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COEFFICIENT OF FRICTION OF PAINTED STRUCTURAL STEEL SURFACES
(70)
By: Robert Thomas Dooley Jr.
Advisor: Dr., F. W. Schutz Jr.

This study comprises a series of tests to determine the coefficient
of friction of various protective coatings used on structural steel. These
protective coatings consist of greases and the major structural steel paints
used today by the steel fabricators.

The tests were conducted using a four bolt double lap joint. The
surfaces of the plates were polished, and the fasteners used in the con-
nection were standard high strength bolts calibrated with SR4 strain gages.
The bolts were torqued to 0,9 EPL, and the clamping force exerted on the
plates was measured with great accuracy.

A test of unpainted surfaces produced an average coefficient of
frictién of 0.230, This value was computed using the load attained before
an average slip of 0,001 inch occurred in the joint. Tests at the University
of Washington have shown that mill scale faying surfaces produce higher
values of friction than the polished surfaces, because of the interlocking
action caused by surface irregularity.

A series of tests using the common structural steel paints produced
a friction value before Initial slip that was negligible. This series
of tests supﬁorts the present specification of the Research Council on
Riveted and Bolted Structural Joints of the Engineering Foundation, which
prohibits the use of paint in joints where no slip is tolerated.

The effect of long time sustained loads on painted connectioms
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CHAPTER I
INTRODUCTION

The high sﬁfangth bolt in itself is not a new device. Its
application to large steel structures such as bridges and buildings is
something new. The use of the high atrength bolt in this work makss
fact out of ons of the "fictEOns" of riveted steel construotion. This
"fiction? is the idea that when the shank of a hot driven rivet shrinks,
it develops & foroe that clamps the connected parts of a joint'su tightly
that stress may be transferred from one p;rt to another by friction,
rather than by bearing and shear in the rivets (1).

Engineaers have long known that there is some frictionsl transfer
of stress in almost all riveted joints. They also know that this stress
transfer is not oconsistently developed and that its magnitude under
ideal conditiong is almost negligible. Frictional transfer is of littls
struetural use in joints subjected to a static loading condition. A
different condition is encountered imn joints that are subjected to
repeated loading conditions. Structural jolnts subjeoted to this loading
demonstrate that stress concentrations that develop when rivets transfer
stress by bearing against the sides of their holes will materially reduoce
the fatigus strength of the joints (2).

With this information known sbout the aotion of riveted jJoints,
studies of bolted joints were made under the sponsorship of the Research
Council on Riveted and Bolted Structural Joints of the Engineering

Foundation.



Crganized in 1947, the Research Counoll has pioneered all re-
gsearch on bolted joints. It is the duty of the Councll to determine
tha suitability and capacitiy of different types of joints used in
fabricated structural frames. Investigations wade by the Counocil
showed that ordinary struotural bolts (ASTM Specification A-307) were
only a little better than structural rivets. This finding led to the
development of the heat treated carbon stesl high‘strength bolt as
gspeoified by ASTM Specification A-325 (3).

Structural engineers who make use of high strength bolts design
the Jjoints as riveted and merely replace the rivets with bolts. But
when these bolis are used, no provision is wmade for the greater sirength
afforded by the bolt. Using the required winiwmum bolt tension value of
32,400 pounds for a seven-eighth-inch high strength holt, the clamping
actlion attained is nearly itwice as large as the marimum olamping action
theoretically attainable in carbon steel stiructural rivets. Thus the
bolts develop a frietion force which transfers part or all the load
normally oausing shearing stress on the rivet. This shear force in a
conneoction is usually critical. The frictional force that is developed
decreases the shearing stress on the bolts and, in some oases, reduces
the number of bolts required. It i1z with frictional force that this
thesis is oonocerned.

The attitude of the Researoh Counoil toward s3lip in joints
assembled with high strength bolts has besn extremely ceutious. In
1951, the first specification issued (4) prohibited the shop painting

of all contaot surfaces. Further study has indicated that painted
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heads and applying a known tensile foroce, As this load was applied by
the testing machine, a correspending strain in mierc-inches per inch
was fsad off the strain indicator. The readings obtained produced a
straight line relation between sirain and load (Fig. 9), with a slope
of sixty micro-inches per inoh to ons thousand pounds of bolt tension.

Puring the tests of the joints, a notlceable decrease in bolt
tension during the Ffirst series of tests was observed. This lead de-
crease averaged about 500 pounds or 56 micr&-inohes of strain per
bolt. The decrease of bolt tension can be accounted for by the local
yielding of the plates around the belt holes and the variations of room
temperature during the test. The looal yislding of the steel around
the bolt holes was caused by the intense stresses produced by the high
strength bolts. A test on the bolts indicated that creep of the bolts
under ithe load of 32,400 pounds was negligible. After Series A was
tested, the bolt tension drop off was never more than an average of
about 200 pounds during any test (Fig. 34).

