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I. INTRODUCTION

Interest in the use of high-strength bolted structural jolints
originated in the United States in the late 1940's when it was
shown that the fatigue life of bolted joints was superior to
riveted joints. Structural jJoints, because of the 1likelihood

of severe stress fluctuatlons and reversals where slippage would
be undesirable, have usually been designed as friction—-type
connections. A high slip coefficient of contact surfaces was
therefore desirable and was relied upon to develop the loads
transmitted through the joint.

Until 1970, the Research Council on Riveted and Bolted Structural
Joints (RCRB3J) specified that "oontact surfaces within friction-—
type joints shall be free of oil, paint, lacquer or galvanizing"
(see Appendix A-1). In order to provide further assurance that

a high slip coefficlent would be maintained, the California
Division of Highways Standard Specifications dated January, 1969
required that at the time of assembling the contact surfaces in
bolted joints "shall be thoroughly cleaned of rust, mill scale,
dirt, grease, paint and other material foreign to the steel”.
These California specifications also required that all exposed
surfaces of new structural steel shall be blast cleaned and
painted. Furthermore, it was required that the blast cleaning
and application of the prime coats of paint shall be performed
prior to erectilon of the steel. As a result, structural steel
bridge members are generally blast cleaned and painted (prime
coats) in the fabrication shop. The contact surfaces of bolted
joints are usually blast cleaned at this same time but masked

off when the prime coats of paint are applied. This results 1in
clean contact surfaces at this stage with high slip coefficients
(K= 0.5 when sandblasted). Unfortunately, the unprotected shop
cleaned contact surfaces become rusted by the time the structural
steel is delivered to the bridge site and field erection and
assembly commences. Therefore, it generally has become necessary

ChihPDF - www.fastio.com
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for the contractor to bring 1in blast cleaning equipment and a crew
to clean the contact surfaces for a second time before assembly

of the bolted joints. This is partlcularly disruptive and costly
because 1t frequently 1is the only field blast cleaning necessary
on the otherwise prime coab painted structural steel. In addition,
it is becoming increasingly more difficult to blast clean in the
field due to air pollution ordinances and restrictions. For some
time the need has been recognized for a rust inhibitive coating
that could be applied to the shop cleaned contact surfaces without
geriously reducing the slip coefficient.

Iin 1970, because of considerable research performed on various
coatings and some knowledge gained on their effect on slip
coefficients, the RCRBSJ departed from their previous 20 year
long clean uncoated contact surface polley by recommending the
allowance of three different protective coating treatments for
the contact surfaces of bolted joilnts (see Appendix A-2). These
treatments were (1) hot-dip galvanizing, properly scored or
roughened, (2) inorganic zinc silicate palnts, and (3) metallized
zine or aluminum.

In 1976, the RCRBSJ recommended a still wider variety of acceptable
surface preparations and protective coatings for the contact surfaces
of bolted joints (see Appendix A-3). These included clean mill
scale, blast cleaned steel, hot-4dlp galvanizing-properly roughened,
organic zinc rich paint, inorganic zinc rich paint, metalllzed

zinc or aluminum and vinyl wash. These surface preparations were
subdivided into nine different classes and different allowable
working stresses which vary according to the type of surface
treatment, bolt type, and hole size and shape.

The Callfornla Department of Transportation (Caltrans) recognizes
and generally follows the recommendations made by the RCRBSJ
regarding the treatment and assembly of structural steel joints
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paint, 1acquer, Or other materig] foreign to Steel, before assembi
(see Appendix B-1),

accumulations and are more thorOughly Maintaineg (well maintainegqg
coats orf paint'around the Joints). However, the application of g
rust Inhibitopr would be inexpensive and coulg Provide an addeq
safety factor egainst the Dossible development of costly Joint
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and literature search in 1971(;2). As a result of this initial
study, this research project was initiated %o determine the

Stretural joints using corrosion inhibiting coatings. Deter-—
mination of coating acceptability was made by a testing Program
involving direct tension, c¢reep and eyeclic tests in which the
slip characteristies of the coating on contact Surfaces of butt
spliceqd high~strength bolted joints were evaluated while inves-
tigating andg controlling the following Variables:

1. coating type, hardness and thickness;
2. minimum specified and g high level or clamping bolt tension;

ClihPDF - www .fastio.com
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II. OBSERVATIONS AND CONCLUSIONS

T+ was determined that important factors related to the accept-
ability of a coating for protecting contact surfaces of bolted
structural joints from corroslon are:

coating propertles inecluding thickness, hardness, chemlcal
composition, adherance to base metal, and ease of application,

level of initial clamping bolt tension and changes in tension
as a result of external cyclic loading,

* the static slip coefficient as determined by direct tension
tests,

the effects of a sustained load (creep) and cyeclic loading
on the amount of slip.

The following conclusions as related to friction-type joints were
made from the test results obtained during the course of this
regsearch project: .

Al Vinyl wash primer as tested provided a very low slip
coefficient, X = 0.19, and, due to the excessive creep observed,
is not considered an acceptable coating for contact surfaces on
high—strength bolted Joints.

B. | Zinc‘metal applied to contact surfaces of joints by hot~-dip
galvanizing is not considered practical as (1) it is not always
feasible to galvanize large bridge members, (2) it is extremely
difficult to control the thickness, composition, and surface
irregularities of the zine coating, (3) the galvanized contact
surfaces need to be thoroughly wire brushed prior to assembly,
in addition to removing puddled zinc from predrilled bolt holes,

ClihPDF - www .fastio.com
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Specification 8010-61J—36 (see Appendix B-3) ig acceptable for
Coating Contact Surfaceg Of the Jointg of structural nembepg

2. Dry £ilm thickness ber Surface ig 2 minimyp of 1.0 mils
(25,4 um) but not more than 3,¢ mils (76,» Hm). T4 is €stimateq

3. Primep baint jig cured for & minimum orf 3 days brior g Joing

ASTM Designation: D3363-74, Standard Test Methog for Film Hardness
by Penecig Test,

v fastio.com
-www . fastio.com
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Type of
gurface
Treatment

Thickness/Surface

Nominal

mils

vinyl Wash
Primer

91ip Coefficients(;) @
=) ecified Bolt Tens ons
39 kips G kips

0.19(1®

6.

Zinc applied
by hot-4ip
galvanizing
(wire brushed
prior to
assembly)

————

10. 0.46(2) 0.40(2)

Organic
zinc-rich
primer

Mill scale

o
. ®
o000
s ® *
w =W
w = oo
Ve Yam T di ]
P
e S N

0.28(1)

Sand blasted
w/no. 20 mesh
Montberey sand

0.65(2)

Nstes: _(:)

Above slip‘coefficients calculated

from the following

formula:
K = 1ot,
Where: K = g1ip coefficient
P = Average s1ip load, kips
n = No. of alip surfaces 2)
b = No. of bolts/slip surface(E)
t = Tenslon per bolt, kips

®

‘—I
B
].Ju »
i_.l
non

Figure 1. gummary of
Specimens
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Numbers show
indicate_number of specimens tested.

n in parenthesis peside slip coefficients

Slip Coefficients of Double Shear Tension
Having Various

gurface Treatments
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IIL. RECOMMENDATIONS AND-IMPLEMENTATIQE

Lo (N

Itﬂie'feccmmendeﬁwﬁhaﬁ;i

o

A. Specifications be written tc allow the use of organic zilnc-
pich primer on contact surfacee:of,highrstrength polted connections
prcyidedltnat:requirements in the State_of_California Department

of T?anspcﬁcaficn‘StanQayd Specification section 91-2.01 for organic
zincfnicnibfimer‘aqe,?oilowed and:

. Ali"ccntactmenffacee are thoroughly blast cleaned immediately
,bpyicr_pgﬂthe,appiication of the primer.

