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Chapter 1 -  Executive Summary 
 
As part of the City’s maintenance and inspection program, an inspection of the Zink Bridge was 
conducted in September of 2014. The findings of the inspection, including numerous structural 
deficiencies in need of repair, were documented in the Zink Bridge Inspection Report. 
 
This report is presented as a response to the inspection findings, and outlines a concept for a 
rehabilitation program. The functional use of the bridge is to be expanded by the addition of an 
upper deck for grade separated bicycle access. The rehabilitation concept includes the 
construction of new approach structures at the west bridge terminus to connect the upper deck to 
the River Park West Trail. At the east terminus, a proposed short span ties the upper deck to the 
River Park East Trail. A new span is required to replace the span crossing Riverside Drive. 
 
The bridge is well over 110-years old, which exceeds the statistical design life for a new bridge, 
typically taken to be 75-years (AASHTO LRFD 2012 Edition).  
 
A series of retrofits and repair attempts have been made since the 1980’s, but the repairs have 
deteriorated to the extent that they are no longer serving their intended purpose. Significant 
rehabilitation work would be required in order for the bridge to remain in service. The work 
consists of repairing deficiencies, expanding the functional service, and creating new tie-ins at 
each end of the bridge.  
 
The estimated cost to rehabilitate the bridge is approximately $17.5 Million to $19.9 Million.  
 
The cost of rehabilitation should be compared against the cost of replacement, and many bridge 
owners prefer to replace a bridge when the retrofit costs approach 70% to 80% of the cost of a 
new bridge. 
 

 
Figure 1-1: Project Overview 
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Chapter 3 -  Project Understanding 
 
As part of the City’s maintenance and inspection program, an inspection of the Zink Bridge was 
conducted in September of 2014. The findings of the inspection, including numerous structural 
deficiencies in need of repair, were documented in the Zink Bridge Inspection Report. This report 
is presented as a response to the inspection findings, and outlines a comprehensive rehabilitation 
program. The rehabilitation concept includes the construction of new approach structures at the 
west bridge terminus to connect the upper deck to the River Park West Trail. At the east 
terminus, a proposed short span ties the upper deck to the River Park East Trail, and a new span 
crosses Riverside Drive. Additionally, the rehabilitation expands the functional use of the bridge 
by adding a second deck for grade-separated bicycle access. 
  
The Zink Bridge crosses the Arkansas River with 14 identical steel Warren truss spans, each 
approximately 102 feet long, supported on plain concrete piers. The structure was built around 
1904 forming a rail link to the City of Tulsa. Following the retirement of the rail line, ownership 
was transferred to the City in the 1970’s. The bridge was modified to provide pedestrian access at 
the lower chord level, abandoning the railroad ties in place at the top chord level. The bridge is 
enjoyed by pedestrians, joggers, and cyclists, and serves as an access point to the adjacent 
parks, fishing pier, and dam control house. 
 
Significant modifications were made to the structural system during the life of the bridge, but no 
record drawings are available other than some non-structural components. The inspection team 
was not able to review the retrofit contract plans or discuss the retrofit design intent with the 
designer of the retrofit. On that basis, some interpretation and assumptions are necessary in 
assessing the behavior of the structure.  
 
Although the retrofit work was successful in extending the useful life of the bridge for decades, 
most of the modifications are no longer considered consistent with best practices. Some of the 
retrofit work has accelerated the deterioration of the bridge.  
 
The addition of a pedestrian deck at the lower chord level employed thousands of welded 
connections directly to the fracture critical lower chord. Numerous welds exhibit defects that could 
compromise the reliability of the structure over the long term. Several welds appear to have 
cracked, and pose a risk to the fracture critical lower chords, suggesting crack growth could 
precipitate collapse. The cracks do not appear to present an immediate hazard requiring closure 
of the bridge, however it is not clear whether the cracks will grow and become unstable. The 
effort to grind out these cracks and replace the connections would be quite extensive given the 
large number of welds (numbering in the thousands). One alternative may be regular inspection 
to monitor the growth of the cracks over time. 
 
The original sway bracing system consisted of X-bracing through the bridge cross section, 
located on 20’ centers. It was removed to make room for pedestrian access on the lower chord, 
and replaced with a rigid frame system at the end points of the bridge. Additionally, the original 
built-up vertical hanger members were retrofitted by welding steel plates along the length of the 
batten webs. The hanger retrofit does not appear to have a corrosion protection system and is 
exhibiting advanced corrosion. Numerous welds have cracked and there is a risk that the growth 
of the cracks over time may propagate into the substrate, triggering brittle fracture of the hanger 
members. 
 
