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Abstract

Consider that dghtweight, durable, and tractieresistant material is needed as a
wearing surface replacement for a ti@oe bridge deck that is on a 6% grade. The wearing
surface to be replaced is 30 ft (9.2 m) wide and is attached to an orthotropiccshstelel
deckthat is supported by two steel box girders that are 61 in. (155.9 cm) wide by 163 in.
(414 cm) deep. The sispan bridge, which is 2295 ft (699.5 m) long, is located on the Dalton
Highway, a gravel road about 50 mi (80 km) north of Fairbanks, Ald$ka.structure is
expected to support the oil pipeline, a future gas line, and heavily loaded trucks; it is also
expected to respond to mild summers and harsh winters, with air temperature extremes of
-58°F (50°C) to 100°F (40°C).

A 5in. (127 mm) tweayer timber wearing surface was installed in 1976. This timber
system was replaced in 1981, 1992, 1999, and Z®®auld timber be the next wearing
surface? Thermal cracking, abrasion, durability, flexural strain, traction, weight, and
fastening methods tie steel deck are important parameters for selecting a replacement
material for this wearing surface. Live load fatigue in the wearing surface should not be an
issue. The driving surface may be dry, wet, or & snowcovered. During the winter,
becaus of the steep grade, trucks typically use tire chains, which damage the timber.

Alternate wearing surfaces wdedoratorytested for structuralurability, traction, and
resistance to tire chainis addition to laboratory testing, field performancénfige
wearing surfacewas evaluated.aboratory test results are presented, with each wearing
surface ranked for structural integrity, traction and chain damage, and field performance.
Cobra X(the company no longer exists) will likely provide more thalbyear satisfactory

service life. All other wearing surfaces including timber were rejected.
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Executive Summary

This study was commissioned to find a cost effective wearing surface to replace the
wooden deck on the Yukon River Briddecated on the Dalton Highway. Unfortunately,
wood has proven to be unsatisfactory because of its short fileedb sevenyears and
because it provides low traction during wet and freezing conditions. Of thaatsatested,
only CobraX, which has been in service on the bridget¥eglve years, proved promising.
Since Cobra X is no longer available, a substitute will be needed if the Alaska Department of
Transportatior® Public Facilities (AKDOT&PF) wishes to psue this option.

The Yukon River Bridge is on a 6% grade and is subjected to

1 air temperature extremes fro0°F to 100°F;

1 heavy truck loads;

1 snow removal equipment; and

1 tire chains commonly used by truck drivers during the winter.

The wearing surface, wdh lies on an orthotropic steel deck spliced with plates and

bolts, must meet the following design restrictions:
T It mustnot exceed 30 psf.
1 The thickness st be between 3 and 5 in.
G It must covessplices and bolts (minimum ofiB.).
G Its 5in. upper linit is controlled by the bridge railing.
1 The wearing surface ust be sufficiently flexible to lay on an uneven deck and
bridge, across steel deck splices and bolts.

 Thermalstrains and thermal deformatiomsist be accommodated



A 5-in. (127 mm)two-layertimber wearing surface was installed at the time of
construction. Since then, the wearing surface has been replaced four times: in 1981, 1992,
1999, and 2007. Each time, repair and replacement costs have incagalstna timber
guality has decreased; f)lIAKDOT&PF is seeking a safe and more egf$ective solution.

An experimental study was conducted to evaluate alternate wearing surfaces being
considered for possible use on this bridge.

We tested wearing surfaces in the laboratory for (a) structurabdity; (b) static and
dynamic coefficients of friction at wet, dry, and icy conditions; and c) tire chain damage
resulting from tires rolling, lashing, or dragging across the surface. Traction anbdire
damage tests were carried out in the lalmoyabn timber, uncoated UHMW, coated UHMW,
Super Panel, Cobra X, and asphalt concrete. Cobra X and asphalt were used as a base of
comparison. Both were previously in service for about 14 years. A partial summary of
findings for a moving vehicle is providew the following table. The American Association
of State Highway and Transportation Officials (AASHTO) recommends a minimum traction
value of 0.40 for moderate temperature conditions. The AKDOT&PF may want to establish

its own criteria for this facility.