A recalibration of the bolts &t the snd of the tests indiocated
that the bolt calibration curve did not change with time during the
pericd of tesis.

The tenslle properties of the six inoh steel plates used for the
joints are listed in Table 1. These resulis were obtained from ths
tests of ASTM Standard Tensile Coupons.

Detailed dr?wings of the plates are shown on Figs. 5 and 6. The
bolt holes shown on these drawings were reamed one-sixteenth inoh over-
size to enable the test to oontinue past failure without bringing the

bolt into shear or bearing. PFailure is defined as a total average slip



of one-sixteenth inoch, which iz now possible by the code if the holes

are perfectly aligned. To assure alignment of the holes, two one-quarter
inch pins were used, one at sach end of the jolni. After the Iinstrumen-
ted bolt was centered in the hole and torqued to a speeifio elastic proof
leoad valus, the pins were removed and the test was started. PFigure 4
shows a typical assembled connection being tested.

The plate surfaoss included in the joint were wachined c¢lean and
hand polished until ell viauel grooves were removed, The surfaces werse
tested with a Brush Elscironlies Company Model BL-110 Surfindicator to
£ind an average valus of smoothnesg. Figure 7 shows the Surfindicator
in operation, and Table £ glves the average plate values of smoothness.

These plates go together to wake up 4 separate joint specimens
which were used repsatedly throughout the seriss of tests. On the aver-
age, each jolnt was teated about ten different times. A summation of
friction values (Table 4) and the degree of repeatability of these
friction values will be discussed in detail in Ghaptef V.

The use of over-size washers was required to secure a total grip
of three inches, which was necessary for the instrumented bolt. The
washers were one-half inch thick and conformed to standard inside and
outside diameter sizes as specified by American Standard Heavy Washers,
ASA Standard B-27.2 (3). After the washers were oase hardened, they
wore tested in a Wilson Model Jr-3 Rockwell Hardness tester. The hard-
ness values ranged bhetwsen C?2 and Cl4 for all washers used.

To measure the average slip of the joint, two micrometer mechani-
cal dials wére mounted on the specimen, one on each side. Details of

the instrumentation are shown in Figs. 4 and 6.



CHAPTER IIT
SURFACE GCOATINGS

Recommendations for the types of surface coalings to be tested
were suggested by steel fabricators and various paint industrles,

The paints used in series B through E are coumonly used by all
steel fabricstors., Series F includesz a paint now under consideration
for use in stesl conatruction. GSeries G. H. and T include greases of
variable psrformance characteristies.

The following descriptions are intended to furnish an averall
rloture of the ocharacteristios, performance, and ¢owpesition of the
surface ocatings,

1, Red Lead and Raw Linseed 0il Primer* (Series B, J, and M)
TT-P-86e Type I (DuPont Paint)

This paint specification covers a very slow-drying rad lead and
rev linseed o0il primer for use on gtructural steel. The paint will
glve better results if applied to a machined clean surface. When proper
surface application is used, the paint has excellent wetting abillty,
rust inhibitive characteristics, and good durability. Red lead paint
requires from 48 to 72 hours drying time at roomQtemperatura of 40° F,
or above, in order to dry hard.

SSPC-Paint 1-556T is commonly used by steel fabricators because it

is suitable for use in exposed industrisl, rural, or marine atmospheres.

*The waterial in desoription 1-5 1s based on that in Steel
Structures Painting Manual, Volume II (7).







SSPC-Paint 2-55T is a oommon paint used by the steel fabricators
bocause of its excellent service when expesed in industrial, rural, or
warine atmospheres.

This paint 13 applied by brushing or spraying. Thinning the paint

to the propsr conasistenoy is often necessary when applied by spraying.

Ingredients Required Typical Composition
we. 4 wt. 4 Vol.
PIGMENT: {75 wt. 4 win.) Min. Max,
Red Lead (97% Pbz0, 75.0 - 56.3 1€.8
Red Iron Oxide (70%Feg0zmin.) 24.7 18.4 11.0
Aluminum Stearate 0.3 0.5 0.3 0.8
VERICLE: Min. Max.
Raw Linseed 0il 56.0 - 14.0 39.8
Alkyd Resin Solids 21.0 28.0 5.2 12.9
Driers and Thinners - 23.0 __5.8 18.7
100.0 100.0

