i t e ,  t o  do such work as would be r e-  
quired,  working under t h e  d i r e c t i o n  and supervis ion  of r ep resen ta t ives  of I 

t h e  Michigan S t a t e  Highway Department, and t o  develop t h e  b e s t ,  speedies t  I 

and most economical way of secur ing  t h e  d e s i r e d  information as t h e  work pro- 
gressed. It xas  s h o r t l y  determined t h a t  information r e l a t i v e  t o  t h e  th ick-  
ness  of t h e  overburden could be secured by means of j e t t i n g  through a p ipe  I 

dr iven  t o  rock, and t h i s  work proceeded r ap id ly .  I 

New Sounding3 

Since t h e  l a t e s t  soundings i n  t h e  S t r a i t s  a r e a  had been published 
i n  1907, i n  order  t o  determine i f  any changes had taken p lace  due t o  scour 
o r  i c e  conditions, and t o  f u r n i s h  d a t a  f o r  t h e  p l o t t i n g  of accu ra t e  p r o f i l e s  
of t h e  S t r a i t s  bottom a t  any s i t e  t o  be se l ec t ed ,  we recornended making new 
soundings over t h e  e n t i r e  navigable a r e a s  of t h e  S t r a i t s .  

The making of such soundings r equ i red  s k i l l e d  opera tors  with s p e c i a l  
equipment and an  agreement was made with t h e  Lzke Survey Division of t h e  U .  S. 
Army Engineer Corps t o  make and p l o t  new soundings of t h e  e n t i r e  a r e a  of t h e  
S t r a i t s  in water 50 f e e t  and deeper.  I n  depths  l e s s  than  f i f t y  f e e t  soundings 
a r e  p l o t t e d  from d a t a  secured dur ing  t h e  making of t h e  rock probings. 

Contours a t  i n t e r v a l s  of f i f t y  f e e t ,  as wel l  a s  t h e  rock probings, 
a r e  a l l  shown on t h e  topographic map marked Exh ib i t  "C". P r o f i l e s  p l o t t e d  
from t h e s e  soundings i n d i c a t e  t h a t  except f o r  some s l i g h t  scouring j u s t  no r th  
of t h e  Mackinaw shore, t h e r e  has  been f o r  a l l  p r a c t i c a l  purposes l i t t l e ,  i f  
any, change i n  t h e  c ross  sec t ion  o f  t h e  water a r e a  i n  t h e  S t r a i t s  s ince  t h e  
l a s t  soundings made i n  1907. 

Se lec t ion  of S i t e  

Lh i l e  t h e  soundings were being made and p lo t t ed ,  work w a s  pro- 
ceeding with t h e  rock probings a long Line f f A f f .  On r e c e i p t  of t h e  completed 
soundings t h e  p r o f i l e s  were p l o t t e d  and s tud ied  f o r  i n d i c a t i o n s  of more sui t-  
a b l e  l o c a t i o n s  f o r  a crossing.  These soundings ind ica t ed  t h a t  a t  some po in t s  
e a s t  and p a r t i c u l a r l y  west of Line "A", rock might be loca ted  a t  higher  
e l eva t ions  than  on Line I 7 A f f ,  and t h e  work of probing t o  rock was s h i f t e d  t o  
such po in t s  e a s t  and west of Line "A". 

The p l o t t i n g  and s tudy of t h e  rock probings e a s t  and west of Line 
"A" shows t h a t  Line I f A l f ,  t h e  most d i r e c t  r o u t e  ac ross  t h i s  narrow por t ion  
of t h e  S t r a i t s ,  apparent ly  l i e s  over t h e  h ighe r  rock formations, and t h a t  
s i t e s  e a s t  and west of t h i s  l i n e  a r e  not  a s  s u i t a b l e  a s  Line "A" f o r  t h e  
cons t ruc t ion  of t h e  proposed crossing.  It was t h e r e f o r e  decided t o  r e t u r n  



t o  Line "A" and t o  determine i n  d e t a i l  t h e  th i ckness  and cha rac te r  of t h e  
rock overburden and t h e  rock p r o f i l e  along Line "A",  as it i s  c l e a r l y  t h e  
bes t  and most s u i t a b l e  s i t e  f o r  t h e  l o c a t i o n  of t h e  proposed cross ing .  

I 

i The rock p r o f i l e  was not  completed a c r o s s  t h e  deeper a r e a s  of t h e  
gorge i n  t h e  S t r a i t s ,  as t h e  t a k i n g  of deep probings i n  rough water  a t  t h i s  
g r e a t  depth i s  hazardous, d i f f i c u l t  and expensive. The depths and s lopes  of 

I rock i n  t h i s  deep r av ine  exceed those  a t  which s t r u c t u r e s  could be s a f e l y  and 
economically b u i l t  dur ing  t h e  s h o r t  working season, s o  t h a t  any type  of  br idge 
c ross ing  would of n e c e s s i t y  have t o  span t h i s  deeper navigable po r t ion  of t h e  

I channel.  

I Types of Crossings Considered 

On account of naviga t ion  and i c e  condi t ions ,  a  pontoon s t r u c t u r e  
such a s  i s  now being cons t ruc ted  a c r o s s  Lake Washington nea r  S e a t t l e  would 
n o t  be s u i t a b l e  f o r  t h i s  l o c a t i o n ,  

The cons t ruc t ion  of a tunne l  i s  n o t  recommended because of t h e  
l i m i t e d  capaci ty,  t h e  heavy grades, t h e  t ime and hazards of cons t ruc t ion ,  
t h e  grea t  depth of t h e  channel, t h e  increased  l e n g t h  of t h e  c ross ing ,  t h e  
excessive cos t ,  which would be s e v e r a l  t imes t h e  cos t  of a  br idge,  and t h e  
f u r t h e r  f a c t  t h a t  such a  c ross ing  could never  be f r e e d  of t o l l s  o r  operated 
a t  a  low cos t ,  a s  it would r e q u i r e  continuous expenditures  f o r  po l i c ing ,  
l i g h t i n g  and v e n t i l a t i o n ,  t h e  l a t t e r  two i tems being almost as g r e a t  f o r  t h e  
winter  months of low t r a f f i c  a s  t h e y  a r e  f o r  t h e  months of peak t r a f f i c .  A 
s tudy of t h e  geologic and topographic condi t ions  developed, a s  shown on Ex- 
h i b i t  "GII ,  c l e a r l y  i n d i c a t e  t h e  d i f f i c u l t i e s  and g rea t  expense e n t a i l e d  i n  
t h e  cons t ruc t ion  of a tunnel .  

The problem, the re fo re ,  becomes one of designing a bridge of s u i t -  
a b l e  capaci ty  which w i l l  have ho r i zon ta l  and v e r t i c a l  c learances  s a t i s f a c t o r y  
f o r  t h e  s a f e  marine naviga t ion  of t h e  S t r a i t s  a r ea .  

! 
Construction Mater ia l s  Available.  

I n  order  t o  determine t h e  l o c a t i o n  of ma te r i a l s  f o r  cons t ruc t ing  

1 t h e  causeway and connecting highways on t h e  n o r t h  shore, ex tens ive  s t u d i e s  

i were made under t h e  d i r e c t i o n  of M r .  W. W. McLaughlin, Tes t ing  Engineer of 
I t h e  Michigan S t a t e  Highway Department, c o n s i s t i n g  of topographic surveys 
1 and borings i n  t h e  a r e a  no r th  of t h e  proposed loca t ion .  These ma te r i a l s  
1 were t e s t e d  and repor ted  upon by Professor  W. H .  Housel, Research Consultant  
i of t h e  Michigan S t a t e  Highway Department. The r e s u l t s  of t h e s e  i n v e s t i g a t i o n s  
I a r e  shown on Exhib i t  l lDn,  which e x h i b i t  a l s o  conta ins  da ta  r e l a t i v e  t o  a v a i l -  
1 a b l e  cons t ruc t ion  ma te r i a l s  along t h e  south shore. 
! 
i These s t u d i e s  show t h a t  both heavy rock and loose  f i l l  m a t e r i a l s  
b 
! s a t i s f a c t o r y  f o r  t h e  f i l l e d  po r t ions  of t h e  causeway can be secured cheaply 
I a t  nearby s i t e s .  
E .  

Foundation Explorat ions 

When t h e  dec is ion  had been reached t h a t  a  br idge i s  t h e  only 
f p r a c t i c a l  and economical t ype  of c ross ing  it became necessary t o  determine 

t h e  cha rac te r  of t h e  overburden ma te r i a l s  through which t h e  foundat ions must 
t pass and t h e  cha rac te r  of t h e  rock on which t h e y  a r e  t o  be b u i l t .  Af t e r  
i 
I 



various types of structures had been-studied and preliminary designs had been 
prepared, samples of the overburden materials at eight different locations in 
the approach areas were taken by the Luedtke Engineering Company, and the re- 
sults were analyzed and are discussed in Professor W. H. Housells report on 
"Clay Overburden Borings on Line 'Au1, Exhibit."Fn. 

In order to determine the character ofotbe rock at the approximate 
sites of the principal foundations to be constructed, bids were taken and 
contract awarded to the low bidderj Sprague and Henwood of Scranton, Pa., 
for the securing of preliminary rock cores and the taking of additional over- 
burden samples. This work was carried to completion in the late Fall of 1939. 
The overburden .samples were submitted to Professor W. H. Housel., Research Con- 
sultant of the State Highway Department of Michigan, and the rock cores to Mr. 
R. A. Smith, Chief of the Geology Division:, Michigan State Department of Con- 
servation. 

The report of Professor Housel clearly indicates that the over- 
burden materials are not suitable for the founding of any of the piers. The 
overburden materials consist of hard compact clays with some grevel and bould- 
ers overlaying strata of much softer plastic clays, with possibly some boulders 
and harder materials directly over the rock. No particular difficulty should 
be experienced in sinking carefully designed foundations through these materials. 
The softer plastic clays may be displaced by the heavy surcharge of the cause- 
way, causing some future settlement for a period of time, which can be cor- 
rected as needed by the addition of fill until the materials have become 
stabilized. Because of this possible fill subsidence, a viaduct protected 
against ice damage by heavy rock is recommended for the higher portions of 
the causeway. 

The discussions with the Geology Division, Michigan Department of 
Conservation, indicate that the large foundations required for the support 
of the recommended type of structure can be safely carried through the over- 
burden materials and securely founded on suitable rock strata. 

Mr. R. A. Smith, Chief of the Geological Division, Michigan De- 
partment of Conservation, with his assistants, studied the rock cores re- 
covered and advised that they were not sufficiently comprehensive to definitely 
locate the changes of strata necessary to fully correlate them across the 
Straits area. However, he agreed that the character of the rock is adequate 
for supporting the loads which will be imposed and the general dip of the 
strata is from the north to the south in about the same degree as is indicated 
elsewhere in this northern portion of the State. 

The rock borings., as located from the preliminary studies of pro- 
.posed structures, do not all come at the exect sites of the foundations in 
the recommended structure. Before proceeding' with the final plans for the 
foundations, at least one additional rock core should be taken at all im- 
portant foundation sites, and probings should be made around the indicated 
perimeter of each foundation to determine the slope of the rock. The estimated 
cost of such additional cores and probings is included in the cost of the 
project . 

The results of the soundings, rock probings, overburden borings and 
rock cores, taken along Line "An,  have been plotted and are shown on Exhibit 
11 Gfl. 



Current Reedings 

I n  order  t o  determine cons t ruc t ion  d i f f i c u l t i e s  due t o  overburden 
scour while s inking  t h e  foundations t o  rock, cu r ren t  readings were thken 
while t h e  rock probings were being made. The r e s u l t s  of these  readings were 
p l o t t e d  and a r e  shown on Exhibi t  "E" herewith. These readings  i n d i c a t e  t h a t  
t h e  maximum cur ren t s  e x i s t  nea r  t h e  water su r face  and a r e  caused by winds; 
and t h a t  t h e r e  i s  very l i t t l e  current  i n  t h e  deeper waters a t  t h e  sur face  of 
t h e  overburden. Hence, t h e  scour should be ve ry  s l i g h t .  

Weather Conditions 

The S t r a i t s  of Mackinac a r e  sub jec t  t o  unusual ly severe weather 
during t h e  winter  months and cons t ruc t ion  work on t h e  foundations cannot be 
c a r r i e d  on s a f e l y  and economically a f t e r  winter  weather s e t s  i n .  This  r equ i re s  
t h e  design of foundations which can be constructed from t h e  water l e v e l  t o ,  
and sea led  on, t h e  rock i n  one s h o r t  working season. Contracts f o r  t h e  con- 
s t r u c t i o n  must be awarded i n  t h e  e a r l y  F a l l  so t h a t  t h e  cont rac tor  can assemble 
t h e  p l a n t  and ma te r i a l s  during t h e  winter  months and be ready t o  s t a r t  work , 
a s  soon a s  t h e  i c e  moves, i n  order  t o  take  advantage of t h e  fu l l  working season. . 1 
Any o the r  program would be t o o  hazardous and expensive. 

I 

The i c e  condi t ions  have beer1 c a r e f u l l y  s tudied  b-y observat ions a t  
t he  S t r a i t s ,  and t h e  assembly of a l l  a v a i l a b l e  d a t a  i s  shown i n  Exhibi t  "H". 

I 
The s e v e r i t y  of t h e  i c e  condit ions makes it necessary t o  design foundations I 

which w i l l  withstand t h e  pressure of maximum i c e  loads  without overturning o r  I 

overloading t h e  rock o r  t h e  foundations, and t h e s e  pressures  have been ap- 
pra ised  and taken i n t o  account i n  computing t h e  s t r eng ths ,  loads  and q u a n t i t i e s  
required t o  cons t ruc t  adequate foundations. 

T r a f f i c  Capacitx - - - .. . -- - 

I n  determining t h e  recommended t h r e e  l a n e  width f o r  t h e  bridge, t h e  
da ta  r e l a t i v e  t o  pas t  and f u t u r e  growth of t r a f f i c  st t h e  S t r z i t s  and t h e  
r epor t  of t h e  Planning Survey of t h e  Michigan S t a t e  Highway Department on 
Vehicular T r a f f i c  a t  t h e  S t r a i t s  of Plackinac, published as Exhibi t  "J"., have 
been c a r e f u l l y  s tudied and d iscuss ions  have been he ld  with departmental heads 
of t h e  Michigan S t a t e  Highway Department, due cons idera t ion  having been given 
t o  t h e  peak hour requirements.  

