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Case Study: Substitution of Exodermic Deck
For Concrete Filled Grid on a Vertical Lift
Highway Bridge

Neal H. Bettigole, P.E.

Abstract: Almost ten years ago a new vertical 1ift Dbridgge
was desiygned to0 connect Troy and Green Island, New York
followiny the collapse of an old structure over the Hudson
River. The design incorporated the use of four separate
counterweights, which produce the lowest pogsible profile for
the towers, as well as the design of rigid towers without
vibration problems. The l1ift span 1is a multiple stringer
aeck structure 200 feet long and 66 feet wide. The deck
-

consists of a 5 inch concrete filled weathering steel grid,
with a 2 1inch thick high-density concrete overlay.

The paper presents the effect which would have occurred on
the desiyn, 1if the choice had been an exodermic deck instead
of the concrete filled and overlayed grid deck, the
State~of~the—art for grid decks at the time.

Exodermic deck, developed after the design and construction
of the Lbridge had been completed, would have effectec
significant cost savings for foundation, structural steel in
towers and 1ift span, as well as counterwright, rope and
operating machinery fabrication and construction,
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General:

The desiyn of a movable bridge, or for that matter any cther
bridge, requires that the structural engineer have an early
description concerning all of the elements 1in order to
compute dead load, live load, and impact which the structure

shall sustain.
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The purpose of any bridge 1is to carry 1live load. The
definition of live load might be expanded to include utility
installations of all kinds, as well as vebnicular and
pedestrian traffic., The dead load which a structure carries
is, 1n most cases, simply a necessary burden. Even in cases
in which the contribution which dead load makes to vibration
dampening is a consideration, there may be methods of

accomplishing this result by other than maximizing dead load.

In a vertical lift bridge every pound of dead 1load in the
moving span reguires the addition of another pound in the
counterweights, In addition to the counterweights, of
course, additional dead load adds more friction forgce to be
overcome by the machinery. The machinery design itself
sustains the loads imposed by the 1ift span and
counterweights, and is therefore quite cost-sensitive to the

dead load of the 1ift span,

Exodermic Bridge Deck:

Exodermic briuge deck is a design concept that combines steel
grid ana reinforced concrete in a unique way. It maximizes
the use of the compressive strength of concrete and the
tensile strength of steel, Bagsed on working stress
principles, the aesign positions stress raisers in the steel
grid at or close to the neutral axis of the composite deck.

The deck comprises a reinforced concrete component on top of,
and bonded to, a welded steel grid component. The dimensions
ang properties of each component of the deck are selected for

the specific bridge by the design engineer.

The design 1s composite within itself and can be made
composite with most types of existing or new bridge framing
systems. The concrete component embeds a two-way web of
epoxy-coated reinforcing bars and between 1/2 and 3/4 inches
of the tertiary bars of the coated steel yrid. Vertical studs
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welued to the tertiary bars of the steel grid are also

embedded in the concrete component of the deck.

Horizontal shear transfer is developed through the partial
embedment o©f the tertiary barsg, in conjunction with the
vertical studs.

All steel used in the cesign may be protected from corrosion
to extend the wuseful 1life of the individual compocnents to
match the extended fatigyue 1life afforded by the design.
Embedded bar reinforcement must be fusion bonded epozy coated

to provide such protection.

Many aistinct advantages stem from the design concept of

exodermic bridge deck. Among them:

1. Lightweight -~ Primary factor in new design, as well
as rehabilitation. 1In rehabilitation projects, this
translates intc higher live load capacity where
existing superstructure reguires only normal
maintenance, ©r permits maintenance of original
design live load on degraded superstructures without
need for extensive reinforcement or replacement.

2. Prefabrication - Exodermic modules can be made
ingoors or out, all vear-round, on— or off—site,
Prefabrication permits building the entire deck in
suitable sections in advance of or in conjunction
with preparatory work on old bridge rehabilitation.
For new bridge projects, modules can be fabricated
while substructure and framing construction are
completead.

Prefabrication itself generates equally significant
agvantayes:

3. Quality Control - The quality of prefabricated
sections 18 assured before installation, no lost

time or added expense due to faulty material or



incomplete construction. Concrete shrinkage occurs
prior to placement on the bridge.

4. PReduced Construction Time -~ Construction time costs
and its conseguent liability exposure are
significantly reduced,

5. Ease of Installation - The deck ¢an be installed
continuocusly with no waiting or delay time,
Individual sections are easily replaced. No
underside HCCess to deck reguired during
installation.