Retrofit repairs to the bridge bearings were conducted in a manner that is no longer consistent 
with code requirements or best practices. The bearings consist of stacked neoprene pads, which 
are progressively walking out from underneath the bridge. The lateral resistance of the bearings 
was eliminated by the retrofit, and the bridge is at risk of unseating in an extreme lateral loading 
event such as an earthquake, high wind event, or severe flood. The bearings should be modified 
or replaced. 
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Floating debris during a major flood event can pose a significant hazard to the structure, and 
there are signs of damage corresponding to photos taken during the flood of 1986. A tanker truck 
was swept into the Arkansas River and impacted the lower chord, distorting it several inches out 
of plane. The retrofit work done to the bearings left the bridge without lateral restraint, and the 
span was pushed laterally out of position. It remains askew relative to the adjacent spans, but 
could have easily been pushed over. 
 
Preliminary calculations indicate the upper lateral bracing, lower lateral bracing, and lower lateral 
strut members are significantly undersized. The lower lateral bracing system has been 
compromised throughout the 14 spans, taking on a buckled shape. Likewise, lower lateral strut 
members have buckled at several locations, indicative of inadequate performance of the sway 
frame system. Systematic replacement of these members would be required. 
 
The bridge fencing system is deficient and will need to be replaced. The railing is connected by a 
combination of small bolts and screws, many of which are missing or loose. In some locations the 
wood on the top rail exhibits significant deterioration. 
 
The bridge lacks any corrosion protection system, with the exception of some of the retrofit 
elements. The retrofit stringers were galvanized; retrofit portal frames were primed and are now 
corroding; tubular steel members on Span 1 were painted. Other elements received no corrosion 
protection at all, and are moderately to severely corroded. Material coupons can be taken and 
tested to assess the corrosion resistance of the original material. Some modifications to the 
retrofit hangers are warranted to eliminate corrosion-promoting details. It is likely that blast 
cleaning and painting the steel structures will be warranted, and this activity may require 
encapsulation. 
 
The gusset plates exhibit extensive pack rust throughout the spans, ranging from minor to severe. 
Pack rust is an electrochemical reaction that causes rust formation within the joints between steel 
plates, causing the plates to bulge. If the problem is not resolved, pack rust creates serious 
structural problems and can seriously affect the load capacity and structural stability of bridges. 
Pack rust can be removed, and chemically treated with Reacted Alkaline Viscoelastic Calcium 
Sulfonate (RAVCS) coating system. Removing pack rust slows further damage from occurring but 
does not undo the damage that has been done. The out of plane deformations will remain and in 
some cases it may be necessary to replace these plates. 
 
The condition of Span 14 is significantly more severe than Spans 1 through 13. During one of the 
retrofit phases, a concrete slab was placed on the east end of the span to allow pedestrians to 
access a nearby stairway. The concrete slab traps water against the upper chord and promotes 
corrosion. This has led to the most severe section loss and deterioration in any location on the 
bridge. The flange thickness has been reduced by up to 50% in some areas accompanied by 
50% to 90% rivet head loss. Replacement of Span 14 is likely to be more economical than 
rehabilitation.  
 
The piers appear to be composed of unreinforced, plain concrete. The piers exhibit severe 
spalling, cracking, and latent delamination. Plain concrete piers with large structural cracks 
behave similar to a stack of dry laid (unmortared) stone, and their behavior cannot be reliably 
assessed. A series of repairs were employed over the years, which have helped to extend the life 
of the structure until now. Repairs such as parging and epoxy injection are ineffective on 
unreinforced, plain concrete. Confinement of the pier caps by external bar tendons was 
conducted, and likely slowed the formation of cracks and spalls. Nevertheless, signs of serious 
cracking and spalling are evident. The piers are likely approaching the end of their useful life. The 
cost of repair should be compared against the cost of replacement.  
 
The original wood trestle on the west end of the bridge is in poor condition and exhibits significant 
deterioration. It will need to be replaced if access is to be allowed on the top of the structure. The 
wood ramp leading to span 1 and the gazebo roof both exhibit moderate to severe wood 
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deterioration and are nearing the end of their service life. The fishing pier was found to be in 
overall good condition and with some repairs its service life can be extended. 
 

Chapter 4 -  Service Life 
 

Section 1 - Overview of Service Life of Bridges 
 
The design life of a bridge system is a target life in years, set at the initial design stage and 
specified by the bridge owner. The AASHTO LRFD Bridge Design Specifications provide design 
guidance based on 75 year load expectancy and fatigue performance. Some projects require 
longer design lives, up to 100 years or more, and require special design methods and 
construction materials to achieve this level of performance. The Zink Bridge is over 110 years old, 
and the bridge is remarkable for having remained useful for such an unusually long life.  
 
The end of service life for a component of a bridge does not necessarily signify the end of the 
bridge system service life, as long as the component could be replaced or its function resumed 
with a retrofit measure. If a component could be replaced or retrofitted, it may be possible for the 
bridge to continue providing the desired function.  
 