A long bridge s t r u c t u r e  containing no i n t e r s e c t i n g  roadways and 
not permi t t ing  parking o r  stopping of c a r s ,  has  a t r a f f i c  l a n e  capaci ty  i n  
excess of highways where t r a f f i c  1s slowed by i n t e r s e c t i n g  roadways and park- 
ed cars .  Ex i s t ing  t o l l  br idges  a r e  handling an excess of 1000 c a r s  per  l a n e  
per  hour. A t h r e e  l ane  bridge with two l a n e s  operated i n  one d i r e c t i o n ,  if  
required,  during t h e  peak hours, w i l l  have a capac i ty  i n  excess of 2000 c a r s  
per hour on t h e s e  two lanes ,  with 1000 c a r s  per  hour i n  t h e  o ~ p o s i t e  d i r ec t ion  
on t h e  s ing le  l ane ,  o r  i f  t h e  s t r u c t u r e  i s  normally operated a s  a t h r e e  l ane  
roadway permi t t ing  passing i n  t h e  center  lane ,  t h e  capaci ty  dur ing  peek hours 
of t r a f f i c  w i l l  be i n  excess of 1200 ca r s  per  hour i n  each durec t ion ,  which 
we bel ieve t o  be f a r  i n  excess of any f u t u r e  t r a f f i c  demands tit t h e  S t r a i t s .  
Four l a n e s  of t r a f f i c  could be provided a t  an a d a i t i o n a l  constl-uction cos t  
of about 20%. We a r e  of t h e  opinion t h a t  t h i s  edd i t iona l  expenditure would 
not  be j u s t i f i e d  and recomnend t h a t  t h e  bridge be designed, a s  estimated 
herein,  f o r  a t h r e e  lane  s t r u c t u r e .  
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f ances,  var ious  t y p e s  and arrangements of s t r u c t u r e s  i n  order  t o  develop a p lan  
I 

which would be t h e  l e a s t  objec t ionable  from t h e  s tandpoint  of navigat ion.  
! 
! Ear ly  s t u d i e s  of span arrangements, pending t h e  completion of foun- 
! da t ion  and i c e  s t u d i e s ,  were submitted. These p l ans  contained no t  only s t ruc -  

i 
t u r e s  s imi l a r  t o  t h e  recommended plan,  but  z l s o  o the r  combinations, e s p e c i a l l y  
one containing a c a n t i l e v e r  type  of cons t ruc t ion  o f f  t h e  south shore, extend- 
i n g  nor th  t o  t h e  south anchorage of t h e  longer  span. Ear ly  s t u d i e s  had ind i-  
ca ted  some poss ib l e  saving i n  t h e  use  of c a n t i l e v e r  cons t ruc t ion  f o r  t h i s  

I por t ion  of t h e  bridge.  

A s  t h e  s t u d i e s  advanced and q u a n t i t i e s  were a c c u r a t e l y  computed,, 
t h e  g rez t  depth t o  rock, t h e  i c e  pressures  demanding massive p i e r s ,  t h e  l eng th  
of t ime requi red  t o  cons t ruc t  t h e  numerous foundat ions and t o  e r e c t  t h e  super- 
s t r u c t u r e ,  a l l  proved t h a t  t h e  twin type of suspension bridge over t h e  deep 
water a r e a  w i l l  be t h e  most economical and w i l l  be b e t t e r  s u i t e d  t o  t h e  re-  
quirement s of navigat ion,  

I The recommended plan, Exhi-bit "I", on which t h e  proposed nnvigat ion 
c learances  a r e  shown, should meet a l l  requirements  and provide 2 s t r u c t u r e  
which, with t h e  p i e r s  pro tec ted  with cushion t y p e  of fenders ,  and equipped 
with l i g h t s ,  r a d i o  beams and warning s igna l s ,  w i l l  be s a f e  a g e i n s t  poss ib le  
damage t o  e i t h e r  t h e  s t r u c t u r e  o r  shipping due t o  c o l l i s i o n  dur ing  stormy o r  
foggy weather. 

Descript ion of Recommended S t ruc tu rz  

The proposed types  of construct ion with t h e  span arrangements and 
design requirements a r e  shown on Exhib i t  "I". 

S t a r t i n g  a t  a s u i t a b l e  po in t  near  t h e  entrance t o  t h e  h i s t o r i c  
park of For t  Michilimackinac, t h e  roadway of t h e  bridge w i l l  ascend between 
r e t a i n i n g  walls faced  with n a t i v e  s tone  f o r  approximately 340' i n  length ,  
thence on continuous s t e e l  g i r d e r  spans t o  t h e  south anchorage of t h e  smaller  
of t h e  two suspension bridges.  This  anchorsge i s  loca ted  i n  a s u f f i c i e n t  
depth of water t o  permit t h e  use  of f l o a t i n g  cons t ruc t ion  equipment and can 
be e a s i l y  b u i l t  i n s i d e  cofferdams. 

From t h i s  anchorage a t  about S t a t i o n  6+55 t o  S t a t i o n  58+35 t h e r e  
w i l l  be a suspension bridge,  5180 f e e t  l ong  between anchoreges, of t h e  ap- 
proximate proport ions shown on t h e  e x h i b i t .  A t  t h e  no r th  end of t h i s  br idge 
a common anchorage w i l l  be b u i l t  on t h e  high rock, by means of which t h e  two 
suspension br idges  w i l l  be t i e d  toge the r ,  t h i s  anchorage t o  be so  designed 
t h a t  t h e  l i v e  loads  of t h e  one bridge w i l l  be p a r t i a l l y  sus ta ined  by t h e  o ther .  
However, it w i l l  be of such propor t ions  t h a t  t h e  dead load  of e i t h e r  span 
can be supported by t h e  anchorage without danger of movement o r  displacement 
of t h e  anchorage. From t h e  common anchorage a t  about S t a t i o n  58+35, another  
suspension bridge 7942 f e e t  l ong  between anchorages w i l l  c ros s  t h e  important 
naviga t ion  a r e a  of t h e  S t r a i t s  t o  about S t a t i o n  137+77, a t  which poin t  t h e  
nor th  anchorage w i l l  be b u i l t  on t h e  h igher  rock formation. From t h e  nor- 
thernmost anchorage t h e  roadway w i l l  be c a r r i e d  on continuous spans t o  a 
p i e r  t o  be l o c a t e d  e t  t h e  southern end of t h e  causeway. This  causeway, about 
5470 f e e t  i n  length ,  w i l l  c o n s i s t  of p ro tec t ed  v iaduct  t ype  of s t r u c t u r e  
and rock f i l l e d  embankment from S t a t i o n  166c00 t o  t h e  shore l i n e  a t  S t a t i o n  
216t80. North of t h e  shore l i n e  a t  t h e  most- s u i t a b l e  loca t ion ,  t o l l  plaza,  
maintenance and opera t ing  bui ld ings  a r e  t o  be constructed,  f o r  t h e  maintenance 



and opera t ion  of e i t h e r  t h e  f e r r y  o r  br idge.  From t h e  t o l l  p laza  t h e  roadway 
w i l l  extend northward t o  connect wi th  t h e  e x i s t i n g  improved highways j u s t  out-  
s i d e  t h e  Ci ty  of S t .  Ignace. 

Bridge and Navigation P ro tec t ion  

The roadway i s  t o  be of t h r e e  l a n e s  i n  width, t h i r t y- t h r e e  f e e t  be- 
tween curbs, with sidewalks on each s i d e  f o r  pedes t r i an  use  i n  case of c a r  
t roub le .  S i tua t ed  a t  f requent  i n t e r v a l s  a long  each s i d e  of t h e  roadway t h e r e  
w i l l  be te lephone s t a t i o n s  f o r  communication with each end of t h e  bridge f o r  
c a r  s e rv ice  and po l i c ing  uses .  The s t i f f e n i n g  members of t h e  suspension 
spans a r e  t o  be of t h e  g i r d e r  t ype  with t h e  t o p s  of t h e  g i r d e r s  extending 
above t h e  roadway l e v e l  t o  provide adequate p ro tec t ion  t o  t h e  t r a f f i c  and 
pedes t r ians .  The pedes t r ian  walks and roadway a r e  t o  be b u i l t  of open s t e e l  
g r i d  cons t ruc t ion  i n  order  t o  reduce t h e  suspended weight, prevent  t h e  f i l l i n g  
of t h e  roadway with i c e  and snow and t o  reduce any u p l i f t  from pocketing winds. 
The open g r i d  type  of f l o o r  w i l l  g r e a t l y  reduce t h e  cos t  of t h e  o r i g i n a l  con- 
s t r u c t i o n  a s  wel l  a s  t h e  maintenance c o s t s  due t o  i c e  and snow removal. 

The roadway i s  t o  be l i g h t e d  a t  t h e  en t rances  only. The curbs can 
be pa in ted  with a luminous p a i n t  and r e f l e c t o r  bot tons i n s t a l l e d  t o  f a c i l i t a t e  
n igh t  d r iv ing .  

I n  order  t o  p r o t e c t  t h e  bridge and naviga t ion  a g a i n s t  hazards of 
c o l l i s i o n  i n  stormy o r  foggy weather, a e r i a l  beacons w i l l  be i n s t a l l e d  on t h e  
t o p s  of each high tower. Radlo beams f o r  guiding sh ips  w i l l  be loca ted  a t  
po in t s  t o  be designated and agreed upon b.j t h e  U. S o  Engineer Corps, t h e  De- 
partmsnt of Commerce and t h e  naviga t ion  i n t e r e s t s ,  and adequete p i e r  and 
clearance l i g h t s  w i l l  show a t  a l l  r equ i red  po in t s .  These l i g h t s  should burn 
on two sources of cur rent  so arranged t h a t  i n  case of f a i l u r e  of one source 
another w i l l  cu t  i n  au tomat ica l ly .  S i r e n s  f o r  warning navigat ion w i l l  be in-  
s t a l l e d ,  which w i l l  opera te  i n  foggy weather. Lightweight s ca f fo lds  a r e  t o  
be hung under each of t h e  long suspended s t r u c t u r e s  f o r  f u t u r e  p a i n t i n g  and 
maintenance work, and a l l  p a r t s  of t h e  suspended s t r u c t u r e  w i l l  be a c c e s s i b l e  
f r o m t h e s e  platforms.  

The foundations i n  t h e  navigable a r e a s  a r e  t o  be pro tec ted  with 
a cushion type  of t imber fender ,  so designed t h a t  they  can be r a i s e d  c l e a r  
of t h e  water during t h e  winter  i c e  condi t ions ,  when naviga t ion  i s  c losed.  

F i n a l  approval of t h e  naviga t ion  c learances  has  not  been obtained 
and t h e  r e l a t i v e  lengths  of s i d e  t o  main spans may be changed s l i g h t l y  t o  
meet requirements when t h e  f i n a l  d e t a i l e d  cons t ruc t ion  p lans  a r e  made. These 
adjustments should be minor and should not  g r e a t l y  a f f e c t  t h e  cos t  of t h e  
p r o j e c t .  The boring and foundat ion d a t a  have been c a r e f u l l y  p l o t t e d  and 
s tudied ,  and s i t e s  s e l ec t ed  f o r  t h e  p i e r s  and anchorages a t  which they  can 
be safe ly ,  quickly  and economically b u i l t .  A l l  foundat ions w i l l  be c a r r i e d  
t o  t h e  rock s t r a t a .  

Design Data 

Pro j  
d e s i  

For t h e  purpose of computing t h e  t ime requi red  t o  cons t ruc t  t h e  
e c t  and compute t h e  amount of v:ork and m a t e r i a l  involved, prel iminary 
.gn ca l cu la t ions  have been made f o r  t h e  recommended cons t ruc t ion ,  The 

designs were based on t h e  fol lowing requirements: 

The u n i t  s t r e s s e s  and s t r eng ths  of m a t e r i a l s  a r e  t o  be t h e  equiva lent  



of those  used i n  similar s t r u c t u r e s  of l i k e  magnitude, and t h e  workmanship i s  
t o  be of t h e  b e s t  q u a l i t y  of modern p r a c t i c e .  

The causeway and s h o r t  approech spans a r e  t o  be designed f o r  t h e  H-20 
loading  of t h e  Michigan S t a t e  Highway Department. The long  suspension spans 
a r e  t o  have an  H-20 f l o o r  system and t h e  suspended s t r u c t u r e  w i l l  be designed 
f o r  a uniform l i v e  load  of 500 l b s .  per  l i n e a l  f o o t  per  l a n e  of t r a f f i c  i n  any 
pos i t i on  and length.  The wind load  s h a l l  be taken  as 30 l b s .  per  square f o o t  
on one and one-half t imes t h e  pro jec ted  v e r t i c a l  a r e a  of t h e  s t r u c t u r e  p l u s  
an allowance of 200 l b s .  per  l i n e a l  f o o t  f o r  wind on t h e  l i v e  load,  o r  50 l b s .  
per  square f o o t  on ofle and one-half t imes  t h e  p ro jec t ed  a r e a  of t h e  unloaded 
s t r u c t u r e .  

0 
The mean temperature i s  t o  be taken  as c50 F with a minimum of -30' 

F and a maximum of + l O o O ~ .  The suspension s t r u c t u r e s  a r e  t o  be designed f o r  
a  v e r t i c a l  change i n  grade under maximum loading  and temperature condi t ions  
of n o t  more than  2-1/2% and a l a t e r a l  change i n  d i r e c t i o n  below 4%. 

The design c a l c u l a t i o n s  a r e  based on t h e  t h e o r i e s  and methods used 
a t  p re sen t  i n  c a l c u l a t i n g  t h e  s t r e s s e s  and des ign  of long span suspension 
br idges  and a r e  conservat ive and accura t e  i n  a l l  r e spec t s .  However, on ac- 
count of t h e  g rea t  l eng th  of t h e  l a r g e r  suspended span and t h e  r e s u l t i n g  
s lenderness  r a t i o  of width t o  length ,  i n  order  t o  determine i f  a  span of 
t hese  propor t ions  might be sub jec t  t o  o s c i l l a t i o n s  o r  per iods  of hermonic 
v i b r a t i o n  due t o  e x t e r n a l  wind o r  l i v e  load  f o r c e s  i n  such a magnitude as t o  
a f f e c t  t h e  d r i v i n g  condit ions,  a small s c a l e  model of t h e  span should be con- 
s t r u c t e d  t o  which ex te rna l  f o r c e s  can be appl ied .  I f  t h e  r e s u l t s  of t h e  
model a n a l y s i s  show any objec t ionable  o s c i l l a t i o n s  o r  v i b r a t i o n s  i n  t h e  struc- 
t u r e ,  means should be provided t o  dampen o r  c o n t r o l  such movements; t h e  c o s t  
of providing such con t ro l  i s  included i n  t h e  es t imate .  

