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tivities - ¢ll1 over

Graduates' of

teke time

cefense &c-
the country

for.-thelr -eannual —Reundon-at—ne=

bury Building
Dayg\ "

For yeers Duke
have, upon
ping into positions w
eering firms sll over
try. Today the vast o
these Alumni find ther
gaged
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materials vital to nat
ense, Ships, camps,
tems, highweys, mﬂ“bln
airports, pipelines-a
physical requirements
.al defense are within
of their activities.
lieetings, held
since the
Association was first
8 brancin of - the gere
Association four yoers
been notably successiu

Lest year
orts of the
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Enginecri

on that
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day of the Duke-Caroli
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pover sys-
es, Tedleoa
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of netion-
the scope

snnually
Alumni
formed as
ralk NAlunni
280y have
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through the eff-
ng Alumni
soniors from

schools throughout Korth Caroli-
na verc brought ss guests oi the
Llumni &and Eangineering College
to s2e the Ingineer's Show vhich
vee presznted in March., <o 12v-
orebly imuressed vere these boys
with ell they saw-the labora-
tcrics, student body, ocnd Eng-
ireering faculty - that todey &
Jerge pumber of thew ere in the

frezamen class of tae uollhﬁc of
Ingincering.,

Thie yveer the Alupni will
find weny charges, The nev fero
Ruiliizg will heve besn con-

pleted, =nd the equipment of all
the depertmnents of the College
considerably sugmented, Tvo now

wewbers have jolned the faculty.
But perhaps most signilicant of
all:is the recoré ecnrollmcnt of
over 10C freshmen,. bringing the
nurber of students sprodled 1
nginzcering to £75.

It is a  busy year for tano
College, the University, and the
ALUW.", but, on November 15 reg-
u.er tasks k]ll be forgottb' for
a Caw hours as the Enginecring

Aluwn’ g“ther to see old femil-
iar gwiles; to ronew old friend
b“-y), and to "Beat:Ctrolimgl,
B T T T R T
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pertazinirg to aay ectivity of the Enginecring
Alumni, Tris metseial will th

b2 privted for the ben-
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THE WILBUR CROSS PAR K\WAY

The Wilbur C(Cross Parkway,
located in the state of Conn-
ecticut, is a continuation of
the well~known Merrit Parkway,
which is considered one of the
best and most beautiful high-
ways in Ameriea. During the past
summer it was my privilege to

work on this highway, first as
An engineervs ald, and lauel as
an incpector of oox culverts

The plans for
called for four
crcte. pavement each eleven ft.
wide, and the highvay was
flenked 12ft. by shoulders. The
last two sgpecifications are set
by the government for all fed-
eral-aid roads. The maximum

this highway
lanes of con-

allowable grade was three per-
cent, and slopes on the sides
were one and one - half to one,

with one to six slopes on rock
cuts. In order to eliminate the
possibility of having buildings
erected too close to the road,
the state bought the right-of-

way one hundred & fifty feet on
either side. Every curve vhose
degree of curvature exceeéed
forty - five minutes:was super-
elevated,but no curves vwere spi-
raled. AY present only half of
the road 1s being bullt, the
other half to be
soon as funcs are available.

By the end of the summer,
fifteen miles of the road had
been graded and were ready for
sufacing. This section of the
road runs south from the Mass-
achusettes state line to a point
just beyond Stafford Springs,
Gonn, 1t " EYoids
pletely,
intersections., Because #f the
roughness of the countrycside,
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it was very difficult to hoid to
the grade specifications “in this
section of the- stdte. AL scme
places, fills nearly eoghty fcet
high &and one-half to ore mile
long had to be made. Ian tkhe fif-
teen miles completed thiere were
cleven rock cuts. :

The contract . forr the - sur
facing . of Tive  nmiles of fide
section was, let’ ezrly in ~the
summer, and our crev.was aent
out - on “the "Jop ~the 'Farclt ol
June., It was our job to set tue
fine grade or concrete ‘stakes.
for the contractor. These stakes
are usually set fifteen feet
from the edge of the pavement.
In this case, however, tiie res-
ident enginecr and the contracs
tor decided that it would be
better. to put the stdakes six
feet from the edge, in orcer tu
meke 1it. easier for: tue grade
foreman to make elevations from
thiem. We set the stakes six fect
from the propocsed edge oi tac
pavement, tock clevations on the
top of each one, amd compubted
the cut anc fill every fifty
feet. All places where supere~ecl-
evated curves were to be made,

e marked the cut and fill fom
cach edge of the pavement on the
<ctake. On the tangents ve marked
omly the grade that was nearest
the sfake. 1letting the grade
foreman mentally add the nine-
hundredths of a. foot fowr tne

crovn. in the ‘center. This ‘erown
remained in the road throghout

the entire lenght of thne super-
elevated curves, since 1t would
have Dbeen too expensive T

change the template on the <or-
crete vibrating machinec ror
each curve.

