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1.0 INTRODUCTION

Tower structures and power substation structures are
usually fabricated from equal a2nd unequal angle sections
because of their ease of fabrication and erection. These
advantages are a result of the baslie simplicity of the
cross—section. Unlike wide-flange, H or I sections,
angles can be connected together with a'miniqu of gusset
plates or elaborate Joints. In particular, é;ngle angle
‘members have been used almost exclusively in %he ma jority
of tower structures, -

In the design of'the structures of a Power Transmission
Line the economics ofifhe project 1s related directly

_.to the repetition which exists because of the quantity
of structures of any one type required. In general, a
transmission line consisté of a large number of standard
suspension towers and smaller quantities of special
structures. These latter structﬁres are used‘at points
where the line chenges direction or where other particular
load4 carrying capabilities are required. In =2 long powver
line, as many as 1000 or more standard suspension towers
may be reqguired.

Most members of a tower océur at least four times in
the sfructure or even oftener because of its symmetry and
the fact that at least the opposite faces are alike. Thus,

o
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a particular member in s suspension tower may be repeated
over 4000 times in the full transmission line. Obviously,
if the design load in such a2 member can be adequately
carried by a single bolt rather than two bolts in eéch
end connection, the possible saving amounts to 8000 bolts
and the punching of 16,000 holes. It 1s savings of this
order which make the single bolted, single angle connection
economically attraétive to industry. Note that this feature
1s equally ettractive vhen the fleld erection of the
structures 1s considered. Every bolt which can be eliminated
in the design, 1is one léss bolt to be installed and tightened
5y hand. v
- In addition to having an effect on the design of
connections, the multiplicity of one tower type in a
transmisdion line necessitates the use of the lightest
members possible if the design';s to be selected from
amongst competitive designs.
Thus; the aim of the designer of a transmission tower
s to arrive at a structure consisting of a‘bombination
of minimum size, minimum‘thicknesé members connected by
a minimum number of bolts. This structure, 1h turﬁ, must
support a load which exceeds the lozding imposed during
a full scale tower test.
- Obviously, the minimum connection in a minimum size
member 1s the single bolted single angle as discussed

herein.
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In the design of guyed masts, the long straight;
sided shaftsvof these structures are similearly suited
to the use of single angle members. In sguch masfs the
repetition of the basic bracing system makes the use of
single bolted connections economically attractive for

the same reasons which apply to Transmission Towers.

1.1 SINGLE ANGLE MEMBERS

Photograph No, 1 indicates‘typical single anglé
members fastened by single bolts as used in a transmission
tower. Photograph No, 2 shows the angle bracing members
of a guyed mast connected by single bolts. Figure 1.1
shows the end portion.of a single angle with one hole
for a connecting holt., This figure defines the end and
edge distances and relates these to the punching gauge
ag well as to the heel and toes of the member. Photograph
No. 3 shows a single angle as fabricated. Note that the
end of the plece has been sheared and the hole punched,
These are typlc=2l fabrication techniques used in production
tower shopé for all but the very largest angle sizes.
In general, shearing of angles is not replaced by saw
cutting unless the section is 8 x 8 or larger, Punching
1s used in medium steels for all thickﬁesses up to and
equal to the bolt diameter. For thicker material the
holes are drilled from the solid. In some special connections
or speclal structures where fit is of particular importanée

the holes may be sub-punched and reamed to the desired
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final size or drilled full size using a steel templet.
In that these latter methods are spescial, they are not

consldered in this paper,

1.2 RESULTS OF PAST TESTS

Testing of angle connection was done in 1929 by The
Canadian Bridge Company and The American Bridge Company
working in collaboration, These tests 1ndicated that
with the steels then avallable, with a guaranteed
miniﬁum yield point of 33,000 p.s.i., some of the
smaller angle slizes would not develop the bearing capacity
of thevmaterial or the shear cepacity of a standard tower
bolt. In particular,.l—l/z x 1-1/2 x 1/8, 1-1/2 x 1-1/2 x

.3 3/16 and 1~-3/4 x 1-3/4 x 3/16 angles were found to fail

| through the edge at relatively low loazds. This fact was
taken into consideration by introducing appropriate
Ifeduction,factors into the permissible bearing stress or
bolt shear values used with these sections; Note that
1-3/4 x 1-3/4 x 1/8 angles are not included in the list of
exceptions. . It was found that with standard gauges the
bearing capacity of 1/8" material, which cannot be developed
in an angle 1-1/2" wide, can be developed with 1-3/4" i
of width, For all other angles tested, it was found that
full bearing or the bolt shear capacity could be developed
wlth standerd gauges snd end dlstances.

One of the very slgnificant results of these 1929 tests

was the conclusion that permissible bearling stresses equal
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to twice the permisgsible tension stfesses of the connected

material were acceptable when using unfinished tower bolts.
In 1961, Dosco Industries Limited, Canadiasn Bridge

Division, carried out another series of tests, Thése

tests were 1nst1tu$ed in view of the increased use of

high strength steels,both for tower members and bolts.

Table 1.1 1ists-the steels which are commonly used in

the febrication of towers in Canade, while Tabie 1.2

gives the physlcal properties of both standarnd tower

bolts and high strength structural bolts. ?
The purpose of the 1961 tests was to evaluate the

reliability of the reduced bearing values for the smaller

angles, a2s concluded from the 1929 tests, when epplied to

the newer high strength steels. Unfortunately, these

.never tests were neither extensive enough nor documented

enough to lead to any reliable conclusions. In order to

overcome these shortcomings and_yield some significsnt

~

results, the tests reported herein were instituted.

1.3 TESTS ON FLAT BARS

George Winter has reported in his."Tests on Bolted
Connections in Light Gage Steel" (8) that four distinct
fallure patterns are possible depending upon the magnitude
of the pertinent variables. These fallure types are:

1. ‘"Longitudinal shearing of the sheet along two

practlically parallel planes whose distance equals
the bolt-diametpr; this type occurred for relatively

ghort 'edge' distances e."
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II, "Shearing-Tearing along twoﬂdistinctly 1nc11ned'
planes with considerable "piling-up® of the
material in front of the bolt; this type of
failure occurred chiefly for long "edge" distances e',
111, “Transverée Tension-Tearing across the sheet!
IV. ‘"Shesring of the bolt, with more or less pronounced
preceding elongation of the hole."
(Note that "edge" e as referred to by Winter le equivalent
to Y"end" distance as referred to here and as defined
by Figure 1.1). _ |
Based on his findings; Winter deriveq empirical relation-
ships fqr flat bafs which will indicate the expected
ultimate capacity of the bar and the mode of failure,
either I, II, III or IV as listed above. | .
The work reportedAhere was undertaken in the hope that
similar empiricsl relationships could be derived for single

angle members,
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2.0 EXPERIMENTAL WORK

A total of 60L samples were tested and the results
thus obtalned were combined with the results of 117 tests
conducted by Cenadisn Bridge in 1961. All samples were
fabricated by Canadian Bridge Divlision as regular production
work, not as specisl work, That 1s, all pleces were cut to
length by shearing, all holes were punched éqg no speclal
efforts were given to accuracy of shearing or:punching
beyond what might be expedted in regular prodﬁction of
smal) members. Each test section was fabricated from
materlal asvallable from Canadian ﬁridge Division stock
with no attempt made to pick materizl with any particular
.adherence to the specified size. That is, no checking
was done on elther width or thickness against the appropriate
fabrication specificstion (9). |

For the 604 new tests each sample was made nine inches
long while the 1961 tests used samples from nine inches
up to 1'~-4;1/4" long. Most of the 1961 test pieces were
the former length, | o o -

Figure 2.1 shows the generzal detail of all test pileces.
Note that two bolts were used for connecting one end while
the test end used only one bolt. All three bolt holes
were punched on a common gauge line for simplicity of

fabrication. In most cases all samples were galvanized

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



. e

fhe same as regular transmission tower steel. A few tests

were strain gauged, in which cases galvenizing was

eliminated in order to provide a surface which was easler

to prepare for attachment of the gauges. Some test pleces

were left ungalvanized in order to expedite delivery.
Preparation for galvanizing included shot blast cleaning

in a tumble blast machine followed by a short "flash®

pickle in scid.