3. Red Iren Oxide, Zinc Chromate, Raw Linseed (01l and Alkyd Primer
SSPG-Paint 11-55T (DuPont Paint) (Series D)

This palint specifiocatlon is for a red iron oxide, zino chromate,
ra¥ linseed o0ll and alkyd primer for use on structural steel. Best
results are obtained when the surface 1s machined olean. With proper
surface application the paint shows excellent rust inhibitive character-
istios, good durability for normal perlods of time, and exoellent wet-
ting ability. Red lron oxide, zino chromate paint requires 24 hours

drying time at a temperature of 40° F,or above, in order to dry hard.
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This specification covers a very quick drying zino dust, zino
oxide, phthalic alkyd resin psint for use on structural steel or in
galvanizing. This paint will give best resulits on & machined clean
steel or galvanized surface. It has good durability under weathering,
even before the finish coeting. While 1t has good rust inhibitive
characteristiss, the wetting ability for oily surfaces is very poor.
This zinc dust paint will dry hard in 12 hours at a temperature of
40° F or above.

Thig TT-P-641B Type II Paint iz besat suited for areas where high
humidity and condensation are present, or it is even good for fresh
water immersion. Average results have been obialned from exposures in
mwarine, rural, or industirial atmospheres.

Since this paint has to be wized on the job, it ocan be applied
to the surface by brushing and spraying. When spraying 13 used, the

paint ocan be thinned to the proper consistency.

Federal Specifioations TT-P-641B Type II (7)

Composition by Volums

Ingredient Gallon
Zino Dust 0.1350
Zino Ozide 0.0425
Total Plgment 0.1775
Non-Volatils Vehicle 0.2940
Total Solids 0.4715
Volatile (thin. and dry.) 0.5285

1.0000
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In the first serles of tests, the joints were with uncoated plates
(Series A); that is, plates with no surface coating. The plates were
assembled, the bolts were centered in the holes and torqued to 32,400
pounds, and the slip dials were mounted and zerced. The loaed was applied
at a constant rate of strain, until the load indicator seemed to falter
or slow down. At thls point the machine was stopped. The slip dials
and bplt tension readlngs were recorded. In all cases the load indica-
tor did not falter or slow down in the early stages of the uncoated tests,
but readings were tdaken about every 3,000 pounds to provide polints for
the load-=zlip ourves.

At the major slip load of series A, there was a loud nolse and a
sharp deorease in load, caused by an instantansous slip. The major slip
load 1s defined as the load at which the joint has an average slip of
over 0.001 ineh. After the sharp deorsase in load, the machine was
stopped, and the corresaponding slip dials and bolt temsicn r;qdings were
recorded. The test was oontinued in the same manmer until the load
exoeesded the slip fallure load. The term slip failure is defined as an
average slip in the joint of over 0.0625 inoh.

The ascond series of tests (Series B, ¢, D, E, F, L, and ¥)
inoluded the ocowmon stiructural steel paints used in stesl conatruoction
after drying. The plates wers assembled, the bolts were centered in the
holes and torqued to 32,400 pounds, and the slip diala were mounted on
the plates and zeroed. The load was applied at a constant rete of strain
until the lcad indioator faltered or slowed down. At this point the

machine was stopped, snd the slip dials and bolt tension readings were
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CHAPTER V
DISCUSSION OF RESULTS

Using the values recorded as test data, the coefficient of friction
was calculated for sach series of tests (Fig. 34). The normal force used
for the slip failure coefficient of frictlon was a summation of the bolt
tonsion readings at slip failurse. In determining the normal foroe for
the coeffloient of friction at the major slip loéd, the summation of the
bolt tension readings just before wajor slip was used.

The results obteined from the Series A testszs using unpainted bare
plates indicaete that the average value of the coefficient of friction of
polished faying surfaces was 0.230. This frietion value could bs counted
on in design under the present code, slnoe the average slip in the joints
tested was only 0,001 inch. Load slip ourves are shown in Fig. 10.

The average value of friction from Series A was 0.230. This valus,
of course, was obtained using polished faylng surfaces which would never
be encountered in steel oconstruction. Tests of similar joints using mill
scale faying surfaces have been run at the University of Washington (8),
and the average coefflocient of friction obtalned was 0.250. The mill scals
faying surfaces producsed the higher value of frictlon due to the inter-
locking aotion caused by the lrregularity of the surfaces. It has long
been the oonsensus of engineers that the misalignment of holt holes would
tend %o increass %he valus of friotion. Researoch at the University of
Washington (6) has indicated that the average coefficient of friction iith

misalignment of bolt holes 1s 0.340. This higher valus iz caused by the
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of the surfaces, and where actual contact with the other plate had besn
made, the surface was in a dry condition.