4 inimin Gy tiin snickness of 1.0 WL (254 4 ST

_wygnemﬁef"£nan;3.0;miis QTﬁ.Z_um) 15 present on contact surfaces.

e Paint carihé éimeJQiicrLtqﬁjointzassembly igs a minimum of
_ 3 days and long enough to insure a pencil hardness of B
;nini@qmcaswgepegmineq;by“tne ASTM Designatlon: D3363-Th.

B. Viniiiﬁasn'pnimerwncf.be.allowec;for coatling contact surfaces
of joiﬁﬁé:ﬁ3¢?9§3iéﬁiexﬁessiveﬁalip experienced 1n susbained load
C. Prior to accepting hot=-dip galvanized contact surfaces on
friction-type high—strength polted Joints for large structures,
further testing should be conducted to determine (1) the effects

of variations in coating thickness on slip behavior and (2) if
there is a significant 1088 in bol® rensions because of compressive
creep of the zine coating.

D. Further testing be conducted on joint gpecimens coated with
b mils (101.6 wm) of organic zinc-rich primer. gatisfactory test
results of such specimens would eliminate the need to paint contact

areas of joints with a thinner organilc zine-rich paint film than

10
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the 3 mil (76.2 um) minimum primer thickness currently required
by Caltrans on exposed surfaces of structural steel members. A
considerable savings would result by not requiring a special
masking of joint contact areas after the first coat of prilmer on
all steel surfaces has been applied.

E. Testlng and research be performed on inorganic zine-rich
primers, because of the superior hardness of certain inorganic
zine primers and the exceptionally high slip coefficients found
by other agencies who have tested these systems.

Implementation of the findings of this research project will be in
the form of new specifications permitting the use of organiec zinc-~
rich primers on contact surfaces of high-strength bolted joints.
It i1s recommended that an average slip coefficient of 0.36 be

used for design purposes for the organic zinc~rich primer coat-
ings having a dry film thickness between 1 and 3 mils (25.4 and
76.2 pym), This coefficient corresponds to the average value as
detrmined from tests performed in this research project for
organlc paint coating thicknesses of 3 mils (76.2 um) or less at
both bolt preloads tested.

It is further recommended that an allowable shear stress of 16 ksi
(110.5 MPa) be specified for A325 bolts when an organic zinc-rich
primer is used on contact surfaces of structural bolted joints
having standard or oversize bolt holes and designed as friction-
type connections. This is in conformance to current Caltrans
requirements for uncoated contact surfaces.

11
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"IV, DESCRIPTION OF EXPERIMENTAL PROGRAM
A. Testing Program - General Discussion

A research program was conducted in order to evaluate various
corrosion inhibiting coatings considered for use on contact
surfaces of bolted structural joints. The testing program was
divided into two stages.’

The first stage consisted of preliminary tests on specimens which
were prepared using the following surface coatings or treatments:
(1) vinyl wash primer, (2) an organic zine-rich primer, and (3)
bare steel in both the "as received" condition having tight mill
scale and blast cleaned. A total of seventeen tension (flve single
shear and twelve double shear), six creep (sustained load), and two
cyclic load specimens were prepared and testing during this first
stage., = - v

Two different joint designs, both single shear and double shear,
were used .in the specimens for the initial tension tests. Since

problems were experlienced both in applying eccentric loads without

inducing any bending to the single shear specimens and correlating
slip load test results of single and double shear tensile specimens,
further tests utilizing the single shear specimen design were
discontinued and results of these single shear tests are not
reported. - Results from first stage tests conducted on twelve

double shear specimens in addltion to results from all first stage
creep and cyclic load tests are shown in Appendix C.

A total of fifty specimens were evaluated in the second stage of

the testing program. Parameters considered important and
investlgated were:

12
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surface preparation of the steel and related properties
of the protective coatings including thickness, hardness,
surface texture, and curing time.

? wvariation in bolt preload.

Test specimen dimensions and steel type [ASTM A36], bolt size and
type [ASTM A325, 7/8 inches # x 3 1/L inches] (22.2 mm & x 82.6 mm
long) and hole diameters [1 inch] (25.4 mm) were all kept constant
in this project. In the second or primary stage of testing, two
maln coatings, both a zinc metal applied by a hot-dip galvanizing
process, and an organic zinc-rich brimer conforming to the Caltrans
specification 8010~61J-36, were evaluated and compared to bare steel
with both "as received" mill scale and blast cleaned., An organic
Zinc—rich primer was selected because this was the same primer
Caltrans already specified for painting all structural steel,
Caltrans hagd initilally specified an inorganic zine-rich primer

for painting structural steel but found that it was susceptible

-to mud cracking that was difficult to control under average 'shop

application conditions.

"Results of all specimens tested in the second stage are summarized

in Appendix D. In addition, results from first stage direct
tension tests of double shear Specimens shown in Appendix .C-1

have been included in Appendix D-1 and Figure 1, as instrumentation

methods and testing procedures used 1n all direct tension tests

- Were identical. Because the instrumentation methods and pbrocedures
- used to test creep and cycllie load specimens of the first and

ClibhPDF -

second stages varied, a direct comparison of those test results
was not possible. The effectiveness of the coatings was evaluated
on the basis of the overall test results from the direct tension,
creep, and cycllec load tests.

13
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'B, Important Research Parameters

The following were consildered to be significant parameters in
this research project:

1. Types of Contact Surface Preparation

In the second stage of testing three types of surface preparations
were evaluated. These were (1) organic zinc-rich primer, (2) zinc
metal applied by hot-dip galvanizing, and (3) bare blast celeaned
steel. The bare blast cleaned steel specimens tested in both the
first and second stages and the one specimen having tight mill
seale tested in the first stage served as the controls for
evaluation of the effectiveness of the specimens with the
protective surface coatlngs tested 1n the second stage of this
research projeét.

Organic zinc-rich primer: The primer used conformed to the Caltrans
State Specification 8010-61J-36 for zinc-rich primer (see Appendix
B-2). It was applied in varying thicknesses from 1 to 6 mils

(25.4 to 152.4 um) (dry f£ilm thickness) on ASTM 436 steel plates
which had been. blast cleaned previocusly with No. 20 Monterey sand.
All painted steel plates were air dried for a minimum of 15 days
before assembling. Paint hardness was measured prior to assembly.
‘Steel plates having a paint coating with a dry film thickness of

6 mils_(152.u um) were coated twilce with the second coat being

applied approximately 30 minutes after the first to avoid sagging
of the paint.