2.1 VARIABLES CONSIDERED

Consideration of the load carrying capacity of a single
angle connection leads to recognition of a number of factors
which do have, or may have, a significant effect on the

. load carrying capacity of the connection.

In this report, the following factors have been consgidered:

“(a) End Distance

(v) Edge Distance

(c) Thickness

(d) Yield Strength of the Material

(e) Ultimate Tensile Strength of the Material.

In addition to the foregoing, the following factors will
also contribute to the ultimate capacity of a connection:

(f) Tolerance on End Distance , 4
(g) Tolerance on Edge Distance B
(R) Variations in Yield Strength throughout the

‘ material.

(1) Variations in Tensile Strength throughout
the material.

(3) Mill Tolerances on the section profile (9).

2 ; Genersal Condition of Sheared or Punched Surfaces.
General Condition of the Rolled Surfaces, that
1s, as rolled, compared to slightly or highly
rust pitted.

(m) Hole Diameter

e
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In that items (f) to (m) inclusive are factors which
exist in industry and cznnot always bé economically or
conveniently messured or regulated, this study has made
no attempt to investigate their signiflicance.

Item (m), hole dismeter, results directly from bolt
dlameter if tolerances in the punched slze are 1gnored.
The majority of tower structures built in Can=da use 5/8"
dizmeter bolts in 11/16" diameter holes, therefore, this
study has becn restricted to investigating connections
using this éize holes.

Items (h) and (1), the variations 1in yield strength
aﬂd tensile strength,-throughout the material, are .
recognized in industry, but ignored for practical purposes.
It 1s recognized that in a hot rolled structural séction,

such as an angle, the mechanical properties will change

across the profile. Also, changes can be expected through-

out the length of the material as rolled. In spite of

these variations, it 1s standard practice to accept the

mill test report for one test of a given profile in a

given ‘heat zs being representetive of all of that profile

produced from the heat. o 3 -
For the investigation reported herein, two criteria’

have been adopted relative to yleld and tensile strengths.

The 1961 Canadian Bridge Divisgion tests were condﬁcted

in two different groups but tension coupons were not tested

at that time. In order to evaluate the yleld and ultimate
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10

tensile stresses in these tests, for each section size
represented in a group, one tension tést coupon was cut
from a bolt test sample. Note that thls procedure assumes,
for example, that all of the 1-1/2 x 1-1/2 x 1/8 material
in the April, 1961 tests was cut from one stock 1engﬁh;
For the newer tests, fabrication was carried out st
four different times, thus four different sets of tension
test coupons were made and tested. Also, when it was
known that all of the piéces of a psrticular section in

a production run could not be cut from one stock length,

a tension coupon was prepared from each stockvlength used

in production.

2.2 SCOPE OF INVESTIGATION

The following varisbles have been considered:
End distences from 3/4 to 1-~3/4 inches in increments
of 1/8" | | o
Edge distances from 5/8 to 1-3/8 inches in increments
of 1/8"‘ B
Thickness of 1/8", 3/16% z2nd 1/
Two/grades of steel, medium and high strength.
Figure 2.2 shows the totél number of tesfé made for
each combination of end and edge dlstance used.
Both the end and edge dlistances investigated go beyond
the ranges usually used in industry for single bolt connections
in order to permit the fitting of a.reasonably long curve

to the plotted results.

T
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The thicknesses used, 1/8", 3/16" and 1/4" are by far
the commonest thicknesses for single angles used with
single bolts, .

The grades of steel used are in two #ery broad classes,
medium and high strength. The medium grade includes C.S.A,
G40, 4 and A.S,T.M, A36 steels with propertlies as per Table
1.1. The high strength grade includes C.S.A, Gh6.6,

C.S,A. G40.8 and RB60O steels, again with properties as
per Table 1,1, It should be ndted that both the GLO. L
and A36 specifications place no upper limit on yield
strength, thus 1t ls possible to have so—~called medium
steel with a yleld strength higher than that of some of

. the high strength steels. For example, referring to
‘Table 3.5, the 2-1/2 x 2-1/2 x 1/8 A36 steel of the 500
’Series Tests has a yleld strength of 51,200_p.é.1., while
the 2-1/2 x 2-1/2 x 1/8 G40.8 of the 600 Series Tests has
a yield stréngth of only 44,550 p.s.1i.

In all cases, the high strength samples were selected
from avallable material in Caradian Bridge Dlviéion stock.
This criteria accounts for the rather random assortment
of materlals used,but was unagvolidable, in that the total
of all samples of one grade and profile would not represent
enough material to Justify'a special rolling of the»require—
ment by a steel mill, Most Canadian Mills will not accept
orders for less than 25 tons of one angle section.

The desire to investigate two grades of steel, combined

with the necesslity of using available stock material,
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resulted in some of the samples beiﬁg fabricated from
material which had been stock—piled for some time and,

as such, was badly rusted. After shot blasting, pickling
and galvanizing, the resulting surface of the sémplesb

was noticeébly pitted, as shown in Photograph U4,

2.3 TENSION TEST SPECIMENS

All tension test specimens.were fabricated in accordance
with Figure 2.3. The specimens for the new tests were
not galvanized when tested in that under normal circum-
stances in industry, tension tests are performed on the
black, as-rolled steel at the rolling mill, The results
thus obtained are applied directly to the galvanized members
of a complete structure without modification.

For the 1962 Canadian Bridge Division tests the tension
specimens have been cut from the 0ld bolt test members
and, as such, were galvanized, Any'change in either
Yield strength or ultimate tensile strength due to shot
blasting, pickling or galvanizing has been disregarded
as aAminor effect, For practical purposes, in industry,
this effect 1s absorbed in the Factor of Safety of the
complete structure under consideration, ’

Note that the tension test specimens used are shorter
and narrower than those specified in C.8.A, Standard G40.1 (9).
The length used was derived from the‘full length of the
1962 test pieces. The width used was dictated by the need
to cut the 1962 test piéges without ineluding the plece

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



mark which is stamped into the steel,

2.4 TESTING PROCEDURES

A1l tésts, both the 1962 séries énd the newer series,
vere made on a Tinius-0Olson Hydraulic Testing Machine of
200,000 pounds capacity, with three load ranges,léf which

 the two highest, 30,000 1b. and 120,000 lb. respectively
wvere used. |

In 811 tests, the ultimate lcad recorded is the
maximun feading observedvbefore the load fell off, All
attempts to note a distinct yleld point ss was done with
the tension coupons failed. For all tests, the load
indicating needle rose contlnuously from the beginning
of the loading cycle until 2 maximum was reached, and
then the needle fell back. In no cases was the load
observed to increase agein after the first fall-off at
maximum load.

In many cases, particularly with a combination of
large end and edge distances, the rate of ioading was

observed to slow down ﬁoticeably until fallure occurred.

2.4.1 - SINGLE SHEAR TESTS
Most of the tests were made with the bolts in
slngle shear as shown in Photograph 5. The heavy

prlates used to form the connections with the test
angles were 7/8" thick A36 steel. It was found that

after several tests the holes in these plates elongated
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to such an extent that the bolts would ﬁove consider—

ably out of their line at right angles to the plane

of the plate; Later tests were made using hardened

steel plates in order to minimlze this secondary |
 effect.

Connection slip was eliminated by applyling 2an
initial load of approximately 200 to 400 1bs., with
the bolts finger tight. After application of this
load all bolts were tightened to the maximum possible
using a 14 in. ratchet wrench. This hand torqueing
is simllar to that used in field erection of tower
structures.

For those tests where the expected ultimate load
was greater than the shear capacity of a standard
tower bolt, high strength structural bolts to A.S.T.M,
Spécificaﬁion A-325 were used. All bolts were used

with a flat washer under the nut.

2.4.2 DOUBLE SHEAR TESTS

When test loads were expected to exceed the capacity

of high strength bolts, a double~shear type connection

was used, as shown ih Photograph No, 6. This connection

does not provide equal loads on the two shear planes
of the bolt but did provide enough redistribution of
the load to the second shear plane to eliminate bolt

-fallure before faillure of the test angle.

T’ efs
e &
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A small initial bolt load was applied before
final tightening in all double shear tests, as

described above for single shear tests.

