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ABSTRACT

REFERENCE: Nordlin, E. F., Boss, J. F., and Trimble, R. R.,
"Laboratory Investigation of Tetrafluorethylene (TFE) as a Brldge

v Bearing Material', State of California, Department of Public Works,
Division of Highways, Materials and Research Department. Research
Report 6L46142-2, Jure 1970,

ABSTRACT: This is a report of a laboratory study to determine the
feasibility of using Tetrafluorethylene (TFE) as a sliding bridge
bearing material. A variety of bearing assemblies and designs
containing TFE slidina elements were tested for friction factor
and fatigue iife. A maximum friction factor of 0.11 and a minimum
fatigue Tife of 10,000 cycles were set as desirable performance
Timits.

Design and materfal variables among the bearing assemblies tested
included (1) sliding elements, (2) backing material, (3) quality
of bond between the bearing assembly components, and (4) the con-
finement of the backing materfal.

A bearing assembly composed of a 0.10 inch minimum thickness layer
of filled TFE bonded to a high quality preformed fabric pad and
sliding agalinst either a pad of like composition or a ground
stainless steel surface consistently met the above mentioned per-
formance limits. A high quality two component epoxy adhesive was
used to bond the TFE to the fabric pad.

Based on one test series, a “Leonhardtﬁtype” rotation-translation
bearing also successfully met the performance requirements.

Considering California's successful experience with neoprene

- elastomeric bearing pads, TFE bearing assemblies are oniy considered
economical for use in long span structures or structures subject
to unusually large horizontal movements.

KEY WORDS: Bridges/structures, bridge bearings, siiding, Tetra-
fluoroethylene, preformed fabric, test method, specifications.
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1. INTRODUCT!ON

Background and Objective

During the long history of bridge design, various methods have
evolved to provide for (1) thermal length changes of bridge
structures, (2) drying shrinkage of concrete bridge structures,
(3) shortening during stressing of post tensioned, prestressed
bridge structures, and (4) girder end-rotation at abutments and
columns. Generally, these methods should comply with the
following requirements:

t. Be able to sUpporf bridge loadings (dead load, live load,
impact, etc.). .

2. Be able to accommodate the maximum expected bridge movement
with the least possibie resisting force.

3, Perform satisfactorily for the expected number of cyclic
reversals during the design life of the bridge.

b, Perform with minimal maintenance during the design life of
the bridge.

5. Not be affected by environmental conditions during the
design tife of the bridge {temperature, moisture, ozone,
oil, debris and other foreign materials).,

6. Be economically feasible.

A previous report of work done under this bridge bearing pad
project covers the development of design criteria and specifi-
cations for elastomeric bridge bearing pads!. These elastomeric
pads are now being very successfully used on almost all short
and intermediate span highway bridges designed by the California
Division of Highways.

However, one design criterta for elastomeric bearing pads is
that the total thickness of these pads must be at least two
times the maximum expected horizontal movement. Therefore, the
cost of these bearing pads varles directly with the amount of
expected horizontal movement (which Is dependent on span length).
A sliding bridge bearing {(the cost of which is independent of
the expected movement) is, consequently, more economical for
long span structures In many cases.

Prior to 1963, self lubricating metallic bearing pad systems
were beling used for long-span structures by the Califernia Divi-

siton of Highways. These sliding bearings, in addition to having

a relatively high first cost, had been performing with only
marginal effectiveness. The "freezing" action that occurred
when relatively small particles accumulated on the sliding
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interface proved to be a feai maintenance headache. The
Division of Highways was, therefore, looking for a cheaper, more
maintenance-free sliding bridge bearing assembly.

Nylon fabric and several plastic materials were suggested but
laboratory testing indicated that their coefficients of friction
were significantly higher than that provided by the self-
lubricating metailic bearings. Virgin TFE was also tested and
found to be unacceptable due to its Jow resistance to wear and
its susceptibiiity to cold flow under compressive ioads such as
found in bridges (800-2000 psi). However, laboratory testing in
the early 1980's indicated that the addition of certain fillers
to the TFE would significantly reduce these probiems. Conse-
quently, bridge bearing assembliies containing reinforced (i.e.,
filled) TFE were installed in several bridges located in the
eastern United States in the early 1960's. The first use of this
type of bearing assembly by the Caltifornia Division of Highways
oceurred in 1965.

The study reported hereln was Initiated in the early 1960's with
the objective of determining the feasibility of using TFE as a
bridge bearing pad material. Included in this report are the
results of tests of several combinations of different siiding
elements, backing materfais, bonding materials and processes,
and backing material restraint systems that have been developed
in cooperation with industry. A tentative specification for TFE
bearings, based on the results of much of this testing, has been
developed and is documented in Appendix B.

Testing Program

Almost all testing was performed on bearing assembifes suppiied
by the various manufacturers and distributors. These were either
assemblies aiready on the market or special prototypes submitted
for preliminary testing., Late in the testing program, some bearing
assemblies were fabricated in the Divislion of Highways laboratory
to test varfous methods of bonding TFE to its backing. The
majority ‘of the bearing samples were tested at 1,200 psi normal
load, 4% inches/minute 'sliding speed, and 10,000 ecyclies (2 inches
total travel per cycle). These testing conditions were chosen to
compare the performance of TFE siiding bearing assembiies with
conventional s&lf lubricating metalliic sliding bearing designs as

used by the Division. Other ‘loading conditions and testing speeds
" were also used in some instances.

To function effectively and reliably, a stiding bridge bearing

must eéxhibit a low coefficient of friction throughout its design
jife. During the elastomeric bearing pad investigation mentioned
previously, a testing machine had been developed which could sub-
ject test specimens to the bearing pressures and type of cyclic
lateral movements a bearing assembly would experience in a bridge
(see Appendix C for a full description of this testing machine).
This testing machine was used for all coefficient of friction
determinations and fatigusg testing during this TFE bearing assembly
investigation. . :

www fastio.com
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Normal testing procedure was as follows (for compiete Test
Method see Appendix C)

1. Samples approxlmately 6 inches x 9 inches in size are
prepared.

2. A normal pressure of 800-1200 psi is applied (normal
pressure is dependent on the backing material of the
assembly).

3. Lateral movement Is Induced by means of a hydraulic ram.
The lateral resistance to movement can be monitored at
all times by use of an SR-4 strain gage load cell
incorporated in the hydraulic ram.

h. Sliding is continued at a sliding speed of 4% inches per
minute until faflure or 10,000 cycles are completed
Failure is considered to occur when:

a. The friction factor exceeds 0.11 or
b, The fayer of TFE extrudes due to cold flow or

¢. Delamination occurs between bearing assembly
components or

d. The backing breaks down.

Although the test sliding speed of 4% inches/minute ls unreal-
Istically high, this speed was used to accelerate the testing
program. For this reason, the friction factor maximum of 0.1)
was chosen. A coefficient of friction at 0.05-0.07 |s quoted
by most manufacturers°

The friction factor of 0.11 maximum as specified in the Division
of Highways specification for TFE Bridge Bearings and establlished
by the testing reported herein was determined at the fore-
mentioned sliding speed of 4% inches per minute. The coefficient
of friction Is lowered as sliding speeds are reduced, thus partly
explaining the disparity in coefficients reported in this document
and those claimed by various manufacturers. The coefficient of
friction also varies, but inversely, with unit load. Static and
dynamic coefficients are also different. Therefore, any design
or materials specifications should define the testing parameters
In establishing the coefficient of friction.

vww . fastio.com
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CONCLUSIONS

The testing performed under this program was by no means an exhaustive
study of all of the possible TFE sliding bearing assembiles. It was
encouraging to note, however, that several combinations of TFE bearing
components did meet the desirable levels of friction factor (0.11 max-
imum) and fatigue 1ife (10,000 cycles minimum). In-service experience
and the results of this testing indicate that with careful design and
assembly, TFE stiding bearing assemblies are satisfactory for use in
bridges. However, considering California's successful experience with
neoprene elastomeric bearing pads and the current cost of TFE
assemblies, economic considerations may limit the use of TFE bearing
pads to long span structures or structures subject to unusually large
horizontal movements.

