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IXTROUUCTION

The first bridge was probably a log thrown across a
stream, A furthur development of this was the use of
two logs with cross sticks upon them to form a floor. When
greater spans were needel the truss was developed and pere
feoteds It was not until 1847 that the astreases in trusses
were fully snalyzed, althou.h trusses were constructed
according to the judzement of the bullder before this date.

In 1847 Squire Whipple issued a book upon bridge
building, and he was the first to correctly analyze the
stresses in a truss, Soon aftc¢rwards, the solution of
stresses became very generally understood, woocden trusses
were discarded for iron ones, and still later, steel replaced
iron as a bdridge-truss material, From this time, the develop=
ment of dridge building was very rapide Today we have
structual ziaents that span hundreds of feet of water and tower
over the largzest cities,

There are a great many minor structual failures dbut.
unless there is loss of life or other newsworthy features
about the failure, it never eomes to the attention of anyone
except the firm that repairs the damage. JMany failures
are caused by improper details, It has been a habit of
"nandbook engineers® to select members of ample sisze and
then to connect them inadequately. Undoubtedly, this is due
tothe fact that member selection is often quite simple While

joint design requires a great understandin: of the problem.
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It is no secret that structual steel is handled rather
rouzhly in the shop and in the field, FKivet holes seldom
line up perfectly and they must be pulled into line. Welding
warps and buckles the structure and leaves higzh residual
stresses, During fabrication, bent shapes arec straightened
a8 & standard part of the fabrisation proocess. The mere
punching of a hole distorts the surrounding material and
leaves hizh residual stresses. These processes will réault
in & structure having "stress risers®, such as notches,
holes, threads, and ocross-sectional changes. 8Such a structure
would be highly unsafe if it were not constructed of a ductile
material such as structual steel, VWhen & minute flaw in the
material coincides with the loocation of & point of high
residual stress, a falilure ia likoly'to result, Failures
have often been traced to such influences,
| In all the connections of a truss there are certain
stress risers., It is the purpose of this theals to study
the effect that these notches have on the strength of steel.
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DEFI NI TI ONS

Stress is the interval resistance developed in a body when
atrained by the application of external forces.

8train is the distortion or change in shape of a body
produced by the application of equal but opposaite
forces, and is measured in units of length.

Elasticity 1s that property which a material possesses of
returning to its original form and dimensions when the
external foreces causing distortion are removed,

The Proportional limit is the greatest stress which a
material 1s capable of developing without deviating
from the law of proportionality of stress to strain.,

The Elastic limit is the greatest stresa which a material
is capable of developing without a permanent deformation
remaining upon complete release of the stress,

Yield Strenzth is a measure of the maximum ulitizable strength

of the material and is tsken as 2 per cent of the
permanent set,

Yield Point 1s the load at waich the specimen elongates
considerably without an increase in load.

Ultimate Strangth is the maximum stress reached before
treaking the specimen,
These definltions can be divided into two classess

first, those dealinz with the elastie properties of the mater-

1al, and second, those dealing with the non-elastic or ductile

properties. On the firat depend entirely the possibility
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of struoture withstanding the &oolgn loads without permanent
set occuring and on the second depends the possidbility of
_their being able t? carry, in emergency, local stresses in

excess of those pertaining to elastle conditions.
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STRESS DETEREMINATION AYD DISTEIRUTION

The determination and distribution of stresses in a
struocture are of prime importance to the encineer, There are
an {mmense variety of problems that arise from what seem to
be a comparatively simple problem. The problem is not only
one of determination and distribution of stress but also of
the eniineering siznificance of the stresses and strains
under various conditions of loading, The usable -trongth
of a member does not depend alone on the value of the maxe
fimum stresses and strains but also what adjustment these
members oan make in meeting the conditions different from
those assumed in design. The extent to which these adjuste
ments ocan be made will depend on the properties of the material
such as elasticity and duotility, on the relative volume of
the member, on the method of loadinge.

There are, in general, two ways of determining the
stresses and strains in a members (1) by mathematicsl analysis
and (2) by experimental means, in which case the actual
member may be used as in the strain-gage method,

The method of obtaining the atress at a section of a
member is to assume that the stressss are distriduted acecording
to a detin}tc mathematical law. The assumption is made
that there are no adbrupt changes in the law of elastic de~
havior throughout the member, Four zeneral conditions must
exist for this assumption to be true. (1) The material must

be continuous. (2) The properties of the material must not
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change from point to points, (3) The cross-section shall be
constant ani there ahgll be no abrupt ochanze, (4) The mater-
1al considscred must n;t bs near the point at which the external
force 1s applied.

