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Bridges, Abridged

Engineering Integrity

Electro-Mech Anaslogies




ROSE SHOW

You are cordially invited to the seventh biennial

Rose Show to be held on the evenings of Thursday,
Friday and Saturday, April 4, 5 and 6. Again the
students at Rose Polytechnic will offer an elaborate
display of technical exhibits, some amusing, some
bewildering, but all entertaining. Come and see the
latest developments in science applied in working

models.

ROSE POLYTECHNIC INSTITUTE
TERRE HAUTE, INDIANA




Surveying
T he
Scribes

Robert K. Morse, junior in the depart-
ment of civil engineering, compiled the
chronological data on bridges for this
month’s lead article, “Bridges, Abridged.”

Bob apparently liked to change schools,
for, after having been at Rose, he went
to Illinois Wesleyan for two days, re-
turned to Rose, then to Illinois Normal,
and back to Rose. Now he says he’s bored
with the whole thing.

A good diver, Bob once placed third
in an Illinois state championship meet.
He spectacularly applied his skill by
diving 30 feet with his bathing suit
lighted with burning carbon tetrachloride
and carbon disulfide. Bob is taking the
C.A.A. aviation course.

J. Edward Tay-
lor, senior in the
department of
chemical engineer-
ing, submitted the
article, “Engineer-
ing Integrity,”
prize-winning pa-
per in fall compe-
tition of Tau Beta
Pi Association. A
member of Tau
Beta Pi, Blue Key,
and Tau Nu Tau
fraternities and the

American Chemical Society, he is editor-
in-chief of the Technic. Other literary
activities include news article writing
for local papers. He is chairman of the
student chapter of the American Insti-
tute of Chemical Engineers, played
basketball in his freshman year, was co-
winner of college tennis doubles title last
year, is listed in “Who’s Who in Amer-
ican Colleges and Universities.” Since
taking the aviation training course he
doesn’t approve of people who scintillate;
the class starts at 7 ayem.

The paper on

analogies was writ-

ten by Lloyd O.

Krause, electrical

engineering senior.

Lloyd is a member

of Tau Beta Pi and

Blue Key, and is

listed in “Who's

Who Among Stu-

dents in American

Universities and

Colleges.” He is a

two year major

letterman, having

played football in his junior and senior

vears. The associate editor of the Techn ic,

president of the Radio Club, vice-president

of the student council, vice-president of

his class, and general chairman of the

1940 Rose Show, Lloyd is quite active.

His major hobby at present is aviation,

since he is taking the C.A.A. aviation
course.
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DEER CREEK BRIDGE

Deer Creek bridge carries U. S. 40, as a modern, high-speed, dual-lane, concrete
highway over rocky-bottomed, turbulent Deer creek, five miles south of Greencastle,
Indiana. It is not one of the outstanding examples of engineering enterprise, but it is
reasonably representative of smaller bridges throughout Indiana. An earth-filled,
three-span arch of pleasing artistic design, the bridge matches well with its rural
setting. The bridge was necessitated by the relocation of the old National Road, now
U. S. 40, for removal of several bad curves and steep grades in this vicinity and is part
of a comprehensive plan to modernize the National Road through Indiana.

The west abutment sets on a high rock ledge and is very stubby. The east abut-
ment is rather high and sets on hard shale formation below the elevation of the stream
bed. The spandrel walls are partly gravity type and patly counterforted. The pilasters
over the piers are held by large counterforts to withstand the pressure of the earth fill.
The earth fill over the arch barrels, which are skewed thirty degrees to fit the stream
bed, is coarse sand and gravel compacted by saturation at the time of placing. Over
this earth fill the concrete lanes and parkway are constructed just as on any fill.

The bridge was designed by the Arch Section of the State Highway Commission
of Indiana, Bidge Design department, under the direct supervision of Albert Dunlap
(Rose, '22) as head of Arch Design and S. V. Smythe as head of Bridge Design.
It was built under W. W. Hadley, head of Bridge Construction, by the Gradle Brothers
of Calumet Paving Company in the summer of 1937. H. L. White, civil engineering
faculty, was resident engineer. All design was supervised by M. R. Keefe, Chief
Engineer of the Highway Commission.

Federal Aid Project number 6, bridge 40-F-1835, Deer Creek bridge was built at a
final cost of $53,643. The gross length is 3.332 miles, the bridge contract length, 0.062
miles. The center span has a rise of 17 feet. Maximum bearing stress on the soil is
5.9 tons per square foot.




O the barbarous savage, bridges

were a menace rather than a con-
venience. They facilitated pursuit
by his natural enemies and removed
the security afforded by water. It
was only with civilization and com-
parative peace that bridges became
desirable.