2.4,3 STRAIN GAUGED SPECIMENS

Four tests were conducted with the specimens strain
gauged at points of critical stress concentrations.
Figure 2.4 indicates the dimensions of these specimens and
shows the location of the gauges. Note that pleces
719~A and B are made to fail through the edge’while
piéces 734~C and D are made to fail through the end.

- Specisal plate washers, which are visible in Photograph
No., 7 were used oﬁ these four tests. These washers
had longitudinal grooves machined in one face to
provide clearance for the wiring to the gauges. This
technique had the effect of spreading the clamping
force of the bolt over a largér area than is the case
when a standard washer is used. Also, because of the
grooves in the plate washer, the clamping force at the
-two edges of the hole at right éngles to the 1bng1tudina1
axis of the test angle was eliminated. It is not
believed that these~vériations in clamping pressures -
had any significant effect on the ultimate lecads
carried by the specimens.

Photograph No, 8 shows a specimen in the test machine
and the equipment used in reading gauges. This equipment

conslsted of Budd Datran Digital Strasin Indicator,
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Switch and Balance Unit, Polarity Trahsposer and
Printer Control Unit, along with a Victor Digit-Matic
Printer.

All gauvges used were Séries EA Strain Gauges as
manufzctured by Micro-Measuremente, Inc., Romulus,
Michigan, with a gauge length of one-—sixteenth of an
inch.

Photograph No, 9 shows strain gauged specimens after
testing. The arrangement of gauge wires parallel'to
the 1eng£h of the angles 1s provided so that the

grooved plate washer will étraddle these wires.

2.4, DERIVATION OF YOUNG'S MODULUS

The derivation of Young'!s Modulus was based on values of
strain read from electrical resistance strain gauges. Each
tension coupon wés Titted with one gauge on each face and the
average strain readings thus availlable from the two gauges
were used in calculating Young's Modulus. ‘

Photograph No. 10 shows two tension coupons after
testling with the gauges visible adjacent to the fractures.

These gauges are the same as those used on connection tests.

2.4,5 MEASUREMENT OF HOLE ELONGATION

On some of the connection tests, hole elongation was
‘measured by use of a disl gauge calibrated in thousandths of
en inch. The arrangement used provided a measurement of»
total elongation between the loading plates and a point on

the specimen Just beyond the connecting bolt, With this
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‘arrangement, the elongation measured includes some axial
stretch of both the angle under test and the loading plate.
In view of the total elongation of the holes these effects

are quite insignificant.

Ve
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3.0 EXPERIMENTAL RESULTS

Tables 3.1 to 3.6 inclusive record the results of
"tension tests for all steels used in the connection tests.
This record includes coupon cross—-sectional dimensions,
yield load, ultimate load, yleld streés and ultimate tensile
stress. In those cases where more than one test coupon
was made for a giveh angle size in a given test series,
the test résults are averaged. This averagling is shﬁwn
in Tables 3.2, 3.4 and 3.6;
Tensile coupon testing revealed the Justification for
\one of the design engineer's concerns in using high strength
ksteels. As noted in Table 3.6 the 2.x 2 x 1/8 Angle used
for Tests 701 to 704 inclusive was called for as RB60 steel
with a minimum yield strength of 60,000 p.s.i. In that
the tension coupons gave an average yleld strength of
48,600 p.s.i., it is obvious that a mistake has been made
in the handling of the stock material used here. ©Such a
mistake 1s-dﬁ§iously éasy to make and can have serlous
conseqﬁences'in the fabrication of a2 structure. -
Tables 3.7 and 3.8 record the results of all connection
tests. These results have been modified by use of the
following equations:

g, = P _ ana gfug P

y txdxogy t xdx 0

18
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B

Ultimate Test Load — Pounds

Where: P=
t = Thickness of Test Specimen ~ Inches
as= Diameter of Bolt ~ 5/8 inches
oy o Yield Stress of Material ~ Pounds

Per Sguare Inch

oy = Ultimate Tensile Stress of Material -~
Pounds Per Square Inch '

Note that ﬁy and dﬁ are dimensionless quantitiles.

All of the values recorded in Tables 3.7 and 3.8 are

‘the averages of fhe numbérs of tests given in Figure 2.2,
Thus, in the extreme cases the values of ﬁy and ﬁu are

based on the average of 3 or 23 tests,

3.1 STRAIN GAUGED TESTS

The results of strain gauged tests to evaluate Young's

Modulus are given in Figures 3.1 and 3;2. Figures 3.3, 3.4

3.5 and 3.6 show stress versus connection load for the four
strain gauged connection specimens. Note that in these
latter figures the values are shown for only three of the
five gauges for simplicity only. In each test the results
for Gauges 1 and 2 compared favourably while Gauges 3 and &4

were similarly comparable.

The significant points in these tests are the relatively

low loads at which the first yielding of the material occurs.

Taking Test No. 719-A as an example, this specimen failed

through the edge at 11,800 1bs. but ylelding occurred at the

19

slde of the bolt hole adjacent to the edge at a load of 3000 1lbs.
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The side of the hole remote from the toe of the angle
ylelded at 5,000 1bs. load but the end of specimen did not
yield until the load reached 10,250 lbs,

3.2 MEASUREMENT OF HOLE ELONGATION

Figures 3.7, 3.8 and 3.9 record load versus hole elonga~
tion for 1/8, 3/16 and 1/b inch thick samples respectively.
These samples were all made with lerge end and edge distances
in order to develop high values of the failure rupctidns g.

The 1/8 inch thick specimen, No, 316—4, t; which Figure
3.7 epplies, was loaded in single sheaf usingAg high strength
bolt. In this case the cholce of a single shear connection |
was not a good cholce as loading had to be stopped before
the angle failed as the possibility of a bolt fallure became
imminent. Bolt failure, particularly failure of a high

.sfrength bolt, was deiiberately avolded because of the
possibility of injury to personnel or damage to equipment

1f a bolt sheared. In those cases where high strength bolts
did shesar unexpectedly the bolt head literally sh&t across
the labratory with rather frightening force.

The 3/16 inch thick specimen, No. 335-4, of Figure 3.8
falled prematurely as 1ndic=ted in the figure. Thisg faillure
of course terminated the test. In the case of the 1/4 1nch‘
thick specimen, No, 367-4, failure was not reached as load-
irg was stopped to eliminate double shear failure of the
bolt. The three test pleces of this seriles are shown in

Photograph No, 11.
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3.3 TYPES OF FAILURES

Disregarding the few tests where bolt fallure occurred,
which are not of immediate 1ntere§t in this study, the angle
fallures are broadly designated as end or edge fallures as
shown in Figure 3.10. This figure clearly 1ﬁdicates that
faillure through either the end or edge of asgpecimen 1s a
distinct fuhction of the particular combination of-edge and
end distance involved. Also indicated 1s the definite
transition line between.failure types whether elther end or
edge type failures can occur. |

More pafticularly, failure types can be classified into
four types somewhat as done by Winter (8). These types are:

I. Fallure of the end in a distinct combination of

bending and shear acting upon the portion of the
member between the end and the bolt hole. The

top specimen in Photograph No. 9 shows thls failure
type. g |

II. Fallure of the end aloﬁg two distinct inclined

shearing—tearing planes radlating from the sides

ofwfhe hole toward the end of the specimen,

III, Failure of the end, as in Type II, along two -

distihot inclined shearing-tearing planes radiating
from the sides of the hole toward the end of the
specimen, accompanied by'noticeable piling-up of
the material 1h front of the bolt.

IV. Fallure at the edge of the specimen with the

fracture originating at the edge of the hole,
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progressing to tﬁe toe of the angle and accompanied
by necklng'down of the edge material,

These fallure types are illustrated by photographs 12
and 13. Photograph No. 12 shows the pattern of failures for
a constant 1-1/8 inch edge distance with end dlistances
ranging from 3/4 inch to 2 inches in 1/8 inch increments.
Photograph No, 13 shows fallures for a cﬁnstant 1-1/8 inch
end distance for edge distances from 5/8 inch to 1~3/8 inches
in increments of 1/8 inch. | . .