The assumption that there 1s a definite law of distribution
of atress in & member is probably never realized. This is due
to the faot that the material 1s not entirely continuous
and cspable of being subdivided indefinitely without losing
any property that it has when in a largs piece. 8Steel and
other metals are made up of crystalline grains whose propere
ties vary and whose random nrraugemegz'grOItly influences the
stress dlstribution throughout thoe member, This is illustrated
in figure 1. The formula assume that the siress is evenly
distributed. While the colored line shows the probable dis-
tribution of stress. X

So far, the discussion has teen about tars of s prismatical
forme Then, for centrally applield loads, the stress at
some distance from the end 1s nearly uniformly distriduted
over the cross-section, Abrupt chanzes in sross-section zive

rise to great irregularities in atress dlstribution. These

stress concentrations are represented in figure 2 by colored line.

-——\ i
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figure 1 fizure 2
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RORKINZ STRESSES

The nilcction of working stresses is of the utmost
importance to the engineer, and if the design is to be sound,
1t is essential that we have very clear i1deas regarding
them., If this faotorbia taken too high the structure may
prove weak in service, On the other hand, if the working
stresses are too low, the strueture bdecomes unnecessarily
heavy and uneconomical, In the case of Aduetile materials,
such as structural steel, it seems logleal to take éhe yielad
point as the basis for determining workinz stresses because
of considerable deformation which takes place at the yleld

point are seldom permissible in enzineering struotures.
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THE SPECIMINS

Statlio tension teats are the most common type of test
and are the most useful in revesling the true character of
the materisl, This type of test closely rensembles the load
that is put on a structure whers the effects of impaci a8
neileziable.

The steel used in ths test was a mild 20 carbon stesl,
This type of steel is commonly used 1n strustual wori,

All the test dars were cut form the same plecs of steel
whioh was sli;htly over 15 feet in length and whose nominal
dimenslons were 2 inches bty § inoh,

Ths first Lar to be made was the control bar (1lA).

This bar was msde so that there would e no stress concendrge
tionss This dar would sct as 1f it hed a continuous orosse
seotion dimension of 0,433 X 1,383,

Bar A has & sQuare cut notch, bar 3A has a hack saw out,
and ber 4A has & V notohe

Bay £A represents any one of the atove three severe
notched btars that has hteen hollowed outs

It should te noted that tho least orosseseotional dimen-
tiona of all the bvars aro the ssme.

Orisinally thare wore two speoimens made of each type,
after testin: these ten bLurs Lt wes necessary to ssike threes
more to obtaln more data for the conclusionse

The numbeors on each dar note a type of notch and the

letters notc the number of bars made of this types
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Purpose

1 To determine the effect that notching has on the
strength of ductile steel when 1t 1s statlioslly
loaded.

8+ To find where the stress is conesentrated.

Se To determine the safe use of notched ductile material.

3pecimen

1. Commeroial type, having & 2 inoh gage length and
cut to spesifications.

Toest Machine
All the tests were run on a Riehle universal testing
machine, The set up of the specimen can be seen in
the photographs. The speed of the cross head was
0.0658 1noches per minute.

Procedure

ls Punch mark a 2 inch gage length on the specimen with
the notch half way between the two punches.

2. Place the specimen in the holders so0 that it ia gripped
evenly by the jaws. Take up the slack in the system
by moving the cross head down and placing an initial
load of 2,000 lbs,

3+ Set the strain gage in place and olamp firmly. Zero
the stralin ga:e after the initial load ia applied.

4+ Record the gago readinz ani load to the elastis limit,
Then remove the zazge and load until eomplete failure,

Apply the load uniformly,.



RENMARKS

There was & sli;ht discrepency between b;rs SA and 3B so
bars 3C and 3D were made to find out more about the strength
of the spopimenf I¥ was then noted that bars 38, 3C, and 3D
tested about the same so the results of 3A were belleved to
be inaccurate, Bar 1C was made because there were not
many points obtained for plotting a rellisble gase-load
ourve, Due to lack of time, bar 1C was made rather hurriedly
and 80 the accuracy of the resulta are questionable. All
the other bars tested rather well as can be seen by Somparing

the curves of each type of notched bar,
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The test specimen in place
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Putting on the atrain gage
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Adjusting the strein gsge
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THE CONTROL

Before testing
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THI BQUARE CUT
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THE V-NOTCH

Before testing
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THE HOLLOWED OUT NOTCH
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REMARKS ON HOW SPECIMENS LKOKE

1A and 1B (The Control)

This was the control test sections It can be observed
in the photograpbi that the lines curved outward so the
yield was greatest in the middle of the section.