Of the earliest bridges we have no
record. Quite probably, a tree,
blown across a stream by a high
wind, afforded means of crossing.
Some prehistoric man, a little more
progressive than his contemporaries,
conceived the idea of having the tree
fall in a more convenient place. This
was done artificially and the first
bridge was built. It was, of course,
more convenient to have several
logs across the stream at the same
place. Wider channels could be
bridged by throwing some rocks in-
to the stream to form a pier. Sus-
pension bridges, built of woven
vines, doubtless appeared at an
early date, since primitive peoples
still build them.

The oldest arch of which we
know was recently discovered at

In all interests of precision, the Technic
hastens to supplement the title of this
toothsome article on bridges. This be-
cause it seems that at least one gentle
reader reports that she was impelled to
read the January article, “The Pause That
Refreshes, . . .” on the strength of the
caption. Such duplicity, if such it is, is
inexcusable, and it will be asserted right
here that while the article might be con-
cerned with the Culbertson system, with
Wheatstone’s historic method of resistance
measurement, or with the sage advice,
“degum your dentures duo-diurnally, . . .,”
it deals with nothing of the sort. It is a
story of bridge building activity told
straightforwardly and interestingly. The
title, “The Bridge of Size,” ahem, had
some appeal but such a fine history de-
serves a better fate. “Bridges, Abridged”
includes data as to chronology, size, loca-
tion, and cost of the world’s outstanding
bridges.

Ur in the Chaldees. This was built
about 5000 B. C. and probably
marks the approximate date of the
first arch bridges.

The early Assyrian culture was
facilitated by a large internal com-
merce on a comprehensive network
of canals which made bridges de-
sirable for efficient land transporta-
tion. At Nippur are remnants of
masonry arches dating back to 4000
B. C. Since the Assyrians built roof

spans of forty to fifty feet, they un-
doubtedly had bridges of timber and
masonry.

The Chinese have long built
bridges of the cantilever and arch
types, both of timber and stonework,
but their exact age is uncertain.

Evidence of extensive use of the
arch in building has been found in
Egypt, Ethiopia, Asia Minor, and
Mexico. It seems likely that there
were many, arch and horizontal
beam bridges in these lands at an
early date. The ancient Caravan
Bridge at Smyrna is three thousand
years old and is believed to be the
oldest bridge still in use.

Evidently, an emperor of Babylon
constructed a bridge over the Eu-
phrates about 2000 B. C. The piers
are thought to have been about
twelve feet apart, and of stone
fastened together with iron bars
anchored into holes with lead. Arch-
itects and workmen from all over
the known world aided in the con-
struction. Its ruins remain today,
buried beneath two hundred feet of
shifting sand.

BRIDGES, ABRIDGED

by Robert K. Morse

February, 1940

The Kill van Kull Bridge, Bayonne, New Jersey.

Courtesy American Institute of Steel Construction
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The Greeks didn’t depend much
on overland transportation and
didn’t bother to bridge even the
Cephissus, which intersected the
main road to Athens.

The first great era of bridge build-
ing was necessitated by the expan-
sion of the early Romans. Their
military strength depended on their
transportation system, chiefly a net-
work of excellent roads extending
to all parts of the Empire. In this
system were many fine bridges of
timber and stone, some of which are
still used. The old Romans had the
forceful character and structural
ability required in the production of
great engineering works. Their
early bridges across the Tiber at
Rome are prominent examples.

The oldest Tiber bridge was Pons
Sublius, built about 625 B. C. This
is the bridge that Horatius held
against the attacking Etruscan army.

The greatest Tiber bridge was the
Ponte Molle, built in 100 B. C. Its
spans were from fifty-one to eighty
feet and its width was twenty-nine
feet.

The only one now used is Pons
Fabricus. Built in 62 B. C., it has
Embedded in the

four arches.

Basge:d

The Golden Gate Bridge.

bridge is a guarantee by the con-
structor for forty years. It is still
being used after two thousand and
two years .

In 98 A. D., Trajan had the Puente
Trajan constructed at Alcantara, in
Spain. This structure spans six hun-
dred and seventy feet in six arches.
One arch has a clearance of two
hundred and ten feet. The flood
waters in this rugged valley have
been known to rise one hundred and
forty feet above the normal level—
and the granite blocks are laid with-
out masonry. On three separate oc-
casions, one of the small arches has
been destroyed to halt a military in-
vader but it has been repaired each
time. The bridge is still in service
and reminds us of how different the
history of the world would have
been had the Roman statesman
built as well as the Roman engineer.

In 104 A. D., Trajan built a timber
arch across the lower Danube. This
was one of the Romans’ greatest
works. The bridge rested on twenty
piers from one hundred and fifty to
one hundred and seventy feet apart.