Table ofTraction andlire ChainDamage fol ariousWearingSurfaces
Coefficient of Friction

Damage (0.001 ip

70°F 20°F -20°F Field -20°F
Status Dry Wet Dry Icy Wet Icy Dry |Rolling Lashing Dragging

Moving tests:

UHMW L 0.50 047 0.37 0.13 0.37 0.18 NT 29 21 13
Coated UHMW L 054 055 0.60 025 048 0.12 NT NT NT NT
Timber running boad L,F 058 0.64 0.71 0.21 053 041 0.70 131 16 13
Transonite LF 062 063 075 051 063 0.29 0.90 33 47 26
Super Panel L 0.76 0.75 0.89 0.60 0.75 0.47 NT 38 60 28
Asphalf LF 062 063 NT NT NT NT 0.84 NT NT NT
Cobra ¥ LF 058 045 065 053 055 0.33 0.52 37 22 0
Prodeck 4 F NT NT NT NT NT NT 0.94 NT NT NT

a) Timber running board studies included timber on timber, timber on UHMWjrahdr on Mshaped UHMW.

b) Cobra X was in use for 14 years prior to testing in the laboratory. Its field test age was 15 years.

¢) The asphalt was used for 14 years prior to testing. Field tests were conductegkand® asphalt.

During this study on the Yukon River Bridge, we inspected bridge wearing surfaces in

the summer of 2006 and 2007. In 2007, we also performed traction tests opleein

bridge deck wearing surfaces. Each wearing surface was ranked as a possiblesttag w

surface on this bridge structure, based on a compilation of laboratory tests and field

inspections.



Summary of Laboratory Tests, Field Tests, and Field Inspections

Wearing Surface | Where Laboratory Studies Field Is it acceptable fothis
Evaluation | bridge?
Durability | Traction Chain
Damage
Cobra X F.L 1 3 1 Good Yes, Recommended
Timber/timber F,L 3 4 5 Poor No, Not recommended
Transonite F,L 2 2 3 Failed No, Reject
Timber on solid .
UHMW L 4 4 5 NA No, Reject
Timber on Mshape .
UHMW L 4 5 NA No, Reject
Super Panel L 6 1 4 NA No, Reject
UHMW L NA 5 NA NA No, Reject
Uncoated UHMW L NA 6 2 NA No, Reject
Prodeck 4 F NA NA NA Failed No, Reject
Weight is a problem, and
ancretefllled metal = NA NA NA Poor tractioncouldbe an issue
grid as the concrete abrades
below the metal grid.

Note: F stands for field; L stands for laboratory

Recommendations:
1. Specifications for selecting a future wearing surface should be provided. Selection
requirementshould include

a. aminimum dynamic friction coefficient for wet conditions.

b. the tickness limitation for the wearing surface.

c. themaximumweight of thewearing surfac€30 ps}.

d. either thincoatingg(such as an aggregate epoxy that can be applied by
MaintenanceindOperations) or a traction surfatteat ismore flexible than the
substrata.

e. awearing surface that providagfecient flexibility. This may be measured by
performing a bending test on a flat plate. One of the following conditions should

be met:



V Test a tweway slab of the design thicknetbst is48 squaren. Each edges
pinned supported. Apply pressure of 500 psi over 36 square in. at the center
of the plate. Center deflection should exceed 0.25 in.

V Alternatively, test a beawf the design thickneghatis 6 in. wide, 48 in.
long. The beam should be loaded by applying a pressure of 500 psi, acting
over a 36squarein. area at the center of the beam. The center deflection
should exceed 3.25 in.

. Future wearing surfaces should be one layéh provisionsto accommodate

thermal differences between the surface and the steel deck.

. We suggest requesting manufactysesduced systems that are modular and will

allow for easy replacement and repair.

. We suggesthattrial wearing surfaces be installed for fieldservation.

. Wearing surfaces worthy of consideration include:

a. modular rubber grade crossings;

b. products like Cobra X;

c. coatings used by the U.S. Navy for aircraft carriers that improve both traction
and gouge resistance; and

d. other coatings such as aggregepoxy that may be field applied by maintenance

forces.



CHAPTER 117 SUMMARY OF FINDINGS

Alternate wearing surfaces were evaluated for possible use on the Yukon River Bridge,
located 50 mi (80 km) north of Fairbanks, Alaska, on the Dalton Highway.

The bridge 122295 ft(699.5m) long on a 6% downgrade from south to north. It was
opened to traffic in 1976 with a temporary thayer timberdeckwearing surface. Ding
winter months, trucks typically use tire chatosclimb the 6% grade.

The problems thattimber wearing surfaces are damagedbthtraffic and weather

andthese surfaces dwt lastbeyondfive to six yearsbefore extensive maintenance or

replacement is needed (see Figures 1.1 and 1.2).

S/ -

/ £

A

Figure 1.1 Timber deck repairp@aintenance activity.
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Figure 1.2 Timber deck #heend of its service life

The bridge superstructurgan orthotropic steel deckupportedy two steel box girders

with six spansSteel beams, spaced atflSpans between the two box girders, support the

orthotropic steel deck. A suitable wearing surface must meet the following criteria:

il
T

Thicknes should be limited to 6 in.

