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High Rise Bridge Grid Deck Replacement and Structural Repairs

Introduction

The High Rise Bridge (HRB) is a major water crossing vital to the transportation network in Southeast
Virginia. The open grid deck was replaced in 1996 and was approaching the end of its service life when
rehabilitation option discussions began. The original filled grid deck section, constructed in 1966, was
experiencing significant structural issues. VDOT and HDR worked together to identify the repairs that
needed to be completed to extend the service life of the bridge 20 to 25 years. A new adjacent High Rise
Bridge is under construction to expand corridor capacity and add capacity for a key evacuation route. The
New High Rise Bridge project includes adding HOT lanes on both the new bridge and the existing bridge
which could not be activated until both projects had reached substantial completion.

The existing open and concrete filled grid deck had reached the end of its service life and needed to be
replaced. Several stringers and floorbeams exhibited deterioration requiring repairs to extend the service
life of the structure. An expedited design, fabrication, and construction schedule was necessary to
complete the repairs in sequence with the adjacent new High Rise Bridge opening to ensure High
Occupancy Toll (HOT) lanes and tolling revenue could be generated through the corridor. The Virginia
Department of Transportation (VDOT) accelerated the design schedule and procured the new grid deck
directly from the fabricator concurrently with the selection of a contractor for the project. Stringer and
floorbeam repairs included replacing all continuity plates, replacing severely deteriorated stringers,
repairing locations of floorbeams and stringers that could only be accessed with the grid deck removed.
Numerous challenges were overcome during construction due to undocumented as-built changes and
fabrication tolerances. For example, grid deck channel support holes did not align with the existing holes
in the stringers and bascule girders, existing railing attachments were misaligned with the new grid deck
panels, and new grid deck panels did not fit longitudinally or transversely. VDOT, the fabricator, the
contractor, and the designer all collaborated as a team to overcome numerous obstacles to ensure the grid
deck replacement, and repairs were completed on time.

Bridge Description

The High Rise Bridge is located in Chesapeake, Virginia and carries Interstate 64 eastbound traffic over
the Southern Branch of the Elizabeth River. The bridge is composed of a double leaf trunnion bascule
span, and thirty-nine steel multi-girder approach spans, resulting in a total bridge length of 4,825 feet. The
bridge is composed of two bascule girders with parallel stringers. Floorbeams run transversely to the
bascule girders and floobeams. The bridge is unmanned and opens approximately fifteen to thirty times a
year. A maintenance opening occurs if the bridge has not opened for four weeks. Openings are available
upon request with a minimum of 24 hours advanced notice.

Grid Replacement Study

The original open grid deck was 2'4” deep on 7x3 C17.6 channels spaced at approximately 1°-8” center-
to-center. Total deck height was 9% which runs level across the bascule spans. Approximately 30’ of the
deck from the break at the heel is filled with concrete to protect the equipment from the elements.
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In 1996, the open grid deck was replaced with ArmoGRID EC-1 2%” thick lightweight decking supported
on transverse MC7x19.1 channels with spacing varying from 1’-5” to 2’-1”, resulting in a total deck
height of 9%4”. The concrete filled deck portion was not replaced during this rehabilitation. In 2021, the
open grid deck was showing signs of fatigue (cracking throughout the decking in the welds and main bars
which run longitudinally along the bridge over the channels) and the filled grid deck had numerous spalls
and grid deck bar failures. VDOT requested HDR investigate grid deck replacement options.

Several different options were investigated to replace the existing grid deck: welded open, riveted, steel,
and aluminum grid decking. Each option is summarized below.

Welded Open Grid Decking

The welded open grid decking shown in Figure 1 matches the existing in-place decking in height and
weight of approximately 13.5 PSF (24.4 PSF with MC7). If selected, the weld detail for the cross bars to
the main bar would be upgraded to a plug weld to minimize the chance of fatigue cracking in the new
grid deck. The grid deck was analyzed and confirmed that it meets the AASHTO deflection criteria of
1/800 between the transverse channels. This option is more labor intensive to fabricate because of the

plug weld and results in a higher cost when compared to other options.
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Figure 1. Welded Grid Deck.