B
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The surfacing vent along
smoothly---until the: first rock
cut was encountered., Here d4iffi-
culty was experienced in driving
the concrete form pius. The
specifications had called fecr
twenty-four inches of sub-bese
in these rock cuts to take cere
of drainage under the corncrete,
This 1is somevhat wmore gravel
than is usually called for, but
it was considered necessery be-
gcalice: the grould. vas Tull of
springs. It was found that thLe
contractor vho took this grading
job had not held to thece spec-
ificetions. In some pleces ve
found rock only two inches down,
The chief inspector 1W“er1rue¢y
shut down the mixer and ordered
the rock blown out., For this cde-
lay, the surfecing contractor
charged the state eighteen hun-
dred dogllars,. in eddition 1o
what it cost him to tske out the
necepsalr'y s rogk, .Ihe . sttte wes
forced. . to. - pay for THIS, Slte
the final survey on the grading
had been completed, and the job
of grading contractor Led been
accepted. As  a. result cf this
error, the stafe 1hspedior wvho
had charge of this portion of
the road lost his job, while the
grading contractor made & good
deal of money from rock that he
had never taken out,; Neverthe-
iess, this  wilI g6 dom odn his
record as & black markK and will
make it nerd for him to secure a
big job in the st=te again; for
jobs are 1let not only to the
lowest . bidder, But alsg to the
man with the best record.

One of the biggest vroblems
on this section of the job was
the metter of drainzge, In every
eul - +Bhere:. were - engountered
springs vhich kept the so0il very
wet even though most of it wes
gravel,  To remedy this, so-
called "rubble drains" vere put
in &long the shoulders of the
road in sections of cut, These

4,

drains werc in the form of bi-
tuminous-costcd corrugatcd metal
plpe, =six dnches 1in diametgy,
vith holes of one-half inch al-
emeter, with holes of one—ha}f
ingh. .dismeter.~drille in..the

‘t00.. They were placcd iOuT feet

bcnapth "the surfzce end covered
for the first two feet vwith nut-
sized cvushed stone &nd the re-
maining two feet with gravel,

LDIAGRAM OF
A

CLOVER LEAF INTERSECTION,

The pipes drained into svanmps or
into negrDy stresns, Tnis type
of drainage vas nev to the
state, . and "replsced the oOpen
diteh type with very satisfac-
tory resulls,

T the  "toypse.lorY “the " Noh

several strecms hed to be cros-
(Continued on Page 12)
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STRENGTH ANALYSIS OF
INDETERMINATE - STRUCTURES

\

Model analysis is rapidly
becoming a decisive influence in
design werk. Modern complicated
machined parts and statically in
determinate structural members
defy classical methods of anal-
ysis for stress determination.

Alrplane design depends whol-
ly wupon wind tunnel tests of
model or full scale planec.The
performance, eerodynamic clean-
ess, and structural safety are
all determined in high speed
tunnels, whose wind speed can
approximate the velocity of
sound, Airfoil bracing once ap-
proximated truss design, but ad-
vancement 1in the aeronautical
industry brought changes, and
now the wing structure is inde-
terminate to a  high order, und
must be tested by model uﬂdlyblb
for safety anc economy.

The Golden Gate Bridge in San
Francisco waa rppvoduced in a
fairly large model, and weights
hung at various 301nts and re-
action points, Deflection meac-
urements and stresses thus ob-
tained checked closely the orig-
inal design which was vased on
proved empirical formulae and
practical experiencc, Because of
this model investigation, hov-
ever; the. ‘structure  could be
erected with a certainty as to
its stability.

The Vlestchester C ounty Purk-
Commicssion in New York made ex
tensive use of the Beggs Deform-

eter and Photo—elastiu metiods
of stress analysics. liodels of
the rigid-frame bridge; designed

to overpass the highways were

investigated ‘'by ‘these ‘melhods
before construction —was
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These rigid-frames were highly
indeterminate, and methods have
not been mathematically fully sy
stematised to handle the design
of this type of structurc.

