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This paper summerizés the results of a literstuve
search of avatlable information on static and dynamic tests of
high tensile Bolited connections meds by the suthors in prepara-
tion for further experisentation in this fisid. It was found
that high tensile bolted ¢onnections exceeded the perform
of riveted connestions in all instances., Previous tests have
proved the feasitility of raising the tcnsion stress to shear
stress ratio from 1 3 0,75 to 1 1 1.41)* wewever, jotnts once
erdticsl in meav under the present specified tension to shear
to bearing ratics (5? + 8 3 8B) of 15 Q.75 ¢ 2 miay be crittonl in
bearing under the altered specificatlions T : S ¢ Bof 1 5 1 & 2,
There is not at the present time experimental data which would
Sustify the possibility of ralsing the aliowable bearing stress
in the same proportion as the allowsble shenring stress.thersby
bringing the Joints a6 designed back to & "balanced state,

The authors feel that this deficiency should bé rectified before
the major speeification writing groups incorporate the increased
¢ 8 1 B ratios in their specifications; thervefore, a test:

program has been initiated dy the authors in an attempt o justify
#n increase in bEpring stress.

# Numbers in ( ) refer to references listed in Bibliography.
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 Introdustion
A onain 1s only as strong as its weakest link similarly

& struetwre is only as strong @s 1ts weakest Joint. In m past
sngineers have depended simost entirely upon riveted connections,
lately however, bolted conneetions have been gaining in pepuisrity
in spite of the fact that prea : 1t specifications pensilze them
Two types of bolts arve commonly in wse in structural work todey,
the common dolt and the high strength or high tensile bolt.. |
This discussion will be limtted to the high teénsile bolt and ite
- performance under statie snd dynamic loads,
This paper 18 the résult of & literaturs searéh per-

i‘ma by the suthors in preperation for & proposed student re-
| searen projfect, which will inciude the testing of {8 strustural
Joints.

The peracn responsible for the initiation of the
present interest in high tensile bolts is Professor W. M. Wiison
of the Univeraity of Illinois who startsd duvestisstions on high
bolt tenaions in 1938.(2) Tnrough nis interest and work the
“Hepearch Council on Riveted and Bolted Structural Joints of
Inesring Foundation' was founded in 1447 and has directed
intense investications in this fieid at several universities.
The American Soeciety For Testing Materimis describes the hizh
tensile bolts under designation A3Z5T Quenched snd Tempered Boits
and Studs.(3) -




The basic congept in the design of the high tensile
bolted connestion is that the load fa transfeérved by friction
between the plates rather than by shesr in the festener as i
 the assumption in riveted connections. To sttain this friction
& high clamping action must be developed by the fastener.(?)
The high tensile holt is especinlly m:ii adapted for this Job.
The A.5.7.M4, spovifies & minimum yield point for high tensile
bolts of about {5,000 pal. Figure 1 is o typlesl stress-strain
surve(5) gor high tensile bolts which shows that the aversge |
yield point 1s approximately 55,000 psi. The hig of
this materisl is appreciasted better when one remembers that the
specified minimun yield strength for mild steel is 33,000 pai.

. 3% " -z_‘ ".A

Test; Rosults

The fact that the load is tresisferred by friction in
bolted connections led earlier resesrchers to investigate
possible effects of various substantes upon the coeffiecient of
Erietion in such joints, I was distoversd that paint on the
feying surfaces lowered the goeffictent of frtetdon.(6M{7T) wnia
¢coin be explained by the fact that paint forms small roller besr-
ings under the high pressure as indicated in Plgure 2. Tests
were also made with varicus sbrasives with similar results.
Cletn steel with uo forelgh substance aside from normel mill
acale gave good results.(6)(7)

Where slippage of the plates into bearing is no problem
such as in staticly loaded buildings present speciricationa(®)
allew the joints to be painted and proportioned for rivets, with
the pivets being replaced by bolts of the same nominal dimmete
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Inguras ik e
sages where #&M&w fallures are eminent & propes
Bolted conniection has prover: vastly superior £«
conmection.

tionm on viwt:&& sonneations appear st the edges of the holes snd
the maximm stress 1s approxtmataly thoee(®leimes the average stre
in the net sestion. This ¢auses minute fabigus cracks to sppear
% the net section.adjucent to the holss snd vesults in 2 fellure
through the nat section. Now, 4f this is compaved with Pigure 3b,
#n ideplired lozad tran t‘ ! skéteh for & bolted . wetion, it
#1311 be noticed that the loed 18 transferved gveniy over the 333.&&&
By friction. In this partidviar jJoint of four festenors approxi-
mately one quarter of the load is out of the plate befer

sestion i renthed,

It will be noted on Pigure !zf@f dheve disgrams havé bee
peproduced from photogreaphs of Retual .
that the fatigue oracks appear in mm of the first row of fustensrs.
{8) pigure 5043(2) shows typicel fatigue fatluves in riveted an
bolted (Figwre 5b) cormections. In the riveted connsction the
fatlure occurred in the net asction, while the dolted connesti
failedin the grose section in front of the first row of fanstonsrs.
The failwre of the holted conpeotion in the gross sectior
toatos the fact that the severe stress eoncentrations have ocsurred
in the gross sestion rathsy than in the net section as 1s the case
tor riveted cormactions.