Riveted Grid Decking

A riveted grid decking shown in Figure 2 with a depth of 2'4” to match the existing depth of decking was
investigated to determine if the riveted configuration would meet AASHTO live load deflection criteria.
However, the riveted deck is heavier, 17.5 PSF vs. 13.5 PSF than the open welded grid deck. The riveted
construction reduces the fatigue concerns as there is no welding required. Material cost of the riveted
decking is less than the welded grid deck because of the reduction in labor involved in fabrication of the
riveted grid deck.
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Steel Bridge Grid Decking

Standard open grid decking, 5” in depth depicted in Figure 3 versus the current depth of 2'4”, was
investigated. An additional stringer would need to be added in between the existing 18 WF45 stringers to
meet the AASHTO 1/800 deflection criteria which would increase the weight of the deck significantly
compared to the existing grid deck. Material cost is higher than the open grid deck 2 '2” option since the
depth of the deck is larger.

Figure 3. Steel Grid Deck 5” Deep.

Aluminum Bridge Decking

An aluminum grid decking with a weight of 22.7 PSF including a 3/8” wearing surface was considered.
Refer to Figure 4. This option weighs less than the existing open grid decking currently in place including
the supporting channel. The aluminum deck is also solid which would provide cover throughout both
leafs for all machinery underneath without adding a concrete infill. The wearing surface also provides for
skid resistance which is greater than the serrated finish of the other deck types.
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[

Figure 4. Aluminum Grid Decking.

However, the aluminum grid deck, similar to the steel bridge grid decking, is 5 deep and would require a
spacer to make up the 4 '4” difference between the overall depth of the existing grid deck and supporting
channel, which would increase the weight of the aluminum option to more than the existing deck.

Selected Replacement Option

The welded open grid deck option with a weld detail to resist fatigue over the remaining 20 — 25 year life
of the structure was selected for this project. The welded open grid decking will not increase the weight of
the bascule spans which is important as the spans are currently balanced and the mechanical components,
especially the motors, are at their design limits. Any additional load on the motors would cause significant
damage with the possibility of the bridge to not operating when an opening is requested.

Grid Deck and Structural Steel Repair Design

HDR designed the replacement steel grid deck and stringer, floorbeam, and bascule girder steel repairs on
an accelerated schedule. VDOT requested the repairs extend the service life of the bridge 20 to 25 years.
Construction on the grid deck and structural steel repairs on the existing bridge needed to be completed
before the tolling began on the New High Rise Bridge. The schedule and scope of the repairs were
adjusted numerous times throughout the design process to ensure funding requirements and deadlines
were met.

VDOT required two lanes of traffic to be maintained throughout construction. Therefore, HDR designed
the grid deck replacement and structural repairs to be completed in two phases. The first phase utilized the
existing steel median barrier and allowed the contractor to work behind the barrier to replace the grid
deck and complete the structural repairs. The second phase of construction involved removing the
existing median barrier and installing a temporary steel median barrier and completing the grid deck
replacement and structural repairs for the second half of the bridge.

The construction documents also required the bridge to be able to open with 24 hours’ notice throughout
construction. The contractor was required to maintain span balance of the bridge at all times throughout
construction.
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The open grid deck was designed to match the overall dimensions of the existing grid deck. The grid deck
was designed for AASHTO HL-93 loading and deflection limits which results in 2 4™ x ¥4” main bars
spaced at 2 3/16” center to center and 1 x 3/8” cross bars spaced at 4” center to center. The weld detail
between the cross bars and main bars was designed to improve the fatigue resistance compared to the
existing grid deck. The weld required fillet welds in all four corners of the intersection between the cross
bars and the main bars and a puddle weld. Refer to Figure 5. The contract documents required the deck
and cross beams to be galvanized as one unit. After galvanization the top of the grid deck needs to be wire
brushed to ensure adequate skid resistance.
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Figure 5. Grid Deck Weld Detail