Roman military bridges used
short spans and were constructed
rapidly. Some of the piles still exist,

Courtesy American Institute of Steel Construction

perfectly preserved, in the German
rivers. Caesar tells us of an 1800
foot, pile-supported, wooden bridge
over the Rhine built in the amaz-
ingly short time of ten days.

Early in the Christian Era, Em-
peror Caligula constructed a three
and one-half mile bridge of ships.
This completely dwarfed the mile
long bridge built across Hellespont
by Xerxes I of Persia. In fact, it
held all bridge records for length
until the Southern Pacific built its
twenty mile trestle across Great
Salt Lake in 1903. In Caligula’s
bridge, the ships were placed in two
rows and planked over. The planks
were covered with earth in imita-
tion of the streets of Rome. After
riding across in triumph, the Em-
peror had his soldiers throw great
multitudes of the spectators into the
water so he and his court could
watch their drowning struggles.

After the decadence of Rome,
bridge building was nearly aban-
doned. Occasionally a new bridge
was opened but many of the older
ones were abandoned for lack of
repairs. In the twelfth century, the
“Brothers of the Bridge,” a branch
of the Benedictine Monks, resumed

The Rose Technic




the art. They built many bridges
in Europe, the most notable being:
that over the Rhone at Avignon,

that over the Danube at Ratisbon,
and the “Old London Bridge”. The
Venetian “Rialto” and “Bridge of
Sighs” are well known but not as
engineering feats.

The Thames has always been a

problem to bridge builders. The
first bridge at London was a timber
structure of unknown date. It was
replaced by the “Old London
Bridge”—the first stone bridge at
London. Construction was started in
1176 and finished in 1209—thirty
three years later. This long, drawn
out construction is remembered in
the nursery rhyme: “London Bridge
is Falling Down.” It was not till 1825
that this edifice succumbed to grow-
ing traffic needs.

It was famous for beautiful houses
and shops, three stories high, with
the roadway thru the first floors in
a covered archway passage. These
burned off in 1666 but were rebuilt
more beautifully than ever. Fires
were frequent on this bridge but
the hazardous wooden shops were
an important source of revenue and
not removed till 1756. In 1212 a fire

Fehednary 1’940

San Francisco-Oakland Bay Bridge.

broke out on one end of the bridge.
A few thousand people crowded out
on the structure to watch it and
another fire broke out behind them.
The number of casualties from fire
and drownings is placed as high as
three thousand. Although obviously
exaggerated, this figure still ranks
the affair as the greatest bridge dis-
aster of history. The piers of this
bridge were constructed quite
solidly—too solidly, in fact. The
waterway of three hundred and
thirty-seven feet was two-thirds oc-
cupied by piers of twenty-five to
thirty-four  foot  widths. This
dammed up the channel, causing the
water to roar thru the narrow
openings. '

The present London Bridge was
opened in 1831. As traffic increased
it became necessary, in 1902, to re-
arrange the roadway and sidewalks,
thus adding twelve feet in width.

Almost as soon as this country
was settled, the New England colon-
ists started building bridges, and
Americans still excel in this field.
The abundance of material, that is,
timber, and the rapid westward
movement, made this early start
quite to be expected. As early as

Courtesy American Institute of Steel Construction

1660, when the “Great Bridge” was
constructed across the Charles River,
in Massachusetts, Yankee engineers
were becoming famous. This bridge
was two hundred and seventy feet
long and rested on thirteen piers.
In 1685, a 1503-foot bridge, over the
same river, was built on seventy-five
piers. In 1793, the West Boston
Bridge of thirty-five hundred feet
was finished, and by 1803 a mile-
long trestle had been built across
Cayuga Lake.

In the meantime, the length of
individual spans had been increasing.
Col. Enoch Hale, in 1785, covered
the Connecticut River in two 184-foot
spans resting on a natural rock pier
in the center. This was the first
American bridge with spans greater
than could be negotiated with single
stringer sticks.

The fame of this bridge spread far
and wide, and in 1794, Timothy
Palmer built the “Great Arch” over
the Piscataqua with a span of two
hundred and forty-four feet. Ten
yvears later in his “Permanent
Bridge” over the Schuylkill at Phila-
delphia, he changed his type radical-
ly. The three spans of one hundred
and fifty, one hundred and ninety-
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five, and one hundred and fifty feet
were made continuous over the
piers.

The most famous of the old timber
bridges was Lewis Wernwag’s “Col-
lossus,” also over the Schuylkill, at
Philadelphia. This bridge, finished in
1812, had a span of three hundred
and forty feet.

Some of these bridges have lasted
over a century with only ordinary
repairs and with nearly all the timber
in good condition. This required a
protective roof, and the covered
bridge made a picturesque figure
found almost only in America.