Zinc metal applied by hot-dip galvanizing: 3teel plates conforming
to the specifications of ASTM A36 were hot-dip galvanlzed with zinc
metal. Prior to hot-dip galvanizing, the plates were blast cleaned
to remove the mill scale. The resulting thickness of zinc measured
following galvanizing averaged 10 mils (254 um) per surface.

14
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'Blast Cleaning; Certain Specimens were blast cleaned only so as
to conform to the current Caltrans Standard Specifications, Section
55-3.1}4 (see Appendizx B-2) which regquires thoroughly cleaned contact
- Surfaces of bolted connections. As in all instancesg where blast
cieaning was done, a No. 20 mesh Monterey sandg was used to produyce
a-uniformlancnor pattern profile between 1 ang 2 mils (25,4 to
50.8 um) on the Steel plates,

2, Coating Hardness ang Thickness

Two variables considered important to the behavior of structursl
Joints were hardness ang thickness orf the coatings on the contact
surfaces. For the Specimens coateq With organic zinc-rich primer,
dry-film thicknesses rangeg from 1 to 6 mils (25.4 o 152,4 um).

- The zinc metai coating applied by hot-dip galvanizing averaged

10 mils (254 um), Thickness measurements were made with an
electronie instrument called an Accudern, Model A-5, designed to
measure non-magnetic coatings on Magnetic bgsge material, Thicknesses
of coatings rounded to the nearest 0.5 mijl (12.7 um) on individual B
Specimens are listed in Appendix p. ' '

measured by the péencll hardness test in accordance with ASTM
Designation: D3363-~74, Hardness orf the organic zinc-rich primer
“coating was found to become maximum, + HB, after curing at 75°F
(23.9°C) ang 45% relative humidity ror 3 days.

3. Variation in Bolt Preload
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Figure 2.
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which is near the ultimate capaclty of the bolt. These tensions
were indirectly achieved in bolts used in the assembly of the test
Specimens by measuring and regulating bolt elongation as bolts
were being tensioned. Elongations of 0;007 inches (177.8 um)

and 0.020 inches (508.0 um), which provided bolt tensions of

39 kips (173.5 kN) and 54 kips (240.2 kN) respectively, were
determined from a bolt tension versus elongation curve, shown

in Figure 2. This curve was developed during the preliminary
testing program. These elongations were achieved by beriodically
measuring elongations of bolts with a "gn frame extensometer, shown
in Figure 6, as bolts were belng tensioned, Measuring techniques

are discussed further in Section IV,C.2 (page 18 of this report).
C. Specimen and Test Apparatus Description

1. Specimen Design and Fabrication

Specimens for preliminary tests were both of the double and single
shear design., The single shear Specimens were fabricated from
channel sections as shown in Figures 3 and 4, The specimens used
for some of the preliminary tests, and used exclusively for all
tests of The second stage of the testing program, were of the
double shear design. Plate thicknesses and general dimensions of
the double shéar specimens are shown in Figure 5. Plates were
flame cut from steel plate conforming to requirements in the

ASTM Specification A36. Holes for the 7/8-1inch (22.2 mm) diameter
high strength bolts were carefully aligned and drilled 1/8 inches
(3.17 mm) oversize [1~inch diameter (25.4 mm) holes] to insure that
loads applied to the Specimens would be transmitted through friction
of the plates, and not by bolt shear ang bearing.

Any burrs along the edges of these plates were removed by filing
prior to any sandblasting, palnting, or assembly.

17
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.Figure 3A.
:Assembled Single Shear

Specimens Prior to
Testing.

Figure 3B.

Single Shear Specimen
installed in Universal
Testing Machine.

3 . 18

C

IhPD www.fastio.com



http://www.fastio.com/

®
—

J
ol
b 4f7

| (o]
g:
===
@)
[
2.

|
_t nf 12,8
] i i ez ”"i{; “'Z'{;%*
| ] 1 -
‘,f-“ B) I{lﬁ} *19{{ i l"ﬂTypicm\\ _;_ ,
i¥a T I \@. @— —g—
i i T
F--j. _¢} -$. " ‘ p—— +
| | 6
! 4' "2 @END PLATE
_I." e ———_——
I":r -G} _@ (2 per specimen)
z1 s |
xk -——t—— Drill and tap
_:f::'jl- .:b_ _q} i 1/4-20 UNC-2B "
2 —22
T
| e o | > éﬁ.ﬁ“
7'%5_— A | “1_
|
T i ol |, & o
| TN K DL I ¢
i - ol ™~z
r i 0
| N R 9
—=| |+-0.46 i 3"
‘@) 6" s ¢'",‘_§:
l T
| ~—6"— !
050"~ |- "™ CHANNEL SPLICE PLATE
SIDE VIEW FRONT VIEW (3per specimen)
' Notes: :
Assembled Specimen I. 1"(inch)=25.4mm

2. Steel conforms to requirements
in ASTM Specification: A36

Figuré 4. Typical S—lngle Shear Joint S"p-ecimen.

19

ClihPDF - www .fastio.com


http://www.fastio.com/

ChhPD

wvw.fastio.com

—z— +O0—

iy i
| |
—+=3- ...(P...
‘@ §
Y
0.5"—= 1 —~—0.5"
.o"
SIDE VIEW FRONT VIEW

Assembled Specimen

Notes:
I. "(inch)=25.4 mm

2. All steel plates conform to requirements
in ASTM Specification:A 36.

3. All small holes tapped with
174 -20 UNC-2B threads. . -

Figure 5, Typical Details of & Double Shear Joint Specimen,

20

SIDE PLATE

"—3/4"
k l’;«i -%)— |.’75"
-
3.00"
| o-H
12 172
1a" . 4 172"
D 7L
. 3.00"
B {{}H :
3/‘?" 4~ |.' 5
|—73/4"

(2 per specimen )

3 /2

[ ) k.
75
ANy
7 14" | 300"
| |-+
2
a4
b I‘* 6 3/4"
3/8"w
4 114"
! .

@ END PLATE

(2 per specimen )’


http://www.fastio.com/

2- 3/8"2! Holes

o

0" |

o . e e

ey

TOP VIEwW
iy - ) ,
I ¥ 1.0"
I ‘ﬁi} 0.5"
— ~-——) " / I l
i
10.0" l
]
Dial gage
accurate to ~F
nearest =
0.0001 inches 5 Drill and tap
inserted here ] 174 -20UNC-28
for allien screws
L |
I 05" .
I '—4— .
AT
. 5.5"

Note:

e

SIDE_viEw

1" (inch)=25.4mm

Figure 6,

ClihPDF - www .fastio.com

"c" Frame E
Bolt Elonga

21

xfensometer Used
f|0ns

i

3/8"0 x 4" Hardened
steel rod, blunt -
point on one end-

FRONT VIEW

—
to Measure -


http://www.fastio.com/

ClibhPDF -

2 Determination and Control of Bolt Preload

Considerable preliminary work was done in an attempt to find
practicél means of determining the bolt tension accurately and
consistently. Unsuccessful methods included development of a
torque/tension relationship by comparing actual bolt tenslon
obtained using a Norbar bolt load meter with (1) torque from a
calibrated torque wrench, (2) strain from a Lebow bolt force
gsensor, and (3) and the turn-of-nut method. The most successful
method by which consistent tension readings were obtained was
measuring bolt elongation with a ngt frame extensometer, shown
in Figure 6. Bolts were center punched in the middle of each
end and then initial length readings were made using the "C"
frame exbensometer with a dlal gage accurate to the nearest
0,0001 inch (2.54 pm) ard having a spring Loaded pointed probe.