The concrete filled grid deck was designed with a %4” plate welded to the bottom of the grid deck so the
concrete could be placed in the field and to ensure water doesn't infiltrate the mechanical and electrical
equipment below. Lightweight concrete was utilized to ensure the weight of the new filled grid deck
matched the existing grid deck and no additional weight was added to the structure since the existing
mechanical equipment is at capacity. Along the phased construction joint #3 CRR Class III reinforcement
spaced at 12” was required for continuity of load distribution and avoid cracking in the deck.

HDR designed the channel splices between construction phases using standard bolt holes. The channels
supporting the grid deck were designed to connect to the existing stringers and bascule girders using
existing holes. The contract documents required the Contractor to use the existing holes and they were not
allowed to drill any addition holes in the top flanges of the stringers and bascule girders.

Four grid deck hatches were designed with two per bascule leaf to access the span lock platforms at the
center. The existing median barrier hatches would remain in the same position in the new grid deck and
utilize the existing ladders near the center line of the bridge. Two shoulder hatches were designed to allow
maintenance staff and inspectors to access the span lock platforms with minimal stopping of traffic with
gate drops. The new hatches were designed to be larger than the existing to accommodate future
equipment or machinery that needed to be brought down onto the span lock platforms. Gas struts were
designed to open the hatches.

HDR utilized the NBIS Fracture Critical Inspection performed by Collins Engineers and data obtained
during field visits to identify the areas of the High Rise Bridge bascule span that needed structural steel
repairs to extend the life span of the bridge. HDR tabulated deficiencies in the stringers, floorbeams and
bascule girders and established a threshold of 50% section loss to the member section or greater for
repairs that would be completed under this contract. Locations of less than 50% section loss were deemed
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capable of providing sufficient resistance to the applied loads until the end of the life of the bridge or
repaired under future contracts. After the repair locations were identified, VDOT accelerated the schedule
for the project and requested further refinement of the steel repairs to be performed during the grid deck
replacement. Only the repairs that needed to be completed from the top of the bridge with the grid deck
removed would be included in this contract. All other repairs would be completed using a future contract
since they could be completed from underneath the bridge without major impact to traffic.

Six stringer and three floorbeam repair details were designed for locations where the top portion of the
member section loss was 50% or greater. Repair angles and plates typically were extend at least 6 inches
beyond the limits of the deteriorated section. The following stringer top flange and connection repairs
were identified and designed to be performed during the grid deck replacement:

e Web repair at continuity plate

e Repair stringer to floorbeam connection

¢ Continuity plate replacement

e Replace stringer segment in-kind

e Top flange plate repair

e Replace missing or loose connections bolt(s)

Typically, the stringer web at/near the continuity plate showed the worst signs of deterioration. Therefore,
at eight locations across the bascule span the web repair at the continuity plate was performed. The repair

design involved bolting two angles through web and top flange of the stringer six inches beyond the limits
of deterioration. Locations like Figure 6 called for elongated repair angles beyond the typical limits of the
continuity plate.

Figure 6. Top Flange Stringer Deterioration.

A unique feature of the High Rise Bridge is that the stringers connect over the floorbeam top flanges with
a strap plate known as the continuity plate. There are two continuity plates that bolt to the underside of the
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stringer segment top flange on each side as shown in Figure 7. The continuity plate sits on top of the
floorbeam top flange and, therefore, is exposed directly to the elements under the grid deck. All continuity
plates were replaced in-kind on the bridge between Floorbeams 2 through 7. Stringers starting at FB7
through FB9 run continuously on top of the floorbeams supporting the filled grid deck and do not require
continuity plates.
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Figure 7. Stringer Continuity Plate As-Built Detail.