This frame analysis carried
on by Professor George kK. Mbggb
of Princeton University is
sentially the same as is uced in
the Duke University structural
decign department. Deformeter
analycis deals with  the prin-
ciples of underlying the deter-
mination of the reactions for &
statically inderteminate struc-
ture fixed at the footings, by
measuring relative displece-
ments in & flat model of the
structure Arbitrarily imposed
displacements at regaction points
of the model are accomplished by
means of deformeter gages cap-
able of producing very small de-
flections with an accuracy of 1-
40,000th of an inch, and the
corresponding displacements at
the point of assumed loading arec
meacsured by a micrometer micro-
scope. Through simple calcula-
tions in which the meacsured def-
lection 1is multiplied Dby the
load and divided by a constant
calibration factor for the plugs
the thrust, shear, and bending
moment may be obtained at any
reaction point.

ek—

My personal resecarch has
dealt mainly with pnoto-clastic
stress analysis. In theory this
method seems very simple, but I
have found it to be, as is most

research, very exasperating at
times. 11J poll shing and cuttiag
of  a r]'t* noabl takes akout
eight lo of painstaking work,
as 1t must be acevrate to micro--
meter readings. uodels, shen Cac

ot



are goog@ for only about 72 hours

du¢ to the hardening of the ed-
ges of the plastic material.
This.ne sitates photographing

the mOuel under desired condi-
tions, and developing the plete
for permanent record. Photo-c¢l-
astic technique and cquipment
are now such that stress deter-
mination by this method hags be-
come a practical tool for the
design enigneer. The cost of wp-
pare xtus and model maKing has
been reduced to a point where &
formerly expensive scientific
instument has now  become. &
thoroughly practical tocl for
ecoucmicul use in industry. Ap-
paratus may be installed for a-
bout ¢550, and a complete anal-
ysis including pictures mey be
made for 1less than ©£10. This:
cost may be reduced by the use
of a 1little ingenuity in build-
ing @ loading frame. Th:s one in
us¢ - at Duke Univergity as madc
at a very 1low cost by the stu-
dents. The main members arc
& in. -steel channels; welded 10
gether and cslotted for meunting
the wmodel. °The i stredning bar
rests  ionviadquife odgeiand the
model 15 supported on Bakelita
mounte’, The “wole viframe s has
Lhorizontal movement, und the
ezl and the lOAdlng bur have
vercical movement, thus, the
whole set -~ up can be moved for
coavenience during the test.

Elastic  theory is naturally
based wupon the assumption of.
perfuoct oslasticity. Model mat-
erdal lsivwery. mearky perfettly
elastic, and  thereforc very
CL0s¢e dvrmcﬁent is found with
the ﬁfreugvs as determined math-

gvicdlly, Most srginecriag
&i3 ghowavery ; Hrc not pers

i and - therciore;
found from the
' ¥ gxperi-

lacstic

- elple  which

obtained in
the piece itself. In some casec

theory, from that
the deperture is conciderable.
However, it always TGduCL. :hc
stress, and therefore L
astiec figure 1lies on the sale
side,

- The loading of the model can-
not be exactly simulated, but
cccording to Saint-Venents prin-
states. that,  at a
repote from thé upfll*
she lead,  the stress
dl i d bt Lots kP ]Ldetn*c‘ﬁ oR
the mutgvu of aprliceting, tne
lecigner dis Jusviiica in prodil-

aisc;nce
tion 0%

cing an equivalent . docd . on tae
medel.

It is a fact that most fell-
ure: begin at a point on a
boundry, either an external one
an  internal one, such as &
hole. Some authoritics even
meintadn thuet - failure never be-
gins within & body. - The stress

on & pboundry of a phnoto-elactic
model ic easily obtaincd, while
stresses within the body con be
found only by skillful ﬁaﬂlpﬂl
tion and a great deal of tine
Therefore, 1in commercial pruc-
tice , sthe ;8tivess g5 leccted «l ~
ong the boundry, and design ds
made accordingly.

One should look at anulysis
means to an end, the design of
the structurc, Accordingly, an-
alysis shoula be cimplifif'c‘; to
the greatedt p0551blp uxbbn,, S0
that the engincecer can cevote a
continuelly increasing percent-
age of bio time to de:ibn. This
fact explains the popu¢c ity ¢
the mouuxn anelysis by meens of
scale models. In the nsar futvre
I predict even aa greater o
more wiaespread use of the oass
model -tests and the discovery c
simpler and more-efficient mevk
ods to-obtain: steess distr

blioh. D ,f\r:gq (r ‘Tlnr- R
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