Current Californ?a TFE;siiJing beariﬁg assemblies Design and Material
Standards are based on the results of this test program and are as
foliows:

A TFE friction surface backed with a preformed fabric pad is a satis-~
factory expansion brldge bearing provided the following conditions
exfst:

i. The frictioh inferface must be TFE vs. TFE or TFE vs. Surface
Ground Stainiess Steel (32 RMS finish or better and 16% minimum
chrome content).

2. A high quality sintered virgin TFE material reinforced with a
suitable filler, must be used. The layer of TFE should be at
least 0.10 -inches thick, unless laminated to steel, to prevent
failures from combined stresses.

3. The preformed fabric pad backing must conform to Federal Speci-
fication MiIL-C-882.

4. The adhesive used,for.bonding the TFE to the fabric backing
-must be high quality two-component epoxy which is properly
mixed and appiied

ksy The top sliding member must be: large enough to be in contact

with 100% of the bottom member during the entire lateral
‘movement cycle. This will minimize the "plowing' effects
adverse to bearing movements and will also minimize the
possibility of debris accumulatfng on the sliding interface.-

6. Provisions must be made to keep concrete grout and other foreign
materials from the plane betweenh thé siip surfaces during
construction of the bridge structure.

On the basis of one test series, the “Leonhardt type' rotation-
translation bearing is a promising design concept for use in long span
bridge structures where relatively large magnitudes of joint rotation
and translation are anticipated. -
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3. DISCUSS1ION

Test Criteria

This phase of the bridge bearing assembliy testing program was
initiated to evaluate the various TFE sliding bridge bearings on
the market for possible use in California state highway bridges.
At the time this study began (1963), the development and testing
of elastomeric bridge bearing pads by the California Division of
Highways had been underway for some time, and the design and
economic features of these bearings were emerging as very
favorable (as tater reported in Ref. 1). Thus, very early in
this TFE bridge bearing study, it was decided that the objective
was not to replace the elastomeric bearing pads now so success-
fully used on short and medium span structures, but rather to
provide a'more efficient bearing for long span bridges.

The two basic criteria that the TFE bridge bearing assemblies
were tested for were (1) a Tow lateral resistance to sliding

and (2) a maintenance-free service life with little increase In
sliding resistance during this service 1ife. During the testing
program reported herein, it was found that the following factors
greatly influenced the degree to which the TFE expansion bearings
satisfied these criteria: B

. Composition of the siiding elements.

2. Comﬁosition of backfng materials.

3. Bond between the various components of,the.bearing assemblles.
L. Geometry of the assembiles.

5. Degree of confinement of the backing material.

Cémpbsition of the Siiding Elements

The sliding surfaces of several of the first TFE bearing assemblies
tested were thin layers of unreinforced pure virgin TFE. In altl
these tests the TFE either extruded along the perimeter of the pad
{(Figure 1) or tore and pulied loose from its backing (Figure 2),
After several hundred cycles of testing of these assemblies, there
was a gradual increase of friction to undesirable levels (above
0.11). These conditions were caused by the susceptibility of
unreinforced TFE to cold flow at bearing pressures of 500 psi and
above.

To combat this undesirable effect, bridge bearing manufacturers
began using TFE reinforced with inert fillers. Giass fibers or
asbestos fibers in quantities ranging from i5 to 25% by volume
have been the most successful fillers. Filler quantities below
152 do not provide adequate reinforcing while quantities higher
than 25% tend to raise the friction values to undesirable levels
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(above 0.11). A graphite filled TFE also performed adequately;
however, the manufacturer did not volunteer the amount of
graphite present. As can be seen in Appendix A, all the bearing
assemblies that were tested successfully contalned TFE rein-
forced with one of these three materials.

" FIGURE 1 FIGURE 2

Samples with bronze filled TFE, and several samples with unidenti-
fied fillers, exhibited friction values above 0.11, leading to
eventual deterioration of the bearing assembly.

“Two types of pad assemblies using TFE impregnated fabric as the

siiding surfaces were tested. One type possessed such a high
friction factor that sliding could not be Induced (coeffliclient
of friction over 0.20). The preformed backing of these samples
deformed excesslively due to the extreme shear forces and testing
was discontinued. The other type falled due to extreme plastic
deformation of the sliding Interface and subsequent complete
backing deterforation.

For bridge bearings composed of TFE bonded to preformed fabric
pads, It was found from our testing that the layers of TFE should
be at least 0.10 inch thick. Pads with thinner TFE layers failed
due to TFE creep and other combined stresses. However, the same
type of TFE, bonded to a 1/8 tnch or thicker steel plate, per-
formed adequately in thickness as low as 1/32 inch.

Inftially it was thought that the lowest coefflcient of friction
could be obtained with TFE sliding against TFE. Later, several
other friction interfaces were tested. TFE sliding against a
ground stainless steel surface (32 RMS finish or better) performed
stightly better, on the average, than TFE vs. TFE. Other sliding
interfaces that were tried were TFE vs. (1) galvanized steel,
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(2) coild rolled steel, (3) aluminum, and (4) cold rolled stee!
sprayed with TFE. . These all resulted in inadequate per-
formance with friction factors over 0.11 (see Table | below).
A few tests of asbestos fiber reinforced TFE sliding against
galvanized steel resulted in average coefficlents of frictlion
of 0.10 but wear was about 20% in 10,000 cycles.

. . TABLE 1
Frtct[on Values

TFE vs. Yarious Surfaces

_ : Average

Surface - Coef, of Friction
o TFE N .09

Ground stalnless steel .08

Galvanized steel (vs. glass

fiber filled TFE) .13

Unground cold-rolled steel .15

Alumlnum. .2

Cold rolled steel sprayed with:TFE 2,

C. Composition of Backing Materials

Three types of backing material were tested: (1) TFE bonded
) to steel, (2) TFE bonded to preformed fabric pads, and (3) TFE
bonded to a neoprene elastomeric backing. (For the purpose of
~thls discussion, the upper and lower bearing assemblies were
. of identical construction, although varlous combinations were
alsoc tested,)}

Several TFE-on-steel bearing assemblies were tested under this
test program, even though they were too rigid to be suitable for
bridge bearings. Any girder end rotation at all would create
very high locatized  loading conditions. However, bearing
assemblies of this type exhibited good friction and fatigue
characteristics. They are by far the easiest to manufacture
while malintaining good quality control and would seem to be

well suited for buildings, pipe lines, and other applications
where end rotation is nonexistent. Mechanically rotating

ClihPDF - www .fastio.com
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TFE-steel bridge bearipgs_(See Figure 3) have been suggested,
bUt“nonelwerefgyer SUb@fttg&fférf;est}qg.‘“t“ . ,
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FIGURE 3

The need for TFE sliding bearing assemblies to accommodate
girder end rotation led to the development of flexible and
semi-flexible backings. A flexible backing is designed to
accommodate any expected amount of rotation up to 2°,
whereas a semi-flexlible backing is used primarily for even
load distribution with only 2 limited amount of rotational
capability (0.5° maximum).