Stringers near and beneath the concrete filled grid deck typically exhibited the worst cases of section loss
were deemed to be replaced in-kind (Figure 8). Stringers S7TE & S8E were replaced entirely between
FB7E and FBIE on the East Leaf. Seven total stringer sections were replaced across the bridge.

Figure 8. Deteriorated Stringer 7 East at Floorbeam 7 East.

Three stringer locations required plated top flange repairs to restore capacity. Careful consideration was
taken to avoid repair bolt interference with the new grid deck channels so only a bottom plate was bolted
to the top flange for this repair.

Any locations where bolts were identified as missing, loose, or deteriorated along the top flanges of the
bascule girders and stringers in the bascule span were replaced during the grid deck replacement.

HEAVY MOVABLE STRUCTURES, INC. 8
20" Biennial Movable Bridge Symposium



High Rise Bridge Grid Deck Replacement and Structural Repairs

The following web repairs at the floorbeam top flange were identified to be performed during the grid
deck replacement:

o  Web repair at bascule girder connection
e Web repair at bascule girder connection — FB1
e  Web repair at bascule girder connection — FB8/FB9

Section loss was prevalent at the web of the cantilever and interior floorbeam connections to bascule
girders on the bascule span as shown in Figure 9. The web repair at the bascule girder connection detail
was developed to restore capacity at these locations on the floorbeam web.

Figure 9. 100% Section Loss to Floorbeam Web above the Bascule Girder Connection Plate.

Every floorbeam to bascule girder connected was retrofitted with a version of the detail shown in Figure
10 as a precaution because of the challenge of accessing of these locations after the new grid deck was
installed. Modifications of shortening the length of the bent plate were made to the web repair detail
based on location of the floorbeam on the bridge at FB1 and FB&/9.
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Figure 10. Floorbeam to Bascule Girder Repair Detail.

Grid Deck Procurement

Based on the time constraints to complete this project, VDOT procured the grid deck materials

independently of selecting a contactor to construct the project. VDOT solicited bids from manufacturers

for the open grid deck and supporting channels. HDR developed a procurement plan set specifically for

the procurement. The procurement plan set included only details related to the grid deck and the

supporting channel beams. Grid deck procurement specifications included the following requirements:
e Cross beams (supporting channels) to be shop attached to the grid deck

Cross beams and grid deck to be galvanized as one unit (open and filled grid deck panels)

Cross beams and %4 bottom plate for filled grid deck panels to be shop attached

e Material to be delivered to VDOT’s Maintenance Office

e Panel delivery according to schedule shown on plans requiring the fabricator to provide 30 day
and 72-hours of notice in advance of each delivery

Bids for the grid deck material procurement were due August 9, 2022. Frontier Gratings was selected to
fabricate and deliver the grid deck and supporting channels beams. After award of the procurement
contract, Frontier Grating located the shop drawings for the open grid deck that was installed in 1996. The
shop drawings were compared to the as-built plans and numerous grid deck dimension discrepancies were
identified. VDOT solicited bids to perform a 3D laser scan of the grid deck to verify existing dimensions.

LIDAR and 3D Survey

Rice Associates (Rice) was selected by VDOT to perform high-definition static LIDAR scans and produce
registered point clouds with supporting information for the structural components for the bascule spans.
One of the reasons Rice Associates was selected for this task was their ability to perform the LIDAR
scans and provide results within 3.5 weeks of receiving notice to proceed (NTP). Time was critical to
ensure that Frontier could begin fabricating the grid deck to meets VDOT’s schedule requirements.

Rice received NTP on August 12, 2022 and immediately developed their scanning plan and submitted
requests for gate drops, which are required for short duration (10 — 15 minutes for each drop to perform
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the scans) lane closures on I-64. Rice performed 3 total scans from one fender during the day which
required three 10 — 15 minute gate drops. Separate 2 - 3 minute drops were required for Rice to access the
western bascule pit to install equipment.