As shown by the two specimens on the left: of photograph
No. 12, Type I failures occur only with very short end
distences. In all cases of Type II and III fallures the
actual final fallure and drop-—off of the load oécurred only
when a crack formed at the extreme end of the specimen 2nd

- propogated inward to Join one of the cracks propogating from

the edge of the hole toward the end of the specimen. Type II .

and III failures are basically the same but Type III was more
noticeable in 3/16 and 1/4 inch thick material thén in 1/8
inch thick materiel. Also, and quite obviously, Type II
fallures océu; with shorter end distances than those which
develop Type III failures. R -
A gecondary effect was noticed in the case of some 1/L
inch thick high strength angles. This was the bending of the
bolted leg of the.specimen outside the blane of thatlleg.
Photograph No, 14 illustrates the nature of this localized

bending.
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In ﬁost cases the overall bending of the specimens,
due to the eccentric application. of fhe load relative to
the neutral axis of the cross—sectlon, was quite apparent.
This effect showed up only at or very near the ultimate
load but at this load the effect was quite pronounced in
some cases. Photograph No., 12 illustrates this bending
in some of the specimens. | :

Elongation of bolt holes at fallure is an expected

result which Photographs 12 and 13 clearly indlcate.

3.4 ERRATIC RESULTS

Review of individual results in terms of the dimension-
less quantities F revealed that some quite erratic results
were obtained. When it 1is reballed that all specimens
were produced as regulaf production wofk in a structural -

' steel fabricating shop and no attempt was made to select
material which conformed exactly to its specified size then
1t 1s obvious that erratic results should be expected.

- C.S.A, Specification G40.1 - 1966, Reference 9, permité
the width of 2 or 3 inch angles to underrun by a maximum of
1/16 inch. In practice the gauge distance may over—run by
1/32 inch, thus the edge distance may under—run by a total ]
of 3/32 inch. Such an under—-run when compared with the net
width of a 5/8 inch edge distance represents a 30% 10?3 of
effective area. Also, C.S.A, GMO.1~1966 permits the thick-—

ness of 2 to 3 inch wide angles to under—-run by as much as

6.9%
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As mentioned under 3.0, "Experimental Results", a
material mixup occurred in the fabrication of Test Pieces
701 to 704 inclusive. The detection of this obvious
error in one case automatically introduces the possibility
that similar errors may have occurred in other cases.

Thus the combination of sections which-under~run,
gauge distances which over—run and the possibilitj of the
wrong materlial being used introduces a strong possibllity
of erratic results and these ére accepted as g, natural

_resulﬁ of the general conditions prevailing in:these tests,
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.0 ULTIMATE LOADS AND FAILURE FORMULAE

As indicated under "Experimental Results", all ultimate
test loads were converted into the quantities iy and 4,
which are functions of the yileld stress and ultimate tensile
étress respectively. The form of g is attributable more
or less directly to the work reported b& Winter (8) for his
Type I and II failures. | - _
In Figures 4.1 and 4,2, ¢y ig plotted agé;nst edge
distance for various values of end distance. These figures
are alike except for the end dlstances represented in each.
Two figures have been used to avold the confusion of points
which results from superimposing too many points on one
_figure. In eaéh case, Tfor a given end distance the average
value of ¢y for end failures has been indicated by a
horizontal dashed line. The length and horizontal location
of these lines indicate the range of edge'distancéé over
which they apply. These rangee in turn are as indicated in
Figure 3.10 for end fallures, '
The averagé values of Figures 4.1 and 4.2 for end .
failures are shown in Figure 4.3 with $y plotted against
end distance., Note that this figure represents end faillures
only. For each of the plotted polnts the average value of
the function 1s shown along with the number of tests

represented by the average. Use of these points with the

© 25
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method of leagt sguares and regression, see Neville and

Kennedy Reference (12), gives the expression
'¢y = 2.011 x 4 0.374 (4,1)

_ Where =x = End distance in inches

This line is shoﬁn in Figure 4.3 by the dashed line. The
calculation of this equation 1g given in Appendix A as an
example of the least squares'and regression method.

In a similar manner, the-plotting of ﬁy against end
distance in Figure h.ﬂ-and,averaging values of the function
for edge failufes at particular values of edge distance
leads to Figure 4.5. This figure 1s>sim11ar to Figure 4.3
~which indicates the vériation of ¢y with end distance for
iend fallures, while figure 4.5 indicates the variation of
gy with edge distance for edge fallures.

In Figure 4.5 the linear equation derived by the

method of leasst~squares and regression ls:

g, = b.o2h5y - 0.687 (4.2)

“Where y S Edge distaﬁce in inches

This line is ghown by the dashed line in Figure 4.5
and has also been shown in Figures 4.1 and 4.2. Similarly,
Equation 4.1 has been plotted in Figure L. &,

L,1 FAILURE FORMULAE BASED ON ULTIMATE TENSILE STRENGTH

All of the Figures 4.1 to 4.5 inclusive and the two
equations 4.1 and 4.2 indicate the variations of éy which 1is
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defined as a function of yleld stress. With the substitution
of 4, for #& or ultimate tensile stress for yield stress,
Figures 4.6 to 4,10 result, Again, by using the method of
least squares and regressioﬁ the rélationships_between the

function and end and edge dlstances are:

gy, = 1l.bb7%x + 0,268 (4,3)
g, © 3.058Y ~ 0.650 | (b.4)

Where 'x = End Distance in Inches
Where y = Edge bistance in Inches

These lines are shown as dashed lines in Figures 4.8
and 4,10 respectively, and have in turn been superimposed
on Figures 4.9, 4.6 and 4.7.

It can be noted here that Equations 4.3 and 4.4 for 4,
when taken simultaneouély, define two planes in the three
dimensional x, y,.ﬁﬁ co~ordinste system. Similarly, Equations
L,1 and 4.2 define two pignes in the X, ¥, ﬁy co~qrdinate -

gsystem., More is sald about these double planes later.

L,2 STATISTICAL BASIS OF FAILURE FORMULAE

For the four Equations A4.) to 4.4 a check of the
correlation of each was carried out using the methods.of
Neville and Kennedy (12). This study indicated that for each
line the correlation is virtually perfect. An example of
thesé calculations 1s confained in Appendix A. The correlation

coefflclients found are:
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Equation 4,1
Equation 4,2
Equation 4.3

Equation 4,4

r

r

1"

o3
>

-
Lol

0.997
0.994
0.998
0.998

In order to Justify the use of the method of least

sguares and regression in arriving at Equations 4.1 to 4.4,

Bartlett!s Test was performed to compare the variances of

-the dzta. For simplicity these tests were performed on mean

values of the function £ rether than individual values.

This simplification 1s Justified when it 1s observed that

in Figure 4.3 for example, one point 1is the mean of 112 tests,

This same point is represented in Figure 4.1 by the

horizontal dashed line labelled 1" End, Ave. 2.467. The

average in this case 1s derived from the five plotted points

of Figure 4.1. Thus, in Bartlettt!s Test for the data of

‘Figure 4.3 ann value of 5 replaced ann of 112,

in computational effort i; thus obvlious.

The reduction

For all four Bartlett's Tests the results indicate theat

the variances are homogeneous and as such the use of the

methods of least squares and regression is permissible. The

values of x? as calculated are given below along with

tabulated values for a 10% level of significance.

calculation 1s contailned in Appendixz "A",

A sample
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Values of %2

Equation No, Calculated Tabulsted, 10%
4.1 ' 13. 289 15.507
b2 | 9. 745 11.050
5.3 _ 8.298 15.507
bob B 6. 645  11.050

In addition to the above noted statisticalA1ﬁvest1gations
21l of the values of ¢& and ¢u‘for congtant end distahces
as plotted'in Figures 4.1, b,2, L,6 and 4,7 and the values for
constant edge distances plotted in Figures 4.4 end 4.9 were
1nfestigated statistically.' In each case the method of
least squares and regression was used to obtain the regression
line over the appropriate range. For each regression line
thus derived the glope was tested for significant difference
from zero, These tests'indicate thaﬁ of the thirty
regressiocn lines thus investigated four are different from
zero at the ten per ceﬁt_levei of significance. The
statistical significance of four in thirty was not investigated
end the average values of # for constant end and edge
values were ﬁsed in developing equations 4.1 to 4.4 zs

previously described. J -

L4.,3 CONFIDENCE LIMITS FOR FAILURE FORMULAE

- For the fallure formulae given in Section 4.1 it should
be noted that the fallure function g 1s an estimste. Using
the methods of Neville and Kennedy (12), the confidence limits

of the regression estimates were calculated for each formula,
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As pointed out in Reference (12) these calculations lead
to a hyperbolic curve, which may be mathematically
correct but is inconvenient to use in practice.