A multitude of combinations of TFE with neoprene and other
elastomers with and without steel reinforcing laminates were
submitted for testing as flexible backed pads. This type of
backing will act as an elastomeric bearing pad until the
interrnal sheatr resistance of the neoprene exceeds the statlic
coefficient of friction of the TFE. Present California speci-
fications for neoprene bearing pads 1imit the lateral deflection
of the pad to 1/2 its thickness. 1n previous unpublished

‘testing by the California Divislion of Highways, It had been

determined that for Shore A-E5 durometer hardness neoprene, a
lateral force equal to 0.06=0.08 times the normal load is
required to laterally deflect the ‘pad 1/2 Its thickness. Since
most TFE sliding bearings 'exhibited ‘higher friction values (0.08-
0.10), it was felt that a’hardér neoprené should generally be
used. The first test samples 'submitted with & neoprene backing
were made ‘with 50-60 durométer reoprerne.' As was expected, the

#
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lateral movement of the neoprene backing was much more than
1/2 the necprene thickness before sliding occurred at the TFE
interface. Gradual deterioration and detamination of the pad
occurred during testing with a complete fallure much before
the 10,000 cycles were reached.

Other factors affecting the efficliency and fatligue 1ife of
neoprene backed pads were:

1. The TFE, when bonded directly to the neoprene, would
deform excessively, leading to ultimate bond breakdown
between the two ltayers (Figure 4).

FIGURE &

2. Thin steel sheets placed between the neoprene and TFE
would deform under load, leading to either delamination
between the neoprene and steel or excessive deformation
of the TFE, Testing indicated that steel reinforcing
sheet laminates should be 10 gage or thlcker.

3. Many of the neoprene backed TFE bearing assemblles
experlienced bond falflure between the neoprene and the
steel sheet. Bond stresses are extremely high due to
the nonuniform distribution of shear stresses to the
‘bonding agent. {Any bonding of steel to neoprene should
be accompllished by vulcanizing.)

L, Compressive load was limited to 800 psi (maximum allowable
for neoprene elastomeric bearings) which resulted in higher

www . fastio.com
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i fftétlion values than those with TFE preformed pad '
assemblies which were tested at 1200 psi. For TFE, friction
values vary Inversely with normal load.

Toward the end of the testing program, one neoprene backed TFE
sliding bearing assembly completed 10,000 cycles successfully
{(Figure 5). This bearing consisted of 1/16 inch glass filled
(15%) TFE layer bonded to a 1/8 inch steel sheet which was In
turn bonded to a 1/2 inch thick 65 durometer neoprene pad. The
opposing assembly consisted of a 1/16 inch TFE layer bonded to
a 1/8 inch steel backing plate. Friction values ranged from

2 0.07 to 0.10, and maximum lateral deflection of the neoprene was

3/8 inch. The compressive load on this bearing was also 800 psi.
|f future design requirements indicate a need for this type of
bearing, design and matertal standards for neoprene backed TFE
slliding bearings will be developed through additional research.
Presently, the very limited laboratory success with this type

of TFE sliding bearing does not appear to warrant this actlon.

ClihPDF - u
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The most successful TFE sliding bearing assemblles tested were
those backed with good quality preformed fabric pads. These
pads are comprised of multiple plies of lightwelght cotton duck,
completely Impregnated with elastomers contalining anti-oxidants
and mildew inhibltors. These plies are stacked to the desired
thickness, prestressed, and then vulcanized and cured under
pressure (see Appendix D).

Only those TFE bearing assembllies constructed with preformed
fabric pads meeting Federal Speciflcation MIL-C-882 consistently
met the standards for friction and fatigue (see Appendix A). Of
course, the other requirements for TFE and bond, as outlined In
other sections of this report, must alsc be met. Backling pad
thicknesses of both 1/2 inch and 1 inch worked adequately,
although some binder extrusion and backlng deformation were
evident in the | inch fabric pad after about 6,000 cycles.

The TFE bearing assemblies backed with preformed fabric pads
not meeting Federal Specification MIL-C-882 usually failed at
the TFE-preformed fabric interface before completing 10,000
cycles in the bearing assembly fatigue testing machine. Either
the first few layers of the fabric would rupture, progressively
leading to complete bearing assembly failure, or delamination
would occur due to the excessive stresses occurring at the bond
line (see Figures 6 through 8).

FIGURE 6

General detertoration of preformed
fabric pad and delamination of
exterfor layer.

www . fastio.com


http://www.fastio.com/

ChhPD

YAYARYAVAV

astio.com

-12—

Delémfnation of preformed fabric pad
in upper layers and creep of TFE.

FIGURE 8

Ply separatlon of preformed fabric
- pad along pad centerline.
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Testing of a ""Rotation-Translation' TFE Bridge Bearing

During the latter part of 1969, a "Rotation-Translation' TFE
bridge bearing incorporating the design concept of Preof. Fritz
Leonhardt® was submitted to the department for testing (see

Figures 9, 10, and 11). This bearing is designed to accommodate

2000+ psi compressive load and 1-2° girder end rotation.
Horizontal movement is accommoedated at the TFE vs. stainless
steel interface while the confined neoprene permits rotation of
the siiding surface at compressive unit locads of over 2000 psi.
This unit load is well within the working range of thin layers
of TFE bonded to steel. The TFE at the sliding interface was
unfitied virgin tetrafiuorcethyliene 3/32 inch thick and was
recessed fnto the steel backing plate by 1/16 inch.

This bearing was tested for its friction factor and fatigue life
according to the previously mentioned test procedure with the
following modifications:

1. Compressive load was increased to 2000 psi.

2, For several intervals, thé_coefficient of friction readings
were taken at very slow sliding speeds.

The bearing performed very well through 10,000 2-inch cycles with
coefficlent of friction readings averaging 0.07 at sliding speeds
of 4.5 inches/minute, and 0.04 at speeds of 0.01 Inches/minute.
(This decrease in coefficient of friction with decreased sliding
speeds is typical for TFE bearings.) Close examination of the
bearing after completion of this test showed very littie TFE cold
flow or surface wear. '

Next, the bridge bearing fatigue testing machine was readjusted
to produce both s)liding and end rotation (1.5° maximum) during
each cycle. The bearing was again subjected to 10,000 cycles
(5000 cycles @ 0° to ~1.5° and 5000 cycles @ 0° to +1.5°). The
bearing performed extremely well, with no damage to the neoprene
layer and no increase in friction from that measured during the
first phase of this test. There was no significant wear of the
TFE after 20,000 cyclies of testing although some flaking was
evident.

A glass filled TFE bearing of this type was tested at a constant
compressive load of 2000 psi and subjected to 10,000 2-jnch
cycles at sliding speeds of 4.5 inches/minute. This bearing was
tested through 3500 cycles with no end rotation followed by 6500
cycles of end rotation from -1.5° to +1.5°. The bearing showed
good performance throughout the test with an average coefficlient
of friction of 0.06.