Intermittent weekend morning gate drops were also utilized to perform the scans. Traffic queues were
relieved prior to any subsequent stoppage. Similar intermittent weekday gate drops overnight were
utilized in conjunction with bridge openings to scan the bridge in both the open and closed positions.
Results of the LiDAR scans confirmed the dimensions and spacing between the grid deck components
were accurate on the shop drawings.

Grid Deck Fabrication Challenges and Resolutions

As soon as Frontier received notice to proceed, VDOT and HDR met with them to begin discussing the
grid deck fabrication. Based on the shop drawings from the 1996 grid deck replacement and confirmation
from the LiDAR survey, HDR developed a redlined set of plans for the fabricator that showed the changes
to the grid deck panels and supporting channel spacing compared to the plans that were issued for the grid
deck procurement.

VDOT, HDR, and Frontier worked together as Frontier developed the shop drawings to resolve Frontier’s
questions regarding the grid deck details. The filled grid deck panels were designed to have welded %4
plate attached to serve as formwork for the concrete and prevent any concrete from reaching the
machinery underneath as the panels were filled. The original plans called for a continuous weld to attach
the %4” plate to the supporting channels. After discussing with Frontier, HDR revisited the weld
calculations and changed the weld requirements to ¥4 weld for 1}%” spaced at 8” for every third main bar
for the weld connecting the grid deck to the plate to maximize the speed at which the grid deck panels
could be fabricated. The weld between the channel and the plate is %4 for 1 /2” between every main bar
(spaced at 2 %2”). Refer to Figure 11.
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Figure 11. Filled Grid Deck Weld Detail.
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During Frontier’s development of the shop drawings they recommended the channel splice detail be
modified to allow slotted holes to increase the speed on construction. HDR agreed and the shop drawings
were developed using slotted holes for the channel splices between construction phases.

Construction Challenges and Solutions

Grid Deck Installation

The southeast quadrant deck panels were delivered first. The Contractor removed the existing panels and
dry fit the new panels in place on the bridge. The dry fit process revealed the overall panels lengths were
longer than the existing panels lengths and resulted in approximately 5/8” of “extra” length. Therefore,
the panels would not fit into the existing configuration (Refer to Figure 12). Grid Deck Panel Extra
Length). The dry fit also revealed that numerous existing bolt holes connecting the channels supporting
the grid deck to the stringer and bascules girders did not align with the new channels. VDOT, PCL, and
HDR held numerous meetings to discuss potential solutions to both issues. PCL was directed to modify
the overall panel length of SE15 to ensure the panels fit. PCL trimmed approximately 5/8” off the end
panel and welded the end bar back on the panel and then placed the SE 15 panel.
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Figure 12. Grid Deck Panel Extra Length
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HDR developed a solution hierarchy to address the constructability issue of the existing holes in the
stringers and bascule girders not aligning with the new channels supporting the new grid deck to increase

the speed of construction and minimize the amount of RFIs. The solution hierarchy is listed below and

shown in Figure 13.

1. The hole in the existing stringer in the existing stringer is off from the centerline of the new
channel, field drill the hole in the new channel to align with the existing stringer hole. Must

maintain edge distance of 1.

If the hole in the existing stringer is off from the centerline of the new channel and the minimum
edge distance of 17 cannot be maintained, then ream the existing stringer hole to align with a new
field drilled channel hole that meets the edge distance requirements. Holes can be reamed to one
side only and a plate washer shall be used. The plate washer must rest on each side of the reamed
hole.

If the hole in the existing stringer cannot be reamed following the requirements in this document,
then a new hole may be drilled through the existing stringer’s flange. The holes shall be spaced
no less than three times the diameter of the bolt from center-to-center. Only one hole is allowed in
between the new bolted channel connections.
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Figure 13. Channel Bolt Hole Misalignment Solution Hierarchy.