Estimated Cost of P ro jec t  

I n  order  t o  assist u s  i n  accu-a t e ly  e s t ima t ing  t h e  c o s t  of t h e  pro- 
j e c t  and t o  compute t h e  time requi red  t o  complete t h e  work ready f o r  t r a f f i c ,  
prel iminary des igns  have been made o f  t h e  recommended cons t ruc t ion  and sub- 
mit ted  t o  some of t h e  p r i n c i p a l  con t r ac to r s  who have b u i l t  s t r u c t u r e s  of l i k e  
magnitude, f o r  t h e i r  opinion of t h e  time, hazard and d i f f i c u l t i e s  of t h e  pro- 
posed cons t ruc t ion .  Those t o  whom des igns  were submitted a r e  i n  agreement 
t h a t  t h i s  br idge can be s h f e l y  and economically b u i l t  wi th in  t h e  time scheduled 
he re in  f o r  completion. 

Based on t h e  opinions and d a t a  rece ived  from these  con t rac to r s  and 
our experience and c o s t  d a t a  of o the r  l a r g e  s t r u c t u r e s  of l i k e  magnitude, we 
have computed t h e  fol lowing est imated cos t  of t h e  two p r o j e c t s .  

The cos t  hes  been developed by computing a c c u r a t e l y  t h e  q u a n t i t i e s  
of work of each c l a s s  and p r i c i n g  t h e s e  q u a n t i t i e s  a s  of t h i s  da te .  The c o s t s  
w i l l ,  of course, vary  dependent upon t h e  economic condi t ions  a t  t h e  time con- 
t r a c t s  a r e  l e t  but  f a c t o r s  t o  cover t h e s e  changed condi t ions  can be app l i ed  
t o  t h e  es t imate  t o  a d j u s t  it t o  t h e  c o n d i t i o n s . t h a t  w i l l  exist a t  t h e  time 
bids  a r e  received.  

The cos t  of t h e  causeway p r o j e c t  extending from t h e  no r th  shore 
Southward t o  about S t a t i o n  166c00, and t h e  cos t  of t h e  t o l l  plaza and con- 
nec t ing  roadway have been est imated as a sepa ra t e  p ro jec t ,  s ince  our s t u d i e s  
of t h e  f e r r y  opera t ing  cos t s  and t h e  t r a f f i c  d a t a  a s  submitted by F l r .  L. B. Reid, 



*r- -- - -- - -  
I 

i Director of Finance, Xichigan S t a t e  Highway Department, Exhibit "K", c l ea r ly  
I indicate  t h a t  t he  construction of the  roadway, buildings and causeway a s  a 

I separate project  would be j u s t i f i e d  f o r  t he  f e r r y  operat%on alohe, should t he  
I 

bridge construction be delayed f o r  some length of time. The cost  of the  cause- 
way would approximate $825,000, and the  t o l l  plaza, and buildings $40,000, con- I 

necting roadways $100,000, and temporary f e r r y  dock possibly $250,000, making 
t he  en t i r e  cost  of t h i s  f e r r y  causeway project  approximately $1,215,000. 1 

I 
I The cost  of the  causeway, roadway and t o l l  plaza buildings has been 
I added t o  the  cost of t he  bridge t o  show the  e n t i r e  project  cost  when t he  f e r -  
I r i e s  have been replaced with a bridge. 
I 

I 

I We estimate the  cost  of t h e  bridge project  a s  follows: 
I 

i 2755 1. f .  North Approach Continuous Spans 1 
Substructure $ 505,800.00 i 

1 2755 1. f .  North Approach Continuous Spans 
633,500.00 \ Superstructure 

[ 1324.4 1. f .  Suspended Spans Substructure 9,052,800.00 
1324.4 1. f .  Suspended Spans Superstructure 9,265,470.00 

I 
1 684 1. f . South Approach Contitluous Span I 1  

I 
Substructure 86,250.00 I 

I 

684 1. f .  South Approach Continuous Span I 

Superstructure 116,930 .OO 
352 1. f .  South Approach on Retained F i l l  56,000.00 

Additional Foundation Explorations 50,000.00 
P ie r  Fenders 100,000.00 
Navigation and Aeria l  Lighting 30,000.00 ' C  

Roadway Telephone System 30,000.00 
I 

18035 1. f .  Total  Length of Bridge 

Construction cost  $19,946,750 .OO 
Contingencies, 10% 2,003,250.00 

$21,950,000.00 
I 

Total  Construction Cost 

Preliminary Survey Costs t o  Date 175,000.00 
Architects  20,000 .OO 
Engineering, Design & Supervision 950,000.00 
Inspection of Materials 70,000.00 
Model Analysis & Investigations 35,000.00 I /  

Real Estate 50,000.00 I 
Legal Expense 50,000.00 1 
Administration Expense 75,000.00 

Cost of Bridge Project  $23,375,000.00 
Cost of Causeway, Roadway & 

i 
Buildings 965,000.00 ) 

Total  Cost of Ent i re  Crossing $24,340,000.00 

The cost  of financing and t he  i n t e r e s t  during construction a re  not 
included i n  t he  above project  costs ,  a s  these items cannot be accurately 
estimated u n t i l  t h e  i n t e r e s t  r a t e s  and proposed plan of f inancing have been 
determined. 

1 -13- 'F- 
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I f  t he  substructure work i s  divided i n t o  several  contracts, with 
a view t o  obtaining maximum speed with minimum plant cost ,  a t  t h e  end of the  
two f u l l  working seasons or i n  the  F a l l  or  ea r ly  Winter of 1943, suf f ic ien t  
foundation work should be completed t o  s t a r t  superstructure work. Due t o  the  
design fea tures  t he  plans f o r  the  superstructure,  especial ly  the  towers and 
anchorage devices of the  suspension bridges, must be prepared along with the  
foundation plans, and the  plans f o r  the  superstructure could, with an ex- 
perienced design organization, a l l  be completed ready f o r  superstructure 
bids by the  F a l l  of 1942, thus  giving one y e a r ' s  time f o r  the  r o l l i n g  and 
fabr icat ion of the  steelwork and the  assembling of the  erect ion forces  and 
equipment. After superstructure erection has s t a r t ed  i n  ea r ly  Spring of 
1944, it w i l l  require possibly two working seasons t o  complete, ready f o r  
t r a f f i c ,  the  superstructure erection.  It might be possible t o  s t a r t  t r a f f i c  
i n  t h e  F a l l  of 1946, but surely  in the  ea r ly  Spring of 1947. The ac tua l  
time will depend on t h e  weather conditions and a proper scheduling of a l l  of 
t he  contracts so a s  t o  coordinate a l l  pa r t s  of the  work i n  such a way t h a t  
t h e  items of work requiring t he  greatest  time f o r  completion w i l l  proceed 
simultaneously. 

We recommend the  construction of t h e  bridge project  described here- 
in,  and a r e  of the  opinion t h a t  it i s  f ea s ib l e  and practicable t o  build t h i s  
s t ructure  and t h a t  it i s  the  best and most su i tab le  type of crossing t o  meet 
t h e  demands f o r  be t te r  t ransporta t ion f a c i l i t i e s  between the  two major pen- 
insulas  comprising the  S t a t e  of Michigan. 

Respectfully submitted 

MODJESKI and MASTERS 
Engineers 

I have kept i n  constant touch with t he  work of Modjeski and Masters 
i n  the  preparation of t h i s  repor t .  I have prepared my own independent cal-  
culations of the  design of the  proposed bridge s t ruc ture  and have been furn- 
ished with f u l l  and complete data r e l a t i v e  t o  a l l  surveys and foundation work, 
and have served i n  an advisory capacity i n  connection with a l l  designs and 
construction estimates, and t h i s  
commended herein. 
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LIST QF EXHIBITS TO ACCOMPANY 
MACKINAC STRAITS BRIDGE REPORT 

Fron t i sp ieces  - A pers2ect ive  view of p r o j e c t  e n t i t l e d  "THE MACKINAC STRAITS 
BRIDGE" prepared by Modjeski and Masters; and "AERIAL SURVEY t 

OF THE STRAITS TERRITORYT1, provided by t h e  Authority. ( P l a t e s  
I I 

1 and 2) I 

Exhib i t  "A" - " V I C I N I T Y  MAP" reproduced from Corps of Engineers,  War Depart- 
I 

ment, 'lSurvey of Northern and Northwestern Lakes - S t r a i t s  of 
Mackinac - 193611. ( P l a t e  3)  

Exhib i t  "B" - Report and plan by K.R. MacDuff, Survey Chief, Michigan S t a t e  
Highway Department, e n t i t l e d  "REPORT OF THE PRELIMINARY FIELD I 

WORKu, dated Jan.  15, 1940. ( P l a t e  4) , 
I 
I 

Exhibi t  - llTOPOGRAPHIC MAP", prepared by Mod j e sk i  and Masters from 
Master Topographic Ma? of Michigan S t a t e  Highway Department. 
( p l a t e  5) 

Exh ib i t  !IDu - Report on "AVAILABLE FILL MATERIALS" by F. J .  Hagan, Asst. 
Engineer of S o i l s ,  Research and Tes t ing  Division, Michigan 
S t a t e  Highway Department, dated December 20, 1938; and "RE- 
PORT ON SOlL BORROW AREA NO. 1 FOR MACKINAC STRAITS BRIDGE" 
by W. S. Housel, Research Consultant,  Michigan S t a t e  Highway 
Department, dated Apr i l ,  1940. 

Exh ib i t  "En - Report and Data on !ISTRAITS CURRENT READINGS" bjr R. W. Rice, 
Engineer of Road Location, Michigan S t a t e  Highway Department, 
da ted  Jan. 2, 1940. This  i s  supplemented by a c h a r t  e n t i t l e d  
"MAXIMUM OBSERVED CURRENT VELOCITIEST'S prepared from these  
d a t a  by Modjeski and Masters, and dated May, 1940. ( P l a t e  6) 

Exhibi t  !IFT1 - Report on !'CLAY OVERBURDEN BORINGS1I by W. S. Housel, Research 
Consultant, Michigan S t a t e  Highway Department, dated Apri l ,  1940. 

Exhibi t  TTGT1 - Plan. e n t i t l e d  llFOUNDATION DATAn showing subs t ruc tu re  condi t ions  
along Line " A n ,  prepared by Modjeski and Masters and dated May, 
1940. ( P l a t e  7) 

Exhibi t  "HI1 - '!STUDY OF ICE CONDITIONS , WINTm OF 1938 and 1939" by K .  R.  
MacDuff, Survey Chief, Michigan S t a t e  Highway Department. 

Exhibi t  "1" - Plan e n t i t l e d  "GENERAL DRAWINGv showing recommended des ign  of 
bridge,  p r e ~ a r e d  by Modjeski and Masters and dated May, 1940. i 
( P l a t e  8 )  I 

I 
Exhibi t  1 l J U  - llVEHICULAR TRAFFIC AT TdE STRAITS OF MACICINACI1 by F. C . Taylor, ! 

Direc to r ,  Highway Planning Survey, Michigan S t a t e  Highway De- I 

partment, dated August, 1939. (P la t e s  9 , l O , l l , l 2  and 13) I (  

I 

W n i b i t  ltKJ1 - "A CHRONOLOGICAL OUTLINE OF TH3 DEVELOPMENT OF THE MICHIGAN 
STATE FERRY SYSTEM7!, pre?ared by t h e  Finance Division, Michigan 
S t a t e  Highway Department, da ted  January, 1943; together  with 
c h a r t  e n t i t l e d  "A COMPARISON OF VEHICULAR TRAFFIC ACROSS THE 
STRAITS OF MACKINAC TO THE CUMULATIVE CAPITAL INVESTMENT OF 
THE STATE FERRY SYSTEMtf . ( P l a t e  14) 







Plate No. L 

SURVEYS MADE TO DETERMINE 
POSSIBLE BRIDGE LOCATION 

Necessary to consideration of the most feasible 

location for the bridge was establishment of a trian- 

gulation system from which accurate distances could 

be computed and control points fixed. 

These lines, when once laid down, served as 

the basis for subsequent studies and investigations 

such as location of sites for borings and probings, 

con?utation of span lengths and cost estimates. 





P l a t e  No. 5 

TOPOGRAPHIC MAP 

This drawing shows t h e  t h r e e  t e n t a t i v e  l i n e s  

which were considered and informat ion  r e l a t i v e  t o  

t h e s e  l i n e s .  Soundings made by t h e  U .  S. Lake Survey 

furn ished  d a t a  f o r  t h e  contours; probings and d r i l l -  

i n g s  made under d i r e c t i o n  of t h e  Authori ty suppl ied  

information f o r  p l o t t i n g  depths t o  overburden and 

t o  bed rock. Addi t ional  contours ,  t o p ~ g r a p h y  and 

o t h e r  information a r e  contained i n  ind iv idua l  maps 

prepared by t h e  Michigan S t a t e  Highway Department and 

from which t h i s  map was p l o t t e d -  
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DAILY VARIATION in V€-CII(ULAR TRAFFI( A(R.055 +he 
STRAITS of MA(KINA( 1977 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER 

PLATE NO. 10 



Plate NO. 11 

CONTRIBUTIONS OF COUNTRIES AND STATES 
OTHER THAN MICHIGAN TO MACKINAC STRAITS 
FERRY TRAFFIC IN 1937 

The wide radius of origin and destination 

of traffic at the Straits is reflected in this 

illustration which shows contributions from every 

state in the union as well as Canada, Mexico and 

several foreign countries. The information con- 

tained in this map was gathered from samplings 

taken during 1939 and applied to the typical year, 



I 3  MICHIGAN HIGHWAY PLANNING SURVEY 
STATE HIGHWAY DEPARTMENT 

MURRAY D. VAN WAGONER 
STATE HIGHWAY COMMISSIONER 

CONDUCTED IN COOPERAllON WITH 

FEDERAL WORKS AGENCY 
PUBLIC ROADS ADMINISTRATION 

New 
MEXICO 

K C E Y  

1 CONTRIBUTIONS of COUNTRIES and STATES OTHER T H A N  
MICHIGAN fo MACKINAC STRAITS FERRY TRAFFIC in 1937 
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MICHIGAN 
STATE HIGHWAY DEPARTMENT 

MURRAY D. VAN WAGONER 
STATE HIGHWAY COMMISSIONER 

HIGHWAY PLANNING SURVEY 
CONDUCTED I N  COOPERATION WITH 

FEDERAL WORKS AGENCY 
PUBLIC ROADS ADMINISTRATION 

\ 

CONTRIBUTIONS o f  the COUNTIES of MICHIGAN I 
to MACKINAC STRAITS FERRY TRAFFIC I 

IN 1937 
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January 10, 1951 

I Mackinac Bridge Authority 
M r .  Prent iss  M. Brown, Chairman i: 

5 Lansing, Michigan 

3 
f Gentlemen: 
i 
i I n  accordance with our assignment we present herewith a repor t  
L 

I describing our investigation of t he  f e a s i b i l i t y  of constructing a bridge across 
t 
1 the Mackinac S t r a i t s ,  and including preliminary design plans, estimates of 

cost of construction, operation and maintenance and a summary of our conclu- 

sions. 