The service life of a bridge component ends when it is no longer economical or feasible to 
undergo repairs or retrofits, and replacement is the only remaining option. The service life of the 
bridge ends when it is not possible to replace or retrofit one or more of its components 
economically or because of other considerations. The service life of a bridge system is governed 
by the service life of its critical components. The critical components are defined as those needed 
for the bridge as a system to provide its intended function. 
 
In the rehabilitation of a truss bridge, repair work is typically undertaken so that the bridge system 
can live out its intended design life. Rehabilitation is not ordinarily undertaken to extend the 
design life because of the extensive analysis required and the difficulty associated with 
ascertaining the complete load history of the bridge.  
 
There are different methods of enhancing the service life of existing and new bridges. Examples 
include:   a) using improved, more durable materials and systems during original construction that 
will require minimal maintenance; and b) improving techniques and optimizing the timing of 
interventions, such as preventive maintenance actions. Interventions can be planned and carried 
out based on the assessment of individual bridge conditions and needs, or based on a program of 
preventive maintenance actions planned for similar components on a group of bridges. A simple 
example of a preventive, planned maintenance program might include the following activities: 
 

 Spot painting steel structures 

 Sealing decks or superstructures in marine environments 

 Sealing substructures on overpasses 

 Cleaning debris from bridge deck expansion joints 

 Cleaning debris from bearings and truss joints 

 Cleaning drainage outlets 
 
Service life can be extended either by using more durable, deterioration-resistant materials or by 
planned intervention. A cost comparison can be made to determine the most cost-effective 
approach for a given bridge based on its exposure to the elements and the level of available 
maintenance and preservation actions. 
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Chapter 5 -  Rehabilitation Concept 
 
A rehabilitation concept was developed in response to the deficiencies documented in the 
inspection report. 
 

Section 1 - Overview of Structural Systems and Rehab Strategies 
 
The Inspection Report enumerated a broad range of types of deficiencies. Some deficiencies are 
minor and require no repair at this time. Of the deficiencies requiring repair, most are systemic 
problems requiring systemic repairs to each span that is to continue service. The proposed 
rehabilitation concept is organized by groups of bridge components that act together as 
subsystems of the bridge.  
 

Bridge Subsystems and Construction Activities 1.1 - 
 
The bridge subsystems and construction activities include: 
 

 Mobilization, Site Access, and Demolition 

 Upper and Lower Deck Systems: New upper deck system, lateral bracing and sway 
framing, and existing lower deck rehabilitation 

 Bearings and Piers 

 Necessary Structural Repairs: Pedestrian railing, corrosion protection system, gusset 
plates repairs, bottom chord prestressing and structural steel repairs 

 Auxiliary Structures: Approach structures and span over Riverside Drive 
 

Overview of Rehabilitation Strategies 1.2 - 
 
Conventional approaches to repairing deficient truss bridges can be prohibitively costly, and it is 
important to approach this type of work minimally and surgically. 
 
Many of the deficiencies documented in the Inspection Report require invasive measures to 
mitigate the condition. For instance, cracks located at the retrofit welded connections of the 
bridge members can necessitate the complete removal of the adjoining member in order to 
replace the welded connection with a bolted connection. The addition of bolted connections to a 
built-up riveted structure presents further difficulties of accommodating the rivets that are to 
remain in place. The removal of a load bearing member typically requires the addition of 
temporary struts or prestressing bars. Deficient members are typically either strengthened by the 
addition of plates and stiffeners, or removed and replaced completely. 
 
The proposed rehab measures can be classified as either repair to structural deficiencies (paint, 
deterioration, inadequate strength, etc) or measures required to convert the structure for 
continued use (tying in to the new River Park East Trail, new span over Riverside Drive, addition 
of an upper deck, tying in at the west end, etc). 
 

Section 2 - Rehabilitation Items 
 

Mobilization, Site Access, and Demolition 2.1 - 
 
Mobilization and Site Access 
 
In order to perform the rehabilitation and necessary demolition of the structure, access is required 
across the riverbed. While barges were considered, the variable water depths and limited access 
would render this option ineffective. The most cost effective solution is to create a gravel road or 
causeway across the river parallel and adjacent to the bridge that can be used to continuously 
access the construction site.  
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The gravel road will aid in demolition of components that are to be replaced, and will facilitate 
crane access, concrete pumping, repair to the piers, and other construction activities. 
 
Temporary platforms should be installed underneath the spans in order to provide safe access for 
performing structural repairs and surface painting that may be necessary. These temporary 
platforms can be supported from the bridge using wire rope, and can be shifted from span to span 
as the procedures are carried out.  
 
Demolition 
 
Some key areas of the Zink Bridge are sufficiently deteriorated that attempting repair would be ill 
advised. It is proposed that these areas be demolished and replaced with new structure.  
 
It would be advantageous to demolish Span 1 (the first span at the west bank of the river). 
Numerous modifications were made to this span at a previous date that place welds on fracture 
critical members. Additionally, weld defects have been noted throughout the 14 spans, calling into 
question the welding techniques and the compatibility of the chemistry between the adjoining 
base metals.  
 