Tests of wet paints (Series J and K) also produced higher frioction
values than those found for dry painted surfaces (Figs. 19 and 20). This
can be explained easily because the paint was forced or squeezed from
between the plates similar to the actions of the multi-purpose greasse.

Figure 27 shows a oomparison of ocurves resulting from tests using
wot paints, multi-purpose greass, and dry surfaces. It 1s readily seen
that the friction valus at ithe major slip load could be counted on in cases
where no slip could be tolerated.

Figure 28 shows = oomparison of the performance of the three itypes
of grease used. In all cases the friotion value at major slip load 1is
reliable and could be used. A definite oomparison can be seen as to the
advantage of & low pressure grease over s high pressure grease.

Figures 29 and 30 indicate what changes in friction value will
result by varying ithe thiclkmess of the dry paint coatings. From the re-
sults of the tests on TT-P-86a Type I and S8PC-Paint 13-55T, there is a
decrease in friotional value with lncrease in thiokness of paint. The
reason is that as the layer of materisl becomes thicker'betwean the plates,
it tends to break up and act as ball hearings between the plates, thus
reducing friotional resistance,

Results from tests indicate that all paints containing Red Lead or
Zino Dust have a low coefficlent of friction. These two items act as
lubricants between the plates and cause a plane of weakness which will

tolerate slip at very low loads.
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To correlate the results from the short loading test, a long time
test was run on the SSPC-Paint 13-55T. Pigure 25 shows & comparison
between a short time loading ourve and the long time losding curve. The
wmajor slip load of both tests are similar, and the friotion values of ihe
tests at the sllp fallure load are slightly different. The frioction value
of the long time test was found %o be 85 per cent of the value for the
short time tests, In general, the curves of both tests run similar to
one another.

Just as a load incrsment was applied to the joint, in the long tims
test, the sllip was very rapid; but as time increased under the oconstant
load, the average slip deoreased until after a period of time the change in
average slip of the joint was negligible. The slip time ocurve plotted
of Fig, 31 shows the average slip versus time and indicates how the rate
of slip decreases with time. Painted joint behavior over very long periods
of time has been studied (6) and the general trend of the curve covering
these long periods of time is similar to the long time loadrtest rUn on
SSPC-Paint 13-55T.

A joint was tested using the eonstant stirain faotor rather than the
constant load factor as a basis for oomparisen. By commeoting the points
where the load remained constant slong with the strain, a ocurve was plotted
for comparison with a curve produced by the long time load test. The
results of this test can be found on Fig. 26. There seems to be a definite
correlation between this long time constant straln test and the long time
constant load test. In the long time constant load test 1t was found that

the frietion value produced was 85 per cent of the friction value of the
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Table 3.

Summary Chart of Friction Values

33

Series Surface Coating Sur face Joint Drying Major Slip
No. Condition No. Time Slip Failure
‘ load load
Hrs. u u

A-1 Uncoated Dry 1 - D.240 -~

A-2 2 - 0.200 -

A-3 3 - 0-230 -

A-4 4 - 0.250 -

B-1 TT-P-86a Type I 1 brush coat 1 72 0 0.060
B-2 Dry 2 72 - 0.069
B-3 3 72 - 0.063
B-4 4 72 - 0.069
c-1 SSPC-Paint 2~55T 1 brush Coat 1 48 - 0.078
c-2 Dry 2 48 - 0.091
c-3 3 48 - 0.086
C-4 4 48 - 0.079
D-1 SSPC~-Paint 11-55T 1 brush coat 1 24 - 0.106
D-2 : Dry 2 24 - 0.123
p-3 3 24 - 0.138
D-4 4 24 - 0.118
E-1 SSPG~Paint 13~55T 1 brush coat 1 24 - 0.183
E-2 Dry 2 24 - 0.148
E-3 3 24 - 0.133
E-4 4 24 - 0.160
F-1 TT-P-641b Type I1 1 brush coat 1 24 - 0.070
F-2 Dry 2 24 - 0.063
F-3 3 24 0.074
P-4 4 24 - 0.088
G-1 Nebula No. 1 1 heavy coat 1 - 0.072 0.121
G2 1 thin coat 2 - 0,063 0.085
G=-3 1 thin coat 3 - 0.078 0.179
H-1 Sovarex L No. 1 1l thin layer 1 - 0.068 0.080
H~2 2 - 0.077 0.098
I-1 Gulflex 1 thin layer 1 - 0.162 0.282
I1-2 2 . 0.172 0,257
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Fig. 3.

Instrumented Bolt in Pull Head

Fig. 4.

Typical Painted Connection
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Operation of Surfindicator

Fig. 7.
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