Wearingsurface system must clear splice plates and bolts that were used feethe st
deck

Wearing surface must be fasteriedhe orthotropic steel deck

Weight should be less than 30 psf

Traction should be better thamod



1 Surface must resist vee and damage from tire chains

1 Thermal strais should be accounted for

1 Flexibility should be compatible with the steel deck.

This study addressedtree issuefor six different types of alternative wearhsgirface

solutions:

1. Structural durability
2. Tractionand resistance wwear and damage caused by truck tire chains

3. Field performance

Structural Durability

We evaluated and ranked sixperimental bridge decks based on structural durability.
Durability was determined through testing and analytical modeling by the finite element
method (Jerla, 2008lractors considered ihe& ranking werstiffness, coleiemperature
response, behavior during testing, and material propedtiggg tests for structural
durability, we did not instrumer@obra X though we did monitor the product for deflection

versus loadTablel.1 shows the structural dability ranking for each wearing surface.



Table 1.1 Structural Durability Ranking for Wearing Surfaces

Test Panel| Ranking Advantages Disadvantages
Cobra X 1 Lightweight and flexible. A connection to the deck is needeq
Lightweight andlexible; little Instability at low compressive
, change in stiffness with stresses may cause the wearing
Transonite 2 ) X
temperature; stronger than the | surface to delaminate.
others.
Lightweight and flexible; stiffnesq Differences in stiffness between
Timber/ 3 is similar to Transonite. layers in the lower layer caused it t
Timber carry more load. This caused
premature cracking.
Top timber layer was jointed and The material property mismatch
. fastened to the UHMW; the low | caused timber planks to crack.
Timber on S i
: flexural modulus plastic is ideal | Thermal strains are a problem. It
Solid 4 . . )
for fastening to the deck. stiffens in cold temperatures, and
UHMW . i
attachments using screws into the
plastic are permanent.
Advantages are the same as tim| M-shape was significantly more
. on solid UHMW and its weight is| flexible than the solid; this caused
Timber on . .
reduced. timber running planks to crack at
M-shapel 5 ) ]
lower loads. Other disadvantages
UHMW : :
the same as the solid except it
stiffened more in cold temperature
By comparison, stiffer and Too stiff and too brittle for use on
S strorger than the other systems. | the Yukon River Bridge.
uper ) :
Panel 6 Material properties were

somewhat insensitive to cold
temperatures.

Cobra Xwas tested as a omeay plate (beam action). Deflection was excessive at 1000

Ib, so loading was stoppelduring testingwe observed thatobra Xis very flexible, an

ideal condition for this bridgé&.he stiffness of the Super Panel was 46 times tHaesg of

Cobra X(Jerla, 2008).

Traction and Chain Damage

Traction

In the laboratory, we testerhttion for six wearing surfaces and a sample of asphalt

pavementThese tests were conducted at temperaturé®bf(room temperature), 2B, and
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-20°F. Both static friction and dynamic friction coefficients were measured for four new
products and twasedolder productsWood, UHMW, Transoniteand the Super Panel were
thenewproducts Cobra Xhad beenn service on the Yukon River Bridge for 14 yearn®ipr
to testing.The asphalt concrete sample was from an Anchorage intersection and was 14 years
old.
We conducted étween three and four tests for each test conditiod we compiled and
averaged theesulting traction values for each type of téiginglaboratory dataywe ranked
thetraction performance of each wearing surfacedorperature conditions @b°F and
-20°F.
Traction rankings for dry and icy conditions were determined for a moving vehicle
(dynamic friction coefficient)Wearing surfaces &re ranked fotraction undeicy
conditionswith a stalled vehicle (static friction).ables 1.2 and 1.3 show the rankinggh
figures in thegray colums sorted from high to lowT hese tables show that:
1 Cobra Xranked in the top three products for all icy cases.
1 UHMW, uncoated and coated, ranked near the bottom of the products for 20°F and
-20°F.