As each bolt was tightened, changes 1in elongation were measured,

using the "C" frame extensometer and the center punched points as
measuring reference marks. When the desired bolt elongation was

obtained, indicating proper bolt tension, tightening of the bolt

was completed.

Three different lots of ASTM A325 black bolts, 7/8 inches (22.2 mm)
in diameter by 3 1/4 inches (82.6 mm) long having 2 grip length

of approximately 2 1/8 inches ( 28,6 mm) including one washer under
the nut, were used in the research project. Tension and elongatilon
readings were plotted for ten bolts selected at random énd an
average curve was drawn through plotted points. From the average
curve,-shown in Figure 2, 1t was determined that elongatlions of
0.007 inches (177.8 um) and 0.020 inches (508.0 um) represented
bolt preloads of 39 kips (173.5 ¥N) and 50U kips (240.2 X¥)
respectively. These two boltb tenslions were used throughout the
research project and represent the lower and upper bolt tenslons

in the acceptable tension range normally required for 7/8=inch
(22.2—mmj diameter A325 bolts.
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(240.2 ¥N) bolt tension level was experienced, as at that load
level the bolt is stressed well beyond the elastiec limit and a
wide variation in bolt elongation is possible without causing a
significant change in tension in the 7/8-=1inch (22.2—mm1 diameter
A325 bolts. -

3. Assembly Techniques

All specimens used in the main'ﬁesting program were assembled
using the same techniques, and were identical in appearance and
design, with exception of contact surface treatments.

Prior to assembly, surfaces of all steel plates were inspected

for any warpage or burrs. A pencil hardness test, ASTM Designation:
D3363-74, was used to determine coating hardness on those specimens
which were painted. - The initial lengths of all high strength bolts
were measured and recorded. Bolts were then centered in the heoles
_of,the-piatés;to avold any bearing on the sides of the holes so0 that
relative plate slip could be accurately measured, Hardened washers
were placed underneath the nut on each bolt. Bolt elongation was
carefully monitored as the bolts were slowly tightened to insure
that proper tension was achiéVEd. Final lengths of bolts were
checked to verify correct preload.

b, Description of Instrumentation

a. Tension Tests

In all direct tension tests, two Bourns potentiometers were
mounted, one on each end of a 172 inch x 3 1/2 ineh x 14 inch
(12.7 mm x'88.9 mm x 355.6 mm) side plate as Shown in Figure 7.
Two stop brackets were mounted, one on each l~inch (25.4%-mm) thick
steel center plate so that relative movement between.the center

23
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Figure 7.
Direct Tension, Double

Shear Specimen Installed
in Testing Machine.

b. Front View
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and side plates could be measured. Continuous plots of load
versus relative movement petween one side plate and both centber

plates were made during each rension test using @ xyY dual gtylus
plotter. '

bh. Creep and Cyclic Tests

In preliminary testing of creep and cyclic 1oad speclmens, reference
points for measuring relative movement between side and center plates
were aifferent than those chosen for the main testing prograi. Dial
gages were attached at one peint in the centey of the specimen with
5 magnetic pase in preliminary testing as shown 1in Figure g, To
reduce the amount of elastic movemenb measured in specimens tested
during the main testing program; dial gages wWere attached ab each

of the ends of one side plate on each creep and cyclic load gpeclmern
(see 1ocation of small holes ab both ends of side plates shown in
Figure 5Y . Beeause of this varilation in the method of measuring
specimen slip, results from creep and cyclic tests performed in

the preliminary and malin testing programs were nob compared and are
listed separately in.Appendicee ¢ and D. '

Both creep and cyclic specimens were instrumented similarly to
tension gpeclmens., except that instead of Bourmns potentiometers,
rwo dial gages were used. Relative movenment was recorded by

manual readings taken to the nearest 0.0Q01 inch (2.54 pI) .

5. Test Aggaratus Description

For testing poth creep and cyclic-specimens, an MIS uUniversal
cesting machine with @ 70-kip (311.L-xN) load capacity was
ubilized. For gpecimens tested in direct tension, @ 1 milllon
pound (4.45 MN) MIS Universal festing machine was employed. In
Figure g, a typlcal specimen is shown installed in the 70-kip
(311.M—kN) testing machine.

25
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Figure g,

v Typical Creep/Cyclic Double
\ Sheapr bPecimen Fpop Preliminary
Tests stalleqg in
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Figure 9,

Typical Creep/Cyclic Double Shear
Specimen From Second Stage Tests
Installed in Testing Machine.
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D, - Testing Procedures

1. Tension Tests

Double shear specimens were inserted 1n an MTS universal testing
machine with a tenslle load cabacity of 1 million pounds (4.45 MN).
A grip pressure of'3000 pounds (13.3 kN) was used to hold the ends
of the specimens while applying the tensile load. Prior to final
adjustments of plotter pens on the XYY recorder, a small initisl
tensile load was applied to each specimen to eliminate effects from
loose fitting testing machine parts. The tensile load was applied
at a rate of 10 kips (44.5 kN) per minute and plots of applied load
versus relative slip between the instrumented slde plate and both
center plates of each specimen were recorded. Tension tests were
terminated following a grdss relative slip between both upper and
lower center plates and the instrumeéented side plate.

2. Creep Tests

In all creep tests qondudtedQZSpecimens were positioned in an MIS

Unlversal testing machine with a tensile load capacity of 70,000

pounds (311.4 kN). Beginning with a sustained tensile load of

32.4 kips (144.1 kN) or 100% of the allowable design load for

these test specimens as permitted by AASHTO in 1973, specimens

were loaded for a period of approximately 100 hours, or until
significant creep occurred. Note that the allowable design load

as used throughout this report is the load as determined by the
allowable shear stress transmitted by the bolts through the joint,
Following the initial 100 hours of sustalned load at 32.4 kips (144.1
kN), the load was increased and maintained for another 100 hours,

‘or until silgnificant ereep had occurred. Perlodlically whille the

specimen was stressed at each different load level, deflection
measurements were made from both dial gages and creep was determined.
Load levels of 32.4 kips (1l44.1 kN) [100% of AASHTO allowable shear
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Stress for A325 bolts in frietion Joints], and 48.¢ kips (216.2 kN)
[150% ofF allowabie bolt shear Stress] wWere commonly uygeq in a131
creep ang Cyclie tests., In some of the early Creep tegtg in the
Second stage of the testing brogram, Specimens were glso testeqd at

- Other 1oag levels, including 40,5 kips (180.1 kN) [125% op allowable
design] ang in one instance 56.7 kips (252.2 KN) [175% of allowabie
design]i, Testing at these additiona] load levelg was latepr deemed

1. Tension Tests
—==-l fests

A typilcal blot of" load versus relative deflections made for each
tension test Specimen p
in Figure 10. myo differentg traoes which Show the relationship
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plate appear on each plot; The point at which gross or sudden slip
occurred was read from each trace and then the two values were
averaged. The following formula was used to determine the slip
coefficients, K, for specimens tested in both the first and

second stages in this report:

K = P/nbT

Il

Where the average slip load, kips

the number of slip planes (2)

P
n
b number of bolts per slip plane (2)
T

the clamping force per bolt, kips

2. Creep Tests

Dial gages mounted at the upper and lower ends of creep specimens
were periodically read and then values were averaged to yield mean
slips for a continuous loading period of approximately 100 hours.
Mean slips measured near 100 hours of creep are listed in Appendix
D-2 for all second stage creep tests.