Aside from structural deficiencies, by eliminating Span 1, the total length of the bridge can be 
shortened and the upper level could be brought to grade on the river side of the pathway, thereby 
eliminating property line issues. This would also eliminate the need to replace the existing 
abandoned trestle, which shows significant deterioration and should be demolished as soon as is 
practical. 
 
Span 14 exhibited extensive, significant structural deficiencies which are described in the 
inspection report. Additionally, the design plans for the Gathering Place Project indicate 
modifications to the grade that would necessitate the removal of the span. It was hoped that the 
span could be salvaged and reused over Riverside Drive, but it is apparent that it would be most 
cost effective to replace this span instead of attempting to rehabilitate it.  

 
The inspection report enumerates deficiencies in the wood pedestrian ramp connecting Span 1 to 
the trail. It would be more economical to replace the ramp, rather than attempt to repair damaged 
members, particularly given the advanced deterioration of the wood preservative treatment, and 
the excessively high moisture content of the core wood. 
 
In Span 6, two wooden cantilever structures are attached to the bridge, and were closed to the 
public at the time of the inspection due to safety hazards posed by the structural deterioration. 
These structures exhibited numerous significant structural deficiencies which are described in the 
inspection report. It is likely not cost effective to rehabilitate them, and it is proposed that they 
should be demolished.  
 
The pavilion (gazebo) north of Span 11 is composed of a concrete structure supporting a wooden 
roof. The concrete was found to be in overall good condition but the wooden structure was in poor 
condition. It is proposed that the pavilion roof be demolished and replaced. 
 

Upper and Lower Deck Systems 2.2 - 
 
An upper deck is to be added to the structure to accommodate grade separated bicycle traffic. 
Given that a deck is to be added, it can be designed such that it behaves as part of the global 
structural system. If detailed properly, the deck can act like a rigid diaphragm under lateral loads. 
The diaphragm behavior can stiffen the structure to such an extent that the deck eliminates the 
need for any new upper lateral bracing or rigid frame members, which otherwise would require 
modification. Similarly, a reinforced concrete deck at the lower level could be implemented in a 
manner that resolves the deficiencies of the lower deck and lower lateral bracing system. 
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New Upper Deck System 
 
The proposed upper deck system consists of a reinforced concrete deck slab bearing on and 
composite with structural steel stringers.  The reinforced concrete slab is a 9” thick, and cast in 
place on stay-in-place forms. The structural steel stringers are W12x53 wide flanged rolled 
structural steel sections or similar.  The concrete deck is made composite with the steel stringers 
through use of steel shear stud connectors, shop welded to the stringer flanges.  Incorporating 
good details consistent with best practices, such as drip grooves on the outer edges, can delay 
further deterioration of the steel truss by directing moisture away from the steel-concrete 
interface.  
 
By properly detailing the slab to be composite with the steel stringers and by creating a bolted 
moment-connection between the stringers and the top chords, the new upper deck system 
effectively renders the upper lateral bracing and sway framing systems unnecessary. 
 
Upper Lateral Bracing and Sway Framing 
 
The existing upper lateral bracing, lower lateral bracing and sway framing systems of the Zink 
Bridge exhibit many of the worst conditions documented in the inspection report.  The defects 
included:  widespread corrosion such as pack rust, rivet head loss and section loss (up to 100% 
in certain instances); deformed connection plates and buckled members (lower lateral bracing); 
poor welds and crack welds at the vertical hanger and top chord retrofit upper strut connections.  
Because of the nature and severity of these types of deficiencies, these systems cannot be relied 
upon to serve their intended purposes.  Additionally, preliminary analysis indicates the original 
upper and lower lateral bracing members are undersized and do not have adequate load carrying 
capacity for the lateral loading requirements of the code. These members must be replaced or 
their required capacity must be restored by other means. 
 
A Lusas model was developed to investigate the structural capacity with the upper lateral bracing 
and retrofit upper struts removed and replaced with an upper deck system composite with the 
upper chords.  The results of the analysis demonstrated the upper deck, if properly detailed, acts 
as a rigid diaphragm between the top chords of the truss and effectively replaces the upper lateral 
bracing and sway framing systems.  With the addition of this type of deck system, the original 
upper lateral bracing may be removed or remain in place without negatively affecting the 
structural performance. The retrofit upper struts and end frames should be removed due to the 
poor quality and cracked welded connections, which are not functioning as intended. 
 
Lower Lateral Bracing 
 
The lower lateral bracing consists of diagonal members (L3-12 x 3-1/2 x 1/2 angle members) 
spanning diagonally beneath each deck panel in the horizontal plane. At each panel point, a 
transverse member is composed of L3-1/2 x 3-1/2 x 1/2 angle members). These members are 
slender and undersized. They should be replaced with non-slender members.  Also, due to the 
widespread rivet head loss and corrosion connecting these members, the existing riveted 
connections should be replaced with high strength bolted connections. 
 
