Testing Method To Determine the Slip
Coefficient for Coatings Used in Bolted Joints

JOSEPH A. YURA and KARL H. FRANK

In 1975, the Steel Structures Painting Council (SSPC)
contacted the Research Council on Riveted and Bolted
Structural Joints (RCRBSJ), now the Research Council
on Structural Connections (RCSC), regarding the diffi-
culties and costs which steel fabricators encounter with
restrictions on coatings of contact surfaces for friction-
type structural joints. The SSPC also expressed the need
for a “standardized test which can be conducted by any
certified testing agency at the initiative and expense of
any interested party, including the paint manufacturer.”
And finally, the RCSC was requested to “prepare and
promulgate a specification for the conduct of such a stan-
dard test for slip coefficients.”

The following Testing Method is the answer of Re-
search Council on Structural Connections to the SSPC
request. The test method was developed by Professors
Joseph A. Yura and Karl H. Frank of The University of
Texas at Austin under a grant from the Federal Highway
Administration. The Testing Method was approved by
the RCSC on June 14, 1984. This paper is presented
here for information only and does not not imply an en-
dorsement by the American Institute of Steel Construc-
tion, Inc.

1.0 GENERAL PROVISIONS

1.1 Purpose and Scope

The purpose of the testing procedure is to determine the
slip coefficient of a coating for use in high-strength bolted
connections. The testing specification ensures that the
creep deformation of the coating due to both the clamp-

Joseph A. Yura, M. ASCE, is Warren S. Bellows Centennial Profes-
sor in Civil Engineering, University of Texas, Austin.

Karl H. Frank, AM. ASCE, is Associate Professor, Department of
Civil Engineering, University of Texas, Austin, Texas.

THIRD QUARTER / 1985

ing force of the bolt and the service load joint shear are
such that the coating will provide satisfactory perfor-
mance under sustained loading.

1.2 Definition of Essential Variables

Essential variables mean those variables which, if
changed, will require retesting of the coating to deter-
mine its slip coefficient. The essential variables are given
below. The relationship of these variables to the limi-
tation of application of the coating for structural joints
is also given.

The time interval between application of the coating
and the time of testing is an essential variable. The time
interval must be recorded in hours and any special curing
procedures detailed. Curing according to published man-
ufacturer’s recommendations would not be considered a
special curing procedure. The coatings are qualified for
use in structural connections which are assembled after
coating for a time equal to or greater than the interval
used in the test specimens. Special curing conditions used
in the test specimens will also apply to the use of the
coating in the structural connections.

The coating thickness is an essential variable. The
maximum average coating thickness allowed on the bolted
structure will be the average thickness, rounded to the
nearest whole mil, of the coating used on the creep test
specimens minus 2 mils.

The composition of the coating, including the thinners
used, and its method of manufacture are essential vari-
ables. Any change will require retesting of the coating.

1.3 Retesting

A coating which fails to meet the creep or the post-creep
slip test requirements given in Sect. 4 may be retested
in accordance with methods in Sect. 4 at a lower slip
coefficient, without repeating the static short-term tests
specified in Sect. 3. Essential variables must remain un-
changed in the retest.
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2.0 TEST PLATES AND COATING OF THE
SPECIMENS

2.1 Test Plates

The test specimen plates for the short-term static tests
are shown in Fig. 1. The plates are 4 X 4 in. (102 X
102 mm) plates, 5/8-in. (16 mm) thick, with a 1-in. (25
mm) dia. hole drilled 1/; in. = 1/16 in. (38 mm * 1.6
mm) from one edge. The specimen plates for the creep
specimen are shown in Fig. 2. The plates are 4 X 7 in.
(102 X 178 mm), 5/8-in. (16 mm) thick, with two 1-
in. (25 mm) holes, 1!/, in. = 1/16 in. (38 mm * 1.6
mm) from each end. The edges of the plates may be
milled as rolled or saw cut. Flame cut edges are not per-
mitted. The plates should be flat enough to ensure they
will be in reasonably full contact over the faying surface.
Any burrs, lips or rough edges should be filed or milled
flat. The arrangement of the specimen plates for the test-
ing is shown in Figs. 2 and 3. The plates are to be fab-
ricated from a steel with a minimum yield strength be-
tween 36 to 50 ksi (250 to 350 MPa).

If specimens with more than one bolt are desired, the
contact surface per bolt should be 4 X 3 in. (102 X 76.5
mm) as shown for the single bolt specimen in Fig. 1.