This repor t  i s  a summary of our more de ta i l ed  investigations.  

Our supporting s tudies  are  submitted under separate cover. 

Respectfully submitted, N*L% 
0.  H. Ammann 
D. B. Steinman 
Glenn B. Woodruff 

Board of Engineers 



r The s t r a i t s  of Mackinac d ivides  INTRODUCTION t h e  S t a t e  of Michigan i n t o  the  upper and 

Ir peninsulas. The d e s i r a b i l i t y  of un i t ing  these  areas  by a bridge or  tunnel  

I has long been apparent. I n  1920 t h e  l a t e  Horatio S. Ear le ,  highway commissioner, 

-.-7gested a samerged f l o a t i n g  tunnel  and inv i t ed  discussion of i t s  f e a s i b i l i t y  
but 

ant 

was : 

the 

l'advantages. A counter-proposal was made by M r .  C .  E. Fovler,  who suggested a 

ser ies  of.causeways and bridges s t a r t i n g  a t  a point  near Cheboygan and proceeding 

via Bois Blanc Is land,  Round Is land,  and Mackinac Is land t o  S t .  Ignace. I n  1923 

in response t o  the  growing demand f o r  b e t t e r  f a c i l i t i e s  the  S t a t e  inaugurated a 

highway f e r r y  service.  

I n  1928 a f t e r  some l imi ted  s tud ies ,  t h e  highway department concluded t h a t  it 

feas ib le  t o  b u i l d ,  f o r  about $30,000,000, a highway bridge d i r e c t l y  across 

S t r a i t s  from Mackinaw Ci ty  t o  S t .  Ignace. Although negot ia t ions  were under- 

taken and p a r t i a l l y  completed f o r  t h e  f inancing of such a bridge,  the  p ro jec t  was 

dropped. 

Early i n  1934, t h e  s t a t e  l e g i s l a t u r e  crea ted  the  Mackinac S t r a i t s  Bridge 

Authority of Michigan and empowered it t o  inves t iga te  the  f e a s i b i l i t y  of con- 

structing a bridge t o  qonnect t h e  peninsulas and t o  i s sue  and s e l l  the  necessary 

revenue bonds and f i x  and c o l l e c t  t h e  necessary t o l l s .  I n  Apr i l  1934, Governor 

Comstock appointed Messrs. S. T. Stackpole, Otto W. Lang, and Pa t r i ck  H. Kane .as 

members of the Authority. 

The Authority engaged M r .  Fowler a s  temporary chief  engineer. The plan devel- 

Oped by M r .  Fowler followed c lose ly  the  one proposed by him i n  1920. I n  August 1934 

the plan was submitted t o  the  Public Works Administration with a request  f o r  a loan 

Of 79 Per cent and a grant  of 30 per cent  of the  estimated cos t  of t h e  p ro jec t .  

This applicat ion was formally disapproved by PWA on July  18, 1935- 
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peninsula i s  a lso  noted a s  recreat ion area .  The S t r a i t s  and the  c r o s s i w  of st. 

River a t  Saul t  Ste .  Marie form a gateway in to  the  Province of 0nta;rio 

a lso  provides a vas t  recreat ion area. 

~eolOgY 

With i t s  unusual brecciated formation, the  geology of the  area  has, f o r  

over 100 years, a t t r a c t ed  t he  a t t en t ion  of the  geologist .  With the  ag i t a t ion  

for a crossing of the S t r a i t s ,  the  geology was exhaustively studied by 

professors Kenneth K. Landes, George M. Ehlers and George M. Stanley, under 

the di rect ion of S t a t e  Geologist R .  A. Smith. Two features  are  per t inent  t o  

the planning of the  bridge--the breccia  formation and the  hidden rock gorge. 

The breccia  formation has been f u l l y  described by Messrs. Landes, Ehlers and 

Stanley. We have discussed the  matter with Professors Ehlers, Landes and W. S. 

I Housel, and with S ta te  Geologist G. E. Eddy and Mining Engineer F. G. Pardee 

I 
of the S ta te  Department of Conservation, The repor t  of Professors Berkey and 

Paige has been submitted t o  the  Authority under separate cover. In  addit ion,  the  

I Authority requested M r .  W. W. McLaughlin, Director of Testing and Research ! ! 
of the  S ta te  Highway Department, and Professor Housel t o  make compression t e s t s  

I 

on samples of the  mater ia l  and a l so  t o  make "in-place" loading t e s t s .  The 
I 

) borings and probing. a t  the  s i t e  i n  1939 are  reproduced on P la te  5. 
I 

A s  a r e s u l t  of the  above data ,  with the  sole  qua l i f i ca t ion  t h a t  fu r the r  
i 

: core borings a t  the  s i t e  of the  main p i e r s  and anchorages a re  a prerequis i te  t o  
i 

, the f i n a l  design of such construction, we have no doubt t h a t  the  rock s t r a t a  

f underlying the  S t r a i t s  along the  recommended locat ion are e n t i r e l y  capable of 

withstanding the  moderate pressures assumed i n  the  design. 

I A second geological f ea tu re  of importance t o  t he  construction of the  

bridge i s  the  hidden rock gorge underlying t he  channel between Mackinac City 

i and S t .  Ignace. ( p l a t e  1) East of t h e  proposed crossing the  gorge veers north, 



makes a loop around Mackinac Is land and en te r s  Lake Huron. This gorge was 

eroded through the  breccia  a t  a  time when the  l eve l  of Lake Huron was much lower 

than a t  present. The 1939 subaqueous. explorat ions d id  not extend t o  depths 

Geater than were necessary t o  loca te  the  rock bed of the  gorge. 

currents - 
The average vplume of water flowing through the  S t r a i t s  i s  so small 

that  currents produced by t h i s  volume are  negl ig ible .  The maximum currents  

resu l t  from two causes; seiches o r  o sc i l l a t i ons  of the  lake caused by passing 

changes i n  a i r  pressure o r  barometric waves or from protracted wind i n  any 

given di rect ion.  

The r e s u l t s  of c e r W  observations made i n  1939, gave a maximum of 

1.97 mph. Higher ve loc i t i e s  may be anticipated.  It i s  ce r t a i n  t h a t  no current  

veloci t ies  such as  those experienced i n  the construction of the  Trans-Bay, 

Golden Gate and Tacoma Narrows Bridges are probable and t h a t  the  d i f f i c u l t i e s ,  

from t h i s  cause, of p ie r  construction o r  of l i f t i n g  sect ions  of the  suspended 

spans from barges w i l l  be l e s s  than those experienced i n  t he  case of the  bridges 

above l i s t e d .  

Ice 

A very complete repor t  of t he  i c e  conditions a t  the  S t r a i t s  has been 

made by M r .  W. 0. Fremont of the  S t a t e  Highway Department. M r .  Fremont 

carried h i s  invest igat ions  t o  an appraisa l  of the  forces  from the  i ce .  These 

observations have been supplemented by t i o s e  of S t a t e  Highway Commissioner 

Charles M. Ziegler .  

We have ca re fu l ly  considered the  da ta  and have fu r the r  investigated 

information on i c e  pressure on engineering s t ruc tu res .  A s  a  r e s u l t  of these  

investigations we have adopted t he  very severe assumptions of an i c e  pressure 

of 230,000 pounds (half of t h i s  amount f o r  c i r cu l a r  surfaces)  per l i n e a l  foot  
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!i OF BRIDGE 

ves t iga t ion  it was apparent t h a t  the  

f e a s i b l e  only by keeping the  cos t  of con- 

s t e n t  with adequate capacity,  sa fe ty  o f .  

and s t r u c t u r a l  d e t a i l s  conducive t o  economical 

land it was recognized t h a t  reasonable allowance 

eds of the  fu tu re .  

I g s i s  it appears probable t h a t ,  immediately 

e t o  t r a f f i c ,  northbound t r a f f i c  may be a s  high 

. Within t h e  following 50 yeaxs it i s  possible 

r ip led .  During the  northbound peak southbound 

ha l f  t h i s  volume. 

I -  provided with moveable t r a f f i c  b a r r i e r s  or  changeable 

t r a f f i c  l i g h t s ,  so t h a t  t h e  bridge could be operated with two lanes  i n  one 

direction and a s ingle  lane  i n  t h e  opposite  d i r e c t i o n  might meet these  

I requirements except f o r  in te r rup t ions  caused by accidents  o r  c a r  stoppages. 

These in ter ferences  with smooth flow of t r a f f i c  do occur, however, and may 

be serious enough during peak t r a f f i c  t o  throw t h e  operat ion i n t o  confusion. 

This i s  of p a r t i c u l a r  importance on a bridge of such g rea t  length.  

For t h i s  reason we recommend t h a t  a  capaci ty  of not l e s s  than four lanes ,  

two i n  each d i rec t ion ,  be provided. However, i n  accordance with ins t ixc t ions ,  

we have a l so  prepared a c o s t  est imate f o r  a three- lane bridge. 

Consideration has been given t o  provision of a  t r a f f i c  b a r r i e r  along 

the center  l i n e  between t h e  two roadways t o  avoid possible head-on 

Collisions by vehicles g e t t i n g  off t h e  inner lanes.  Modern p rac t i ce  

with respect  t o  the  character  of t r a f f i c  b a r r i e r s  v a r i e s  great ly .  On some 

large bridges high malls have been i n s t a l l e d  preventing any crossing by 

On others  low curbs, r a i s e d  t r a f f i c  markers o r  even only l i n e s  . 





rl 

d ?
 

3
 0
 

rl 

0 k
 

a, 

ii a, 

$
 0
 

.d 
k
 

4-1 
cd 
k

 
C

, 

5 a3 

3 ii C
 

2
 

k
 

0
 

k
 

a,. 
a
 ;
 

0
 

.rl 
-
I=

 

d C
 

0
 

0
 



On account of the  possibi l i tyof  high winds of considerable 

extent and the exposed location of the  bridge a s t a t i c  wind pressure 

of 50 lbs.  per square foot of exposed area was assumed over the 

ent i re  s t ructure .  This corresponds t o  a wind veloci ty  of about 

120 miles per hour as  compared with the  m q i m u m  recorded velocity 

of 78 mph observed i n  t h a t  v ic in i ty .  

Type of Structure and Span Arrangements 

Fa i r ly  extensive borings a t  the  proposed bridge location 

in  connection with the report  of Modjeski & Masters i n  1940 made 

it possible t o  determine the  most appropriate type of s t ructure  

and span arrangement. Time and available funds fo r  the  present 

study did not permit the making of supplementary borings t o  explore 

t o  a greater extent the  slopes of the  hidden rock gorge under the main 

channel. However, it may be reasonably concluded from the information 

available t h a t  any p ie rs  located c loser  t o  the  gorge than now proposed 

would probably become excessively deep and expensive t o  j u s t i fy  a 

shorter span across the  gorge. 

As proposed t h a t  span has a length of 3,800 f e e t  between 

centers of piers .  The outstandingly appropriate type of s t ructure  

for  a span of t h a t  length i s  a suspension bridge. The side spans 

from main p ie rs  t o  the  anchorages were given a length of 1,500 fee t ,  

which under the given conditions i s  i n  the  most appropriate r a t i o  

t o  the  center span. 

A number of a l t e rna te  layouts made f o r  the  remainder of the  

crossing over the  waterway between the  south shore and the  end of 

- 10 - 
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D i s t r i c t  Engineer of t h e  Corps of Engineers f o r  t h e  De t ro i t  D i s t r i c t ,  

by M r .  Fred M. Zeder, Chairman of t h e  Engineering Committee of t he  

Mackinac Bridge Authority,  Col. B r i s t e r  answered with t h e  s tatement  

t h a t  "it appears t h a t  t h e  ind ica t ed  h o r i z o n t a l  and v e r t i c a l  c learances  

would be gene ra l ly  adequate f o r  naviga t ion ,  however, t h i s  opinion 

must be considered an informal  express ion  not  binding i n  any way 

on the  Department of t h e  Army." 

The t o t a l  length  of t h e  proposed br idge  and 'approaches i s  f i v e  miles ,  

made up as fol lows:  

Main Crossing 

Suspension Bridge, inc luding  Anchorages, 7,120 f t .  

South Truss Spans 6,412 

North Truss Spans 4,392 

17,924 f t .  

Appro ache 6 

Mole Viaduct 

Mackinac C i t y  Approach 563 

S t .  Ignace Approach 

To ta l  l eng th  - Bridge and Approaches 26,185 f t .  

Floor Construct ion 

One of t h e  c o n t r o l l i n g  f a c t o r s  i n  t h e  economical design of 

long span br idges  i s  t h e  weight of t h e  roadway f l o o r .  Heavy 

concrete  s l a b s  such as a r e  ex tens ive ly  and appropr i a t e ly  used on 

s h o r t e r  br idges  become t o o  c o s t l y  on long spans. I n  t h e  case of 

t he  Mackinac S t r a i t s  Bridge, i n  p a r t i c u l a r ,  it appeared e s s e n t i a l  

t o  reduce the  weight of t h a t  s t r u c t u r a l  element a s  f a r  a s  consider-  





I n  i t s  major carrying members, the cables, towers and 

I 
anchorages, the design of the Mackinac S t r a i t s  Bridge follows 

closely the practice established by other modern long-span 

suspension bridges. 

For the four-lane capacity each of the two cables i s  t o  be 

composed of 37 strands, each strand containing 398 wires of 0.192 

inch diameter before galvanizing. The finished cables w i l l  be 

25.6 inches i n  diameter. A cable sag of 350 f e e t ,  or  about one 

eleventh of the center span, i s  somewhat l e s s  than i n  some other 

suspension bridges, but i s  conducive t o  gracefulness and greater 

s t i f fness  of the s t ructure .  

The s t e e l  towers are of the  s,lender f l ex ib le  type with fixed base. 

The tower shaf ts  are of ce l l u l a r  construction, with access f o r  the  

cleaning and painting of a l l  i n t e r io r  surfaces. They reach t o  a height 

of about 565 f e e t  above mean lake level .  Service elevators are 

proposed i n  the towers f o r  more convenient access t o  a l l  par t s .  