These test results indicate that this Leonhardt type bearing is
an acceptable design for use under long span structures with (1)
high unit loads at the supports, (2) large horizontal movements,
and {3) one to two degrees of girder end rotation.

www . fastio.com
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NOTES A-Steel Sole Plate
B-Stainless Steel Sliding Fuce- 32 RMS finish.
C-Virgin TFE -~ 3/32" thick
D- Steel Backing Plate
E-Fiberglass Filled TFE Washer ~1/i6" thick
F- Neoprene - 55 Durometer Hardness - 172" thick
G- Steel Housing

CROSS SECTION OF e“ DIA. BEARING

L= Degree of Rotation
(1.5°max. for test)
r— v i |

] ‘A.l_‘l

ROTATEON‘

Figure 9

D|AGRAM OF LEONHARDT TYPE ROTATION-TRANSLATION TFE
. BRIDGE BEARING

ChihPDF - www.fastio.com


http://www.fastio.com/

ClibhPDF -

-]5-

; &y
o B
wa FHe

FIGURE 10

Leonhardt type bearing after completion of 20,000 cycles of
testing. Note worn particles of TFE along bearing periphery.

FIGURE 11

Leonhardt type bearing after completion of 20,000 cycles of
testing. Note worn particles of TFE along bearing periphery.

www . fastio.com
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E. Other Factors

Durling the testing program, several other factors affecting the
performance of the TFE sliding bridge bearings became apparent.
One indication of this was the varlation of friction values
during one complete translatory cycle (see Flgure 12). Part of
this varlation is due to the 'bow wave' phenomenon as Illustrated
dlagrammatically In Figures 13a and 13b. As shown In Flgure l3a,
when top and bottom pads are of the same size, two ''bow waves'
are formed. This plowing effect can Increase the friction value
by as much as 0,02, By making one pad larger than the other, as
in Figure 13b, only one bow wave Is formed, thereby reducing the
maximum coefficient of friction. The above phenomenon Is accen=-
tuated with bearings using unreinforced, flexible or semi-flexible
backing material for both upper and lower bearing assemblles.

Static Friction
/Dynumic Friction - 2 bow waves

P

Dynamic Friction -
I bow wave

Cycle Reversal —

Figure 12 ,
VARIATION IN FRICTION DURING TESTING CYCLES

N E— T -

(@) Top & bottom assemblies same width

e o
(b)Top assembly wider than bottem assembly

Figure 13
BOW WAVE EFFECT (exaggerated scale)

ClihPDF - wyaw.faslio.com
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Another varfiation In friction factor is caused by dissimilar
values in static ‘and dynamic friction factors, as is shown at the
beginning of each cycle .reversal in Figure 12, Contrary to most
published reports, the static coefficient of friction for all TFE
bearing assemblies tested was higher than the dynamic coefficient
of friction. For most TFE bearings meeting the prescribed design
criteria, static friction averaged approximately 0.02 higher than
dynamic friction. This variation seemed to be independent of
testing speed or normal pressure.

On several occasions, initial "breakfree' sliding was very diffi-
cult to obtain on new bearing assemblies. This movement ejther
came at a very high lateral resistance or not at all, _However,
once sliding ‘'was induced and several cycles had been coéompleted,
friction values would drop to normal. The reason for this
behavior is that during the skiving operation of forming TFE
sheets from solid cylinders, the skiving knife cuts across rein-
forcing fibers (glass, asbestos, etc.). These fibers create a
very rough surface until siiding has taken place. During sliding
the cut ends of the fibers will be coated with TFE, dropping
friction drastically. For ail TFE bearing assemblies, therefore,
the TFE surface should be burnished before installation.

One other factor that affected the performance of TFE assembiies
to a great degree was the type and quality of bond between the
sliding surface and its backing. Two basic types of bonding
agents were tested: contact-type rubber cement and two-component
epoxies. The contact cement failed rather early (in the range

of 2000 to 3000 cycles) in the fatigue tests, thereby ruling out
this system as a dependable bonding agent. The epoxy adhesive
system performed very well in most cases, with occasional fail-
ures attributed to poor application practices.

After some taboratory experimentation, it was found that epoxy
mixes which were thought to be identical would perform satis-
factorily in one case and fail in another. This phenomena
occurred even though the shearing forces (friction factors) were
of approximately the same magnitude. An Investigation of the
epoxy application procedures that had been used for the bearing
assemblies that experienced bond failures uncovered several
serfous shortcomings. An extreme amount of voids was present at
the bond iine in many cases {up to 75% of the contact area). For
others, either the TFE had not been etched properly or the
backing had not been thoroughly cleaned. It was found that to
assure a successful, lasting bond, rigorous c¢leaning of the
backing material with acetone as well as etching of the TFE
surface to be bonded must be performed. In addition, the epoxy
application must be uniform in thickhess with a complete coverage
free from voids, with a minimum fiim thickness combined with
pressure bonding to insure these conditions. The heed for
pressure bonding cannot be over emphasized as only those pads
fabricated in this manner were successful in meeting the estab~
lished performance standards. The extreme care required in
obtaining adequate bonding confines this to a shop rather than

a fleld operation. -
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1t was found that the bond quallity affects the coefflicient of
friction as well as the durability of the pad. A bond which
contains an excessive amount of voids, or an excessive amount
of bonding material, ternds to produce a rippled pad surface
(see Flgure 1}. This irregular sliding surface obviously .
increases the coefficient of friction.

F. Fleld Observations

During the early stages of this test program, it became evident
that the TFE bridge bearing assembllies on the market at that
time could not economically compete with elastomeric bridge
bearing pads except on very long structures. Therefore, the
use of TFE sliding bridge assemblies on California Division of
Highways bridges has been limited to a total of 17 structures
to date. Some of these were field test installations while the
others had unusual conditions such as large expected movements
where TFE bearings were the most desirable alternative (see
Fiqures 14, 15, and 16)

F\GURE_IR | ; , FIGURE 15
The above picture shows.a TFE~- "The above plcture shows an
preformed fabric pad assembly elevation view looking in
in place on top of a bridge toward the abutment after
abutment prior to casting a casting the concrete box

prestressed concrete box girder, girder referred to in Fig. 1&.
: Note the TFE-preformed fabric
pad assembly on top of the
bridge abutment.

All of the TFE bearing assemblies that have been installed to
date consist of filled TFE sliding surfaces bonded directly

to preformed fabrlc pads. Both top and bottom sliding compon-
ents are of this type. Of all the combinations tested in the

ClihPD www.fastio.com
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taboratory, this design resulted in the most consistent test
performance (Figure 17 shows this type, after 10,000 cycles
of testing.) To date there have been no reported fallures
or problems of these bearing assemblies.

The success of this TFE sliding bridge bearing design led to
the development of the design and materlial specifications

. attached in Appendix B. The accompanying Test Method No.
Calif. 663 (Appendix C) was formulated from the experience
gained in both the elastomeric and TFE bearing phases of

. this project and appllies to the testing of both.