1 Timber, under icy conditions, ranked near zero at 208(the static and dynamic
friction coefficients.
G For a salled vehicle on a 6% grade, this lack of traction is problematic; yet at

-20°F and icy, timber is one of the better traction surfaces.
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Table 1.2 Wearing Surfaces Rad by Traction Performance-&0°F (Dry and Icy)

70°F 20°F -20°F
Ranking Sample Dry Wet Dry Icy Dry Icy
Rankedfor dynamic friction at -20°F and icy:
1 |Wood 0.54 0.61 0.69 0.05 0.47 0.38
2 |Super Panel 0.66 0.70 0.78 0.65 0.70 0.34
3 |Cobra X 0.58 0.45 0.65 0.53 0.55 0.33
4  [Transonite 0.62 0.63 0.75 0.51 0.63 0.29
5 |Uncoated UHMW 0.50 0.47 0.37 0.13 0.37 0.18
6 |UHMW 0.54 0.55 0.60 0.25 0.48 0.12
--  |Asphalt Concrete 0.59 0.61 NT NT NT NT
Ranked for static friction at -20°F and icy:
1 |Super Panel 0.76 0.75 0.89 0.60 0.75 0.47
2 |CobraX 0.65 0.52 0.77 0.61 0.64 0.43
3 |Wood 0.58 0.64 0.71 0.21 0.53 0.41
4  |Transonite 0.67 0.69 0.82 0.57 0.69 0.37
5 |Uncoated UHMW 0.55 0.50 0.47 0.25 0.44 0.30
6 [UHMW 0.56 0.57 0.62 0.28 0.51 0.19
-~ JAsphalt Concrete 0.62 0.63 NT NT NT NT
Ranked for dynamic friction at -20°F and dry:
1 [Super Panel 0.66 0.70 0.78 0.65 0.70 0.34
2 [Transonite 0.62 0.63 0.75 0.51 0.63 0.29
3 |CobraX 0.58 0.45 0.65 0.53 0.55 0.33
4 |UHMW 0.54 0.55 0.60 0.25 0.48 0.12
5 |Wood 0.54 0.61 0.69 0.05 0.47 0.38
6 |Uncoated UHMW 0.50 0.47 0.37 0.13 0.37 0.18
-~ |Asphalt Concrete 0.59 0.61 NT NT NT NT

NT = Not tested

G
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Table 1.3WearingSurfacesRanked byTractionPerformance

70°F 20°F -20°F
Ranking Sample Dry Wet Dry Icy Dry Icy
Rankedfor dynamic friction at 20°F andicy:
1 Super Panel 0.66 0.70 0.78 0.65 0.70 0.34
2 Cobra X 0.58 0.45 0.65 0.53 0.55 0.33
3 Transonite 0.62 0.63 0.75 0.51 0.63 0.29
4 UHMW 0.54 0.55 0.60 0.25 0.48 0.12
5 Uncoated UHMW | 0.50 0.47 0.37 0.13 0.37 0.18
6 Wood 0.54 0.61 0.69 0.05 0.47 0.38
-- Asphalt Concrete| 0.59 0.61 NT NT NT NT
Ranked for static friction at 20°F and icy:
1 Cobra X 0.65 0.52 0.77 0.61 0.64 0.43
2 Super Panel 0.76 0.75 0.89 0.60 0.75 0.47
3 Transonite 0.67 0.69 0.82 0.57 0.69 0.37
4 UHMW 0.56 0.57 0.62 0.28 0.51 0.19
5 Uncoated UHMW | 0.55 0.50 0.47 0.25 0.44 0.30
6 Wood 0.58 0.64 0.71 0.21 0.53 0.41
- Asphalt Concrete| 0.62 0.63 NT NT NT NT
Ranked for dynamic friction at 20°F and dry:
1 Super Panel 0.66 0.70 0.78 0.65 0.70 0.34
2 Transonite 0.62 0.63 0.75 0.51 0.63 0.29
3 Wood 0.54 0.61 0.69 0.05 0.47 0.38
4 Cobra X 0.58 0.45 0.65 0.53 0.55 0.33
5 UHMW 0.54 0.55 0.60 0.25 0.48 0.12
6 Uncoated UHMW | 0.50 0.47 0.37 0.13 0.37 0.18
- Asphalt Concrete| 0.59 0.61 NT NT NT NT

NT = Not tested

In 2007 the Yukon RiveBridge deck wearing surfaces were replaced with a new two
layer timber wearing surfacBefore replacement, weeld tested for traction of the bridge

timber deck wearing surface and the experimental featseesFigure 1)3Test results

represent endf-life values.

Except for asample ofasphalt pavement and a-§darold sample ofCobra X the

samplesneasuredor tractionin the laboratoryerenew.These traction values are

beginningof-life values.
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Figure 1.3Dynamic traction values from field and laboratory tests

We comparedne laboratorymeasured dynamic friction coefficients for the six different

samples of wearing surfaces by examimmgimum, maximum, and mosequentfor all

test exposured.he test conditions were 7 dry and wet, 20 dry and icy, and20°F dry

and icy.Figure 14 shows ranges for each wearing surface.
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Figure 1.4 Range of dynamic coefficients (summer to winter) for the wearing surfaces.

A similar evaluation was done for the static coefficients of frictidrese values

represent what may occur for a stalletlicke (see Figure b).
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