The cast-iron arch bridge at Coal-
brookedale, England, is the first ap-
plication of iron in a bridge of long
span. It was built in 1776 with a span
of a little over one hundred feet.

Thomas Paine constructed and
tested a ninety foot model of a cast-
iron bridge. This was to have been
the basis for a four hundred foot
span and was intended to promote
long, cast-iron arches. Although the
French Academy made a favorable
report, nothing ever came of it.

Cast iron was used in many small
bridges of this period. However, its
use as a bridge material was eventu-
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The Sydney Harbor Bridge, Australia.

ally discontinued because of the in-
troduction of wrought iron, just as
that of wrought iron was later dis-
placed by the appearance of steel.

Until the introduction of wrought
iron and steel, suspension bridge
progress had remained at a stand-
still since primitive times. The first
authentic iron suspension bridge was
built in 1741, over the River Tees,
in England. This seventy-foot struc-
ture was supported by iron chains.

The first bridge employing modern
suspension design was built in 1801,
in Pennsylvania, by James Finley.
By 1808 Finley had constructed forty
more bridges of this type. He used
no stiffening trusses, the floor pro-
viding the rigidity.

Among the notable bridges of this
type, built in America, were a 306-
foot span over the Schuylkill, at
Philadelphia, and a 145-foot span
with a roadway of thirty feet, over
the Brandywine, at Wilmington.

Another American innovation was
the use of wire cables for the suspen-
sion system. In 1818, a chain suspen-
sion bridge at Philadelphia was de-
stroyed by the snow load. A firm of
wire makers had their plant near
by and rebuilt the bridge. It was a

* s M

Courtesy American Institute of Steel Construction

foot bridge with a span of four hun-
dred and eight feet and a roadway
of two feet. The total cost was one
hundred and twenty-five dollars. The

toll was one cent.

An interesting bridge was com-
pleted in 1826 near Menai, Wales.
This suspension bridge, designed by
Thomas Telford, is supported by
sixteen chains. Its span of five hun-
dred and seventy-nine feet was the
longest in the world at that time.
It is still used although sorely taxed
by modern heavy traffic.

This record stood till 1834 when the
lofty, 870-foot span, at Fribourg,
Switzerland, was completed. This
was the first European wire suspen-
sion bridge. It lasted for ninety years,
but the record came back to the
United States with the completion
of the Ohio River Bridge, at Wheel-
ing, West Virginia. This 1010-foot,
suspension span was completed in
1848. In 1867 the record again
changed hands. This time it was
the 1057-foot Cincinnati-Covington
Bridge. It was constructed by John
August Roebling, better known as
the designer of the Brooklyn Bridge,
and was the first record-holding
suspension span in which stiffening

The Rose Technic
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Pulaski Skyway—High Level Viaduct over Hackensack and Passiac Rivers in New Jersey.

trusses were used. This type of
bridge was to make possible the
rapid lengthening of suspension
spans in the following sixty years.
Two years later the Niagara-Clifton
Bridge was completed and the
Brooklyn Bridge was started. The
Niagara span of twelve hundred and
sixty-eight feet was supported by
cables imported from England.
During all these years, suspension
bridges were progressing in other
parts of the world, but the American
bridges were of so much greater span
that they monopolized interest in this
type of structure. With the develop-
ment of the steel truss, Europeans
were turning to cantilever and arch
bridges for their longer spans.

Of the ten bridges since 1848 that
have held the world’s record for
suspension spans, all have been in
America.

In 1877, over the Firth of Tay, in
Scotland, a 16,800-foot series of
trusses was finished in a bridge des-
tined to rank as one of the wonders
of the world—for two years. One
night in 1879, a train started out on
the bridge and fell in the ocean.

February, 1940

The loss of life was between eighty
and one hundred. Not one of the
passengers lived to tell the story of
the greatest bridge disaster in mod-
ern history. A government investi-
gation disclosed that an insufficient
allowance had been made for the
wind, which reached a velocity of
eighty miles per hour on the night of
the collapse. While the bridge was
evidently blown down, had it been
made of steel instead of wrought
iron, it would probably be in use
today.

In the last third of the nineteenth
century bridge building was com-
pletely revolutionized by the intro-
duction of steel. The modern era was
ushered in by four important
bridges: the Captain Eads Bridge
over the Mississippi, at St. Louis; the
Glasgow Bridge over the Missouri:
the Brooklyn Bridge, in New York;
and the gigantic Firth of Forth
Bridge, in Scotland.

The Eads Bridge is generally ac-
cepted as marking the beginning of
the steel age in bridge building.
However, it is not an all steel bridge.
In the arch trusses, iron is used in

addition to alloy steel. It is a double
decked structure, completed in 1874,
and carrying a highway, sidewalks,
and two railroad tracks. The center
span is five hundred twenty feet in
length and the side spans are each
five hundred and two feet. It is the
first truss bridge in which steel was
used, and was by far the longest
arch at that time. Together with the
Brooklyn Bridge, it represents the
first use of pneumatic caissons in
this country.