FIGURE 16 FIGURE 17
The above plcture shows the The above plicture shows a
; elastic shortening of the cast- TFE bearing pad bonded to
in-place prestressed concrete a preformed fabric pad
box girder bridae shown in after 10,000 cycles of
Figures 14 and 15 immediately laboratory testing.

after prestressing. This move-
ment was effectively accommodated
by the TFE-preformed fabric pad
bearing assembly.
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AUERAGE FRICTION VALUES AND FATIGUE LIFE FOR VARIOUS
TFE BEARING ASSEMBLIES

. Béaring Assembiies Tested For 10,000 Cycles With No Deterioration

Normal Average

TFE* Backing#* Sliding Pressure Coef. of No. of
Type Tvpe Interface® psi Friction Assy. Tests

i a A 1200 0.09 i2

2 a A 1200 0.09 i

3 a A 1200 0.08 2

i a A 800 0. 11 2

3 a A 800 0.10 1

i " a B i200 0.08 7

2 a B. 1200 0.08 2

1 b A 1200 0.08 3

I b A 1000 0.09 2

1 b A 800 0.10 f

6 b A 800 0.10 I

1 a c 1200 0.11 4

6 a A 1200 0.10 2

1 c B 800 0.09 3

3 b A 800 0.11 1

. Béar?ng Assemblies That Failed Between 5,000 and 10,000 Cycles.

1 ¢ A 800 0.11 L
1 a E 1200 0.13 3
2 b E 1200 0.11 2
2 a D 1200 0.12 1
5 f A 1200 0.06 2
1 e A 1200 0.12 4
1 e A 800 0.12 3
4 e A 1200 0.11 2

ill.. Bearing Assemblies That Failed Between Zero and 5,000 Cycles.

e a A 1200 0.09 1
1## e A 1200 0.11 i
2 e A 1200 0.10 ]

5 e B 1200 0.15 1
7 e A 1200 0.08 1
7 e A 800 0.09 i

1 a D 1200 0.15 1
1 a F 1200 0.12 i
3 d A 800 0.13 2
3 ¢ A 800 0.16 ]

3 ¢ G 1200 0.12 1
4 c B 1200 0.17 1

-7 g B 1100 0.08 3

ClibPDFE - wiwww fastio.com
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1V, Bearing Assembiies With No $liding At Interface.

Normal Average
TFE#* Backling#* Sliding Pressure Coef. of No. of
Tvpe Type interface* psi Friction Assy. Tests
I d A 800 - 2
1 d B 800 - 2
2 d B 800 - ]
. 3 d B 800 - H
1 d G 1200 - 1
6 a G 1200 - 2
5 f B 1200 - I
5 e B 1200 2
* TFE Types Backing Type
1- Glass filled a- Preformed fabric meeting Federal Spec.
2- Asbestos fitled b~ Steel
3- Carbon filled c- Neoprene (Shore A Durometer & 65)
L- Bronze filied d- Neoprene (Shore A Durometer g 60)
5- TFE impregnated e~ Preformed fabric not meeting Federal
fabric specifications
6- Unknown ‘ f- Corfam
7« Unreinforced g~ Polyurethane
Sliding Interface
A- TFE vs. Pad of 1ike composition.. . ... .
B- TFE vs. Ground stainiess steel {32 RMS finish)
C- TFE vs. TFE sprayed steel
D- TFE vs. Unground coid rolied steel
E- TFE vs. Galvanized steel
F= TFE vs. Aluminum
* G- TFE vs. TFE bonded to steel backing
*% TFE bonded to backing with rubber cement. For ail other

: assembifes, TFE bonded to backing with a two component epoxy.
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APPENDIX B

TENTATIVE SPECIFICATION FOR TFE BRIDGE BEARING PADS

The bearing pads at shall be furnished
and installed in accordance with the detalls shown on the plans and
the requirements in these special provisions.

The bearing pads shall consfist of a thickness of 0.1 % 0.01 inch
of filled virgin tetrafiuorocethyiene (TFE)} fluorocarbon resin sheet
bonded with a compatible, 2 component, medium viscosity epoxy resin
to a 0.5 * 0,05 inch thickness of preformed fabric pad conforming to
Federal Specification MiL-C-882.

All bonding shall be carefully performed in a shop operation sub-
ject to the approval of the Engineer. The adhesive shall be applied
without voids around the perimeter edges of the preformed fabric pad,
and the remaining contact area to be bonded shall have a maximum of
15% voids in the adhesive coating within any one square foot of area.
Aliowable voids shall be well dispersed within this area. Bonding
operations shall be available for State inspection. After completion
of the bonding operation, the sliding surface of the TFE sheet shali
be polished smooth.

A certificate of compiiance will be required certifying that a
high quality sintered virgin TFE fluorocarbon resin is utilized in
the bearing pad and that the preformed fabric pad meets Federal
Specification MIL-C-882, -

The TFE fluorocarbon resin sheet shall be reinforced with a
suitable filler such as glass fiber, asbestos fiber, graphite or like
reinforcing material that wil}) minimize the cold creep tendencies of
the fluorocarbon resin.

Acceptance of the expansion bearing pads will be based on the
following tests conducted in accordance with Test Method No. Calif.
663 by the Materials and Research Department on a full size pad from
the production run:

The pads shall withstand a minimum of 10,000 2-inch cycles at
a constant normal loading of 1200 pounds per square inch with
a maximum coefficient of friction of 0.11 and an average of
0.09 throughout the test. The test specimens shall exhibit
no indication of excessive creep, delamination or other signs
of distress after compieting the 10,000 cycies in the
Materials and Research Department expansion bearing fatigue
machine. The testing speed will not exceed 4% inches per
minute.

TFE fluorocarbon resin bearing pads will be paid for at the con-
tract price per square foot.

The contract price paid per square foot for the TFE fluorocarbon
resin bearing pads shall include full compensation for furnishing
all labor, materfals, tools, equipment and incidentals, and for
doing all work involved in furnishing and placing the bearing pads,
compiete in pilace, as shown on the plans and as specified herein.
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APPENDIX C

State of California
Depariment of Public. Works
Division of Highways

MATERIALS AND RESEARCH DEPARTMENT

Test Method No. Calif. 663-A
Qctober 2, 1967

(6 poges)

TESTING OF BRIDGE EXPANSION BEARING PADS FOR COEFFICIENT
OF FRICTION AND FATIGUE LIFE

Scope

This test method describes the procedures to be
used for the determination of the fatigue life and
coefficient of friction or internal shear resistance of
various bearing pad assemblies such as bronze, elas-
tomerie, TEE (Teflon), ete.

Procedure .
A. Testing Apparatus and Accessories

1. Expansion bearing pad fatigue testing machine,
(See photograph and schematiec drawing, Figures I
and II.)

2. Acetone

3. Stop wateh

4. SR-4 strain indicator

5. -6-inell steel scale graduated in 1/100 of an inch,

B. Test Record Form
Use work card, Form HMR T-6028, for reeordmg
test data,

C. Specimen Preparatlon

1. Clean all test specimens and both pla,tens g0 that
they are free of any foreign substances such as dust,
grit, moisture, ete., except for the lubricants used in
conjunetion with the bronze speclmens such as oil,
grease, ete. Cut the elastomerlc specimensg to size
(standard size 6"x 6”) and wipe clean. File smooth
any rough edges on the bronze specimens and wipe
clean. Use acetone to clean the bearing surfaces of
TFE (Teflon) bonded specimens only,

D. Test Procedure

1. After the specimen has been centered on the
lower platen of the fatigue machine, serew the eight
platen leveling rollers far enough into the platen so
that they do not contact the vertical guide plates.

2. Zero in the strain indicator.

3 Apply vertical load by operating valves #1 and

4 Then adjust valve $#6 to maintain the required
pressure as read on gage 2,

5. At this time the loading platens should be paral-
lei; check with steel secale. If loading heads are not
parallel, unload and repeat the loading procedure.

6. Remove the ‘‘af rest’’ shims and serew the eight
platen leveling rollers finger tight against the guide
plates to maintain platen stability.