The two shaf ts  of each tower are connected by horizontal  s t ru t s ,  

which are also of closed ce l l u l a r  construction. The shaf ts  and 

s t r u t s  form in tegra l  par t s  of a r i g i d  frame designed t o  transmit 

the large l a t e r a l  wind forces t o  the p ie rs .  

The anchorages above foundations are conceived as huge concrete 

blocks t o  r e s i s t  the p u l l  of the  cables and transmit the same t o  

the foundations. However, through proper d i s t r ibu t ion  of the mass 

Of concrete and by hollowing out as far  as  practicable,  the weight 

of the anchorage block i s  reduced t o  a minimum so as  t o  l ighten the  

load on the deep foundations as  f a r  as  possible. 







TO f a c i l i t a t e  access fo r ,  and thereby decrease the  cost  of 

maintenance of the  suspended s t ruc tu re  t r ave l l i ng  platforms ca r r i ed  

on t racks  suspended from the  floorbeams are  proposed fo r  a l l  spans. 

Superstructure of Truss spans 

Because of the  g r ea t  depth t o  rock of 170 f t .  i n  the secondary 

gorge near the  Mackinap Ci ty  s ide  of the  crossing, the  layout 

recommended by Modjeski and Masters i n  t h e i r  1940 repor t ,  and some of 

the  layouts studied by us included a secondary suspension bridge. 

The secondary suspension bridge, however, was found t o  o f f e r  

no economy compared t o  the  design we now propose. Moreover, the  

secondary suspension bridge had the  e f f e c t  of de t rac t ing  from the  

general composition and impressiveness of t he  bridge. Accordingly, 

we propose t o  cross t he  secondary gorge with continuous t r u s s  

spans ranging up t o  560 f t .  i n  length. These spans are balanced 

by s imi lar ,  though shor ter ,  spans north of the  suspension bridge 

where the depth t o  rock nowhere exceeds 60 f t .  

The f loor  adopted f o r  the  t r u s s  spans throughout t h e i r  length 

of almost two miles i s  the  same as  t h a t  used on t he  suspension spans. 

The center  lanes of open gra t ing flanked on each side by a lane of 

g ra t ing  f i l l e d  with l i g h t  weight concrete and an open gra t ing 

emergency walkway, a l l  supported on cross  beams and continuous 

s t r ingers  y ie ld  a l i g h t  roadway and f loor  system resu l t ing  i n  maximum 

economy i n  the  supporting t russes .  To keep the  s i z e  of the  foundations 

t o  a minimum and t o  e f f e c t  maximum economy i n  t he  floorbeams, the  

t russes  are s e t  34 f t .  apar t  and the floorbeams are canti levered 

t o  reduce t h e i r  required sect ion.  
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Section 4 

Comparable Projects 
At the time of its completion the Mackinac Bridge was the largest 

suspension bridge in the world.  Few bridges can compare to Mighty Mac’s size 
and seasonal weather conditions, obstacles which engineers would consider, 
conceiving what would seem to be an invincible link between St. Ignace and 
Mackinac City.  Similar bridges include the Golden Gate Bridge (NHCEL 1984), 
Verrazano‐Narrows Bridge, the George Washington Bridge, the Akashi Kaikyo 
(Japan) and the Humber Bridge (England). Reference 1 includes a list of historical 
landmark bridges. 

 

1. “Long Span Bridges.”  ASCE List of National Civil Engineering Landmarks.  
ASCE.  1996‐2009. Retrieved fm http://www.asce.org/history/ 
monuments_millennium/bridges.cfm  August 2009.  

• Also see comparable bridge spans noted in reference 2.3 of Section 2 
regarding Prentiss M. Brown. 





















 

Section 5 

Unique Features 
At the time of its completion on November 1 1957, the Mackinac Bridge became an 
icon of civil engineering achievement.  Building over the Straits of Mackinac, where 
the elements of high winds and ice rule the territory, required engineers to modify 
traditional suspension designs to create a superstructure to triumph over the icy 
waters allowing commuters to travel between the peninsulas year round. 

1. “Facts and Figures.” The Mackinac Bridge.   Michigan Department of 
Transportation.  n.d.  August, 2009. http://www.mackinacbridge.org 

2. “Statistics of Bridge Show Size of Project.”  The Daily Mining Gazette.  21 
October 1957. 

3. Steinman, David B. and Watson, Sara Ruth.  “Great Suspension Bridges.”  
Bridges and Their Builders.  New York: Dover Publications, 1957. 368‐371. 

























 

Section 6 

Contributions to the Civil Engineering 
Profession, and Nation 

Built with the lessons learned from the Tacoma Narrows Bridge failure in 
Washington, the Mackinac Bridge was designed to withstand unimaginable 
conditions, providing testament to what is conceivable by mankind.  

1. Hoffman, Kathy Barks.  “Mackinac Bridge tops list of century’s civil 
engineering projects.”  Daily Mining Gazette.  15 December, 1999. 

2. Steinman, David B.  The Aerodynamic Stability of the Mackinac Bridge.  
Lansing: State of Michigan Mackinac Bridge Authority.  27 May, 1955. 

3. Steinman, David B.  Modes and Natural Frequencies of Suspension Bridge 
Oscillations.  268 no. 3. Philadelphia: Franklin Institute, 1959. 









D. B. STEINMAN 
CONSULTIKG ENGINEER 

D. B. STEINMAN - 
W. E. JOYCE 
J. LONDON 
R. M. BOYNTON 
C. H. GRONQUIST 
H. GOODKIND 

ROEBLING BUILDING 
117 LIBERTY STREET 
NEW YORK 6. N. Y. 

BARCLAY 7-2665 
CABLE A D D R E S S  

"STEINMANCE".  N.  Y.  

May 27, 1955 

Mackinac Bridge Authority 

Hon. Prentiss M. Brown, Chairman 

Prudden Building 

Lansing, Michigan 

Gentlemen : 

I am pleased to transmit herewith my report on the aerodynamic 

stability of the Mackinac Bridge. 

This report is based on the results of an exceptionally thorough 

series of investigations conducted under the supervision of Professor F. B. 

Farquharson in the Suspension Bridge Laboratory at the University of 

Washington. Arrangements for the investigations of the degree of aero- 

dynamic stability inherent in the design of the Mackinac Bridge were 

concluded on March 18, 1954, and the aerodynamic studies and tests have 

now been completed. A copy of Professor Farquharsonls final report, 

dated May 20, 1955, is appended. 

You will be pleased to know that the results of these investigations 

afford a most gratifying confirmation of my prediction of complete aero- 

dynamic stability for the Mackinac Bridge as designed. Extensive wind- 

tunnel tests on a large-scale dynamic model of the suspension bridge 

demonstrate conclusively that no modification of the design is necessary, 

or desirable. 



The results of the investigations show that the Mackinac Bridge is, 

by far, the most stable suspension bridge, aerodynamically, that has ever 

been designed. 

Tests on the bridge model were made for all angles of wind attack - 
eventothe extreme of anupwardangle of attack of 20 degrees. (The terrain 

surroundingtheMackinac sitewouldpermit onlyhorizontalwinds, or, at most, 

vertical angles of attack of not more than one or two degrees.) 

The test results may be summarized as follows: 

1. show, as anticipated, that the Mackinac 

Bridge,asdesigned,hascompleteandabsoluteaerodynamic stabilityagainst 

all modes of oscillation (vertical. torsional. and coupled) at all wind 

velocities and all angles of attack. 

2. Evenforthe hypothetical and abnormal condition where all openings - 

in the deck are assumed to be completely closed by ice, the Mackinac Bridge 

has com~lete andabsolute aerodvnamic stabilitvanainst all modes of oscilla- 
-- - - - 

tionatallwindvelocitiesupto awindvelocity of a fantastic and impossible 

order of magnitude, namely, a wind velocity of 632 miles per hour for the 

lowest mode of oscillations and 942 miles per hour for the next higher mode. 

You will be pleased, I am certain, to have this confirmation that the 

Mackinac Bridge is one hundred percent safe aerodynamically, even under the 

most adverse conditions that could conceivably occur. 

Respectfully submitted, 

D. B. STEINMAN 

Consulting Engineer 



THE AERODYNAMIC STABILITY OF 

THE MACKINAC BRIDGE 

The main span (Fig. 1 )  a t  Mackinac is a suspension bridge. This is the safest 
possible type of bridge. The stiffening trusses are  38 feet deep, or 1/100th of the span 
length. This is the same ratio adopted (after years of exhaustive aerodynamic tests) 
for the proposed Severn River Bridge in England, and 68 percent greater than the ratio 
used in the Golden Gate Bridge. 

Even without this generously high depth-to-span ratio, the Mackinac suspension 
span would have more than ample aerodynamic stability. In fact, by scientific design, 
utilizing all of the new knowledge of suspension bridge aerodynamics, particularly the 
writer's discoveries, analysis, and design principles, the Mackinac Bridge has been made 
the most stable suspension bridge, aerodynamically, that has ever been designed. 

This result has been achieved, not by spending millions of dollars to build up the 
structure (in weight and stiffeness) to resist the effects, but by scientific design of the 
cross-section to eliminate the cause of aerodynamic instability. The vertical and torsional 
aerodynamic forces tending to produce oscillations are  eliminated. 

The outstanding original feature contributing this high degree of aerodynamic 
stability is the provision of wide open spaces between the stiffening trusses and the 
outer edges of the roadway. The trusses are  spaced 68 feet apart  and the roadway is 
only 48 feet wide, thus leaving open spaces 10 feet wide on each side, for the full length 
of the suspension bridge. The effectiveness of this feature was demonstrated to the 
engineering profession by the writer in 1940, and this feature has since been used in 
varying degrees in the construction or reconstruction of all large suspension bridges. 

For further perfection of the aerodynamic stability, the equivalent of a wide longi- 
tudinal opening is provided in the middle of the roadway. (See Fig. 2.) The two outer 
lanes, each 12 feet wide, are made solid, and the two inner lanes and the center mall 
(24 feet of width) are  made of open-grid construction (of the safest, most improved 
type). Wind-tunnel tests have confirmed the high aerodynamic stability of this design 
of cross-section, combining the two outer openings with an opening in the middle of 
the roadway. 

In addition to the foregoing design features yielding assured aerodynamic stability, 
maximum torsional stability has been secured by providing two systems of lateral bracing, 
in the planes of the top and bottom chords, respectively. (This feature has recently been 
added on the Golden Gate Bridge, a t  a cost of $3,500,000.) 

The Mackinac Bridge represents a triumph of the new science of suspension bridge 
aerodynamics. The design of the bridge was predetermined scientifically in final form, 
without spending years in groping, cut-and-try experimentation. Now, two years after 
determination of the design and award of construction contracts, extensive wind-tunnel 



tests have finally been completed on a large-scale dynamic model of the bridge. No 
modification of the design has been found necessary or desirable. The wind-tunnel tests 
show conclusively, as predicted by the writer, that  the Mackinac Bridge, as designed, has: 

1. Complete and absolute aerodynamic stability against vertical oscillations a t  all 
wind velocities and all angles of attack. 

2. Complete and absolute aerodynamic stability against torsional oscillations a t  all 
wind velocities and all angles of attack. 

3. Complete and absolute aerodynamic stability against coupled oscillations (com- 
bining vertical and torsional) a t  all wind velocities and all angles of attack. 

Professor F. B. Farquharson states in his report: 

"When the model was tested with the central portion of the roadway and the side- 
walks open, no motion developed at angles of  attack u p  to 220" (the limits of tunnel) 
and over the full range of  wind velocities available. . . . These tests were conducted 
under very low structural damping conditions (6s = 0.005) and for several values of 
the ratio of torsional to vertical frequencies, N2/N1. 

"This section was also investigated with its center of rotation fixed on the longi- 
tudinal centerline of the bridge. Under this condition no oscillation developed for any 
angle of attack or a t  any wind velocity." 

The Wind Tunnel Tests at the University of Washington 
Arrangements were concluded by the writer on March 18, 1954, for a thorough aero- 

dynamic investigation to be conducted by Professor F. B. Farquharson in the Suspension 
Bridge Laboratory a t  the University of Washington covering the degree of aerodynamic 
stability inherent in the design of the Mackinac Bridge. These investigations have now 
been completed, and a copy of Professor Farquharson's Final Report, dated May 20, 
1955, is appended. 

The model used for these wind-tunnel tests was a 1/50 scale section model, 60.75 
inches long, with details of shape reliably duplicated. (See Figs. 3, 4, 5, 6 ) .  The tests 
were made in an open-jet wind tunnel with a wind-jet 12 feet long and 4 feet high. 

The extremely high aerodynamic stability of the Mackinac Bridge exceeded all prior 
experience in aerodynamic investigations. Professor Farquharson had to revise his 
test equipment when he found that this bridge had features of stability much higher 
than had ever been previously investigated. In fact some of the features of stability 
of the Mackinac Bridge, such as the very high frequency ratio of 3.5 and the high esti- 
mated structural damping of 0.10 (for the iced condition) were actually too high to be 
fully duplicated in the model. 

Test Results for the Bridge as Designed 
(With center. roadway and sidewalk grids open) 

When the model was tested for the normal operating condition of the structure, 
namely, with the grids in the central portion of the roadway and the sidewalks open, no 
motion developed a t  any angle of attack up to plus or minus 20 degrees (the limits of 
the tunnel) and over the full range of velocities available. These tests were conducted 
under very low damping conditions (6s = 0.005) ; the actual structural damping in the 



Bridge will be ten to twenty times as high (6s = 0.05 to 0.10), yielding further emphasis 
to this tested confirmation of complete aerodynamic stabili ty.  

The wind-tunnel tests show, as predicted, that  the Mackinac Bridge, as designed, 
has complete and absolute aerodynamic s tabi l i ty  against  vertical,  torsional, and coupled 
oscillations a t  all w ind  velocities and all angles o f  a t tack.  

These test results for the design of the Mackinac Bridge may be summarized in a 
single phrase: Per fec t  aerodynamic stabili ty.  This goal has never before been attained 
or approximated in any bridge section previously investigated. 

Test Results for the Bridge for the Abnormal Condition of 
Roadway and Sidewalk Grids Closed by Ice 

Professor Farquharson also tested the Mackinac Bridge model with all roadway and 
sidewalk grids closed (solid), to represent the abnormal condition of all openings com- 
pletely closed by ice. 

For the normal condition, with the grids open, as recorded above, the Mackinac 
Bridge section has been proved to have perfect aerodynamic stability. 