In 1878, it became necessary for
the Chicago and Alton to build a
twenty-seven hundred foot bridge
over the Missouri River, at Glasgow.
When General William Sooy Smith,
who had been engaged to build the
bridge, announced that it would be
constructed of steel, made by the
newly perfected “Hay process,” a cry
of alarm arose. Steel had always
been too expensive for a structure
of any size and people were suspi-
cious of this untried, low-priced ma-
terial. Bridge builders protested that
steel was too rigid for the vibration
of the trains and it would become
brittle and break in cold weather.
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Nearly everyone expected the
bridge to come down, and it did—but
only after twenty-three years had
increased the weight of rolling stock
beyond its limits and bridge design-
ers had begun to frown on any pro-
posal to construct a bridge of iron.
In 1869, construction started on
the project that was to hold all sus-
pension records till 1903. The
Brooklyn Bridge crosses the wide
East River channel between New
York and Brooklyn with a span of
fifteen hundred and ninety-five feet.
It was opened to traffic in 1883, cost
twice as much as estimated, and took
fourteen years to complete, because
of the entirely new engineering prob-
lems encountered and the opposition
by the ferries and city politicians.
This bridge represents a gigantic
advance over any previous bridge of
any type. It is supported by four
cables, each sixteen inches in diam-
eter. These cables are the first steel
wire used in bridge construction.
In this bridge, for the first time, also,
galvanizing was used for the pro-
tection of the wire. The midriver
clearance is one hundred and thirty-
three feet. The foundations could be
built only by employing the novel
pneumatic caisson method, and the
towers, two hundred and seventy-
five feet high, reached a terrifying
height in the pre-skyscraper days.
The Firth of Forth Bridge will
rank among the greatest of engineer-
ing structures of all time. For nearly
three decades, it remained the long-
est span in the world and today is
the second longest of the cantilever
type in existence. Its cost of sixteen
million dollars was considered as
stupendous in 1889 when it was com-
pleted. The two main spans are each
seventeen hundred and ten feet in
length and each has a clearance of
one hundred and fifty-two feet. Many
features of its design have never
been duplicated elsewhere. Most of
the compression members are tubu-
lar, a feature that hadn’t been applied
to bridge construction before or has
not since. That some of these tubes
are as much as twelve feet in diam-
eter demonstrates the characteristic
massiveness of the structure. With
its great spans and total length of
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eighty-three hundred feet, the Forth
Bridge became to advocates of the
cantilever construction what the
Brooklyn Bridge was to those favor-
ing the suspension type. As an engi-
neering feat, it may be ranked above
the Brooklyn Bridge because of its
great rigidity and tremendous
strength.

The Forth Bridge’s record was not
threatened until 1900, and not actu-
ally broken till 1917. A bridge, with
a span of eighteen hundred feet, was
designed to cross the St. Lawrence,
at Quebec. The structure was started
under the handicap of insufficient
funds and every economy was made
in reducing the amount of steel used.
It was to have been of the cantilever
type, always unstable during con-
struction. When nearly completed, in
1907, the whole south cantilever col-
lapsed. Of the eighty-six men work-
ing at the time, eleven escaped. This
was the worst bridge disaster since
the Firth of Tay affair. A new bridge
was designed to carry the same load
but to use two and one-half times
as much steel. This time the fifty-
two hundred ton suspended span
dropped while being lifted into place
and it and the lives of eleven work-
men were lost in the river. A new
central span was placed in 1917 and
the Quebec Bridge still holds the
record for cantilever spans.

The Queensboro Bridge, in New
York, completed in 1909, is one of
the largest ever built from the point
of capacity. It has two main canti-
lever spans of eleven hundred and
eighty-two and nine hundred and
eighty-four feet, respectively, a con-
necting span of six hundred and
thirty feet, and end spans of four
hundred and sixty-four and four
hundred and fifty-nine feet, respec-
tively. The bridge has two decks;
the upper carrying two elevated
railway tracks, one twenty-two and
a half foot roadway, and one nine and
three-quarter foot sidewalk; the low-
er carrying two street car tracks and
a fifty-one foot roadway. This is, also,
the first bridge in which nickel steel
was used extensively.

Extending across twelve miles of
the Jersey Meadows between New-
ark and Jersey City is a whole series

of cantilever bridges. The Pulaski
Skyway, opened in 1932, contains
over three miles of high-level steel-
work. Two five hundred and fifty
foot spans are used in crossing the
Passiac and Hackensack Rivers at
a height of one hundred and thirty-
five feet to permit the passage of
ocean vessels. It carries a fifty foot
roadway with a maximum grade of
three and one-half percent. The total
cost was four million one hundred
thousand dollars.