Existing Lower Deck Rehabilitation 
 
The existing lower deck system is a steel framed system with a wooden deck.  Wood boards are 
fastened to steel beams by self-tapping screws.  The boards tend to uplift and separate from the 
steel beams, creating tripping hazards and requiring frequent (weekly) maintenance by the City. 
The steel beams consist of W4 rolled steel sections, bolted on each end to a connection tab 
plate.  Each connection tab plate is welded to the primary tension member, the lower chord of the 
truss.  
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This type of connection is fatigue sensitive. Most of the connection tab welds exhibit apparent 
defects, and many may be cracked. The welds require mitigation to prevent the further 
propagation of cracks or the formation of additional cracks. The welded connection tabs should 
be abandoned and replaced by bolted connections between the steel beams and the lower chord.   
 
Repairing cracked welds is costly work and there are thousands of welds requiring mitigation 
throughout the lower chord level. Therefore, it is recommended to remove the existing lower deck 
system (wooden deck boards and W4 stringers) and replace them with a composite concrete 
deck slab system.  A concrete deck system can be detailed in a manner that its rigid diaphragm 
behavior eliminates the need to repair the lower lateral bracing system. The concrete deck would 
have the additional advantage of durability and reduced maintenance as compared to the 
ongoing maintenance needs of the existing wood plank deck. 
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Bearings and Piers 2.3 - 
 
The bearings are the metal pins and synthetic rubber pads that support the bridge at the tops of 
the piers. The bearings have undergone some deterioration over the years, but more critically 
their function has been compromised by the movement of the stacked neoprene pads over time. 
Crucially, the bearings do not provide adequate resistance to lateral loading from severe wind, 
earthquake, or flood events. The bearings must be replaced. Bearing replacement is typically 
accomplished in four steps: install jacking beams, raise the bridge vertically on jacks, swap out 
the bearings, and lower the bridge back onto the piers.  
 

 
Figure 5-1: Raising a bridge on jacks for bearing replacement 

 

 
Figure 5-2: Raising a bridge on jacks for bearing replacement 
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The piers are composed of unreinforced, plain concrete. They have cracked and spalled 
extensively in their 110 year life. The absence of reinforcing steel means conventional repair 
methods, such as epoxy injection and sparging, are purely cosmetic, and would not restore the 
structural capacity of the piers. Other repair methods can be implemented in unreinforced, plain 
concrete to confine the concrete and delay the growth of existing cracks. These repair methods 
include externally prestressing the pier caps, and wrapping the piers in composite fiber material 
(FRP or CFRP). External posttensioning was installed on the caps some time before the 1986 
flood, and this measure has successfully extended the life of the piers up until now. Unfortunately, 
the structural (shear) cracks at the caps have continued to grow, and in some circumstances the 
cracks appear to have propagated across the full depth of the cap. At one location, the continued 
crack growth has precipitated the spall of a large block of concrete, exposing an underlying 
through-section shear crack that, if left to grow, could fail the pier and drop the spans. The effect 
of the external prestressing appears to have been to slow the deterioration of the piers, but it 
appears that the deterioration has reached the point that additional measures are required to 
permit the continued safe use of the piers. 
 
Fiber wrapping has in the past been an effective means of restoring strength and ductility to 
inadequately reinforced or unreinforced plain concrete columns on some projects. Fiber wrapping 
tends to be economical when access to the column is straightforward and unobstructed. The 
installation of composite fiber wrapping on Zink Bridge would necessitate the use of cofferdams 
and dewatering to create a safe working environment for excavating / de-mucking around the 
bases of the piers. These operations are anticipated to be costly and would require the 
installation of a temporary access road in the riverbed for the duration of construction. Given the 
challenging constraints associated with dewatering and working within the Arkansas River, other 
solutions are anticipated to be cost competitive, while offering greater durability than composite 
fiber wrapping. 
 
Given the challenges of suitable and economically repairing the existing piers, three alternative 
concepts were explored that would essentially replace the existing piers: 
 

1. Micropiles: Coring through the piers from above to install small diameter micropiles, 
which would take over the function of the piers. The existing piers would effectively be 
abandoned in place. 

2. Reinforced concrete shell: Placing a reinforced concrete jacket around the existing piers. 
The existing piers would be abandoned in place, within the shell.  

3. Lateral Slide: Install new drilled shaft / monoshaft piers directly adjacent to the existing 
bridge alignment, and then move the bridge to the new alignment using jacks and 
temporary tracks. 