F o r  t h e  abnormal condition, with all grids completely closed by ice, the aerodynamic 
stability is found to be so nearly  perfect  t h a t  t h e  d i f f e rence  is practically meaningless.  

The Mackinac Bridge will have an exceptionally high value of structural damping  
(resisting any tendency to start  oscillations). The high vertical rigidity and the still 
higher torsional stiffness contribute this high value of the structural damping. The 
magnitude of the structural damping factor or logarithmic decrement (6s) will certainly 
be a t  least 0.05. Professor Farquharson has estimated for the Mackinac Bridge a struc- 
tural damping factor of approximately 0.08. For the abnormal condition of all deck 
openings completely closed by ice and snow, the action of the interlocked ice and the 
packed snow will contribute further to the structural damping, and for this condition 
the structural damping may be estimated as 0.10. 

For a minimum assumed value of 0.05 for the structural damping, the wind-tunnel 
tests for the bridge with the deck completely closed show complete and absolute stability 
against vertical oscillations a t  all wind velocities ; complete and absolute stability against 
torsional oscillations a t  all wind velocities; and complete and absolute stability against 
coupled oscillations a t  all wind velocities up to a wind velocity of 524 miles per hour 
for the lowest mode of oscillations, 779 miles per hour for the next mode, and 800 miles 
per hour for the next higher mode. 

For the higher and more probable estimated value of 0.10 for the structural damping, 
the wind-tunnel tests for the bridge with the deck completely closed (as by ice) show 
complete and absolute stability against vertical oscillations a t  all wind velocities; com- 
plete and absolute stability against torsional oscillations a t  all wind velocities ; and complete 
and absolute stability against coupled oscillations a t  all w i n d  velocities u p  t o  a wind  
velocity o f  632 miles  per hour  f o r  t h e  lowest m o d e  of oscillations, 942 miles  per hour  f o r  t h e  
n e x t  mode of oscillations, and 966 miles  per hour for  t h e  n e x t  h igher  mode  o f  oscillations. 

Accordingly, even under the worst abnormal conditions, the Mackinac Bridge is 



ultra-safe against any possibility of aerodynamic oscillations. The indicated critical 
velocities (for the assumed abnormal conditions) approach the supersonic range. 

The highest wind velocity ever recorded in the vicinity of Mackinac is 78 miles 
per hour. The required "critical velocities" of 632, 942, and 966 miles per hour may 
be dismissed as fantastically impossible. 

Comparison with Prior Suspension Bridges 
The outstanding superior aerodynamic stability achieved in the Mackinac Bridge 

is best shown by a comparison with the critical velocities determined by similar wind- 
tunnel investigations for other notable suspension bridges. 

For the prior long-span bridges, the critical wind velocities listed in the following 
tabulation are  taken from published reports by Professor F. B. Farquharson in official 
Bulletins (1954) of the University of Washington Engineering Experiment Station. 

Table 1 

Bridge 
Critical Wind 

Velocity 

Bronx-Whitestone (after addition of stiffening trusses) 30 M. P. H. 
Golden Gate 40 M. P. H. 
George Washington 55 M. P. H. 
New Tacoma Narrows 76 M. P. H. 
Mackinac (with deck closed) 632 M. P. H. 
Mackinac (with deck open, as designed) Infinite 

The methods developed and applied by the writer for predetermining a design of 
assured aerodynamic safety constitute the key to the future design of suspension bridges 
for aerodynamic stability. 

Conclusion 
The Mackinac Bridge is one hundred percent safe, aerodynamically, even under 

the most adverse conditions that may be expected to occur. 

The Mackinac Bridge represents the achievement of a new goal of perfect aero- 
dynamic stability, never before attained or approximated in any prior suspension 
bridge design. 

D. B. STEINMAN 
Consulting Engineer 

May 27, 1955 



Fig. 1-Perspective drawing of the suspension spans of 
Mackinac Bridge. The 8,614-foot distance between anchor- 
ages establishes a new world record. The main span is 

3,800 feet long. 

Fig. 2-Cross-section of the suspension spans of Mackinac 
Bridge illustrates the designer's provision of broad open 
spaces between the stiffening trusses and the outer edges 
of the roadway, and along the centerline of the roadway. 
This feature contributes basically to the structure's high 

degree of aerodynamic stability. 



Fig. 3-Model for aerodynamic tests is built to 1/50 scale, 
and represents a 253-foot section of the bridge. Shape and 
weight distribution have been reliably duplicated. This 

view shows the roadway. 

Fig. &Dynamic model of the Mackinac Bridge, showing 
the framing details. 
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MODES AND NATURAL FREQUENCIES OF SUSPENSION 
BRIDGE OSCILLATIONS 

The natural frequencies of potential modes of suspension bridge oscillations con- 
stitute basic data required in studies for aerodynamic stability. 

The formulas presented herein were derived by the author in 1941-1943 and have 
since been tested, for simplicity and practical usefulness, by fifteen or more years of 
application in the author's office practice. They have also been independently 
checked, for validity and accuracy, by others using more difficult formulas involving 
transcendental (complex or hyperbolic) functions. The author's formulas appear 
to  be the simplest and most practical thus far developed for the calculation of the 
natural frequencies of all possible modes of suspension bridge oscillations. 

For convenience of reference and application, these formulas are here assembled, 
derived and presented in definitive form, together with numerical examples to illustrate 
their practical application. The numerical examples are based on computations for 
the Mackinac Bridge.2 

DEFINITIONS AND BASIC RELATIONS 

If N is the natural frequency (cycles per second) of any harmonic 
oscillation, and w is the circular frequency (radians per second), then 

where m = w/g is the oscillating mass (in the case of a span, m is the 
mass per unit span-length) and K is the "spring constant," or ratio of 
the elastic force of restitution (Aw), per unit span-length, to the dis- 
placement at any point. Hence, by definition, 

K is also termed the "Coe&ient of Rigidity" of the oscillating system, 
a significant criterion for aerodynamic stability. 

For an oscillation of any span (I) in the form of a simple sine-curve 
(see Figs. 1 and 2), with n segments (half-waves) in the span, the am- 
plitude q a t  any point x is given by: 

?m 
q = as in-x  

I 

' Consulting Engineer, New York, N. Y. 
'EDITOR'S NOTE: See this JOURNAL, Vol. 262, p. 453 (1956). 









where H is the horizontal cable tension, AH is the increment produced 
by displacement, I is the moment of inertia ;of the section of the stiffen- 
ing truss, and E is the modulus of elasticity for the truss. 

By Eqs. 10, 11 and 13, Eq. 21 yields: 

For any case in which A H  = 0, Eq. 2 or 18 then yields: 

Equation 23 is the simplest and most useful formula for K. I t  is 
exact for all even values of n (n = 2, 4, 6, - .  .), the so-called "anti- 
symmetric modes" (Fig. I),  since, for these modes, AH = 0. 

The value of K for n = 2 is the "Coefi ient  of Rigidity" of the sus- 
pension bridge, a useful criterion for aerodynamic stability. 

In Eq. 23, the H-term and the EI-term represent the respective 
contributions of the cable and the stiffening truss to the rigidity of the 
suspension bridge. Thetratio of the truss term to the total is desig- 
nated by R and is significant for aerodynamic stability. 

From Eqs. 20, 22, 6 and 7, 

This is the most general form of the equation for K. I t  covers all 
possible combinations of spans, modes, and superimposed harmonics. 

In Eq. 24 and the following equations, and in all similar formulas 
involving summations of functions of the amplitudes, i t  is not necessary 
to  know the absolute magnitudes of the several concurrent amplitudes 
(a and e ) ,  but merely the relative magnitudes. 

Equation 24 is completely general for any number of spans of any 
respective lengths (I), simple or continuous, with any respective cable 
sags (a, including straight or unloaded backstays, for any combina- 
tions of values of n and a in simple or superimposed harmonic oscilla- 
tions in the different spans, with any concomitant longitudinal oscilla- 
tions (e) in any spans, with different values of w, H, EI, in different 
spans, and with any value of AH producing harmonic cable stretch. 

In the denominator of Eq. 24, w o  is the value of w for the main span. 
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Example 1 

Antisymmetric Modes-K by Eq. 23 
(Fig. 1) 

For the Mackinac Bridge : 

I = 3800 ft. 11 = 1800 ft. 
w = 9400 Ib./ft. 

H = 48,478,000 lb. (for two cables) 
E I  = 3,768 X lo9 lb. ft.* (for two trusses) 

(K in 1b./fta2) 

By Eq. 23 By Eq. 1 
For n = 2,  K = 132.5 + 28.2 = 160.7 N = 7.09/min. 

n = 4, K = 530.1 + 450.6 = 980.7 N = 17.50/min. 
nl = 1, K = 147.7 + 35.0 = 182.7 N = 7.55/min. 
nl = 2, K = 590.7 + 559.4 = 1150.1 N = 18.95/min. 

EVALUATION OF AH 

The virtual work represented by the vertical displacements 7 is 

The virtual work represented by the cable stretch due to AH is 
i 

Hence, for W1 = Wz,  with Eq. 6, 

where 

In these equations, and those that follow, E,  is the elastic modulus 
and A, the section of the cable, and 7 is the inclination of the cable- 
chord. Also, C denotes summations covering all similar expressions 
in all spans, and C' denotes a summation covering only the odd values 
of n in the several spans. 

COMPOSITE MODES 

A simple or "primary mode" is one represented by a single sine- 
curve-hence, single values of n and of a, as in Eq. 23. The term 



"composite mode" is used herein to denote oscillations comprising a 
plurality (superimposed or coupled, or both) of simple modes, as in 
Eq. 24 (see Fig. 2). 

From Eq. 24, using the expressions of Eqs. 23 and 27, the general 
formula for K for any single component mode (any simple sine-curve) is 

where 

a dimensional constant for the structure, and K, is the value of K given 
by Eq. 23. For Cf = 0, Eq. 29 reduces to Eq. 23. 

For symmetric modes (necessarily composite), as illustrated in 
Fig. 2, Eq. 29 is valid for each component mode; and, with the con- 
sistent (normal) relative amplitudes substituted, i t  must yield the same 
value of K (and, hence, the same frequency N )  for each component 
mode. To satisfy this condition, Eq. 29 yields two simple governing 
relations between K and the respective values of n, a ,  and K, of the 
component modes : 

r C 7 

Z f I L  C i  j - 1  
n2 (K - K,) 

and 
I 

Equation 31 yields the desired value of K for the normal (balanced) 
composite mode, and Eq. 32 gives the relative amplitudes of the com- 
ponent modes. 

In practical application, the largest number of component modes 
necessary to  be considered and substituted in Eq. 31 is three, and that 
is the case of the lowest symmetric mode (n = 1 , 3  ; and n l  = 1, Fig. 2b). 
In the higher symmetric modes, the superimposed harmonics prove 
negligible, and only two primary K,-values need to be substituted, one 
for each span (Example: n = 3 and n l  = 1, Fig. 2d). Accordingly, 
Eq. 31 is in reality a quadratic, or cubic, equation for K. Each real 
root of this equation will represent a n o r m 1  composite mode with a 
mathematically and physically consistent set of relative amplitudes. 

In practical application, Eq. 31 lends itself to a simplified numerical 
/ 

/ solution by an expedited method of trial substitution. I t  is the sum 
of two or three fractions equated to unity, with the sole unknown, K ,  
in each denominator. If the mode represented by the first fraction is 
dominant, substitute an approximate trial value of K in the other term 





Three solutions: 
Dominant K Eq. 32 

n = 3 363.2 al/a3 = - 1.290 
( N  = 10.65) as/a3 = 0.030 

n = 5  1941.2 aa/as = 0.014 
( N  = 24.62) al /as  = 0.036 

nl = 1 537.6 a3/al = 1.222 
( N  = 12.96) a5/al = - 0.051 

For n = 5, dominant, the small value of aa/as indicates that the super- 
posed harmonic n = 3 is negligible. Similarly, for n = 3, dominant, 
the superposed harmonic n = 5 is negligible. 

Example 4 
Mode : n = 3, nl = 1 (Fig. 2d) 

Amplitudes : a3 a1 

K, (by  Eq. 23) : 440.8 182.7 

Eq. 31 : 264.0/9 2 (125.0) 
K - 440.8 + K - 182.7 

= 1 

Two solutions: 

Dominant K Eq. 32 

n = 3  363.8 al/a3 = - 1.276 
( N  = 10.66) 

Note that these results are practically identical with those obtained 
in Example 3. The inclusion of the third component (n = 5) in Ex- 
ample 3 was unnecessary ; the effect is almost imperceptible. 

Example 5 
Mode: n = 5,  nl = 1 (Fig. 2 f )  

I Amplitudes : a6 a1 I 
I K ,  (by  Eq. 23) : 1928.6 182.7 I 

Eq. 31 : 

Two solutions: 
Dominant K Eq. 32 

n = 5  1940.9 allas = 0.035 
( N  = 24.62) 

nl = 1 430.9 a s / a ~  = - 0.033 
( N  = 11.60) 
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These results for n = 5 are practically identical with those obtained 
in Example 3. 

For n = 3, 5 ,  . - . , with n l  = 1, the inclusion of a third component 
in applying Eqs. 29-32 is unnecessary. 

STRAIGHT OR UNLOADED BACKSTAYS 

For the case of straight backstays, assuming zero sag (f = 0), all 
of the foregoing equations, including Eqs. 29-32, are applicable without 
any modification. The sole effect is in the reduced numerical value of 
L, given by Eq. 28, reflected in the increased numerical value of C, 
given by Eq. 30. 

For application to unloaded backstays with the small cable-sag (f l) 
considered, Eqs. 29, 31 and 32 require a simple modification. Instead 
of the usual relation of equal unit dead loads in main and side-spans 
(w, = w), the weight of the cable becomes the sole dead load (w,) in 
the side spans. Consequently, in reducing Eq. 24 to Eq. 29 for a side- 
span mode, the multiplying factor wo/wl must be retained. The C 
term is unchanged, since C, (Eq. 30), contains the factor f/Z2 which is 
proportional to wl/wo. Accordingly the sole change in Eqs. 29, 31 and 

w 0 
32 is to replace Kn, for any side-span component by - K,,. This yields : 

w1 

Example 6 
Straight Backstays 

For the hypothetical case of the Mackinac Bridge with straight back- 
stays, assume L, = 7540, C = 3474, C f/l = 320.0. 

For the lowest symmetric mode (n = 1, 3), Eq. 31 becomes: 



Two solutions: 
Dominant K Eq. 32 

n = l  292.9 a3 /a  = - 0.581 

n = 3  538.4 a/a3 = + 0.582 

Compare Example 2. The straight backstays raise the correspond- 
ing values of K from 99.5 to  292.9, and from 405.6 to  538.4. 