F, S, Acton in his book "Analysis of Straight Line
Data", Reference (13) gives a method of converting the
confidence 1limits from their hyperbolic form to two
straight lines. Obviously the two straight lines.are
preferable for practlcal purposes but not as convenlent as
a single straight line. 'When.it 1s remembered that 1t is
hoped that the resﬁlts contained here will be put into
dally use in industry the pbssible convenience of a single
-gtraight line 1is quite apparent. With this in mind the
following a@proximation was introduced.

Beczause of the symmetry of the cohfidence 1imits
about the mean value of the function; the confidence interval
at two points equally spaced above or below x or y are |
equal., Also, the confidence interval increases with

increasing distance from the meén value of x or y. Taking
the regréssion line of Figure 4.3 as an example the mean
value of ehdwdistance X is 1-1/4 inches. Thus the

- confldence inﬁerval at two points equally spaced above or'
below x equal to 1-1/4 1ﬁches are egual, If now we

calculate a given confidence lnterval at the points most
distance from the mean value of x , thst is at 3/ and 1~-2/L
inches and apply this interval over the complete range shown,
we have a line which possesses the given level of significance
at 1ts extreme ends and a lessgser level of. significance at other

points,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-

Appendix A'contains the calculation of the confidence

limits for Equation 4.1 which leads to the Equation

yﬁy 2 2,011 x 4 0.279 (L.5)
This line 1s shown in Figure 4,3 and indlcates the value
of gy at the ten per cent level of significance.

Similar calculaticns give:

g, = L,o2hk y = 0,901 (b,6)
§, = 1.7 x ¢ 0.208° = (4.7)
fy = 3.058 y ~ . 0,745 P (4.8)

These lines are each shown in Figures 4.5, 4.8, and 4.10
respectively and each.represents the glven function at the

ten per cent level of significance.'

i L,bL RANGE OF END AND EDGE FAILURES

As mentioned in Section 4.1 the foregoing equations for
gy and gy each occur in pairs as functions of x aﬁd 'y ‘thus
defining two planes in the x, vy, éy and x, y ”ﬁﬁ
co-ordinate systems respectively, By combining the equations
of the preceding section the following_equatiohs result,

In the x, vy, ﬁy system y 8 0,500 x +4 0,293 (4,9)

In the x, y, #; system y = O0.473 x + 0.312 (4.10)

These equations define the dividing line between end and edge

31

type fallures in the x - ¥ plane. Superimposingtthese équationé

on Figﬁ;e 3.1 gives Figure 4.11. The agreement between these
lines with those combinations of end and edge distances which

produced both end and edge type fallures should be noted,
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5,0 COMPARISON OF RESULTS WITH TESTS ON FLAT BARS

George Winter, in his paper "Tests on Bolted Connections
in Light Gage Steel", (B8) found that fallures which correspond
with Types I, II and III as used here, group in a satls-—

factory manner around the straight line

P = 1.40 e (5.1)
d} t ,
Where P, oy and t are as previously defined

While e = End Distance x as used herein
If this equation ls re~written in terms of the failure

function dy the result is

g = __ P 5 _1.k0 x
y dxtx o& d

| Substitution of 0.625 inches for the bolt diaméter a
gives the following straight line which has been shown in
Figure 4.3 | ) |

g, S 2.2h x = (5.2)
The agreement between fhis expresslion and equations
h,1 and 4.5-1§ quite good.
Winter indicates that Equation 5.1 applies for values
of x/d not exceeding 3.5
This 1imit can be restated for 5/8 inch diameter bolts
a8 X not exceeding 2.19 inches, Use of this upper 1imit

gives

By Max g 2.2bx 2,19 = 491

32
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For the tests reported herein, an end fallure was
not produced at a value of x as high as 2.19 inches and a
value of ﬁy as high as 4.91 was not produced. Thus,
Winter's upper 1imit is not confirmed in these tests but
neither 1s it refuted. In those cases where X was
greater than 2.19, end failure was not obtained as edge
failure occurred first., The highest average value of ﬂy
obtained was U4.784 for an end and edge distance of 2 inches
and 1-~3/8 inches respectively. The test of Figure 3.7 with
an x of 2 inches was loaded to a maximum ﬁy value of
b,6 without failure thus approaching Winter's maximums.

For transverse tearing Winter suggests thst these

Efailures can be represented by

op = (0,10 4 3.0%) o, £ 6, (5.3)
Where o, = Stress on the Net Section - P.S.I.

aa = Ultimate Tensile Stress -~ P.S.I,

a = Bolt Diameter - Inches

s & Width of Bar — Inches
This éxpréssion applles to single bolted bars of width
& with the bolt on the longitudinal éentre line of the bsr.
For comparison with the failure formulae 4.4 developed herein
for angles, the width of the equlivalent flat bar must be

calculated.

Reference (14) defines the net section of a single angle
connected by one leg asg the net area of the connected leg plus

one half of the area of the unconnected leg, Using this
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criteria and assuming that angles with equal legs are
gauged such that the gauge distance and edge distance are '
equal we have _
S = 3.0y (5.4)
Substitution of this value of S into Equation 5.3 givés
gy ® 4.8 y~-1 for y <« 0,694 Inches (5.5)

g, = (b.8y-1) (0.10 + 0.625y for y > 0.694 Inches (5.6)
y .

These equations are shown in Figure 4,10 labelled S & 3.0 y
This curve is not very close to Curves 4.4 and®h.8 as shown
in the figure. By trial and error the use of é S 2.25y
leads to , |
gy = 3.6 y ~:1 For y < 0.926 Inches (5.7)

gy = (3.6 y -1) (0,10 + 9,833 ) For y>0.926 Inches (5.8)
y

These curves are also shown in Figure 4,10, labelled

S % 2.25 y, and are in fair agreement with Equation 4.4 for

values of edge distance up to about 1-1/8 inches. The break

in the curve corresponds with 0,30 S= 4 as given by Winter,
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6.0 LIMITING BEARING VALUES

As mentioned in Chapter 5.0, Winter suggests that
his results for end type fallures level off at a limiting
bearing stress equal to 4.9 times the yleld stress. As
shown in Figures 4.3 and h.5 the angle connection tests
reported here did not level off at a limiting value of
bearing stress. ©Such a limit had been expected and the
range of end and edge distances used was expectbd to produce
this stress but did not. In view of this result, or lack
of an expected result,jthe definition of ultimate bearing
stress 1s open to question.
Bearing stress at a bolt, by definitlon, 1is given by
\ 1 ) :
¢b= "'E%—{—-r |
Where P! = Load on the bolt - Lbs.
t & Thickness of the Connected Material - Inches
d <« Bolt Diameter ~ Inches
Thus the ratio of bearing stress to yleld streses 1is

= t xadx o = y
Yy : y
This equation is of the same form as the fallure formula

for ﬁy except that the load is not necessarily the ultimate

load on the connectlion hence the use of the prime marks in

3 in fact,

determined the form of @& y a8 used in this study. Thus in all

Pt ang ¢y' . This relationship between c% and o
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cases reported herein the value of dy is the ratio of
bearing stress to yield stress at fallure of the test
connection, Also, in Figures 3.7, 3.8 and 3.9 the right
hand scale shown 1is dy' as defined above.

Reference 15 gives allowable working tension in A,S.T.M,
A—~325 bolts as 40,000 P,S.I, and allowable bearing stress
as 1.35.03. As A.S5,T.M, A-325 bolts have an ultimate tenslle
stress of 120,000 P,S,I., Table 1.2, the factor of safety in
tension on these bolts is 3. If it is assumed that the same
factor applies in bearing the ultimate bearing stfess is

4.05 oy or 0.83 times the ultimate bearing value suggested

by Winter.