 
Micropiles: 
 
Micropiles are small diameter foundation elements consisting of a steel pipe casing (nominally 
ranging in size from 6” to 12” diameter), drilled into the ground and grouted in place to form a rock 
socket. Micropiles have successfully been implemented as a means to strengthen aging concrete 
structures, including dams and bridge piers. In this type of application, a small drill rig would be 
placed on the bridge above the piers, and holes would be cored down through the piers into rock. 
The steel casing would remain in place and serve both to form the grout and to confine and stiffen 
the resulting pile element. After placing the micropiles, the bridge would be raised on jacks and 
the tops of the piles would be encapsulated in a new reinforced concrete pier cap. Once the 
bridge is lowered, the weight of the structure would be borne by the new micropile foundation 
system, and the original piers would no longer carry any load from the structure. The old piers 
would effectively be abandoned in place. 
 
Although this type of system has been implemented elsewhere, it has been shown to be 
economical only in particularly challenging sites with deep river piers, and with clear access for a 
drill rig atop the piers. In the case of Zink Bridge, the existing piers are apparently founded on 
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relatively shallow rock, and accessibility for a drill rig would be complicated by costly 
accommodations. For these reasons, the micropile pier replacement concept was eliminated. 
 
Reinforced Concrete Shell: 
 

   
Figure 5-3: Stage 1 Pier Retrofit 
a) Shell is built around existing pier, and truss gusset is reinforced to allow for jacking joints. b) 
The truss is jacked from the new shell, and raised off of the existing pier cap. 
 

    
Figure 5-4: Stage 2 Pier Retrofit 
 
a) The old pier top and the iron bearing are removed down to the level of the new shell. b) A new 
concrete pier top and new bearings are installed. 
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Figure 5-5: Stage 3 Pier Retrofit 
The jacks are removed and the jack points are filled with reinforced concrete. 
 
Lateral Slide Construction: 
 
Slide-in Bridge Construction was originally developed as a cost-effective technique to rapidly 
replace an existing bridge while reducing impacts to mobility and safety. It is a technology that 
reduces the on-site construction time associated with building bridges. The technique is proposed 
for Zink Bridge because it is cost competitive with the other explored alternatives, while achieving 
a superior level of service and durability.   
 
Slide-in Bridge Construction allows for construction of new bridge piers while maintaining traffic 
on the existing bridge. The new piers are built directly adjacent to the existing bridge alignment. 
Once construction is complete, the bridge is closed, the existing bridge structure is slid into its 
new location atop the new piers, and the old piers are demolished. 
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Figure 5-6: Lateral Slide Pier Construction Alternate 
The Lateral Slide – the new piers consist of drilled shafts that extend above the surface, forming 
“monoshaft” columns. Using this technique, the foundation and columns are installed in a single 
step, eliminating the need for coffer dams, dewatering, and excavation. 
 
Sliding a bridge is not a new concept and has been successfully implemented in many projects 
nationwide. Most often, these projects have been large bridges with high volumes of traffic and 
limited construction options. The technique has been successfully employed by state agencies 
and FHWA with small bridge replacements as an innovative option to minimize impacts to the 
traveling public. 
 
There are several fundamental benefits to using Slide-in Bridge Construction, as compared with 
phased construction, including: 

 Enhanced safety 

 Shortened on-site construction time 

 Reduced mobility impacts 

 Potentially reduced project costs 

 Improved quality 

 Improved constructability 
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Necessary Bridge Repairs 2.4 - 
 
Pedestrian Railing 
 
The inspection report noted that the pedestrian railing on the bridge is in poor condition. The 
attachment of the railing to the bridge is not adequate as designed and there is significant 
deterioration that undermines the rails load carrying ability. It is recommended that the hand rails 
be replaced in full.  
 
The addition of an upper deck will necessitate railing at the upper level. 
 
Corrosion Protection System 
 
The existing base metal is uncoated and there is widespread evidence of corrosion and 
deterioration, in such forms as surface rust and scaling, pack rust and section loss. The 
deterioration is perhaps moderate enough to assume the possibility the base metal may perhaps 
be a form of weather steel; however, this would require some form of chemical testing to establish 
the existing base metal chemistry. This analysis was not performed as part of this concept phase, 
therefore a corrosion protection system should be applied to prevent further deterioration. 
 
In order to ensure the corrosion protection system is effective, the base metal must blast cleaned 
to remove any surface latency that may inhibit the effectiveness of the system. Blast cleaning 
involves shooting steel shot under high pressure against the existing steel to remove surface 
latency. The span or area that is to be blast cleaned is temporarily encapsulated to prevent the 
steel shot from entering the environment. The blast clean surface shall conform to SSPC 
(Summary of Surface Preparation Specifications) – SP 10 (near white metal) surface prior to 
applying the primer coat. 
 
In steel construction, paint is most often used as the corrosion protection system for structural 
members. Typical paint systems involve three or more coat system using an organic zinc-rich 
epoxy primer, a fast curing epoxy second coat and a final polyurethane acrylic paint.  
 