Filled Grid Deck

The lightweight concrete filled grid deck was designed to ensure water doesn't infiltrate the mechanical

and electrical equipment. Along the construction joint, the design concept had #3 CRR Class III

reinforcement spaced at 12” to allow for continuity of load distribution and avoid cracking in the deck.
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PCL indicated placing and fitting the rebar between bars of the grid deck would be time consuming, so
HDR worked with PCL and Frontier to come up with a simple solution that still provided the same design
intent. The final solution was welding shear studs (Figure 14) Error! Reference source not found. and
to the main bars of the grid deck. Shear studs were placed every 4” (alternating between the Stage 1 and
Stage 2 panels) and were 134" long with a %5 diameter.
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Figure 15. Phased Construction Filled Grid Deck Joint. Figure 14. Plan View of Shear Studs.

Hatch Constructability Challenges and Solutions

During installation of the grid deck panels, the contractor notified HDR the alignment of the new hatches
at the median did not match the existing footprint for the existing ladders to be reused. The contractor
proposed shifting the ladders to match the new centerline hatch locations while still connecting to the
span lock platform below. This solution was deemed acceptable by VDOT and HDR and implemented by
PCL in the field.

Electrical Conduit Conflicts During Construction

During grid deck installation, another issue that arose was interference with existing conduits near the
north side of the east leaf at the toe. The contractor notified HDR that the channels of the new Panel
NE15 would rest on the existing conduit runs for the span navigation lights and span lock platform
lighting. In collaboration with VDOT Maintenance and the contractor, the HDR electrical team proposed
rerouting the existing conduits to avoid interference with the new grid deck channels. PCL implemented
the proposed solution in the field.

Superstructure Repairs

All stringer and floorbeam repair provisions included the evaluation of the members once the existing
bolts and connection plates were removed. If the contractor discovered locations where additional section
loss was found, the engineer was to be notified. A few locations with greater than 50% section loss
throughout both bascule leaves were detected by the contractor and sent to the engineer for
recommendations for repair.
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The following modified top flange repair of the stringers shown in Figure 16 was proposed and performed
during the during the grid deck replacement:

50% SECTION LOSS —\ /— EXISTING REPAIR FILL PLATE
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Figure 16. Modified Stringer 5 Repair.

The existing repair angle at this location was removed and replaced with a longer angle to cover the
additional section loss extending beyond the limits of the existing repair. The bolt pattern matched the
existing pattern where the new angle overlapped, and two rows of bolts were installed in the new repair
area.

Additionally, the contractor flagged locations were the existing wind bracing interfered with the proposed
FBO1 repair type as shown in Figure 17. HDR concurred with the proposed solution to shorten the web
repair plate at locations where the wind bracing was present to avoiding delaying the construction
schedule.

e

Figure 17. Wind Bracing Connection at Floorbeam 7 East
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Summary and Conclusions

The High Rise Bridge grid deck replacement and structural repairs project was completed on an
accelerated schedule with VDOT procuring materials to accelerate the project timeline. Signed and sealed
plans were submitted less than 10 weeks after the 60% submittal. The grid deck procurement cost $3.6
million and the construction cost for the project was $7.0 million. The grid deck fabricator, Frontier
Gratings, was under contract in August 2022 and the first grid deck panels arrived on site in March 2023.
PCL was selected as the contractor in October 2022 and construction was completed in October 2023.
VDOT procuring the grid deck concurrently with selecting a contractor for the project resulting in
accelerating the project completion by 6 months. This allowed the grid deck replacement project to be
completed before the new High Rise Bridge tolling was opened.

Acknowledgements

The authors would like to acknowledge the contributions of the Virginia Department of Transportation
Hampton Roads District, Frontier Gratings, Rice Associates and Collins Engineers.

HEAVY MOVABLE STRUCTURES, INC. 16
20" Biennial Movable Bridge Symposium