3. Cyeclic Tests

Readingé were taken from top and bottom dial gages during a cyclic
period near the beginning, periodically between, and at the end of
each 100,000 cycles of second stage testing. From the data, relative
movements between plates and shifts in plate positions determined

at zero loads were calculated. For a detailed explanation of how

the relative movements were obtained, see sample calculatlons in
Appendix D-3.

Mean deflections for a given cycle were calculated from both top

and bottom dial gage readings made at the maximum positive and
negative loads durilng two different cycles, one near the beginning
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of“tééting“énd one near the end of each 100,000 cycle period., Also
top and bottom dial gage readings made at the point of zero load
during each of the cycles described above were compared to determine
> significant relative movement of plates.
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dry film coating thickness between 1.5 and 6 mils (38.1 and
152.4 ym). From the data shown in Appendix D-3 the following
comments can be made:

The amount of movement (slip and elastic elongation) between
the maximum positive load and maximum negative load of one
cycle measured after the first 100,000 cycles of testing was
small and nearly the same for all specimens tested under
similar external loads and having both minimum and high bolt
preloads and fanged from between 0.0005 and 0.0039 inches
(12.7 and 89.1 um).

A shift in the zero load reading seems to be the best
indlcation of approaching specimen failure or gross slip.
In one of the specimens, ID No. 0Z-6C2 painted with 6 mils

~(152.4 pm) dry film thickness of organic. zinc-rich primer,

gross slip failure occurred at an externally applied cyclic
load of + U48.6 kips (216.2 kN) after the specimen had been
subjected to 167,300 cycles at + 32.4 kips (144.1 kN). A

large shift in zero load reading of 0,.0162 inches (411.5 um)

was fecorded preVious to specimen fallure, A similar- specimen,
0Z-6C1 painted with 6 mils (152.4 um) of organic zinc-rich
primer, also showed a large shift, 0.0119 inches, (302.3 um)

in the zefo_load reading after cycling for 90,305 cycles at. _
32.4 kips (144.1 kN) and 101,900 cycles at U48.6 kips (216.2 kN),
although the Specimen did not completely fail.

All specimens coated with between 1 and 3 mils (25.4 and 76.2
um) of organlc zinc-rich primer performed well under all
cyclic load tests at both bolt preloads, showlng little slip

~movement or shifts in plate positions measured at zero loads:

A significant average reduction of bolt elongation of 0,002
inches (50.8 um) per bqlt, resulting in an average bolt tension
loss of 10 kips (44.5 KkN) or 25% of the original bolt tension

35

www . fastio.com


http://www.fastio.com/

ChhPD

¢

of 39ﬁkipé'(l73.5 kN), was measured at the completion of cyelic
tests in the bolts of the three specimens coated with 6 mils
(152.4 pm) of organic zinc rich primer. Specimens coated with
3 mils (76.2 um) or less of the zinc primer showed negligible
"losses in bolt tension.

No cyclic tests were performed on specimens which had been galvanized.
It is suspected, however, that such specimens, having short bolt
lengths and somewhat irregular galvanized surfaces, might exhibit
similar losses in bolt preloads.

B, The Effect of Varying Bolt Tension on S1lip Characteristics

From slip coefficients calculated using results of direct tension
tests and the formula shown in Figuré l, 1t can be seen that as

bolt preload increases the 8lip load increases also, but at a lesser
rate; this in effect resulted in a decreased slip coefficients at
the higher bolt tension.

Creep test results indicate that at loads equal to 100% of the
specimen design load for all coated specimens, there was little
difference in creep after 100 hours of testing for both of the
bolt tensions tested. At a sustained load equal to 150% of the
Specimen ‘design load, however, the mean slip of specimens with
bolt tensions of 54 kips (240.2 kN) were in general less than
those of specimens with bolt tensions of 39 kips (173.5 kN).

Because of the few cyclic tests conducted at the 54 kips (240.2 kN)

bolt tension level, few conelusions can be drawn. One important
observation, however, should be mentioned. In Specimens coated
with a dry film thickness between 1 and 3 mils (25.4 and 76.2 um)

of organic zinc-rich primer, practically no difference existed in

the deflection range averége or in the shift in the zero load
reading between specimens héving bolt tensions of 39 and 54 kips
(173.5 and 240.2 xN).
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C. The Effect of Coating Properties ang Type on Slip Behavior

In this research Program, only two t&pes of coatings, zine metal
applied by hot-dip galvanizing and organic zinc-rich paint, were
evaluated. Although none of the coatings tested performed as weil
as bare sandblasted steels, the zinc metal coating applied by
hot-dip galvanizing had the best resistanee to slip under direct
tension loading of all of the coatings tested. Although the
Specimens coated with zine metal had relatively high slip
coefficients, between 0.40 angd 0.46, when compared with those of
the organic zine-rich primer tested, between 0.29 and 0.41, the
extensive wire brushing or light sandblasting necessary to produce
a satlsfactory slip surface was deemed to be bothersome.and
expensive, In addition the thickness and quality of the galvanized
zine layer, factors which are felt to affect slip characteristiecs
greatly, are very difficult, if not impossible to control. In
creep tests, the galvanized specimens in which'a bolt tension of
3% kips (173.5 kN) was used and subjected to g sustained ﬁensile
load of 48.6 kips (216.2 kN) showed nearly 7 times the amount of
Creep as those specimens coated.with 3 mils (76.2 um) of organic
zinc—rieh primer. The galvanized test Specimens, however, fully
met the criteria established for'this project of less than 0.005
inches (127 pm) of creep in 100 hours of sustained load of 32,4
kips (144.1 xN) or 100% of the specimen design load.

The specimens coated Wwith a dry film thickness of 3 mils (76.2 um)
or less of organic zine-rich primer showed good resistance to

slip in all tests, including direct tension, creep, and cyclie _
loading. Thicker coatings of the organic_zinc~primer, as explained
later in Section V.D. did not perform as well, especially in ecyclic

load tests.

In addition, the organic zinc-rich primer tested, which conformed
to the Caltrans 1977 Standard Specification 8010~617~36, could be
applied easily and showed no signs of mud cracking or uneven painted
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surfaces experienced by Caitrans in the paSt‘with inorganic zinc
paints. The primer cured to a maximum pencil hardness as determined
by ASTM Designation: D3363-T4, of + HB after three days in an
ambient temperature of 75°F (23.960) and relatively humidity of 45%.