Example 7 

Unloaded Backstays (with Cable Sag Considered) 

w1 2670 0.284. Assume 11 = 1000 f t .  Hence fill1 For this case, - = - = 
wo 9400 

= 0.0069, C f / l  = 320.0 and C f ~ / l l  = 24.0. 

For the mode: n = 1, 3 ;  nl = 1, (Compare Example 2.) 

320 + 320/9 + 

Eq.  34 becomes : 
2 (24.0) 

K - 34.9 K - 440.8 K - 182.7/0.284 = 

Three solutions: 

Dominant K Eq. 35 

n = l  273.3 a3 /a  = - 0.474 
( N  = 9.24) a l / a  = - 0.644 

Compare Examples 2 and 6. Unloaded backstays with cable sag 
considered yield K-values somewhat lower than the assumption of 
"straight backstays," but substantially higher than the K-values with 
loaded side spans. 

COMPACT FORM OF GENERAL EQUATION FOR K 

The general formula for K ,  Eq. 24, may be rewritten in a simple 
compact expression of equal generality : 

in which K for each span or for each component mode has been com- 
puted 'separately by Eq. 29 or any other pertinent formula. 

Equation 36 may also be written directly from the energy relation, 
Eq. 20, with the aid of Eqs. 2 and 7. 



[J. F. I. 

With w equal in all spans and with e = 0, Eq. 36 reduces to the 
simpler form : 

which may also be written directly from the energy relation, Eq. 18. 
Equation 37 is an exceedingly convenient and useful formula for 

practical application. I t  may be used for beams and other structural 
combinations, as well as for suspension bridges. 

OSCILLATIOKS WITH LONGITUDIXAL MOTIOK OF SPAi'l 

If n = 2, 6, 10, . ., without participation of the side spans, the 
longitudinal motion A(1/2) of the midpoint of the cable may be im- 
parted to the suspended span through any physical coupling a t  midspan, 
as when center ties are provided. For this case, by Eqs. 6, 25 and 27, 

I and Eq. 36 yields : 

~ in which KO is given by Eq. 23. 
If the two side spans oscillate in opposite phase, with the main span 

free of vertical oscillation (a  = 0), Fig. la,  the parallel and synchronous 
movement All of the two tower tops produces longitudinal motion of 
the main span equal to All. For this case, 

e 16 f~ - = -- 
a l  n. nlll 

and Eq. 36 yields : 

in which K, is given by Eq. 23 for nl = 1, 3, - - . 
Equations 39 and 41 express an apparent reduction in K as the 

equivalent of an increase in the effective value of the oscillating mass rn 
in Eq. 1. 

In any segment ( I )  of a parabolic cable, by Eqs. 25 and 6, 

16 a f  
A1 = ~ ~ ' q ~ x  = -- 

P nl' 



J n f  For 2, j, a, e = A (k) and Eq. 42 yields Eq. 38. 

For ll,.nl, f l ,  e = All, and Eq. 42 yields Eq. 40. 

CABLE ANCHORED AT MID-SPAN 

If the cable is anchored a t  midspan, as by center ties, and longi- 
tudinal oscillation of the span is prevented (as by friction brakes, or 
automatically as in the case of torsional oscillations), the antisymmetric 
modes n = 2, 6, 10, . - ., will induce side-span participation, thereby 
raising the value of K. For this case, Eq. 24 or Eq. 29 is applied over 
the half-span and side span, or from the point of fixation to either 
anchorage, using the obviously modified values of n, f ,  and 1. (Use 
1/2 for 1, n/2 for n, f/4 for f ,  +L, for L,, 2C for C, and 2C f 1/11 for C f 1/11 ; 
a, K,, and C f / l  are unchanged.) 

Example 8 

Antisymmetric Mode with Cable Anchored at Mid-Span 
Mode: n = 2, nl = 1 (Fig. lb)  

K, = 160.7, 182.7 (Example 1.) 

Data : C f/l = 264.0; 2C filll = 249.9 

Applied over the half-span and one side span, Eq. (31) for this case 
becomes : 

. 264.0 249.9 
K - 160.7 + K - 182.7 = 1 

- 
Two solutions : 

Dominant K N Eq. (32) 

n = 2  171.7 7.32 al/az = - 1.000 
nl = 1 685.5 14.63 a2/al = 0.958 

Compare Example 1. The anchorage of the cable a t  midspan 
augments K and N. For n = 2, by inducing side-span participation, 
K is increased from 160.7 to 171.7 (increasing N from 7.09 to 7.32 per 
minute). For n l  = 1, by inducing main-span participation, K is 
increased from 182.7 to 685.5, augmenting N from 7.55 to 14.63 per 
minute. 

APPROXIMATE METHODS 

The last term in the numerator of Eq. 24 represents the effect of A H .  
I t  is also represented by the C-term in Eq. 29. A H  is ordinarily either 
zero (in antisymmetric modes) or of relatively minor magnitude (except 
for n = 1 or n = 1,3). For A H  = 0 or neglected, K is given by Eq. 23 
for a simple mode or by Eq. 36 or 37 for a composite mode. 



I There will be no cable stretch between anchorages (AH = 0) if 

over all spans, or if 

in each span-also, of course, for antisymmetric modes. 
A simple short-cut for estimating the value of K is to assume that 

A H  = 0. Consistent relative amplitudes are then given by Eq. 43 or - 
44, and their substitution in Eq. 36 or 37 yields K with sufficient 
accuracy for all practical purposes. 

For n = 3,5,7, . - - , the governing requirement A H  = 0, represented 
by Eq. 44, may be satisfied, without involving the adjoining spans, by 
superimposing a single-segment oscillation of relative amplitude -a/n, 
yielding, by Eq. 3, 

. mzx a T X  
q = a sin - - - sin T.  

I n (45) 

I Substituting K ,  and the relative amplitudes in Eq. 37, 

Equation 46 may be generalized for any case of superimposed undu- 
lations of an even number of different odd values of n. If the same 
relation is maintained-namely, that the respective amplitudes a of the 
component harmonics are proportional to their values of n-the general- 
ized form, Eq. 37, reduces to 1' 

.lr2 C n4 n4 C n6 
K = ; - H + - i -  

1 C n 2  2 C n 2  EI. 

For the three spans coupled (to oscillate in unison) as by tower-top 
movement, with A H  = 0, Eq. 37 may be written in the form: 

in which Ko and K1 are the R,-values by Eq. 23 for the respective 
spans, and 



The main and side spans may oscillate in unison, with a single 
segment or any odd number of segments (n and nl, respectively) in each 

I 

I 
span (Fig. 2). If the bridge is symmetrical, the relative amplitudes to I 

satisfy Eq. 43, substituted in Eq. 49, yield I 

I 

K is then given by Eq. 48. 
If ll/nl = l/n, the main and side spans are in resonance and 

K = KO = K1. 
If n = 2, 6, 10, . . . , then C A (l/n) is zero for the full span but is 

not zero for the half-span. If the midpoint of the cable is not free to 
take the longitudinal motion A(1/2), as when effectively anchored by 
center ties, the lengthening and shortening of the respective half-spans 
will tend to be taken up by side-span participation to produce All  
= A(1/2) a t  each tower top. For this case, Eq. 43 is applied over 1/2 
and ll. The resulting values of the relative amplitudes, substituted in 
Eq. 49, yield 

K is then given by Eq. 48. I 
Example 9 

Symmetric Mode-Approximate Method by Eqs. 4547 I 
For the symmetric composite mode n = 3, 1, Eq. 46 yields: 

K = 271.7 + 128.5 = 400.2 ( N  = 11.18). For this case (but with 
side-span participation, Fig. 2c), the more exact method (Example 2) 
yields K = 405.6 ( N  = 11.26). The error of the approximate method 
is less than 1.5 per cent in the value of K and only 0.7 per cent in the 
value of N. 

Example 10 
Antisymmetric Mode-Approximate Method by Eqs. 48-51 

For the antisymmetric composite mode n = 2, nl = 1 (Fig. lb), with 
center ties forcing side-span participation, Eq. 51 yields q = 1.056. 
With K2 = 106.7 and K1 = 182.7 (from Example I), Eq. 48 then yields 

K = 172.0 ( N  = 7.33) 

These results are almost identical with K = 171.7, N = 7.32, given 
by the exact method Eq. 31, in Example 8. 

SHORT-CUTS FOR ESTIMAmG K AND N 

Using the cable term alone, Eqs. 23 and 1 yield the convenient ap- 
proximate relations : 
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J 

and 

in which f is simply the sag of the cable. (Note: In Eq. 53, P is in ' 

seconds and f is in feet.) These simplified formulas, Eqs. 52 and 53, C 

may be used for quickly calculating or estimating the coefficient of 
rigidity K and the natural period P or frequency N of an unstiffened 
suspension bridge or of one with negligible stiffening system, for all 
values of n > 1. 

Similarly, using the girder term alone, Eqs. 23 and 1 yield the con- 
venient approximate relations : 

and 

in which r ] ,  is the central deflection theoretically producible (with E 
constant) by the dead load w acting on the span as a simple beam. 
(Note: In Eq. 55, P is in seconds and r ] ,  is in feet.) Equations 54 and 55 
may be used for simple girder spans and for self-anchored suspension 
spans, for all values of n. 

For a stiffened suspension bridge (except the self-anchored type), 
the composite rigidity K is the sum of the respective contributions 
(Eqs. 52 and 54) of cable and stiffening girder. Hence, by Eqs. 53 
and 55. 

Equations 53 and 55 are convenient formulas to remember for 
quick estimates. 

Example 11 
K and N by Short-Cut Method 

For the Mackinac Bridge : 

w = 9400 lb./ft. f = 350 ft. qw = 6773 ft. 

For n = 2, Eq. 52 yields K = 132.6 
Eq. 54 yields K = 28.2 

Total K = 160.8 



This result is almost identical with the exact value given by Eq. 23. 
(See Example 1.) 

Also, for n = 2,  Eq. 53 yields N = 6.41 

Eq. 55 yields N = 2.92 

Hence, Eq. 56 yields N = 7.05/min. 

This result is also almost identical with the exact value given by Eqs. 
23 and 1. (See Example 1.) 

Similar excellent checks of Eqs. 52-56 are obtained for all even values 
of n. 

TORSIOI'TAL OSCILLATIOXS 

Torsional oscillations may be treated simply as opposed-phase 
vertical oscillation of the two cables. The angular amplitude a t  any 
point of the span is given by 

in which b is the width of the bridge measured center to center of girders 
or trusses. 

Ordinarily, the torsional stiffness of the suspended span is relatively 
negligible. Hence, unless substantial torsional stiffness is provided by 
special construction (as with a double system of lateral bracing), the 
values of K and N determined for vertical oscillations, multiplied by 
simple dimensional constants, yield with sufficient accuracy the corre- 
sponding values for. torsional oscillations. The spring constant of the 
span in torsion, or the coefficient of torsional rigidity, will be 

and the natural frequency will be 

in which r is the polar radius of gyration of the mass of the cross section 
of the span. I t  is important to note that, for torsional resistance of a 
suspension bridge, the polar moment of inertia (r2m) pertains, not to 
a localized built-up cross section a t  the panel points, but to the average 
cross section throughout, including the long ranges between panel 
points. For the usual proportions, b l (2r )  = 1.3 to 1.5. 
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The polar radius of gyration r is given by 

in which the component r for the cable masses is b/2, but for all elements 
of the suspended section it  is the polar radius to each element from the 
center of oscillation of the section. 

TORSIONAL RESISTANCE OF WfHD TRUSSES 

In the derivation of the foregoing formulas for K,  the effect of web 
shear in the stiffening truss or girder has been neglected. The effect 
of the web shear contribution is found to produce a comparatively 
infinitesimal or negligible reduction in K. The normal omission of the 
web shear contribution from the K formulas is completely justified. 

If, however, wind trusses are provided in the horizontal planes of the 
top and bottom chords (or flanges) of the stiffening trusses (or girders), 
new relations between the bending and shear components come into 
play in torsional displacements. The interaction of the horizontal and 
vertical trusses (or girders), with common chords, imposes a relative 
reversal of sign in the bending components of the .horizontal trusses, 
with a consequent enforced increase in all of the shear components in 
the deflection and energy equations. In such case the shear terms are 
no longer negligible but contribute a valuable increase in K. 

Accordingly, a highly effective method of augmenting resistance to 
torsional oscillations is by providing two planes of lateral bracing, a t  or 
near the top and bottom chords (or flanges) of the stiffening trusses (or 
girders), respectively, so as to secure the integral effect of a hollow rec- 
tangular section in torsion. The cross section is assumed rigidly con- 
structed or braced so as to preserve its rectangular form. The resultant 
transverse shearing forces in the four planes of the tubular member, 
when it  is subjected to torsion, will then contribute very material 
increases in K t  and R. 

Let 7 and z represent the vertical and lateral displacements, respec- 
tively, a t  any section of the chord (or flange). Each is the algebraic 
sum of bending and shear contributions : 

Between the corresponding elements in the vertical and horizontal 
planes (distinguished by subscripts where necessary), the five governing 
static conditions of equal rotation, equal chord stress, identical chords, 
shear equilibrium, and ratio of shear deflections, in the order named, 
yield the following five simple basic relations : 



in which d is the vertical truss depth and 

(non-dimensional). A, is the vertical web section of the girder, multi- 
plied by E,/E;  or, in the case of a truss, A,  is the equivalent solid web 
section and is given by 

A, = Ad (cos2 C#I sin 4) (65) 

in which Ad is the sectional area of the diagonal member or members in 
a truss panel, C#I is the inclination of the diagonal from the vertical, and 
E, is the shear modulus of elasticity. (For steel, E,/E may be taken 
as 0.385.) Ah is similarly defined in each horizontal plane of bracing, 
In Eqs. 63, note the enforced reversal of sign for the z, ratio; this is. 
significant. 

From Eqs. 62 and 63, the component deflections qm, ' la, z,, Z. and z 
are easily written as simple ratios of 7, containing only b, d, and k, 
Also, substituting q, in the shear geometry of a girder web yields 

In the case of a truss, the geometry of a truss panel, with the aid of 
Eq. 65, yields the identical formula, Eq. 66. 

Substitution of the foregoing relations, Eqs. 62-66, in the energy 
equation, as in Eqs. 16-22, yields the desired K-formula : 

?r2n2 1 - 2 ( 4k ) ?r2n2 
K = - H +  - 

Z2 l + k  14 
- EA, (67). 

l + k  Z2 

in which the three terms represent the respective contributions of cable 
displacement, chord (or flange) stresses, and diagonal (or shear) stresses. 
This last term is new, and constitutes a very significant addition to  K 
and an even more significant addition to  R. 