7. Operate the top loading platen using the follow-
ing procedure: _

a. Start hydraulic pump (start button).

b. Open valve #5 all the way and then adjust
valve #4 to maintain the proper testing speed. Note:
Valve #5 must be opened before speed can be ad-
Justed by valve 4.

¢. Adjust the testing speed by the use of a stop
watch,

d. Measure the horizontal load by use of the.
SR-4 strain indicator,

e. The pressure indicated on gage F3 is con-
trolled by valve #£7. The funetion of valve #7 is to
control the pressure applied to the horizontal ram,

8. At the end of the test period, stop and unload

- the machine by reversing the loading steps.

E. Horizontal Force Measurements

During the course of the test, record the strain gage
readings to determine the horizontal foree,

1. Take static coefficient of friction readings at the
instant of impending motion or slip between the sur-
faces in question. For flexible backed TFE (Teﬂon)
bearings, measure stram at the point of maximum
displacement.

2. Obtain kinetic coefficient of friction readings by
taking the average reading while surfaces are sliding.

Do this in both directions of movement,
. F. Calculations

F
=N
Where: '
F=Horizontal foree due to frietion or infernal
shear resistance (Ibs).
N=Normal force (lbs}.
f=Coefficient of friction
f, = statie
£, = kinetic

Determine ““F’’ from the strain gage indicator
readings by use of calibration plot I (Figure III).
Determine N from gage -H#2 (Figure IT) by use of
calibration plot IT (Figure IV)

REPORTING RESULTS

1. Report the following test results on test report
Form HMR T-6028.

a. Maximum static coefficient of frietion.

b. Average static coefficient of frietion.

.. Average kinetic coefficient of frietion.

d. Remarks concerning the speelmen ’s appear-
ance after completion of test, exeessive wear, delamin-
ation, ete.

The *‘The maximum friction coefficient’’ as deter-
mined on Form HMR T-6028 is defined as the highest
coefficient as averaged over any 50 eyecles of the test.

The ‘‘ Average friction coefficient’’ is defined as the
average of at least 5 and not more than 10 readings
taken between 2,000 and 8,000 cycles, These readings
shall be taken at intervals of not less than 500 cyeles |
apart. .

REFERENCE
A California Method

End of Text on Calif. 663-A
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APPENDIX D

MILITARY SPECIFICATION

- CLOTH, DUCK, COTTON SYNTHETIC RUBBER
IMPREGNATED, AND LAMINATED, OIL RESISTANT

MIL-C-882C
26 Beptember 1968

SUPERREDING
MIL-C-882B

6 October 19668
(See 6.3)

This . specification 18 mandatory for use by ull De-
partments and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers lami-

nated cotton duck cloth that has been impreg-
nated with oil resistant synthetic rubber.

1.2 Classification. Cloth shall be of the fol-

lowing types as specified (see 6.1).

Type I — Sheets,

Type II — Strips.

Type III — Cut items,
Type IV — Molded items.

2. APPLICABLE DCCUMENTS

2.1 The following documents of the issue

in effect on date of invitation for bids or re-
quest for proposal, form a part of the specifi-
cation to the extent specified herein.

SPECIFICATIONS

FEDERAL

CCC-T-191 — Textile Test Methods,

PPP-B-576 — Box, Wood, Cleated,
Veneer, Paper Over-

o laid.

PPP-B-586 — Boxes, Wood, Wire-
bound.

www . fastio.com

PPP-B-591
PPP-B~-601
PPP-B-621
PPP-B-636

PPP-B-640

PPP-T-76

PPP-T—45

MILITARY
MIL-P-1146

— Boxes, Fiberboard,
-Wood-Cleated.

— Boxes, Wood, Cleated-
Plywood.

— Boxes, Wood, Nailed
and Lock-Corner.

— Box, Fiberboard.

— Boxes, Fiberboard,
Corrugated, Triple
Wall.

— Tape, Pressure-Sengi-
tive Adhesive Paper,
(For Carton Seal-
ing).

— Tape, Gummed Paper,
Reinforced and
Plain, For Sealing
-and Securing.

— Preservation, Methods
© of.,

- MIT-1-10547 — Liners, Case, and

Sheet, Overwrap;
Water-Vapor-
proof or Water--
prooi, Flexible,

MIL-F~16884 -~ Fuel Oil, Diesel, Ma-

rine,

FSC 8305
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STANDARDS
FEDERAL

FED-STD}-601 — Rubber: Sampling
and Testing,

MILITARY

MIL-8TD-129 — Marking for Ship-
ment and Storage.

MIL-STD--289 — Visual Inspection
Guide for Rubber
Sheet Material,

MIL-8TD-407 — Visual Inspection

Guide’ for Rubber

Molded Iems.

(Copies of ﬂpeciﬁcations, stendards, drawings, and
publications required by suppliera in connection with
specific procurement functions should be obtained

from the proeuring activity or as directed by the.

contracting officer.) :

2,2 Other publications, The following doc-
uments form a part of this specification to
the extent specified herein. Unlesg otherwise
indicated, the issue in effect on date of invi-
tation for bids or request for proposal shall

apply.

NATIONAL BUREAU OF STANDARD ‘
Commercial Standard CS 227-59-——
Polyethylene Film

(Application for copies should be addressed to the
Superintendent of Documents, Government Printing
Office, Washington, D. C. 20402.)

OFFICIAL CLASSIFICATION COMMITTEE
Uniform Freight Classification Rules

(Application for copies should be addressed to the
Official Classification Committes, 1 Park Avenue at
33rd Street, New York, New York 10016.)

(Technical society and technical association speci-
fieations and standards are generslly available for
reference from libraries. They are also distributed
among technical groups and using Federal agencies.)

3. REQUIREMENTS
3.1 Materials,

wivw.lastio.com

3.1.1 Duck. The duck shall be of the high-
est quality cotton, and shall weigh a minimum
of 8 ounces per square yard. The warp and
the filling yarn shall be 2-ply. The filling
count of the duck shall be 40 + 2 threads per
inch and the warp count shall be 50 == 1
threads per inch. '

3.1.2 Synthetic rubber. The synthetic rub-
ber used for impregnating the cotton duck
material shall be a compound which shall con-

form to the requirements of this specification.

3.2 Porm. The form, dimensions and
ghapes for types I through IV shall be as
specified (zee 6.2).

3.2.1 Tolerances. Tolerancea other than
those listed in table I shall be as specified (see
6.2).

TasLe 1. Tolerances

All types Typs IX
T'olerances
Thickness Width (Inches) (plus or minus)
Inch
+ b pereent|}, to 34, inclusive 1/82
Ovar % to 1, inclusive 8/84
Over 1 1/16

3.3 Age. The age of the impregnated cot-
ton duck based on the month in which it is
cured shall not exceed 12 months at the time
of acceptance under contract by the pur-
chaser. Material shall be rejected when the
cure date cannot be determined,

3.4. Physical requirements. The laminated
material shall conform to the following phys-
ical requirements:

3.4.1 Densgity. The density shall be a mini-
mum of 67 pounds per eubie foot, when deter-
mined by the procedure specified in 4.4.2.