Tt was interesting to note the relatively small contact area which
was actually in bearing around the bolt hole. This area i1s shown
clearly in Figure 11 which depicts the 1/2-inch (12.7-mm) thick
side plates from two typlcal specimens, having identification
numbers 13 and P6, disassembled after testing. The actual plate
contact area around each bolt through which the entire external
1oad was transmitted in shear is equal to approximately 1.76 square
inches (1135 mm2). The coating in this region thus was subjected
to an average compressive stress between 22.2 and 30.7 ksi (153.1
and 211.7 MPa) depending on the actual bolt tension, in addition
to the simultaneous shear stress which varied according to the
externally applied load.

Specimen 5 DS, coated with 6 mils (152.4 um) of organic zinc-rich
primer, is shown disassembled in Figure lé following a direct
tension test. Typical rings indicating a highly stressed coating
in the doughnut-shaped area surrounding the bolt holes are even
more obvious with thicker coatings of the organic zinc-rich
primer.

The vinyl wash primer tested in the first phase of this research
study performed poorly in direct tension tests. I& had a slip
coefficient of K = 0.19 and was Very soft. Testing of thils

coating was immediately disgontinued.

D. The Effect of a Variation in Coating Thickness on Slip
Behavicr.

Evaluation of test specimens on the basis of coating thickness
was limited to those painted with from between 1 and 6 mils
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Figure 11.

Side Plates from Dis-
assembled Test Specimens
Coated With Organic Zinc-
Rich Primer Showing
Highly Stressed Contact
Areas Surrounding Bolt
Holes.

Figure 12.

Parts of Disassembled
Tension Specimen Coated
With 6 Mils of Organic
Zinc Rich Primer Follow-
ing Test. Dark Rings
Show Contact Areas,
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(25.4 and 152.4 um) of organic zinc-rich primer as described in
Section V.C. of this report.

From tensile tests conducted on specimens coated with the organic
zince-rich primer, an average decrease in the slip coefficlent

of approximately 13% was noticed because of an increase in

from 1 to 6 mils (25.4 to 152.4 um) of dry film thickness.

Little difference was noticed between slip observed in all
specimens coated with 3 mils (76.2 um) or less of organic zinc-
rich pfimer.' A large lncrease in slip, however, was recorded

in specimens coated with 6 mils (152.4 um) of zinc-rich primer.
From ¢yclic test results, 1t 1s also apparent that the shift

in zero load readings for 6-mil (1l52.4-um) specimens was considerably
larger than for specimens coated with up to 3.5 mils (88.9 um)

of organiec zinc~rich primer. Thus in summary, a dry-film coating
thickness range of organic zinc-rich primer of 1 to 3 mils (25.4
to 76.2 um) dppears to produce slip properties in friction-type
connections which are most desirable and are acceptable.
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3 Bolted Parts

(a) The slope of surfaces of bolted parts in contact with the bolt head
and nut shall not exceed 1 120 with respect to a plane normal to the
bolt axis. Bolted parts shall fit solidly together when assembled
and shall not be separated by gaskets or any other interposed com.-
pressible material. Holog may be punched, subpunched and reamed,
or drilled, as required by the applicable code or specification and shall
be a nominal diameter not more than !{; in. in excess of the nominal
bolt diameter.

(b) When assembled, all joint surfaces, including those adjacent to the
bolt heads, nuts or washers, shall be free of scale, except tight mill
scale, and shall also be free of burrs, dirt and other foreign material
that would prevent solid seating of the parts.

{c) Contact surfaces within [riction-type joints shall be free of oil, paint,
lacquer or galvanizing,

4 Allowable Working Stresses

(8) Design Stresses. The allowable working stresses for A325 -and A490
bolts specified in the following paragraphs are given, respectively, for
bridges and buildings in Table 2. As used in paragraphs (b)and (¢),
nominal bolt area is defined as the area corresponding to the nominal
diameter of the bolt,

Table 2 Allowable Working Stresses for Fasteners®
. . T
Specification Loading Conditions -__.Elﬁﬂf? [,t,s__ — ,‘4.'?_&!-5490 Bolts
Paragraph Bridges Building Bridpes Buildings
4(by Applied tension, psi 36,000 40,000 48,000° 54,0000
4(c) Shear, psi ' .
1. Friction-type connec-
tion 13,500 15,000 18,000 20,000
2. Bearing-type  can-
nection, shear plane
through threads 13,500 15,000 20,000 22,500
3. Bearing-type  con-
nection, threads ex- 20,000 22,000 29,000 32,000
cluded
4(d) Bearing, psic 1.2 Fy 135 F, 122 Fy 1.35Fy

% The tabulated stresses, except for bearing stress, apply to bolts used in any grade of steel,

b Static foa ding only.

¢ F, = Specified minimum yield point of the lowest strength connecled part. The bearing
stress shall not be more than the specified minimum tensile strength of the lowest strength
connected material,

Excerpt from "Specification for Structural Joints
Using ASTM 4325 or Al4gQ Bolts", approved by the
Research Counciil on Riveted and Bolted Structural
Jo%gts of the Engineering Foundation, September 1,
1966,
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Table 2 Allowable Working Stresses for Fasteners®

specification  condit | ASTM A325 Bolts ASTM A490 Bolts
Earagraph Loading Conditions l Bridges Buildings Bridges Buildings
4(b) Applied tension, psi 36,000 40,000 48,000* 54,000"
A(c) Shear, psi
1. Friction-type connec-
tion 13,500 15,000 18,000 20,000
2, Bearing-type con-
nection, shear plane .
through threads i 13,500 15,000 20,000 22,500
3. Bearing-type con-
nection, threads ex- 20,000 22,000 ° 29,000 32,000
cluded :
4(d) Beafing, psic _1.221«‘,, 1.33F, | 1.22_ fl’ 1 135 F,

Appendix A-2.

¢ The tabulated stresses, except tor bearing stress, apply to bolts used in any grade of steel.

b Static loading only.

¢ py = Specified. minimum
stress shall not be more 1
connected material.

(b) When assembled, all joint surfac
boli heads, nuts or washers, shal

ield point of the lowest strength connecled part.
an the specified minumum tensile strength ot the lowest strenpth

The bearing

es, including those adjacent to the
| be free of scale, except tight mib

scale, and shall also be free of burrs, dirt and other foreign material

that would prevent solid seating

(c)

of the parts.

Contact surfaces within friction-type joints shall be free of oil, paint,
lacquer or other coatings, excepl

as listed below:

1. Hot-dip galvanizing, if contact surfaces are scored by wire
brushing or blasting afier galvanizing and prior to assembly.

2. Inorganic zinc rich paints as defined in
the Steel Structures Painling Council Systems,

those sections of

SSPC PS 12.00,

covering zinc rich paints with inorganic vehicles.

3. Metallized zinc or aluminum

applied in accordance with

AWS (2.2 Recommended Practice for Metallizing with Aluminum

and Zinc for Protection of fron

gealing treatments, described in

used.