Gusset Plate Repairs 
 
As can be seen in the inspection report, pack rust is one of the main deficiencies that affect 
gusset plates. The deformations that take place could lead to further deformation due to structural 
forces. The pack rust can be removed using mechanical methods but if proper steps are not 
taken, the open space will again fill up with pack rust. There are proprietary systems that can be 
implemented in order to reduce or eliminate pack rust in the future. These methods involve 
removing rivets in the area of pack rust, cleaning out the affected area, heating the steel and 
applying the proprietary sealant. This work should be performed in conjunction with the corrosion 
protection that is selected for the bridge at large. 
 
Several riveted gusset plate connections are overloaded, as determined in the analysis 
performed as part of this investigation.  As outlined in the structural steel repair section, 
overloaded rivets should be replaced with high strength structural steel bolts. 
 
Additionally, there are two locations where the gusset plates show significant defects requiring 
mitigation. It is proposed that retrofit plates can be attached to the connections. 
 
Bottom Chord Prestressing 
 
Bottom chord truss members are the primary tension members and are considered to be fracture 
critical members, meaning if the bottom chord members were to fracture a collapse mechanism 
would form.  In a previous effort to retrofit the Zink Bridge, thousands of fatigue sensitive welds 
and potential fracture paths were added to bottom chord.  An effective way to reduce the effects 
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the sensitive welds is the use of prestressing.  Prestressing may both eliminate vulnerability to 
fatigue, by reducing the tension stress range, and fracture, by creating a redundant load path 
through the prestressing tendon. 
 
The original bottom chord section is comprised of 4 back to back angle sections riveted to batten 
plates.  This type of construction offers some internal redundancy since crack propagation is 
limited to a single section constituent; however, multiple components of the bottom chord have 
been welded too.  To account for this, the amount of prestressing was determined to be roughly 
equal to the equivalent force of two angle sections fracturing, with an impact factor of two.  Refer 
to the figures below. 
 

  
Figure 5-7: Chord Section   

a) Original As-Built Bottom Chord Section. b) 1980’s Retrofitted Bottom Chord Section 

The original bottom chord section is composed of 4 back to back L6x3-1/2x1/2 angles riveted to 
batten plates. 
 
The 1980’s retrofitted bottom chord section added the deck edge channel and W4 deck support 
bracket (connection tab) and introduced fatigue / fracture sensitive welds to two angle 
components. 

 
Figure 5-8:  Proposed Post Tensioned Bottom Chord Section 

The proposed post tensioned bottom chord section adds 10 post tensioning strands to provide a 
redundant load path in the event the potentially compromised bottom chord angle members 
fracture. 
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Structural Steel Repairs 
 
There are several structural connections on the bridge that require rehabilitation, in order to bring 
the bridge up to a state of good repair. The beams that support the wooden deck on the lower 
level are currently bolted to a tab that is welded to the bottom chord. These welded tabs would 
have to be removed and have bolted elements that connect to the deck beams. 
 
The retrofit struts and end frames exhibit ineffective weld details and have already shown signs of 
deterioration and failure. It will be necessary to replace these elements in order to restore the 
structural capacity that they are expected to deliver.  
 
The lower struts (transverse members in the plane of the lower chord) have been shown to be 
inadequate by structural analysis and appear to have buckled in many cases. These members 
will need to be replaced with more robust elements, as previously discussed (See 2.2 Upper and 
Lower Deck Systems). 
 
The vertical members were previously retrofitted with steel plates that were welded along the 
length of the members. These welds not only jeopardize the integrity of the existing base metal, 
but have also served to trap moisture and accelerate deterioration. Significant pack rust was 
noted at numerous locations in the Inspection Report. It will be necessary to remove these plates, 
grind off the welds and clean the areas that have pack rust or corrosion. This should be carried 
out in conjunction with the corrosion protection system that is implemented. 
 
Replacing riveted connections will be necessary to perform some of the steel retrofits on the 
structure. In order to do this, the contractor must use mechanical methods to remove the rivet and 
replace it with a high strength bolt, tightened using industry standards. 
 

Auxiliary Structures 2.5 - 
 
Two new structures are required for accessing the rehabilitated structure: West terminus 
connecting to River Park West Trail, East terminus connecting to River Park East Trail, and the 
span over Riverside Drive. 
 
Approach Structures 
 
The rehab concept assumes that Span 1 can be safely rehabilitated without additional measures 
beyond the repairs envisioned for Spans 2 through 13. Additional material sampling and lab 
testing will be required in order to demonstrate this assumption’s feasibility. Additionally, it may be 
possible to achieve a reduction to the overall cost of rehabilitation by demolishing Span 1. This 
approach may enable the total structure length to be reduced by eliminating the need for the 
structure to cross over the River Park West Trail.  The following series of figures are alternative 
west approach alignments. 
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Figure 5-9:  West approach alignment alternative one 

 
 

 
Figure 5-10:  West approach alternative two 
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Figure 5-11:  West approach alternative three 

 
 
Span Over Riverside Drive 
 
The existing span over Riverside Drive is no longer in service and has been demolished.  To tie 
the River Side East Trail and the new Riverside Park to the River Side West Trail, a new span 
over Riverside Drive is required. 
 