Although the modern, record-
breaking bridges are cantilever or
suspension structures, the “simple”
and “continuous” truss types have
not remained entirely unprogressive.
Simple trusses range up to the seven
hundred and twenty foot span, con-
structed across the Ohio, at Metro-
polis, Illinois, in 1918. The Scioto-
ville Bridge, built over the Ohio in
1916, holds the record for the con-
tinuous type. Each of its two spans
measures seven hundred and seven-
ty-five feet from pier to pier.

The recent history of long-span
steel arches is the history of four
bridges. Three of these, the Hell
Gate, the Bayonne, and the Hendrik
Hudson are within a few miles of
each other in the metropolitan dis-
trict of New York. The other is half-
way around the world in Sydney,
Australia.

The Hell Gate Bridge is one of the
heaviest and longest steel arches ever
constructed and is probably the most
beautiful heavy bridge ever built of
steel. Its striking appearance of
strength is not entirely for the artis-
tic effect, but is required by the
rigidity and clearance necessary in a
structure carrying heavy trains at
high speeds. Its clearance is one
hundred and forty-one feet and its
span of nine hundred seventy-seven
and one-half feet made it the longest
steel arch in the world from 1917 till
the Bayonne Bridge was completed
in 1931.

The Bayonne or Kill van Kull
Bridge brought this record up to
sixteen hundred and seventy-five
feet. Its clearance is one hundred
and fifty feet and the cost as it stands
is about thirteen million dollars. It

(Continued on Page 31)

The Rose Technic




TAU BETA PI 1940

INDIANA BETA CHAPTER

Members left to right are:

Seated: David C. Huggins, Allen T
Wilson, and Charles A. Howlett:

Second row: Nicholas A. Smilanic, J.
Edward Taylor, Frank G. Pearce. and
Norman G. Eder;

Third row: Frederick Thodal, Raymond
C. Hogan, and Quentin R. Jeffries.

Not in picture:

Lloyd O. Krause
Louthen.

and Willard V.

NGINEERING  INTEGRITY

Al BETA I ASSOCHARIOIN
PRIZE ESDAY

“To be honest, to be kind, to earn
a little, to spend a little less, to make
upon the whole a family the happier
for his presence; to renounce when
that shall be necessary and not be
embittered; to keep a few friends but
these without capitulation; above all
on the same grim condition to keep
friends with himself, here is a task
for all that man has of fortitude and
delicacy.” So beautiful, so wise are
the words which Robert Louis Ste-
venson wrote in appraisal of the life
principle, the essence of human
spirit. And here can be found the
ultimate connotation of the eloquent
phrase “true integrity.”

Nominally, the spirit manifested by
those in intimate contact with engi-
neering in both the professional and
the academic phases is capable of
calling forth volumes of expository
comment. Such a work would also
be of a very general nature, much
of which would apply to human

February, 1940

by J. Edward Taylor

Twice a year Indiana Beta chapter of
Tau Beta Pi Association holds pledging
ceremonies for Junior and Senior class-
men, Tau Bate members elect. Part of the
pledge ceremony consists of writing an
essay. Chapter members adjudge the
essays and an award of $5 is made to the
author of the most worthy paper. The
winning essay is forwarded to the Wash-
ington, D. C., headquarters where it is
eligible for a $50 award. The paper itself
undertakes to pronounce a definition of
the rarely palpable term integrity which is
applicable to the engineering profession
at large. Done with the aid of the im-
peccable philosophy of R.L.S.. everyday
engineering examples, and cleverly ar-
ranged mirrors, it achieves a combination
of incorporeal and material factors which
is remarkable.

spirit at large. It is proposed here,
then, to set a limitation, to show by
examples a personal interpretation
of engineering integrity.

It is admittedly impossible to dif-
ferentiate between the numerous in-
terdependent qualities associated
with integrity to the point of sharp
demarcation. It is possible, however,
to visualize clearly defined principles

of engineering integrity with the aid
of the Stevensonian philosophy, the
guidance offered therein being even
more revealing as a key to the par-
ticular than as a door to the general.

If honesty among men, the first
component set forth, is requisite to
trustworthiness in all relations, in
the engineering and scientific ways
there is an even greater necessity for
honest dealing within the individual.
Engineers, for the most part, are
called upon to exercise originality to
a great degree for the adaptation of
shadow and substance to human
needs. In the discharge of these
duties, anything below the level of
absolute honesty is intolerable, irre-
spective of consequences. The moral
uprightness of Dr. Arthur E. Mor-
gan, former chairman of TVA, is a
case in point.