Excerpts from "Specifi
Using ASTM A325 or AlL9
Research Council on Ri
Joints of the Englneer

46

and Steel, except that subsequent
Section 1V therein, shall not be

cation for Structural Joingts

0 Bolts", Approved by the
veted and Bolted gtructural
ing Foundabtion, March 31, 1970.
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Table 2a  Allowable Working Stresses,® ksi, Based Upon Surface
Condition of Bolted Parts, for Friction-Type Shear Connections

.
Oversize

Standard * Holes and Long

Class Surface Condition of Bolted Parts Holes Sho;{t Sllotted Slotled Holes
Oles
A325 | A290 | A325 | Ades "A325 | Agag
A | Clean mill scale 17.5 1 22.0 115.0 | 19.0 [ 12.5 | 160
B | Blast-cleaned carbon and jow alloy steel | 27.5 | 34.5 | 235 I! 29.5119.5 | 24.0
C | Biast-cleaned quenched and tempered | 19.0 23.5, 16.0 | 20,0 1 13.5 ] 16.5
stee!

D | Hot-dip galvanized and roughened 21.5(27.0 ! 18.5 [ 23.0 ] 15.0 { 19.0
E | Blast-cleaned, organic zinc rich paint 21.0 1 26.0 | 18.0 22.0 1 14.5 | 18.0
F Blasi-cleaned, inorganic zine rich paint 29.5 1 37,0 25.0 31.5 ] 20.5 | 26.0
G Blast-cleaned, metallized with zinc 29.5 1 37.0: 25.0 | 3.5 20.5 ) 26.p
H Blast-cleaned, metallized with aluminum | 30.0 37512551 32 0 21.0 | 26.5
b | Vinyl wash 16-5[20.514.0 | 175 | 1175 | 145
- —**4—_"_“—“*__—»_.‘

(b)

(c)

Appendix A-3.
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allowable working s

When assembled, all joint surfaces, including those adjacent to the bolt
heads, nuis or washers, shall be free of scale, except tight mill scale, and
shall also be free of burrs, dirt, and other foreign material that would
prevent solid seating of the parts. Paint is permitted unconditionally
in bearing-type connections.

The condition of contact surfaces in friction-type conneclions (Table
2a) shall conform to the following requirements, as applicable:

Classes A, B, and C (uncoated ): Contact surfaces shall be free of oil,
paint, lacquer, or other coatings,
Class D (hot-dip galvanized and roughened): Contact surfaces shall

be lightly scored by wire brushing or blasting after galvanizing and
prior to assembly.

Classes E and F (blast-cleaned, zine rich paint): Contact surfaces
shall be coated with organic or inorgani_c zinc rich paint as defined
in the Steel Structures Painting Councii System SSPC 12.00.

Classes G and H (blast-clvmwd, metallized 2ine or aluminum);
Contact surfaces shall be coated in accordance with AWS 02,2 Rec-
ommended Practice for Metallizing with Aluminum and Zine for
Protection of Iron and Steel, except that subsequent sealing treat-
ments, described in Section IV therein, shall not be used.

Class I (vinyl wash): Contact surfaces shall be coated in accordance

with the provisions of the Steel Structures Painting Council Pre-
treatment Specification SSPC PT3.

Excerpts from "Specifications for Structural Joints

Using ASTM A325 orp Algo Bolts", approved by the
Research Council on Riveted and Bolted Structural

Joints of the Engineering Foundation, February 4,

1976.
b7

iresses for bmrr’ng—{y;u- connections, taking into account the position of
threads relative to shear planes and, if required, the 20% reduction due to joint length.
(See Tahie 2.)
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55-3.13 Painting.—All iron and steel surfaces shall be cleaned and painted
in accordance with the provisions in Section 39, *“Painting.”

5= 314 Bolted Connections.—Bolted connections unless otherwise shown
on the plans or specified in the special provisions shall be made with high—
strength steel bolts.

All connections made with high-strength bolts shall be friction—-type joints,
unless otherwise designated on the plans.

Bolted connections using high-strength steel bolts shall conform to the
“Specifications for Structural Joints Using ASTM A 325 or A 490 Bolts,” ap-
proved by the Research Council on Riveted and Bolted Structural Joints of the
Engineering Foundation, and the following provisions:

Contact surfaces of all high-strength bolted connections shail be thoroughly
cleaned of rust, mill scale, dirt, grease, paint, lacquer, or other material foreign
to the steel, before assembly. .

All bolts shall conform to ASTM Designation: A 325 and shall be installed
with a hardened washer under the nut or bolt head, whichever is the element
turned in tightening.

Bolts may be tightened by any method to the required tension. The torque
value or the direct tension indicator gap needed to develop the required bolt
tension will be determined by the Engineer. Bolt tension shall be checked at
locations sciected by the Engineer. Checking of bolt tension shall be done by
the Contractor in the presence of the Engineer and in such a manner that the
Engineer can read the torque wrench gage or direct tension indicator during
checking.

Nauts shall be located, wherever practicable, on the side of the member which
will not be visible from the traveled way. Nuts for bolts that will be partially
embedded in concrete shall be located on the side of the member that will be
encased in concrete.

Bolts with diameters exceeding by up to 1/4 inch the diameter of the bolt
shown on the plans may be used, provided that required clearances and edge
distances are not reduced below that required for the larger bolt.

Other fasteners conforming to the requirements set forth in “‘Specifications for
Structural Joints Using ASTM A325 or A490 Bolts,” approved by the Research
Council on Riveted and Bolted Structural Joints of the Engineering Foundation,
may be used. Such fasteners, if used, shall have a positive tensioning procedure
capable of calibration for accurately determining the bolt tension. For such
fasteners using other than threaded connectors, the torque measurement require-
ments will not apply.

pAppendix B-l. Excerpt from the 1978 State of california

www fastio.com

Department of Transportation Standard
Specifications, Section 55-3, Fabrication
of Steel Structures.
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surface | No. of 'T;‘ Aveérage Slip S1ip
Treatment Spec1mens - Load, kips Coefficient®

Sandblasted 5 '104.8 .49

Mill Scale 1  60.5 .28

1.5 mils Organic ZN 1 82.8 .38

3 mils Organic ZN 3 70.8 .33

& mils Organic ZN 1 59.0 : 27

6 mils Vinyl Wash 1 42.0 .19

#51ip Coefficient, K = H%T‘

Where:

P = Average slip load, kips

n = No. of slip surfaces = 2

b = No. of bolts per slip surface = 2

T = Tension per bolt klps:='5ﬂ

| Notes:

- kH- 1. Loading Rate

*Q}‘ o = 10 kips/min.
' 2, Bolt elongatlon

—{EF Bz inican = 0.,020" + 0.001"

for all specimens.

I
P!
Ll

3. Two dial gages oOr
Bourns potentio-
t“?} meters mounted as
shown in side view.

4., 7/8" @ x 3 L/4"

| ASTM A325 bolts
used in all tests.
l ‘ 5. 1'(inch) = 25.4 mm
‘ ' 1 kip = b4.45 kN
- FRONT - SIDE 1 mil = 25.4 um

rypical Double Shear Test Specimen

Appendix C—l. Summary of First Stage Tension Test Results
. . Includlng Average Slip Coefficients.