In Eq. 67, the moment contributions of the vertical and the hori- 
zontal trusses are equal ; but the corresponding coefficient 2 is omitted 
from the second term of Eq. 67, because the equality in this case 
represents a duplication of identical chords counted in both the hori- 
zontal and vertical trusses. 

Without the two planes of horizontal trussing, Ah = 0, k = 0, 
and Eq. 67 reduces to  Eq. 23. 

Equation 67 replaces K, in previous formulas. If A H  is not zero, 
add the A H  term as in Eq. 29. For simple antisymmetric modes (n = 2, 
4, 6, . . .), Eq.. 67 is complete. 
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K should preferably be written to represent the complete cross 
section of the bridge, rather than the value for one side or one cable. 
Accordingly, in Eq. 67, H refers to the two cables, I and A, refer to the 
two vertical trusses or girders, and Ah refers to the two horizontal trusses. 

For the usual case of two cables and stiffening trusses, the total 
value of K multiplied by b2/4 gives Kt (in torsion), as in Eq. 58. 

Equation 67 assumes the two vertical stiffening trusses (and cables) 
oscillating in opposite phase. Consequently Eq. 67 does not apply to 
ordinary vertical oscillations, and does not represent vertical rigidity of 
the structure. 

By Eq. 67, the addition of wind trusses (in two horizontal planes) 
is a highly economical and effective method of providing desired re- 
sistance to torsional oscillations. I t  is vastly surpassed, however, in 
economy and efficiency by the simple device of installing transverse 
diagonal stays, between the cables and the trusses, as described and 
successfully applied by the author in 1943. 

Example 12 

Antisymmetric Mode (n = 2) in Torsional Oscillations 

For n = 2, Example 1, by Eq. 23, gives 

K = 160.7 (N = 7.09) 

Hence, by Eqs. 57-61, with b = 68 ft., r = 30.4 ft. 

K t  = 185,800. (N, = 7.93/min.) 

With center ties, causing side-span participation (Fig. lb), Example 8, 
by Eq. 31 applied over the half-span and one side span, gives 

K = 171.7 (N = 7.32). 

Hence, by Eqs. 57-61, 

Kt = 198,500 (Nt = 8.19). 

For the case with two horizontal planes of lateral bracing, we use the 
data of Example 1 together with d = 38, b = 68, A, = 15.62, Ah = 23.60, 
k = 0.472. With these data, Eq. 67 gives: 

Hence, by Eqs. 57-61, 

Kt = 1,993,500 (Nt = 25.96). 

Compared with K t  = 185,800, this represents a 973 per cent increase 
in Kt  (and a 227 per cent increase in Nt) due to the provision of the double 
system of lateral bracing. 

With center ties, causing side-span participation (Fig. lb), in addition 
to the double system of lateral bracing, Eq. 31 applied over the half-span 



and one side span, gives: 

This yields, for n = 2 dominant, 

K = 1807.5 (and K = 2353.0 for nl = 1 dominant). 

Hence, by Eqs. 57-61, 

Compared with the corresponding value of K t  = 198,500, this repre- 
sents a 953 per cent increase in K t  (and a 225 per cent increase in Nt) due 
to the provision of a double system of lateral bracing. 

Example 13 

Symmetric Mode (n = 1) in Torsional Oscillations 

For the composite mode n = 1, nl = 1, Fig. 2a, Eq. 31 yields K = 100.3 

(N = 5.60). Hence, by Eqs. 57-61, 

For the composite mode n = 1,3 ,  with nl = 1, Fig. 2b, Example 2, by 
Eq. 31, gives K = 99.5 (N = 5.57). Hence, by Eqs. 57-61, 

This value is slightly lower than K t  = 115,900, and represents the 
desired minimum. 

For the case with two horizontal planes of lateral bracing, with the 
data of Example 12, Eq. 67 gives: 

for n = 1, also K ,  = 3890.4 for n = 3, and K, = 1922.0 for nl = 1. 
With these values of K,, for the composite mode n = 1, 3, with nl = 1, 
Fig. 2b, Eq. 31 becomes: 

This yields, for n = 1 dominant, K = 649.4. (The relative ampli- 
tudes are given by Eq. 32.) Hence, by Eqs. 57-61, 

Compared with R t  = 115,000, this represents a 553 per cent increase in 
Kt (and a 156 per cent increase in Nt) due to the provision of a double 
system of lateral bracing. 

For the composite mode n = 1, nl = 1, Fig. 2a, Eq. 31 takes the 
simpler form : 

264.0 + 2 (125.0) 
K - 430.4 K - 1922.0 

= 1. 
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This yields, for n = 1 dominant, K = 651.0. Hence, by Eqs. 57-61. 

Kt = 752,600 (Nt = 15.95). 

The effect of omitting the component n = 3 thus appears to be prac- 
tically negligible. The lower value (Kt = 750,700) represents the de- 
sired minimum. 

EFFECT OF TORSIONAL. STIFFNESS OF THE TOWERS 

Suspension bridge towers are normally designed as flexible canti- 
levers, fmed a t  the base. Their contribution to K,  the stiffness of the 
bridge against vertical oscillations, is small and usually negligible. 

The torsional stiffness of the towers, however, offers a larger contri- 
b

u

tion to  Kt ,  the resistance of the bridge to  torsional oscillations. This 
contribution may be material, even without special design of the towers 
for greater torsional stiffness. In comparison with other methods, such 
special design of the towers would usually be an uneconomical means of 
increasing the torsional rigidity of the bridge. 

A couple formed by a horizontal cable force P at  each saddle will 
twist the tower about its vertical axis to produce a longitudinal dis- 
placement e a t  each saddle. The torsional stiffness of the tower is, 
denoted by 

P 
KT = 7. (68) 

Let 

Lao = L, for + main span. 

L,, = L, from anchorage to tower. 

A H 1  = aH from anchorage to tower. 

AHo = AH, + P = A H  in 4 main span. 

Considering the main span, 

I Considering the side span, 

8 hHlL*l e =  - - B + -  
7r E,A, 

in which 
af nn 

qdx = - (cos 
- 1) 



Equating the two expressions for e,  the foregoing equations yield : 

16 1 
AH1 + p = - 7 -, [(EcAc)B - (EJ. + KTL.~)A] (72) 

in which 

The total potential energy due to cable stretch (AH) in the whole 
bridge and including the torsion in the two towers will then be: 

The first three terms in the bracket represent W p  due to cable 
stretch, and the fourth term represents W p  due to torsion in the two 
towers. 

For K T  = 0, Eq. 74 reduces to  the A H  term in Eq. 24. 
The potential energy due to  truss distortion has already been 

determined, as represented in Eq. 67, and gives the first term of the 
numerator of the following equation. The kinetic energy of the towers 
is negligible. From Eq. 74 and Wp = Wk = $K C a21, we obtain the 
equation for K : 

in which Kn is given by Eq. 23 or 67 for each component mode. 
Equation 75 gives the numerical value of K in terms of the relative 

amplitudes (al/a). For a composite mode consisting of one main- 
span mode (amplitude a) and one side-span mode (amplitude al), the 

/ dK 
partial derivative - = 0 yields K and al/a for the mode n dominant ; 

da 
dK 

and the partial derivative - = 0 yields K and a/a, for the mode nl 
da 1 

dominant. These values will be virtually unchanged if an additional 
mode of higher n is superimposed. For a composite mode consisting of 
three or more simple modes superimposed, the resulting simultaneous 
equations may be solved graphically. 
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In applying Eq. 75, K ,  and A, should be taken as the values for the 
complete cross-section of the bridge (two cables and two vertical trusses 
or girders), in order that Eq. 58 may then be applied to the resulting 
value of K to  give Kt. 

Fiom K given by Eq. 75, the values of K t  and Nt are then given by 
Eqs. 58 and 59. 

Equation 75 assumes the two vertical stiffening trusses and cables 
oscillating in opposite phase. Consequently Eq. 75 does not apply to 
ordinary vertical oscillations, and does not represent vertical rigidity of 
the structure. 

Example 14 

Antisymmetric Mode with Torsional Stiffness of Towers 

(Fig. lb) 

For the Mackinac Bridge : 

L, = 9140 f t .  E J ,  = 20.82 1b. 

L,o = 2029 ft. KT = 873,000 Ib./ft. 

L,l = 2541 f t .  U = 10,005 ft. 

H = 48,478,000 Ib. f/l  = 0.0921 fl/ll = 0.0436 

By Eq. 67, K, = 1724.5 for n = 2 and K, = 1922 for nl = 1 

(Compare Example 12 .) 

For the antisymmetric mode, n = 2, nl = 1, Eq. 75 then yields 

dK 
For n = 2, dominant, - = 0 yields: 

aa 

K = 1895, and al/a = - 0.711. 
Hence 

Kt = 2,190,600 (N: = 27.21). 

aK 
For nl = 1, dominant, - = 0 yields: 

a a ~  

K = 2352.8, and a/al = 0.674. 
Hence 

K t  = 2,719,800 (N: = 30.32). 

Comparison with the corresponding values in Example 12 shows that 
the effect of including the torsional stiffness of the towers is an increase 
of 4.8 per cent in Kt (and 2.4 per cent in Nt)  for the mode n = 2, 
dominant. 



Example 15 
Symmetric Mode with Tor~ional Stiffness of Towers 

I 
(Fig. 2a) 

Data as in Example 14. 

t By Eq. 67, K ,  = 430.4 for n = 1, 

and K ,  = 1922.0 for nl = 1. 

(Compare Example 13.) 

For the symmetric mode n = 1, n l  = 1, Eq. 75 then yields 

dK For n = 1, dominant, - = 0 yields: 
da 

K = 718.2 and al/a = - 0.148 
Hence 

Kt = 830,200 (Nt  = 16.75). 

aK 
For nl = 1, dominant, - = 0 yields : 

aal 

K  = 2235.2 and a/al = 0.140 
Hence 

Kt = 2,583,900 ( N t  = 29.55). 

Comparison with the corresponding values in Example 13 shows that 
the effect of including torsional stiffness of the towers is an increase of 
10.3 per cent in K t  (and 5.0 per cent in Nt)  for the mode n = 1, dominant. 

If we superimpose the harmonic n = 3 on the oscillation n = 1, nl = 1, 
the numerical results obtained above are very slightly modified. The 
value of K t  for n = 1, dominant, is reduced from 830,200 to 826,800; 
and the value of K t  for n l  = 1, dominant, is reduced from 2,583,900 to  
2,579,000. The reduction in K t  and Nt is insignificant, and such refine- 
ment is not justified. 

EFFECT OF CENTER OF SUSPENSIOR 

The effective center of suspension of a suspension bridge cross 
section in torsional oscillation is the midpoint of the line joining the two 
points of connection of the suspenders to the outside girders or trusses. 
The torsional stability of the section is increased by raising this center 

I 

of suspension relative to the center of gravity of the suspended section. 
This is confirmed by simple model tests. The spring constant K t  is 
augmented by a torque of gravity restitution ; a gravity pendulum effect 
is added to the torsional spring constant. 

If h is the vertical height of the center of suspension above the center 
of gravity of the suspended section, the vertical rise of the center of 
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gravity of the suspended section, as it swings in an arc like a pendulum, 
is, by Eq. 57, 

and the potential energy is augmented by 

in which w, is the suspended dead load (exclusive of the cables) per unit 
length. Accordingly, by Eqs. 16-20, and 57-61, the value of K t  given 
by Eq. 58 is augmented to 

The total energy W required for any angular amplitude is increased in 
the same proportion, and consequently the aerodynamic instability, 
measured by the rate of amplification, is reduced in the same ratio. 

In computing the polar radius of gyration r by Eq. 61, the center of 
oscillation of the suspended section was specified. If the polar moment 
of inertia mr2 has been computed about the center of gravity of the 
suspended section, a correction must be made when the center of oscilla- 
tion is a t  a height h above the center of gravity. The polar moment of 
inertia is augmented by 

A(mr2) = m,h2. (79) 

By combining Eqs. 78 and 79 we may write the equivalent value 
of Kt:  

In Eq. 80, the numerator represents the augmented potential energy 
and the denominatoi- represents the augmented kinetic energy. The 
kinetic energy is augmented by the horizontal velocity of the center of 
gravity along the arc of the pendulum swing. 

Instead of increasing h by raising the points of suspender connection, 
as by deeper girders or by brackets, the same improvement may be 
accomplished by lowering the center of gravity of the suspended-section. 
Accordingly, torsional rigidity and stability may be improved by chang- 
ing from deck or half-through construction to through construction. 
The author has demonstrated this conclusion by model tests. An un- 
stable deck truss section became aerodynamically stable when simply 
inverted. 



Example 16 
Effect of Center of Suspension 

For the Mackinac Bridge: 

b = 68 f t .  
r = 30.4 ft .  

w, = 6530, h = 6.96 f t .  
Hence Eq. 80 becomes: 

For n = 2 (See Example 12), Kt  is thus increased from 185,800 to 
223,100, an increase of 20 per cent. 

For n = 1 (See Example 13), Kt is thus increased from 115,900 to 
155,700, an increase of 34 per cent. 

For the much higher values of Kt, with two horizontal planes of lateral 
bracing, the effect of the raised center of suspension (h = 6.96) is found 
to be negligible. 
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In addition to references noted previously, the following references are suggested for 
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Section 8 

Additional Documents and Resources 
In addition to numerous technical documents about the Mackinac Bridge, the 
following references provide detailed documentation of the bridge 
construction, and further the biography of David B. Steinman. In addition, nine 
copies of a CD titled “Mackinac Bridge: Images from Construction to the 
Present” (MDOT Photography Unit, 517‐322‐5641) were previously submitted 
to ASCE in January 2009. 

 

1. The Mackinac Bridge.   Michigan Department of Transportation.  n.d.  
August, 2009.  http://www.mackinacbridge.org 

2. Building the Mighty Mac.  Dir. Mark Howell.  Mighty Mac Films. 2007. 

3. Steinman, David B. Famous Bridges of the World.  New York: Random 
House, 1953. (Selected pages from a children’s book written for his 
grandchildren). 

4. The Mackinac Bridge.  The History Channel 2003, Modern Marvels. 
(reference only) 

 
 



















 

Section 9 

Recommended Designation 
The Mackinac Bridge is nominated as a National Civil Engineering Historic Landmark.  

 



 

Section 10 

Owner Support 
Statement of support is included from the Mackinac Bridge Authority for the 
Mackinac Bridge to be a National Historic Civil Engineering Landmark. 
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