As for the second attribute of in-
tegrity, “. . . . to be kind,” President
Karl T. Compton, in an address to
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the Society for the Promotion of
Engineering Education, gave the fol-
lowing eulogy to the work that has
been done largely by engineers:

“Since memory runs not to the con-
trary, the peoples of the world have
resorted to predatory methods for
raising their standards of living.
Wealth all too frequently has been
obtained by taking something from
someone else through conquest, ex-
cessive taxation, slavery, exploita-
tion, or power politics. Today
through the resourcefulness of the
scientist and engineer in producing
ever more abundant energy, we have
for the first time in history a way of
securing a more abundant life that
does not require taking it away from
someone else.”

Let a small prayer be offered that
the kindly light will be intensified to
lead all men onto the causeway
which has been traveled by a few.

Frugality is also named. One ex-
ample is sufficient to demonstrate
what is implied by “. . .. to earn a
little, to spend a little less.” Com-
petent engineers were called in to
build the Fort Peck Dam on the
Missouri River between St. Louis
and Kansas City. Engineering econ-
omists, who were not consulted,
later showed that in addition to in-
terest of the order of two million
dollars a year on the investment, an-
other million dollars must be spent
to maintain a channel for navigation.
The income derived from navigation,
the only justification for the dam,
is absurdly small in relation to the
expenditure.

The records contain many parallel
examples, and in this trying period,
democracy can ill afford to foster
such ineffigiency.

In the entity, service, perhaps lies
the greatest single obligation of in-
tegrity. It is the express duty of the
engineer to “. . . make upon the
whole a family, happier for his
presence.” President Franklin D.
Roosevelt, in a recent letter, men-
tioned the obligation of engineers
when he wrote, “The design and
construction of specific civil engi-
neering works or of instruments of
production represent only one part
of the responsibility of engineering.
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It must also consider social processes
and problems, and must co-operate
in designing mechanisms to absorb
the shocks of the impact of science.”
The world at large must acknowledge
the crying need for the social engi-
neer. The profession is answering by
broadening the training of future
members, by emphasizing that the

real master of destiny is that usually
imponderable, silent but at times
loud and articulate, something
known as public opinion. By unselfish
service the engineer will be able to
gain the leadership necessary to
hasten the conditioning of the mass
by elevating wisdom to a position
beside knowledge.

To the quality just discrimination,

“

paraphrased from “. . . to renounce
when that shall be necessary and
not be embittered,” is assigned the
meaning of the indefatigable task of
fact finding and evaluation. Here
again, as from the view of honesty,
it is the engineer’s particular job to
render infallible judgment. As a
very imaginable example, consider
the catastrophe which could result
from unsound construction of large
public structures. The failure of the
Quebec Bridge a few decades ago
is a single instance. Such misfor-
tunes are few, but constant vigilance

is required to eliminate the more in-
tangible dangers of indiscrimination.
In this connection the case involving
the misuse of diethylene glycol as a
medium for sulfanilamide will be
recalled.

In the final analysis lies the prime
mover of organized society, the
ability “. . . to keep a few friends

but these without capitulation; above
all on the same grim condition to
keep friends with himself.” Unless
accompanied by the benediction of
men all accomplishments are noth-
ing. Unless there is self-respect at
hand, internal disintegration and
consequent worthlessness of person
is inevitable. A citation of the worth
of happiness was given in a recent
edition of an engineering college
magazine when a group of successful
alumni were asked to state a philos-
ophy of life. The majority responded
with, “Find happiness in service.”

There is a treasure, engineering
integrity, and a short cut might have
been employed for the delineation.
The fact that a plurality of the group
just quoted wears the Bent com-
pletes the coincidence with true in-
tegrity of the sine qua non for mem-
bership in Tau Beta Pi Association.
May it long continue to engineer in-
tegrity!
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by Lloyd O. Krause

Introduction

NALOGY is a relation of likeness

between two things consisting not
of resemblance between the things
themselves but rather of their at-
tributes or effects. A mechanical and
an electrical circuit are physically
unlike; but they are attributively
alike in that, if the circuit configura-
tions are proper, the current in the
electrical circuit and the velocity of
motion of a given body in the me-
chanical system undergo the same
functional variation with time.

Experimental demonstration, the
actual visualization of cause and
effect relationships, is often of great
help in understanding what a mathe-
matical formula says. Instruments
may be inserted in an electric cir-
cuit and readings taken to show that
the cause and effect relationship is
as mathematically indicated. Me-
chanical experiments may be set up
and measurements taken, the results
being identical with those given by
mathematical theory. Yet there is a
fundamental difference existing be-
tween electrical and mechanical
systems.