3.4.2 Load deflection. The material shall be
within the deflection limits shown in table II,
when tested as specified in 4.4.8.
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3.4.3 Permanent set, The permanent set of
the laminated material, when determined by
the method specified in 4.4.4, shall be no more
than the following:

Compressive stress Permanent aet

pai _ pereent
500 8.0
1,000 : 4.0
3,000 70
5,000 10.0

10,000 13.0

3.44 Oil resistqm,ce.

3.4.4.1 Delomination. When the laminated
material is tested as specified in 4.4.5.1, there
shall be no delamination.

3.44.2 Swell. When the laminated material
is subjected to the immersion test specified in
4.4.5.2, the volume swell shall be no more
than 256 percent. '

3.5 Fungus resistance. No funglis growth
shall be apparent when tested in accordance
with 4.4.6.

3.6 Workmanship. The finished material
ghall be clean, evenly laminated, and shall

conform to the quality and grade of product
established by thig specification. The occur-
rence of defects shall not exceed the accept-
ance number sgpecified.

4, QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless
otherwise specified in the contract or pur-
chase order, the supplier is responsible for
the performance of all inspection require-
ments as specified herein. Except as other-
wise specified, the supplier may utilize his
own facilities or any commereial laboratory
acceptable to the Government. The Govern-
ment reserves the right to perform any of the
inspections set forth in the specification
where such inspections are deemed necessary
to assure supplies and services conform fo
prescribed requirements.

4.2 S_ampiing' for quality conformanece in-
spection.

4.2,1 Lot, For purposes of quality conform-
ance inspection, o lot shall consist of not more
than 2,600 pounds of material of the same
form and dimensions, produced in one plant
under essentially the same conditiong and
offered for delivery at one time.

TaerLa 1II. Sampling for ewamination.

Lot slze Sample size Number of nonconforming
Number of cut or Number of cut or or defective pleces or
molded items, molded items, unit. areas
i et e Ny S BT T
Upto8 o 1 0 1
9t 15 7 0 1 0 1
" 16 to 25 10 0 1 1 2
' 26 to 40 16 0 1 1 2
41 to 66 16 1 2 2 3
- 86 to 110 . 20 1 2 2 3
'111 to ‘180 25 1 2 8 4
:181 to 500 85 2 3 5 6
501 to 800 50 8 4 8 q
801 to 1800 ' % 4 5 9 10
1301 to 3200 110 '8 7 12 18
8201 and up 150 8 9 17 18
4
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4.2.1.1 Cut end molded ttems. The lot size
ghall be the number of cut or molded items in
the lot.

£.2.1.2 Sheets and strips. The lot gize shall
be the number of unit areas in all sheets or
strips of the lot. A unit area is defined as an
aresa of one square foot; thus a sheet 2 feet
wide and 20 feet long would be 40 units and
a strip 4 inches wide by 20 feet long would be
7 units.

4.2.2 Sampling for exemination. The sam-
ple size (number of samples to be selected
from a lot and examined as specified in 4.8.1)
shall be as specified in table Iil,

4.2.2,1 The specified samples shall be se-
lected at random from the lot, The sampling

of the sheet and strip material shall be di-

vided among all rolls in the lot.

4.2.2.2 Special sample. There shall be fur-
nished with each lot 1 foot of the cotton dueck,
the full width of the bolt, of the same mate-
rial used in the manufacture of the lot.

 4,2.8 Sampling for tesis, Two sets of sam-
ples shall be taken from each lot in sufficient
quantity to perform all tests specified in
4.8.2, The samples shall be taken from those
selected in accordance with 4.2.2, No two
samples shall be taken from the same sheet,
strip, or cut or molded item. Where test speci-
mens cannot be prepared from the items, the
contractor shall furnish two samples each 6
by 6 by 0.5-inch thick. These pieces must be
identical in composition and equivalent in
cure, and prepared from material used in the
lot of finished material offered for delivery.

4.3 Quality conformance Inspection.

4.8.1 Visual and dimensional examination.
Each of the sample pleces taken in accord-
ance with 4.2.2 shall be subjected to surface
examination for number of plies, workman-
ship, dimensions, and tolerances, MIL~-STD~

289 or MIL-STD=-407 shall be used to deter-

mine and evaluate defects through visual ex-
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amination, In addition the samples shall be
examined for tackiness and brittleness, Any
sample sheet, strip, cut, or molded part found
not to be in aceordance with this specification
ghall not be offered for delivery. If the num-
ber of nonconforming items exceeds the ac-
ceptance number specified in 4.2.2 for that
semple, this shall be cause for rejection of
the lot represented by the sample,

4.3.2 Quolity conformanmce tests. Each set
of samples selected in accordance with 4.2,8
shall be subjected to the tests specifled in
4,4,2 through 4.4.6. If any sample fails to con-
form to this specification, this shall be cause
for rejection of the entire lot reéprecented by
the sample.

4.8.2,1 Special sample. The sample piece of
duck furnished in accordance with 4.2.2.2
ghall be subjected to the tests specified in
4.4.1.

4.4 Test procedures.:

4.4.1 Thread count and weight of duck
shall be determined in accordance with meth-
ods 5050 and 5041 respectively of CCC-T—
191,

4.4.2 Density, The specific gravity shall be
determined by the standard hydrostatic dis-
placement, method 14011 of FED-STD~601.
Density in pounds per cubic foot = specific
gravity times 0.08613 times 1728,

4.4.8 Load deflection. The load deflection
shall be determined as follows:

(a) Each specimen of impregnated cot-
ton duck, 2 by 2 inches by the
thickness of the material, shall be
compressed, perpendicular to the
direction of lamination, between
two steel plates which are held
rigidly parsllel. The origin of de-
flection measurements shall bhe
taken at a atress of & psi on the
specimen.,

(b) The load shall be increased at the
rate of 500 pounds per minute and
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the deflection recorded at the
specified load (see 3.4.2). The av-
erage deflection of 2 specimens
ghall be reported as the deflection
at each specified load.

.17nléss otherwise indlcated in the test method, no teats
gkall be conducted prior to a conditioning perled of the
test speclmen of 4 hours at room temperature 27 + B°C
¢80° & 9°F). Sample preparation may be undertaken with-
out regard to this time intervel.

44.4 Permanent set. The permanent get
shall be determined as follows:

(2) The specimen of impregunated cot-
ton duck, 2 by 2 inches by the
thickness of the material, shall be
compressed, perpendicular to the
direction of lamination between
two steel plates under a prelimi-
nary load of 50 pounds per square
inch for b minutes, This shall be
considered the zero point,

(b) The load shall then be increased at
the rate of 500 pounds per min-
ute up to 500 pounds per square
inch. The total load shall then be
releaged, The loss in thickness
shall be measured within 1 min-
ute and expressed as a percentage
of the original “zerc point” thick-
ness. The next higher specified
load shall then be applied to the
same specimen within 5 minutes
of release except that no precon-
dition-load shall be applied. The
loss in height shall again be deter-
mined as a percentage of the orig-
inal “zero point” thickness. This
loading and unloading shall be re-
peated on the same specimens in
duplicate to cover the range of
permanent set determinations
specified in 8.4.8. The average val-
‘ues-of the two determinations
ghall be reported as the perma-
nent set after the specified loads.

4.4.5 Oil resistance.

44.5.1 Delamination. The delamination

ChihPDF - www.fastio.com

test shall be in accordance with method 6811
of FED-STD-601, except that diesel oil in
accordance with type I of MIL-F-16884 shall

be used as the immersion medium.

44.5.2 Volume swell, The volume swell test
shall be in accordance with method 6211 of
FED-STD-601, except that the immersion
period shall be 24 == 1 hours, The immersion
medium shall be diesel oil in accordance with
type I of MIL-F-16884.