2.2 Specimen Coating

The coatings are to be applied to the specimens in a man-
ner consistent with the actual intended structural appli-
cation. The method of applying the coating and the sur-
face preparation should be given in the test report. The
specimens are to be coated to an average thickness 2
mils (0.05 mm) greater than average thickness to be used
in the structure. The thickness of the total coating and
the primer, if used, shall be measured on the contact
surface of the specimens. The thickness should be mea-
sured in accordance with the Steel Structures Painting
Council specification SSPC-PA2, Measurement of Dry
Paint Thickness with Magnetic Gages.' Two spot read-
ings (six gage readings) should be made for each contact
surface. The overall average thickness from the three

lLOAD 4"

£ 1"oal |

)
% R

T
I

ALL PLATES 5/8" THICK

Fig. 1. Compression test specimen

12" B 12"
" v / | }
—— 5 ; 1_ ———— T -t
1 v2'] ‘ 4

plates comprising a specimen is the average thickness for
the specimen. This value should be reported for each
specimen. The average coating thickness of the three creep
specimens will be calculated and reported. The average
thickness of the creep specimen minus two mils rounded
to the nearest whole mil is the maximum average thick-
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ness of the coating to be used in the faying surface of a
structure.

The time between painting and specimen assembly is
to be the same for all specimens within =4 hours. The
average time is to be calculated and reported. The two
coating applications required in Sect. 3 are to use the
same equipment and procedures.

3.0 SLIP TESTS

The methods and procedures described herein are used
to determine experimentally the slip coefficient (some-
times called the coefficient of friction) under short-term
static loading for high-strength bolted connections. The
slip coefficient will be determined by testing two sets of
five specimens. The two sets are to be coated at different
times at least one week apart.

3.1 Compression Test Setup

The test setup shown in Fig. 3 has two major loading
components, one to apply a clamping force to the spec-
imen plates and another to apply a compressive load to
the specimen so that the load is transferred across the
faying surfaces by friction.

Clamping Force System. The clamping force system
consists of a 7/8 in.-(22 mm) dia. threaded rod which
passes through the specimen and a centerhole compres-
sion ram. A 2H nut is used at both ends of the rod, and
a hardened washer is used at each side of the test spec-
imen. Between the ram and the specimen is a specially
fabricated 7/8-in. (22 mm) 2H nut in which the threads
have been drilled out so that it will slide with little re-
sistance along the rod. When oil is pumped into the cen-
terhole ram, the piston rod extends, thus forcing the spe-
cial nut against one of the outside plates of the specimen.
This action puts tension in the threaded rod and applies
a clamping force to the specimen which simulates the
effect of a tightened bolt. If the diameter of the center-
hole ram is greater than 1 in. (25 mm), additional plate
washers will be necessary at the ends of the ram. The
clamping force system must have a capability to apply
a load of at least 49 kips (219 kN) and maintain this load
during the test with an accuracy of *1%.

Compressive Load System. A compressive load is ap-
plied to the specimen until slip occurs. This compressive
load can be applied by a compression test machine or
compression ram. The machine, ram and the necessary
supporting elements should be able to support a force of
90 kips (400 kN).

The compression loading system should have an ac-
curacy of 1.0% of the slip load.

3.2 Instrumentation

Clamping Force. The clamping force must be mea-
sured within 0.5 kips (2.2 kN). This may be accom-
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plished by measuring the pressure in the calibrated ram
or placing a load cell in series with the ram.

Compression Load. The compression load must be
measured during the test. This may be accomplished by
direct reading from a compression testing machine, a load
cell in series with the specimen and the compression
loading device, or pressure readings on a calibrated
compression ram.

Slip Deformation. The relative displacement of the
center plate and the two outside plates must be mea-
sured. This displacement, called slip for simplicity, should
be the average which occurs at the centerline of the spec-
imen. This can be accomplished by using the average of
two gages placed on the two exposed edges of the spec-
imen or by monitoring the movement of the loading head
relative to the base. If the latter method is used, due
regard must be taken for any slack that may be present
in the loading system prior to application of the load.
Deflections can be measured by dial gages or any other
calibrated device which has an accuracy of 0.001 in. (0.02
mm).