In the mechanical system the mo-
tions of the affected bodies are visi-
ble. The motions are the effects of a
certain cause, usually the weight of
a body (depending on starting con-
ditions), modified by inherent prop-
erties of the system such as the mass
of the bodies, the elasticity of various
elements, and friction. Neither the
cause nor the modifying agencies
can be seen. Weight, mass, elasticity,
and friction are mechanical proper-
ties and thus are abstract. Mechan-
ical properties, however, are perspic-
uous. The cause in electrical sys-
tems is usually electromotive force
(depending on initial conditions),
and the effect is current, modified by
the action of resistance, inductance,
and capacitance. In this case not only
are the cause and the modifying

February, 19490

Analogy is a universal feature of nature
that corporates apparently widely differ-
ing phenomena into an entity of simili-
tudes. The base for analogical existence
is agreement of differential equations, the
same equations representing natural oc-
currences of dissimilar physical char-
acteristics.

Mechanical analogies long have been
used to give physical illustration to certain
electrical phenomena. Comparatively re-
cently the inverse has been applied,
naturally not for physical demonstration,
but rather for the mode of mathematical
attack. In this paper are presented the
fundamental analogies, their extension to
composite analogies, and some practical
analogical applications.

agencies invisible, but the effect is
also invisible. Current can be made
to manifest itself by causing a needle
to deflect, but this does not give any
further satisfaction to a puzzled
mind.

Hence it is inferable that mechan-
ical analogues of electrical circuits
might be of assistance in under-
standing the behavior of electrical
circuits. Strange to say, the mathe-
matical analysis of electric circuits
is extremely complete and well or-
ganized, while the analysis of me-
chanical circuits is incomplete. “The
electrical engineer concerned with
acoustical, seismic, or other mechan-
ical vibration problems needs to
bridge the gap to the mechanical
vibration field where existing analyt-
ical methods are not so highly or-
ganized as in his own field.”* By
finding electrical analogues for me-
chanical systems and then applying
to the mechanical system the same
mathematical attack as is applied to
the electrical circuit, the solution of
the mechanical system becomes
straight-forward and organized.

The value of mechanical analogues
to demonstrate oscillations has long
been realized. “The idea of analogous
systems has been employed for many
years as an aid to visualization, ex-
planation, and mathematical analy-
sis.”t Coupled circuits particularly

display phenomena that are well

studied with the aid of a mechanical
analogue.

In this paper an attempt is made
to reveal the fundamental physical
reasons of why and how analogies
exist, after which several applied
analogues are discussed.

*Pawley, “The Design of a Mechanical
Analogy for the General Linear Elec-
trical Network with Lumped Parame-
ters.” Journal of Franklin Institute, 223
(1937).

tNickle, “Oscillographic Solution of
Electromechanical Systems.” American
Institute of Electrical Engineers. XLIV
(1925).

T he Analogical Premise

Two circuits become analogous
when the identity of their respective
differential equations is established.
The only safe way to set up analogies
between different sorts of circuits is
actually to write the differential
equations and identify the meaning
of each term. It is a fact that the
same differential equations represent
many different natural phenomena,
meaning that in each case the quan-
tities expressed vary with respect to
each other in precisely the same
manner. In practically all cases time
is the independent variable, and
rates of change are taken with re-
spect to it.

T he Fundamental
Analogical Concepts
Energy and Force

In engineering, energy, space, and
time are considered as the funda-
mental concepts. No attempt is made
to define them, except in the case of
energy, which is often defined as the
capacity for producing an effect. All
other engineering definitions depend
on these three concepts as bases.

Because the concept of energy is
initially usually more difficult to ob-
tain in mechanics, the mechanics
student is first subjected to the con-
cept of force and thus often considers
it one of the fundamentals. In elec-
trical work the process is reversed,
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Photo by C. Roberts

“This should be the answer. I don’t under-

stand what could be the matter. Must be the
stick slip. Gad, its nearly midnight.”

the concept of energy being well
established before the student comes
in contact with calculating electric
forces. The mechanics student learns
to define work as the product of
average force and distance. Work is
energy in transition, and the total
work done represents the amount of
energy exchanged in the process.
The electrical student learns to de-
fine average force as the quotient of
work by distance. This is the funda-
mental definition as it is based on
the two fundamental concepts, ener-
gy and distance. In the limit, as the
amount of work, W, and covered
distance, S, are made to approach
zero, we obtain the instantaneous

dW
force F — — . In words, instantane-
ds
ous force is the space-rate of change
of mechanical energy. It is this defi-
nition of force that makes it possible
readily to compute electromagnetic
and electrostatic mechanical forces.

Mechanical force is usually meas-
ured in pounds, where unit force, by
the above definition, is that mechan-
ical force which would accomplish
mechanical work at the space-rate
of one foot-pound per foot, using
practical units.

Electric force, ordinarily called
electromotive force, is usually meas-
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ured in volts, where unit force is
that electric for<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>