If the factor of safety included in Reference 15 is

applied to the maximum bearing stress found by Winter the

following results .
d?’b Max, = k.9 Oy _ (6.1)
Factor of safety & 3

.°. O} ellowable = 4.’32 S ®1.63 3,

As noted above, reference-15 gives
6, Allowable = 1.35 0}
Factor of safety = 3

o}, Maximum = 1.35 x 3 03 s L,05 0} (6.2)

As a compromise value, the average of (6.1) and (6.2)
gives aporoximately

o}, Mex. = 4.5 %y (6.3)
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Reference to Table 3,7 shows that for the average values
of ¢y tabulated, 2 value of o} greater than 4.5 6} was
exceeded only with an edge and end distance comblnation
greater than 1-1/4 and 1~7/8 inches respectively. Referring
to the tests of Figureé 3.7, 3.8 and 3.9 which lie within
this range of end and edge distances the results are of
interest. In Figure 3.7 a value of ﬁy’ equal.to 4,6 was
obtained with residual hole elongation of 0,207 inches.,
For Figure 3.8 loading was terminated by fallure of the
specimen at a value of d ecual to 4,36, In this case the
hole elongation was in excess of 3/16 inch. The specinmen
of Figure 2.9 was 1oaded to give a value of ﬁ of 3.5 and
' residual hole elongation of 0.223 inches.

The commentary appended to Reference 15 states "Tests
‘have shown thet besring pressure on rivets in double or
single shear, computed on the basis of an area equal to the
product of the part thickness and nominal rivet diameter has
no significant effect on the strength of the cecnnected parts
of A7 steel when this pressure 1s not more than 2.25 times
the tensile ;tress applied to the net. area of these parts,"
In Figures 3.7, 3.8 and 3{9 this statement is confirmed by
the elongatliong of 0.025,_0.020.and 0.037 inches reépectively
at values of ¢y‘ equal to 2.25. By comparison, Figures 3.3,
3.4, 3.5 and 3.6 indicate that, for the strain gauged specimens,
yielding first occurred at values of ﬁy' equal to 0,629, 0.539,

0.670 and 0.670 respectively. These values are well below the
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value 2.25 given above and as quoted from the commentary

on Reference 15. In Taﬁle 3.% a value of ﬁy greater than
2.25 is not developed with end and edge distances less than
one inch and 3/4 inch respectively.

In Photograph No. 15 pairs of specimens are shown in
ﬁhich the left hand specimen hzs been loaded to fallure
while the right hand one has been unloaded before fallure
occurred. For these particular tests the following data
applles to the unbroken specimens of Photograph No, 15
taken from left to right.

Tost Moo eximp PP A e
800 11,370 1.2 2.807 0,025
803 - 14,500 0.950 3.66L 0.02k
808 14,330 0.743 3,440 0.15k
813 17,500 0.865% 3.1#7 0. 069

These test results illustrate the capacity of an angle
connection to support a large percentage of 1ts ultimate
load successfully with felatively small distdrtion being
caused at the bolt hole. Note that for Test No. 800 the
unbroken specimen was loaded to 112% of the average ultimate
load of thé specimen as given by the other two pleces of the

same mark,
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7.0 RELATIONSHIP BETWEEN ¢y AND £,

As developed herein the failure function g can be
predicted by use of either the yleld stress or the ultimate
tensile stress of the specimen. By equating predicted ultimete

load a relationship between oy and qa results, as follows,

y
taking end fallures as an example,
gy 2 2.011 X % G374 = __P | (4,1)
, . dxtzx o
' y
Fy = 1.4U47 x + 0,268 u _P____ (4.3)
‘ dxt x o

]
Equating values of ultimate load P gives

oy (2.011 x # 0.378) 8 o (1.447 x 4 0.268)

or ‘

o | .
—s S L DLL7 x & 0,268 (7.1)
oy 2.011 x + 0,37k

Substitution of values of end distasnce x into this
equation g;vgs an average value of the ratio of 6& to c%
of about 0.72.

Similarly, for dy and du as functions of edge distance’y
this ratio averages out at very nearly the same figure.

Reference to'fable 1.1 for typlcal steels used in toﬁer
structures indicates that for theée steels the average vaiue

of the ratlo 6y /oy 1s 0.645 for the physical properties as
speclfied,

39

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reference to Tables 2.1 to 2.6 inclusive for the actual
steels used in these tests gives c&/cﬁ as 0.718, This is the
mean value of 78 values. Thus thé derived equations for the
failure functions ﬁy and du give ratios of yield stress to
ultimate stress equal to those found from the tensile test
coupons of these steels, but higher than the ratios derived
from the specifications for the same steels.

In view of‘these ratios, for a given connection, if the
ultimate load is predicated based on the formulae derived
herein and using specified physical properties of the steel
the values derived fromrﬁ& wlll be less than those derived
from du and will be on the conservative side., This result
1s very convenient in industry as most specifications for
tower structures as well as thése covering‘building;and bridges

relate allowable working stresses to yield strength.
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8.0 MULTI-ROLT CONNECTIONS

The application of the results reported here to Multi-
Bolt Connections requires further study znd testing but two
points appear reasonable; In an angle connection with two
bolts on one gauge line in one leg of the angle only, 1t 1is
expected that the bolt nearest the end of the angle will
develop load as predicted by the formulae given herein with
either end or edge typé Tailure depending upon the detall
dimensions involved., At thé second bolt it 1is expected that
the maximum load de&elbped will be a function of edge
distance only. The inter«action of the tﬁo bolts could be
quite complicated. Obviously, with a small edge distance
failure at the bolt removed from the end would occur before
the end bolt could develop its full load. Conversely, with
a short end distance at fhe end bolt this bolt could fail
through the end leading to overloading of the second bolt.

As indicated above the ultimate capacity of Multi-Boli
Connections requires further study before the results gliven

here can be applied with a reasonable degree of confidence.

b1
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9.0 VARIATIONS IN BOLT DIAMETER

As stated earlier, most tower structures are bullt with
5/8 inch diameter bolts in 11/16 inch diameter holes. This
fact dictated the bolt diameter used in these tests. It
should be noted, however, that testing with bolts of other
diameters was not covered. In view of this the failure
formulae should not be applied to connections using other

slzes of Dbolts without furthef,testing and review of these

results.

b
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10.0 CONCLUSIONS

Based on the results of 721 single angle single bolted

connections,using 5/8 inch dismeter bolts, the following

conclusions can be reached.,

1.

2.

Failure through either the end or edge is a
distinct function of end and edge distence and can
be predicted from Figures 3.1 or 4,11.
For end type failufes the ultimate load 1ls reason-
ably given by
P £5/8xt x oy (2.011 x + 0.279)
Where x ® End distance in inches

t = Thickness of angle in inches
For edge type failures the ultimate load 1is reason-
ably given by
P B 5/8xt x oy (4,024 y - 0.901)
Where y ©# Edge distance in inches |
) t = Thickness of angle in inches
Failure in bearing occurs at a nominal bearing stress
equal to 4,5 times the yleld stress.

Bearing stresses equal to 2,25 Times the yleld stress

can produce insignificant hole elongetion depending

upon end and edge dlstance.

Bearing stresses equal to 2.25 times the yleld stress

e

L3
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cénnot be developed with end dlistances less than
one inch or edge distance less than 5/8 inch.

7. The development of local stresses in the immediate
neighbourhood of the hole, equal to or greater than
the yield stress is not a reasonable indication of

approaching failure of the connection,
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SINGLE ANGLE SINGLE BOLTED
CONNECTION IN A TRANSMISSION TOWER

PHOTOGRAPH NO, 1

SINGLE ANGLE SINGLE
BOLTED CONNECTIONS
IN A GUYED MAST
PHOTOGRAPH NO. 2
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SPECIMEN AS SHEARED & PUNCHED

e PHOTOGRAPH NO. 3
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RUST-PITTED SPECIMEN
PHOTOGRAPH NO. &

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



49

SINGLE SHEAR TEST
PHOTOGRAPH NO. 5
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DOUBLE SHEAR TEST

PHOTOGRAPH NO. 6§ -
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STRAIN GAUGED

SPECIMEN

 PHOTOGRAPH NO. 7

STRAIN GAUGED SPECIMEN UNDER

TEST

PHOTOGRAPH NO. 8
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STRAIN GAUGED SPECIMENS
- AFTER TESTING
PHOTOGRAPH NO. 9

STRAIN GAUGED TENSION COUPONS AFTER

TESTING
PHOTOGRAPH NO. 10
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SPECIMENS WITH CONSTANT EDGE DISTANCE
PHOTOGRAPH NO, 12

SPECIMENS WITH CONSTANT END DISTANCE

P

PHOTOGRAPH NO. 13
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OUT OF PLANE BENDING OF

SPECIMEN
PHOTOGRAPH NO. 14
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 'BROKEN AND UNBROKEN PAIRED

S PECIMENS
PHOTOGRAPH NO. 15
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TABLE 1.1

PROPERTIES OF STEELS USED IN TOWER_STRUCTURES
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STANDARD TOWER BOLTS

UNIT TENSILE STRENGTH -~ 60,000 P.S.I, (1)

UNIT SHEAR STRENGTH
THROUGH THREADS - 45,000 P.S.I. (1)

UNIT SHEAR STRENGTH
THROUGH SHANK -~ 34,000 -~ 37,200 P.S,I.