6. Improved Traffic Maintenance - An increasing concern
at all public levels, traffic delay and congestion
ig minimized, Exodermic’s speed o0f installation
cannot be matched by any in-place ceonstruction, or
other precast system.

Inteyral Wearing Surface ~ The weatring surface is
inteyral with the design and will accept a
supplementary wearing surface or overlay if desired.

7. Cost EBffective - On new bridge construction, all
cost  factors considered, exodermic provides a lower
cost than any other accepted bridge deck design for
any yiven live load capacity.

8. Fatigue Life - Exodermic is the only bridge deck

which is not considered subject to fatigue damage.

Factors Invoived in Deck Substifution:

The substitution of exodermic deck for the deck which was
used on the Troy Green Island Bridge, would result in a
reduction of 558,000 pounds in the weight ¢f the 1ift span,
or 19% of the total weight of this span. This, of course;
means that the total moving lcad to be supported by the mnmain
trunnion bearings would be reduced by 1,100,000 pounds.

To estimate the deollar saving of such a majer reduction in

the moving weight of a wvertical 1ift bridue would not be



Lossible without a complete design. However, some examples
of the effect gerve to illustrate that a very significant
savings of the total cost would result from the reduction of
18% in the total weiyht of the 1lift span. For instance, on
the Troy—-Green Island Bridge there are 48 wire ropes, 12 in
each «corner of the span, which pass over sheaves to 1ift the
bridge. A reduction from 1Z ropes to 10 ropes in each corner
would not only reduce the dimensions of the sheaves, but
would also result in a reduction in the number of rope
connectors, the size of the deflector castings, the size of
the main trunnion shafts and bearings. The design of the air
buffers would be reduced and, of course, the entire operating

machinery train would be reduced proportionately as well.

it is estimated that the additional cost of exodermic bridge
deck as compared to a filled grid would be approximately 4 to
5 dollars per syuare foot. In the case of the “Troy-Green
Island Bridge this would be reduced by the cost of the 2 inch
lowa high density concrete overlay and the epoxy bonding
compound which was placed in the field prior to installation
of the overlay. Bids f£or the overlay varied from 1.50 to
7.00 per syuare foot, the low bidder's price was 6.50 per

square foot.

Deck Substitution Effect on Losk:

In attempting to analyze the effect on construction cost of
using exodermic deck in place of the deck which was used,
there are difficulties based on the variation in Dbid unit
prices, Ope illustration will serve to illustrate the point:
Item 01555.0210, concrete £illed grid, of which 13,000 sguare
teet were reguired. The low bidder'’s price was 515 per
square foot, however, the other seven bidder's prices were,
in ascending order of total bid, $32, $30, $30, $1i5, $36,
$30, and $45. Tnis illustrates why using bid prices in order

to compare materials or structural systems reguires careful



consideration and not simple arithmetic comparison, It would
appear to me that the two bidders which quoted $15 per square
foot for the concrete filled grid, used the price which was
probably the purchase cost of the grid alone FOB the job
site, and nob the cost of the grid installed on the girders
and filled with concrete, The epoxy bonding compound and the
higyh density wearing surface were of courge not part of this
unit price, and the two $15 bidders gquoted 6.50 and 1.50 per

square foot for the overlay.

Lonclusion:

In my opinion, the substitution of light weight exodermic
deck, which would have produced a surface which was
indistinyuishable from that which presently exists on the
bridye, would have been at a saving of approximately

$1,000,000. A breakdown of this savings is estimated as

tollows:

Foundation Construction $ 200,000
Structural Steel in Towers and Girders 400,000
Wire Rope and Sockels 44,000

Rope Conneclors, Deflectors and

Miscellaneous Castings 65,000

Cwi. Sheaves, Shafts and Bearings ' 140,000



Operating Machinery, Air Buffers, etc, 150,000
Counterwelghtsg 20,000
1,500,000

Livided by the square foot area of the bridge deck, this
savings is $75 per square foot, which, in the lingo of cost
benefit analysis, is astronomical since, as we have already
seen, there would have been at most an added cost of $2.00
per sguare L£oot, or a total added cost of $25,000 for the uge
of exodermic bridge deck. In addition, the benefit of more
than doubling the strength of the weck is not guantified.