CONNECTION

- -
-~ e ——————
JS— <
-
- -
B s -———
e e
-~
- < —— - -————

ESS DIAGRAMS

O

BOLTED

ED




SPECIMENS SHOWING FATIGUE DAMAGE

r .

T ~——

6 A :

v 914




TYPICAL FATIGUE FAILURES

|

12l
506

RIVETED

 BOLTED

S '9ld




conmections, In still another




10
re¢omendation by the special committee to the A.R.E.A. to change
the specifications so as to allow bolted sonnections because of
the "....supepicr behavior of high strength bolts over that of
vivets. .. (19}

What 13 the future for high tensile bolte? There 18 a
goeat need for specificstion clauses which will adeguately utilize
the capacities ¢f high tensile bolts. A step has been made in
this direction by the Researeh  Geuncil on Riveted and Boltwd
Btructursl Joints of the Enging n;g Foundst! ;
fiontions for Assénbly of Structural Joint
Steel Bo1ts (8}, mut this specification does not ch
allowable stressss

fesaible to ralze the tension to shear to hearing racleos fix
10,75 ¢ 2 allowes under present specifisations o 1 ¢ 1 3 @m
in cases where siippege 1s not objectionable. On Figure & 1% can
be seen that the T ¢ S ¢ B ratios of 1 3 0.75 ¢ 2 corvesponds to
£.X.8.C. sllowable stresses of 20,000 pei tension; 15,000 psl ahear
and 40,000 pai besring. Pest mwi) bave showa that for Joints
Lippaze 18 &llowed that thi oul
aet at za,{m vzl in tension, 20,000 m in shesr and %g.f 0 psi
in bearing givivg T 3+ 8 ¢ m of 1 % 1:: 2. With thess
vew ratios 1t wisn found Mt nene of the Joints falled in shear.
However, under such ineressed sllowablas & jJoint whose design was
prévicusly sontroelled by shesring st ey OV
pedring stress. The suthors sre carrying ouf
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to tension stress retic in the ssme propovtion as the shesving
stress to tension stress ratic can be reised. I this is possible
the present balance between jJolnts controlled by shear and those
controlled by besring will be maintained. A

How 48 1t possible that this increased bearis

anthorst hopés are bassd upon %
iz stronger in sompression than when it m untonfined. Figure 7a
ghows a 35%'1&& wifh & vertiexl

sides. PFiguve Tb shows the seme satertel under o .
with the additiom of vostraining forces at the sides tndtented b
the arvows. It 18 resdily understood that a larger load may be
skrried when restraining forces prevent the bulging.

It may be posaidble that this snslogy ¢an be cavide
o the strustural joint as shown in Figure 8 which 15 & schematic
diagran of riveted and bolted Joints under applied losds. Bince
the rivet offers ohly & small restiaint the plates defors in much
the same manner ds does the sponge in Figure 7a. The high tensile
bolt, however, Goes offer restrsint indicsting that there may be
an increased losd earrying capacity over & similsr riveted joint,
Now, cne might sk, why 18 therve no restriint offered by the ot
driven rivet sinte they have an initisl tension? Referping on
again to Pigwe 1 1t can be ssen that when the plete is in the
plastic state 8o also 18 the rivet, sinee they are both msde of
aximgtely the same yield point. However, this is
not the case with bolted comnections as it can be seen that when
the plste 43 in the plsstic condition the bolt may still be in ite
elastic range thereby still adle to resist the dulging of the plate.
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"SCHEMATIC DIAGRAM OF JOINTS UNDER LOADS

m

—

=
AARRRNY

LR RN Y

rl'l

AN

NN\

|

NN\

AA)SSSNNY

AN

f—

AN

FIG. 8

L

ANNNN\N

ANNNNNNNY

NAANNNN

T

-




15

Az the authors have trisd Lo show by oiting some of
the many successiul experim rits performed on high tensile Miﬁﬁd
sonnactions 1t assems that the sxp High Tensile Bolts" 4s

Ben to m&m& & Bolt while 1% takes ¢
# pivet.
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