The yleld was more evenly divided in this specimen
than any othere. This 13 true of the yield in both the hori-
gontal and vertical directions. There was even noticable
yield beyond tho.g.go lengthe.

The Riehle grips are awelled in the center sc as to
grip the specimen hardest along its axis of symmetry.

This gives the same type of loading as would be done in a

riveted conatruction.

2A and 2B (The 3quare Notoh)

The specimen started to tear at the edges when it
falled, In this specimen the yield was greatest at the edges.
This ean be shown in the photozraphs by the way the vertical
lines bow out and the increase in the sige of the squares.
There is also consideranle yield in the center of the bar.

The yleld was over a 13" length,

3A and 3B (Haock Saw Cut)

This specimen started to tear at the edges. The fact
that 1t did start to tear at the edges was more pronounced
in this speciren then in any other, There was a hizh ocon-
centration of stress around the bottom of the hasck saw

cut. The yleld was over a 11" length.
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4A and 4B (The V Notoh)
This specimen started to tear at the edges. The stress
concentration was at the bottom of the V notch. The

yield was over a 2 3/8" length.

5A and §B

This piece broke in the center first as did the control.
The bar had its main stress concentration in the center
as did the control, However it also had streas concentration
~ at the change in section as dld the other notched specimen.
This can be prov?d by oblorvinglthat the lines bow ocutward
near the middle ind inward at the change in seotion,

The yield was distributed over 1 3/4%.
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CCNCLUSIONS

Ultimate 3trength Results

The reason that the bars had their correaponding
ultimate strengths can be shown by comparing the notohes.
The bar with the ‘evoroot notoh, the V notoch, tested
highest in ultimate atrength. The hack saw cut was the
seaond severest and was correspondingly second: in ultimate
strength. The square notch tested third higheat, the
hollowed out notch was fourth and the control _bars were
lowest in ultimate atrength.

The more severe the notch the more 1t resists the
necking down action. This can be preved by observing the
plotures after failure. The necking down action in the
severely notched bars was mainly confined fo the lonz side
of the oross-sectional area, The control bar negked down
on both sides of the oross sectional area. If there is
little necking down then there is more area to resist the

load and this acocounts for the range of ultimate strength.

The Proportional Limit

The proportional limit is defined as the greatest
stress which & material is capable of develpping without
deviatinz from the law of proportionslity of stress to
strain,

This is a common definition of the proportional limit
but it does not mention anything about the geometric shape
of the body. In the tests all the bars were of the same
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materlial and the geomeiric shape of the bar was ochansed,
The proportional 1limit of the bars varies considerably with
a changs in geometric shapes

The ¥V notch was hi hest in proportional limit, thae
control was second, the square anl the hollowed out notah
were about the same snd the hack saw cut was tho lowests
Thias tends to prove tho i1dea thut stress is transaitted in
1tnes in ductile materials, The V notch offera the least
resistance to flow of the stress lines ind therefore has
the hizhest proportionsl limit. The stress lines flow down
the sides of thz .V and the metsl on the sides actually help
reaise the proport: «. limit because tho reduction of area
is over such & small len:th, The cdbntrol tested second
highest in proportional limit beSsuse thore was no stress
consentratione The square notch and round notch had the
bad effect of stress concoentrations 7he metal at the sides
of the notches did not help in the proportlbnnl limit
tecause of the roduced area was over a lonzer lengﬁh than {n
the case of the V notah.

The haok saw had the hi hest strezs concentration and
therefore the loweat proportionsl limit,

This can slso be shown by the way the curves slope after

the proportional limit,

Yield Point and Yield 8tren;th
The yield point and yleld strenzth are about the most
important data obtalned from the test becausse they sre used

for determining the workin: stresa for structual members,
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In the case of structual steel the yield strenzth 1s defined
at 2 per cent psrmanent set limit. It can be observed from
the zraphs that the bars wcere in the following order of
yield strenzth, V notch, hack saw cut, square notch and
control about the same, and the hollowed cut bar was the
lowest.
General Conclusions

These static tonsil tests tend to prove that ductile
steel ﬁﬂrs with a severe notch are stronger than a bar with a
less sever® notch or a bar with the notch effect removed.
This i3 due to the.fact that as the severity of the nq;oh
increases, deforo-* a decronaoi. In a ductile matserial the
metal around the notch helps the strength of the bar if
the notch 1s severe enou;h. I recommend that more teats be
run to oonrifm the above results. The shape and variety
of notches could elao be incregsed to 7ive more data on

whieh to base conclusions,
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