HIGH STRENGTH BOLTS

UNIT TENSILE STRENGTH — 120,000 P.S,I. (2)

NOTE:
{1) ~As Per A.S.T.M. Specification A39L4, Reference 10

(2) As Per A.S.T.M. Specification A325, Reference 11

PROPERTIES OF BOLTS USED IN TOWER STRUCTURES

TABLE 1.2
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TEST RTSULTS FCR TENSIOE CCUPONS

Section | Mat!l, Test
No.

11lx13x1/8 cLo. b 21
11-3/bx1-3/bx1/8 GLo.L 30
I2x2x1/8 | GLo. L 39
L2ix2kx 1/8 glo, L 51
11l x 1% x 3/16  cko.b 26
11-3/4x1-3/tx3/16 Gho.L 35
12 x 2 x 3/16 cho. b Ls
L2ix2} x 3/16 GLo, L 55
L2ix2k x 1/L cLo. L 59
11ix1d x 1/8 Ghogé 23
11-3/bx1-3/bx1/8  6LO.6 32
L2x2x1f3 ¢40.6 L2

| 12ix2} x 1/8 G40, 6 53
le%xl% x 3/16 ¢40.6 28

11-3/bx1-3/tx3/16 6L0.6 37
L2x2x3/16 ko6 b7

Dimensions Yield
Width Thick- Load  Stress
Ness
0.502 o.ibo 3,100 4,100
0.501 0.139 3,840 55,200
0.500 0.1%:L 3,580 49,7L0
0.503 0.136 3,280 147,940
0.496 0.205 L,770 46,700
0.505 0.154 4,180 L5,750
0.505 0,18k L 630 L9,820
0.506 0.193 5,100 52,200
0.510  0.259 5,975 15,250
0.504 0.1&1 L,050 57,000
0.496  0.148 L,280 53,300
0.505 0.138 L,L50 63,900
0.491 0.130 4,160 65,200
0195 0,205 6,360 62,720
0.506  0.206 6,150 59,009
0.509 0.194 6,350 64,350

Tlt. Tensile

Toad

L, 220
4,710
L,800

L, Loo

6,480

5,975
6,310
6,730
8,550

5,910
6,110
6,070
5,690
8,700
8,750

8,600
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Stress

60, 200
67,650
66,650
6L,350
63,&06
61, 050
67,950
68,900

612,750

83,200
£3,300
87,150
89,100
85,750
83,900

87,150



TIST RESULTS FOR TRNSION COUPONS

Section Mat!'l, Test  Dimensiors Yield Ult. Tensile
Yo, . Width Thick—~ Load Stress  Lozd Stress
Nesas
113x13 x 1/8 G4o.L 105 0,492 0.121 3,120 52,450 L,280 71,900
to 107 _ .
113} x 3/16 R 108 0.491  0.19% L,7L0 L9,800 6,580 69,130
11-3/hx1-3/Lx1[8  Gho. 4 111 0.501 0,131 3,590 54,720 4,860 7L,050
to 119
11-3/bx1-3[L x 3/16 120 0.499 0,186 4,120 kh,Loo 5,750 61,970
to 122
12 x2x1f8 oo,k 123 0.496 0.122 3,500 49,720 4,950 70,300
: to 133 . -
12 x 2 x 3/16 60,4 134 0.503 0.177 4,730 53,100 6,200 69,700
' to 140 o :
L2l x 23 x1/8 GLo. 4 131 0.500 0.139 3,690 53,100 4,750 68,950
b2 :
L2Y x 2} x 3/16 GLo. 4 143 0,497  0.200 5,020 50,500 6,840 68,850
’ tolks
12 x 2 x1/h cLo. % 155 0,512 0.266 7,150 52,500 9,270 68,100
to 148
L33} x 1/8 cL0.6 195 0.49%  0.122 3,850 63,900 5,540 91,950
. to 197 |
11-3/4x1-3/4 x 1/8 GL0.6 - 192- 0.96 0,132 4,180 63,900 5,990 91,500
to 206

11-3/bx1-3/kx1/8  ¢ko.€ mo 0,489 0,134 4,280 84,750 6,200 9L,700

L2 x 2 x1/8 6L0,.6 207 0.4%h  0.135 Lk,160 62,400 5,750 86,250
- to 217
12 x 2 x 3/16 60,6 213 0,500 0.190 6,100 6,250 8,625 90,800
to 22U -
L2ix2lx1/8 . 6ho.6 22‘65 0.k99 0,131 L,h80 48,550 6,100 93,300
22
L2ix21x3/16 640, 6 227 0.507 0.18% 6,150 66,000 8,40 90,500
to 229 ‘
L2kx23x3/16 6%0.6 " 0,935 0,188 6,280 67,650 8,280 89,250
13x2kx1/s G40, 6 't ggg 0.511  0.251 7,820 61,000 11,220 87,500
. k
L1-3/8x1-3/bx1/8  GLO.% AVERAGE VAILUES 6L,325 93,100
L2kx23x3/16 640.6 - AVBRAGE VATUZS 66,825 89,875

TABLE 3,2
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TTST

S SULTS FOR TENSIQN COUZONS

Section Mag1l, Test

Dimensioans

Series Vidth

11-3/4x1-3/Lx1/8  A36 300
L2 x 2x1/8 436 300
L2lx2ix 1/8 236 300
L1ix1} x 3/16 136 300
L1-3/bx1-3/4x3/16 A36 = 300
12 x 2 x 3/16 A36 300
Loix2ix 3/16 436 300
I2x2x1/b A36 300
Lolx2y x 1/b 436 300

L3x3x1/t 436 300

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

6.502
0.512
0.513
0. 508
0,197
0.493
0.503
0.508
0.510
0504

Ness
0.13%
0.128
0.128
0.189
0.183
0.184

0. 200

0.250.

0. 242

0.262

TABLE 3.3

Yield
Thick~ Load Stress

3,140
3,520
3,100
L, L20
L,350
4,330
5,550
6,130
6,690

6,270

L§,700

53,750

k7,250
L&, 080
17,850
47,700
55,200
Lg, 280
5L, 220

k7,500

Ult.Tensile

Load.

1,850
5,0L0
L Loo
6,530
6,150
5,990
74350
8,540
8,950

9,130

Stress

72,100
76,900
68,400
68,100
67,670
66,100
73,100
67,250
72,520
69,150



TEST RESULTS FOR TENSION COUFONS

Section Mattl., Test Dimensions Yield Ult.Tensile
SeriesWidth Thick- Lozd Stress Load Stress
: Ness
L2x2x1/8 FB60 Loo 0.508 0,135 L,boo 64,200 6,h00 94,000
L2x2x1/8 RBSO  L00 0.590 ©.,139 4,175 61,300 6,800 99,800
L2=2} = 1/8 640,8 Lo¢ 0.5l 0,139 3,350 L7,170 L,670 65,750

11-3/!x1-3/1x3/16 6L0,8 Loo 0.491 0.19% L,700 19,350 6,70 70,800

L2x2x3/16 =360 noo 0.98 0,193 6,710 69,800 8,560 89,050

L2ix2hx 3/16 Gh0.6  bO0O 0,890 C.,200 5,260 53,650 8,350 85,200
Le}x2k x 3/16 640.6  LOO  0.5006 0.206 6,175 60,500 8,970 87,850
- L3x2x1/k 6L0.12 400 O.L8S 0.268 6,500 19,620 9,175 »70,070
Lz%xz% x 1/b c4o0.8 uod 0.5Q3 0.27% 6,570 L7,200 9,380 67,k0D
L23x2} x 1[4 GL0.8 Lo5  0.5075 0.283 6,350 7,600 8,990 67,400
L3x3x1ft SO 400  0.4933 0.258% 9,170 72,050 11,180 ,8?'900