3.3 Test Procedure

The specimen is installed in the test setup as shown in
Fig. 3. Before the hydraulic clamping force is applied,
the individual plates should be positioned so that they
are in, or are close to, bearing contact with the 7/8 in.
(22 mm) threaded rod in a direction opposite to the planned
compressive loading to ensure obvious slip deformation.
Care should be taken in positioning the two outside plates
so that the specimen will be straight and both plates are
in contact with the base.

After the plates are positioned, the centerhole ram is
engaged to produce a clamping force of 49 kips (219
kN). The applied clamping force should be maintained
within =0.5 kips (2.2 kN) during the test until slip oc-
curs.

The spherical head of the compression loading ma-
chine should be brought in contact with the center plate
of the specimen after the clamping force is applied. The
spherical head or other appropriate device ensures uni-
form contact along the edge of the plate, thus eliminating
eccentric loading. When 1 kip (4.45 kN) or less of com-
pressive load is applied, the slip gages should be en-
gaged or attached. The purpose of engaging the deflec-
tion gage(s), after a slight load is applied, is to eliminate
initial specimen settling deformation from the slip read-
ings.

When the slip gages are in place, the compression load
is applied at a rate not exceeding 25 kips (109 kN) per
minute, or 0.003 in. (0.07 mm) of slip displacement per
minute until the slip load is reached. The test should be
terminated when a slip of 0.05 in. (1.3 mm) or greater
is recorded. The load-slip relationship should preferably
be monitored continuously on an X-Y plotter throughout
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the test, but in lieu of continuous data, sufficient load-
slip data must be recorded to evaluate the slip load de-
fined below.

3.4 Slip Load

Typical load-slip response is shown in Fig. 4. Three types
of curves are usually observed and the slip load asso-
ciated with each type is defined as follows:
Curve (a). Slip load is the maximum load, provided
this maximum occurs before a slip of 0.02 in. (0.5
mm) is recorded.
Curve (b). Slip load is the load at which the slip rate
increases suddenly.
Curve (c). Slip load is the load corresponding to a
deformation of 0.02 in. (0.5 mm). This definition ap-
plies when the load vs. slip curves show a gradual
change in response.

3.5 Coefficient of Slip

The slip coefficient k, for an individual specimen is cal-
culated as follows:

slip load

T2 x clamping force

The mean slip coefficient for both sets of five specimens
must be compared. If the two means differ by more than
25%, using the smaller mean as the base, a third five-
specimen set must be tested. The mean and standard de-
viation of the data from all specimens tested define the
slip coefficient of the coating.
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Fig. 4. Definition of slip load

3.6 Alternate Test Methods

Other test methods to determine slip may be used pro-
vided the accuracy of load measurement and clamping
satisfies the conditions presented in the previous sec-
tions. For example, the slip load may be determined from
a tension-type test setup rather than the compression-type
as long as the contact surface area per fastener of the
test specimen is the same as shown in Fig. 1. The clamp-
ing force of at least 49 kips (219 kN) may be applied by
any means provided the force can be established within
+1%. Strain-gaged bolts can usually provide the desired
accuracy. However, bolts installed by turn-of-nut method,
tension indicating fasteners and load indicator washers
usually show too much variation to be used in the slip
test.

4.0 TENSION CREEP TESTS

The test method outlined is intended to ensure the coat-
ing will not undergo significant creep deformation under
service loading. The test also determines the loss in
clamping force in the fastener due to the compression or
creep of the paint. Three replicate specimens are to be
tested.

4.1 Test Setup

Tension-type specimens, as shown in Fig. 2, are to be
used. The replicate specimens are to be linked together
in a single chain-like arrangement, using loose pin bolts,
so the same load is applied to all specimens. The spec-
imens shall be assembled so the specimen plates are
bearing against the bolt in a direction opposite to the
applied tension loading. Care should be taken in the as-
sembly of the specimens to ensure the centerline of the
holes used to accept the pin bolts is in line with the bolts
used to assemble the joint. The load level, specified in
Sect. 4.2, shall be maintained constant within 1% by
springs, load maintainers, servo controllers, dead weights
or other suitable equipment. The bolts used to clamp the
specimens together shall be 7/8-in. (22 mm) dia. A490
bolts. All bolts should come from the same lot.

The clamping force in the bolts should be a minimum
of 49 kips (219 kN). The clamping force is to be deter-
mined by calibrating the bolt force with bolt elongation,
if standard bolts are used. Special fasteners which con-
trol the clamping force by other means such as bolt torque
or strain gages may be used. A minimum of three bolt
calibrations must be performed using the technique se-
lected for bolt force determination. The average of the
three-bolt calibration is to be calculated and reported.
The method of measuring bolt force must ensure the
clamping force is within =2 kips (9 kN) of the average
value.