4.4.6 Fungus resistance. Fungus resistance
ghall be determined by the qualitative proced-
ure of method 5751 of CCC-T-191. The speci-
men shall be cut from the finished material
and shall be the thickness of the material in
the lot, Prior to inoculation, the specimen
shall be heated at 149° =+ 2.2° C. (800 =
4° F,) for one hour and then cooled to room
temperature,

4.5 Examination of preparation for deliv-
ery. An examination shall be made to deter-.
mine that packaging, packing, contents, and
markings comply with the requirements of
this specification. The sample unit shall be
one shipping container, fully packed gelected
just prior to the closing operation. Shipping
containers fully prepared for delivery shall
be examined for closure defects, sampling re-
guirements shall be the same as specified for
material in 4.2.2. but shall apply to unit con-
tainers and not the impregnated cotton duck.

Examine Defect
Packaging Unit package not packaged as upec-
ified, not level specified.
Packaging material not as speeified,
Closure not as specified.
Packing Not in accordance with contract re-

quirements.

Conteiner not as specified; closure
not secompanied by specified or
required methods or materials.

Any monconforming component,
component missing, damaged or
otherwise defective affecting
serviceability.

Inadequate application of compo-
nents such sa: incomplete closure
and case liners, container fHaps
loose or inadequate strappings:
bulged or distorted containers,
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Count Number of sheets per container
less than specified or indicated
quantity.

Weight Gross weight exceeds specified re-
quirements,

Markings Interior or exterior markings {(as

applicable) omitted, illegible, in-
eorrect, incomplete, or not in ae-
cordance with contract require-
ments,

4.5.1 Rejection. A unit contsiner found
with & defect shall not be offered for delivery
and if the number of defective units exceeds
the acceptance number shown in table III,
this shall be cause for rejection of the entire
lot represented by the units.

5, PREPARATION FOR DELIVERY

5.1 Packaging. Packaging shsll be level A
or C as specified (see 6.2).

5.1.1 Level A, The laminabéd maberial shall
be packaged as follows:

5.1.1.1 Type I. Unless otherwise specified
(see 6.2), sheets shall be packaged as flat
slaba not over 7 feet long and shall be sealed
in seamless minimum 4 mil thick polyethylene
tubing conforming to CS 227-59. The poly-
ethylene shall be preferably heat sezled, but
may be twisted and tied with plastic if
desired.

- MIL-C-882C

5.1.1.2 Type I1. Strips shall be individually
coiled and sealed in polyethylene as specified
in 5.1.1.1. Bagged coiled strips shall then be
intermediate packaged in fiberboard boxes
conforming to style R8C, type CF of PPP-
B-636. The gross weight shall not exceed 50
pounds.

5.1.1.8 Type III and IV. Cut or molded
items shall be bulk bagged in polyethylene as
specified in 5.1.1.1. Bagged items shall then be
intermediate packaged in fiberboard boxes
conforming to style RSC type CF of PPP-B-
636. The gross weight shall not exceed B0
pounds.

5.1.2 Level C. Packaging shall be sufficient
to afford adequate protection against deteri-
oration and physical damage during ship-
ment from the supply source to the first re-
ceiving activity for early installation and
may conform to the supplier’s commercial
practice.

5.2 Packing. Packing shall be level A, B or
C as specified (see 6.2),

5.2.1 Level A. The material packaged as
specified (see 6.2), shall be packed in contain-
ers conforming to any one of fthe following
specifications at the option of the contractor:

Specification Box Clasaification
PPP-B-576 Wood-cleated, Veneer paper overlaid Class 2
PPP-B-591 Fiberboard, Wood-cleated Overseas fype
PPP--B-601 Wood, Cleated-plywood Overseas type
PPP-B--636 Fiberboard , Weather resistant
PPP-B-640 " Fiberboard-corrugated triple wall Class 2

Shkipping containers shall have ecaseliners
conforming to MIL-L-10547 and shall be
closed and sealed in accordance with the ap-
pendix of that apecification. Caseliners for
fiberboard boxes, conforming to PPP-B~636
and PPP--B-640, may be omitted provided all
center and edge seams and manufacturer’s
joint are sealed and waterproofed with prea-
sure gensitive tape in accordance with the ap-
plicable fiberboard box specification. Ship-

www . fastio.com

ping containers shall be closed, strapped or
banded in accordance with the applicable box
specification or appendix therefo. The gross
weight of wood, weod-cleated, and triple-wall
boxes should not exceed 250 pounds. If the
gross weight of g shipping container exceeds
250 pounds, it shall be modified to incilude &
skid type base. Containers conforming to
PPP-B-636 shall not exceed the weight limi-
tations of the specification.

T
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Intermediate fiberboard containers con-
forming to weather resistant Class of PPP-
B-836 closed, sealed and banded as specified
herein may be used as the shipping container
and need not be over packed.

5.2.2 Level B. The laminated material
packaged as specified (see 6.2), shall be
packed in containers conforming to any one
of the following specifications at the option of
the contractor:

Specification Box : Classification
PPP-B-576 Wood-cleated, Veneer paper overlaid Class 1
PPP-B-591 Fiberboard, wood-cleated Domestic type
PPP-B-601 Wood, cleated-plywood Domestic type
+  PPP-B-636 Fiberboard Domegtic type
- PPP-B-640 Fiberboard-corrugated triple wall Class 2

Shipping containers shall be closed, strapped
or banded in accordance with the applicable
container specification or appendix thereto,

except that fiberboard containers may be

sealed with tape in accordance with PPP-T-
46, The gross weight of wood, wood-cleated
and triple wall containers shall not exceed 250
pounds.

Containers conforming to PPP-B-636 con-
tainers shall not exceed the weight limita-
tions of the specification. Intermediate fiber-
board containers conforming to PPP-B-636,
closed, sealed and banded as specified herein
may be used as the shipping container and
need not be overpacked.

5.2.3 Level C. The laminated material
packaged as specified (see 6.2), shall be
packed in & manner which will insure accept-
ance by common carrier, at lowest rate and
will afford protection against physical or me-
chanical damage during direet shipment from
the supply source to the first receiving activ-
ity for early installation. The shipping con-
tainers or method of packing shall conform
to the Uniform Freight Classification Rules
and Regulations or other earrier regulations
as applicable to the mode of transportation
and may be the supplier’s commercial prac-
tice. ‘

© Custodians:
Navy — SH
Air Force - 67

Review activities:
- Navy—8SH
Air Force - 67
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5.3 Marking. In addition to any special
marking required by the contract or order,
interior and exterior shipping containers
shall be marked with the date (month and
year) of cure and in accordance with MIL-
STD-128,

6. NOTES

6.1 Intended use. The laminated cotton
duck covered by this specification is intended
for use in vibration attenuation.

6.2 Ordering data, Procurement documents
should specify the following:

(a) Title, number, and date of this
gpecification.

(b) Type material required (see 3.2),
and dimensions, tolerances and
shape, 23 applicable (see 3.2 and
3.2.1).

(c) Selection of applicable level of pack-
aging and packing required (see
5.1 and 5.2).

6.3 Changes from previous issue. The en-
tent of changes (deletions, additions, ete.)
preclude the annotation of the individual
changes from the previous issue of this
document.

Preparing activity:
Navy - SH
Project 8305-0424

7t U. 8. GOVERNMENT PRINTING OFFICE: 1968——231.088— (X753}
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