50
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No. of Constant
Specimens Surface Load, 1 Measured S1lp,
Tested Treatment kips lnches
1 Sandblasted 64.8 < 0,001 in 160 minutes
1 2 mils Organic . 32.4 < 0,005 in 180 minutes
Zine-Rich Primer 48.6
1 3 mils Organic 32.4 =0,001 in 150 minutes
Zinc-Rich Primer 48,6 > 0,010 in 60 minutes 2
1 3 mils Organic 48.6 =0,0015 in 265 minutes
Zinc-Rich Primer 64.8 > 0.010 in 30 minutes 2
1 & mils Organic 32.14 > 0.004 in 197 minutes
: and continuing
Zine-Rich Primer 48,6 > 0,010 1n 23 minutes 2
1 6 mils Vinyl Wash 16.2 > 0.010 in 20 minutes 2
24,3
Notes: 1 Shown below are constant‘loads and corresponding .

percentage of allowable specimen design locad as
determined by shear in the joint

Constant Load,

Percent of Allowable

kips Deslgn Load
16.2 50
24,3 75
32.4 100
48.6 150
64,8 200
2 Rapid, excessive creep occurred.
3 1 inch = 25,4 mm
1 kip = 4.45 kN
1 mil = 25.4 um

Appendix C-2. Summary of First Stage Creep Test Results.

www fastio.com
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No. of Max./Min.
Specimens Surface Cyclic Load, Max. Slip, | Total
Tested Treatment kKips inches Cycles
1 Sandblasted 18.6 0.0013 8780
1 3 mils Organic 16.2 0.0002 2008
Zine-Rich
Primer 32,4 0.0003 3012
48.6 0.0011 3000
'_Notes: C) Cycling Rate = 1/2 cycle per second, sinusoidal
: - shape as shown below.
. P - ““4.
— MAX TENSIQN
g},'
= +
(o] AN 2
< -~ TIME (SEC)
9
ﬁumu
v COMPRESSION
® 1 inch = 25.4 mn
1 kip =

Appendix C-3.

ChhPDF -
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h.45 kN

Summary of First Stage Cyclic Load Test Results.
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Coating
Thickness
_ per Bolt Sustained
Surface Specimen| Surface, |Tension,|Tensile Mean S1lip,
- Treatment ID Nos. mils kips Load,kips [inches/hours
S3 - 39 32.4 0.0/113.5
8.6 0.0/120.3
~Sandblasted’ Sy - 39 32.4 0.0/98.0
_ 48.6 0.0/112.8
S10 —_ 54 32.4 0.0002/101.7
48.6 0.0/112.9
32.4 0.0030/100.9
7GC 10 39 40,5 0.0039/100.0
48.6 0.0080/109.7
32.4 0.0012/108.5
7GD 10 -39 40.5 0.0041/95.3
Zine, 48.6 0,0139/120.2
Hot-Dip .
: 32.4 0.0006/100.0
Galvanized aI 10 5 0.5 0.0012/112.3
‘ 48.6 0.0033/120.0
' 32.4 0.0008/98.7
GJ 10 54 40.5 0.0013/138.7
48.6 0.0019/100.0
“7C 1.5. 39 32.4 0.0003/113.5
8.6 0.0015/143.9
> Organic
Zine-Rich 7D 1.5 39 32.4 0.0003/142.2
Primer 48,6 0.0008/103.0
_ 32.4 0.0005/102.0
21 1.5 54 40.5 0.0002/101.3
48.6 0,0003/138.0
2J 1.5 54 32.4 0.0004/143.9
48.6 0.0007/192.3
Note: 1 inch = 25.4 mm, 1 kip = 4.45 kN, 1 mil = 25.4 pm.

Aﬁpendix D-2. Summary of
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Coating
Thickness
per Bolt Sustaineq
Surface Specimen Surface, Tension, Tensile Mean Slip,
Treatment ID Nos. mils kips Load,kips inches/hours
Pl 3 39 32.4 0.0004/108,7
48.6 0.0005/100.8
32.4 0.0004,/14% ¢
P, 3 39 40,5 0.0004/100.0
48.6 0.0008/100.0
32.4 0.0005/92,2
23 3 39 ho.s 0.0007/54,3
48.6 0.0033/99.5
56,7 0.128/76.6
Organic 19 3 54 32.4 0.0016/114
Zinec~-Rich
Primer Pu 3.5 54 32.4 0.0002/118.5
48,6 0.0011/100.0
X 6 39 32.4 0.0041/120,8
48,6 0.0204/70.5
4 6 39 32.4 0.1212/142,9
48.6 0.0241/73.5
9 & 39 32.4 0.02&6/107.7
48,6 0.0783/14b .0
Note: 1 inch = 25.4 mm, 1 kip = 4,145 kN, 1l mil = 25,4 yp,

Appendix D-2 (Continued)
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l'SAMPLE'CALCULATIONS FOR CYCLIC LOADING TEST RESULLS

Typical Raw Data

Recorded Deflections,
Specimen No. of Cyclic 1,0ad inches
ID No. Cycles Range, kips Diagl Indicators
top bottom
(initial) +32.4 _ 0.1989 | 0.6995
230 0 0.2001 | 0.7009
-32.4 0.2010 | 0.7021
0Z-6C1
(final) +32.4 0.1996 | 0.6997
90,535 0 0.2009 { 0.7012
-32.4 0.2016 | 0,7022
Calculations:

1. Maximum ranges of deflection (includes elastic movement
plus slip) at initial and final number of cycles of top and bottom
dial indicators were determined as shown below. Mean values for
maximum deflection ranges were then determined at both initial and

final number of cycles for minimum ranges of top and bottom dial
indicators.

Example:

Initial deflection readings at 230 cycles

top dial indicator,
0.2010" - 0.1989"™ = o0.0021"
bottom dial indicator,

0.7021" - 0.6995" = (0,0026"
L = 0.00047"
start average = 0.00235" = Q.0024"

Final deflectfion readings at 90,535 cycles”
top dial indicator,
0.2016" - 0.1996" = 0.0020"
bottom dial indicator,
0.7022" = 0.6997" 0.0025"
I 0.0045"
0.00225™ =« 0,0023"

1

end average
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2. The shift in the relative position of the center and end
Plates at zero load was next determined by subtracting the dial
indicator readings at zero load made at the initial number of cyeles
from those made at the final number of cycles. The sign of the number
indicates whether the specimen length increased (+ sign) or decreased

(- sign) as a result of the plate movements.
Example:
top dial indicator, initial -~ final zero load readings
0.2001" - 0.2009" = ~0.0008"
bottom dial indicator, initial - final zero load reading

0.7009" - 0.7012" = -0.0003"

3. Finally the actual number of cycles was determined by
subtracting final from initial cycles,

Bxample:

90,535 - 230

[]

90,305

(final no. (initial no (no. of
of cycles) of cycles) cycles)
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