The relative slip between the outside plates and the
center plates shall be measured to an accuracy of 0.001
in. (0.02 mm). This is to be measured on both sides of
each specimen.
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4.2 Test Procedure

The load to be placed on the creep specimens is the ser-
vice load permitted for 7/8-A490 bolts in slip-critical
connections by the latest edition of the Specification for
Structural Joints Using ASTM A325 or A490 Bolts® for
the particular slip coefficient category under considera-
tion. The load is to be placed on the specimen and held
for 1,000 hours. The creep deformation of a specimen
is calculated using the average readings of the two dis-
placements on each side of the specimen. The difference
between the average after 1,000 hours and the initial av-
erage reading taken within one-half hour after loading
the specimens is defined as the creep deformation of the
specimen. This value is to be reported for each speci-
men. If the creep deformation of any specimen exceeds
0.005 in. (0.12 mm), the coating has failed the test for
the slip coefficient used. The coating may be retested
using new specimens in accordance with this section at
a load corresponding to a lower value of slip coefficient.

If the value of creep deformation is less than 0.005
in. (0.12 mm) for all specimens, the specimens are to
be loaded in tension to a load calculated as

P, = average clamping force X
design slip coefficient X 2

since there are two slip planes. The average slip defor-
mation which occurs at this load must be less than 0.015
in. (0.38 mm) for the three specimens. If the deforma-
tion is greater than this value, the coating is considered
to have failed to meet the requirements for the particular
slip coefficient used. The value of deformation for each
specimen is to be reported.

COMMENTARY

The slip coefficient under short-term static loading has
been found to be independent of clamping force, paint
thickness and hole diameter.’ The slip coefficient can be
easily determined using the hydraulic bolt test setup in-
cluded in this specification. The slip load measured in
this setup yields the slip coefficient directly since the
clamping force is controlled. The slip coefficient &, is
given by

slip load

f2x clamping force

The resulting slip coefficient has been found to correlate
with both tension and compression tests of bolted spec-
imens. However, tests of bolted specimens revealed that
the clamping force may not be constant but decreases
with time due to the compressive creep of the coating
on the faying surfaces and under the nut and bolt head.
The reduction of the clamping force can be considerable
for joints with high clamping force and thick coatings,
as much as a 20% loss. This reduction in clamping force
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causes a corresponding reduction in the slip load. The
resulting reduction in slip load must be considered in the
procedure used to determine the design allowable slip
loads for the coating.

The loss in clamping force is a characteristic of the
coating. Consequently, it cannot be accounted for by an
increase in the factor of safety or a reduction in the
clamping force used for design without unduly penal-
izing coatings which do not exhibit this behavior.

The creep deformation of the bolted joint under the
applied shear loading is also an important characteristic
and a function of the coating applied. Thicker coatings
tend to creep more than thinner coatings. Rate of creep
deformation increases as the applied load approaches the
slip load. Extensive testing has shown the rate of creep
is not constant with time, rather it decreases with time.
After 1,000 hours of loading, the additional creep de-
formation is negligible.

The proposed test methods are designed to provide the
necessary information to evaluate the suitability of a
coating for slip critical bolted connections and to deter-
mine the slip coefficient to be used in the design of the
connections. The initial testing of the compression spec-
imens provides a measure of the scatter of the slip coef-
ficient. In order to get better statistical information, a
third set of specimens must be tested whenever the means
of the initial two sets differ by more than 25%.

The creep tests are designed to measure the paint’s
creep behavior under the service loads determined by the
paint’s slip coefficient based on the compression test re-
sults. The slip test conducted at the conclusion of the
creep test is to ensure the loss of clamping force in the
bolt does not reduce the slip load below that associated
with the design slip coefficient. A490 bolts are speci-
fied, since the loss of clamping force is larger for these
bolts than A325 bolts. Qualifying of the paint for use in
a structure at an average thickness of 2 mils less than
the test specimen is to ensure that a casual buildup of
paint due to overspray, etc., does not jeopardize the
coating’s performance.

The use of 1-in. (25 mm) holes in the specimens is to
ensure that adequate clearance is available for slip. Fab-
rication tolerances, coating buildup on the holes and as-
sembly tolerances reduce the apparent clearances.
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