L2k x 2 x 3/16  Ghko.6  LOO 0.498 0,200 6,160 61,530 9,050 90,450
I 2bx2dx1/b eho.8 OO 0,510 0.268 6,650 18,670 9,220 67,550

L 2% x 2 x3/16 ko6  Loo 0,0983 0,202 6,025 59,900 9,000 89,420

L 23 x 2% x 3/16 6Lo.6 00  Average Values =~ 58,895 - 88,230

L2x2kx1i/h 640,8 Loo  iverage Values - b7, L00 - ’57,2;00
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T=ST RESULTS FCR TRISICN COUXCHS

SECTION MATIL,  TEST  DIMENSIONS YIELD ULT, TENSILT

SERIZS WIDTH THIC¥- LOAD STRESS  LOAD  STRRSS

, NESS

L1-3/lxl-3/k ¥[8 436 500 0895 0,13k 2,995 145,160 1,520 68,180
L2ix2} x 1/6 436 500 0.503 0,13k 3,450 51,200 4,600 €8,300
L 2x 2 x 3/16 A36 500 0.5015 0,183 L,b70 18,710 6,495 70,800
L2}x2} x 3/16 A36 500 0.503 0.183 3,970 13,110 5,955 64,750
L2x2x1/k 236 500 0.k996 0,2k5 6,075 19,670 8,510 49,550
L2ix2y x L/b A36 500 0.k932 0.2588 6,580 51,500 9,520 '7n,5oo
12 x 2 x 1/8 RB60 600 0.5038 0.136 4,870 71,050 5,970 87,350
L2ix2% x 1/8 cko.8 600 0.L99 0.1333 2,965 k4,550 L,195 £3,000
123x 2 x 3/18 RB50 600  0.4973 0.200 6,120 61,500 ©,1k¢ 81,740
12kxz) = 3/16 k0,6 600 0.5021 0.200 5,490 50,756 2,380 €3,450
I3 x 2 x /b 640,12 600 0.k58  0.257 6,780 53,000 9,65 75,L50
L3x2k x i/t G40.12 600  0.5021 C,2650 7,020 52,750 10,110 76,000
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TEST BASULTS FOR TENSICN COUZCOKS

Section Mét‘l. Test  Timensicns
¥o. Widthx  Thick-
Ness
I2 x 2 x 1/8 RB60 4oL 0,490 0,139
.L 3x3x1/t RB40 L75 0,493 0,258
222f x 1/b A36 522 0.b93  0.259
13 x 2% x 1/4 640,12 622 0,502 0,265
12 x 2 x 1/8 RB6O 701 O0.LS1 0,133
L2x2x1/8 RB60 702 0.48% 0,13k
L 2x2x1/8 RB4O 703  0.492 0,134
12x2x1/8 RB6O 704 0.BSL 0,133
L é x 2 x1/8 RB60*  Average Values

% Dhig material is obvicusly not RBGO Steel

1153/bx1-3/bx1[3 436 800~ 0.500 0,125
) 801
I2x 2x1/8 236 383’! 0.495 0,130
L2zx2k x 1/8 . _A36 _Bgk  o.k90  0.130
L1-3f4x1-3/4x3/16 236 _B1p o.boz  0.186°
c 3/16 A36 812 0,k98 0,183
L 2 x 2 x 3[16 36 _8i5
L2ix2k x 3/16 A36 814  0.499 0,190
N -£18 :
TASLE 3.6 -

Yield

Lozd

1,175
9,170
6,580
7,020
3,200
3,090
3,220

3,220

3,280

3,260
3,400
2,800
L,320

L,8éo

Stres

1~

61,300

72,050
51, 500
52,750
L9, 000
17,200
k8,850
49,350

L8,600

51,840

50,660
53,375
52,ks52
b7,L03

51,260

Uit. Tensile

Leed

6,800
11,180
9,520
10,110
2,180
1,230
4,310

1,380

L, 580

L,660
4,520
6,850
6,240

6,820
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Stress

| 87,900
7L, 500
76,600

6k, 000
6L, 600
65,00

67,100

65,275

73,280

72,416
. 70,958
74,963
’68,u71
71,933
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TO PERIVE LELATIONSHIL EETREER By ArD
EXD OIS 7rAMNCE FoL FrID LA/ SRES,
FOR DPAFA SEE Freorsr LS oao L2
Ve 2P 2, X% | &d-4| X X2
o-750 / Fe - 9. 500 -/02% Fo.57250 | f0.750
0:- 875 2.0¢C8 ~0. 375 ~0-820 |t0-30750 | #0-JJ0C25
/o000 2.4¢7 ~0. 250 |-0.4%27 $0. /0575 |40.067500
/) /25 2688 -0. /75 |-0.Z00 007500 |#0.0/5¢C 25
/250 7.8 Fo o f0.00 2 o °
/375 5073 to0. 125 #0. /85 |t0.023 145 |#0.015¢c45
/[ Soo 7374 to0. 750 fo. 50¢ $0. /76 50 0.04627 500
/-&c75 J G776 v0. 375 £0- 508 t0. 305 0o |to./do & ¥5
/ ]50 J 855 +0. Soo #0965 40452 50 |20.750 coo
L /7250 | 257972 o o +/835 375 |0- 927 500
%~ /250 : /750 & -~ 25997 - 7888
7 7
foR H, 2 L x ra
4= ZXP, = /- 5SS 75 = Z-o/70¢ )
Z‘XZ .0 75750 ‘
B -4, = L(»-z)
By - 28588 = Z-0s/0¢) /&4 - /42.{9)
Fy =  2-888 - Z2-006) x /25 + Zowoe]x
= 2:888 -~ 2-5/5 855 #£ Z-o/067 «
Py = Tor 4 #0374 (e &.7)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9L

TOo CALCULATE s7Iviqls Devidrrons oF By 4
srvENn &y  Eovgrrons Lo/

A

cro B, =0.37d + Zotte] + & = ¢y-¢: P
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1925
’ 1938

1942
1942
1944
1945
1946
1947
1947
1948
1949
1950

1951

VITA AUCTORIS

George Rennie Sinclair born October 15, Windsor,
Ontario, Canada.

Graduated from King George Public School,
Windsor, Ontario, Canada.

Graduated in Architectural Drafting from Windsor-
Walkerville Vocational School, Windsor, Ontarlo,
Canada,

April, entered employment in the Drafting Office
of Cansdian Bridge Company, VWalkerville, Ontario,
Canada.

February 10, enlisted in the Royal Canadian Air
Force. December 7, honourably discharged from
the Royal Canadian Air Force as excess alrcrev.

Janusry 8, enlisted in the Canadian Army.

June 6, honourably discharged from The Canadian
Army, on demobilization.

Graduated from Veteran's Rehabilitation School,
Windsor, Ontario, Canada with Senior Matriculation.

September,nentered the Faculty of Applied Science,
Queen's University, Kingston, Ontario, Canada.

Granted the Science '46 Memorial Schblarship for
First Year Science, Queen's University.

Granted the W, P, Wilgar Memorial Scholarship for
Second Year Science, Queen's University.

Granted the W. W, Near Scholarship in Civil
Engineering, Queen's University.

Granted Bachelor of Sclence Degree, with honours, :
in Civil Engineering by Queen's University, Kingston,
Ontario, Canada. : -

Granted the Bronze Medal for first place standing
in Civil Engineering by Queen's University.

Awarded an Athlone Fellowship for the study of
Concrete Technology, in the United Kingdom by the
United Kingdom Government.
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1951

1953

1958

1965

2.

September, entered the Civil Engineering Department
of City and Guilds College, Imperial College,
University of London, London, England.

September, entered employment in the Engincering
Design Office of Canadian Bridge Company,
Walkerville, Ontario, Canada.

Appointed Tower Engineer in the Engineering
Department of Canadian Bridge Company, Walkerville,

. Ontario, Canada. -

Appointed Chief Engineer, Dosco Industries Limited,
Canadian Bridge Division, Walkerville, Ontario,
Canada. :

Technical Societies

Member of the Association of Professional Engineers
of Ontario.

Member of the Engineering Institute of Canada.
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