Bridge Lighting 2.6 - 
 
The criteria for lighting the bridge has not been established, and there is a wide range of possible 
levels of service. A minimal level of lighting is required for pedestrian and cyclist safety. Beyond 
the safety requirement, it may be desirable to position lighting fixtures in a manner that illuminates 
the structure to create a pleasing appearance. At the highest level of service, the bridge lighting 
could incorporate programmable, dimmable, LED lights that can be coordinated as a decorative 
feature display.  
 
Although a cost estimate cannot be prepared without establishing the criteria for the lighting 
system, low-end and high-end values have been provided for budgetary purposes. 
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Section 3 - Cost 
  
A preliminary estimate of probable cost was developed in order to assist with developing a project 
budget. Where possible, the estimate utilizes regional unit cost data published by the Oklahoma 
Department of Transportation for local projects constructed during the past year. Many of the 
rehabilitation measures do not correspond to standard ODOT bid items. In some circumstances, 
the estimate is developed using R.S. Means construction cost data, based on presumed 
equipment and level of effort for each task. For some non-standard items the estimate was 
developed based on projects in other regions of the country, with prices adjusted to local market 
conditions using average geographical cost indexes.  
 

 
Figure 5-12: Draft preliminary estimate of probable cost 
 
 
The cost of rehabilitation should be compared against the replacement cost. Many bridge owners 
prefer to replace a bridge if the cost for rehabilitation approaches 70% to 80% of the cost of 
replacement. 
 
Duplicate Budget Items 
 
Several aspects of the proposed work would need to be conducted regardless of the decision to 
rehabilitate or replace the structure. These duplicate items can be separated out of the cost 
estimate in order to isolate the items that differentiate between rehab and replacement. The 
duplicate items include:  
 

 Mobilization, Site Access, and Demolition 

 Bearings and Piers 

 Auxiliary Structures 

 Bridge Lighting 
 
The estimated cost of the duplicate items is $8.7 Million to $10.7 Million. This amount would be 
required regardless of whether the bridge is rehabilitated or replaced entirely. 
 
Superstructure Budget Items 
 
The two remaining budget items correspond entirely to rehabilitation of the superstructure, 
including: 
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 Upper and Lower Deck Systems 

 Necessary Structural Repairs 
 
The estimated cost to rehabilitate the superstructure is $5.8 Million. This amount is in addition to 
the cost to address the redundant items.  
 
The cost to rehabilitate the superstructure should be compared against the cost to replace the 
superstructure. 
 
For budgetary purposes, the estimated cost to replace the superstructure is $6 Million. 
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Chapter 6 -  Basis for Conceptual Design 
 

Section 1 -  Preliminary Design Criteria 
 

Objective 1.1 - 
 
The purpose of the preliminary design criteria is to document the design approach, design 
methodology, design assumptions and establish a preliminary governing criteria for the design of 
the Zink Bridge truss rehabilitation. The design of the substructure and superstructure shall 
conform to AASHTO LRFD Bridge Design Specifications, Seventh Edition, 2014, US Customary 
Units, as amended by AASHTO LRFD Guide Specifications for the Design of Pedestrian Bridges, 
December 2009, with 2015 interim revisions. 
 
The preliminary design criteria stipulated, herein, shall apply only to the design of the Zink Bridge 
truss rehabilitation as described in the subsequent sections of this document.  
 

Investigated Concepts 1.2 - 
 
Several concepts were investigated as part of the conceptual design phase. These included the 
addition of a second deck above the top chord of the truss structures. The top chord deck is 
supported by W12 beams at panel points along the truss. The existing structure lateral bracing 
systems are severely compromised with widespread deterioration throughout; therefore, the 
structure was analyzed with no upper and lower lateral bracing systems. The proposed top deck 
effectively replaces the upper lateral bracing system and replacement of the bottom timber deck 
system with a rigid concrete deck would act similarly. 
 
An effective rehabilitation strategy for truss type bridges is post tensioning. Several post 
tensioning schemes where investigated as follows: 
 
 1. Post tensioning along the bottom chord 
 2. Post tensioning along outer tension diagonal 
 3. Post tensioning along the inner tension diagonal 
 4. Draped post tensions path from PP0U to PP5L. 
 
The objective of the post tensioning patterns was to reduce tensile forces in the fatigue sensitive 
members, such as the lower chords, which may have been compromised from previously 
implemented retrofits. Ultimately, post tensioning along the bottom chord of the truss was 
determined to be the most effective pattern.  
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Figure 6-1: Post-tensioning Configurations 

Several post-tensioning configurations were studied as a means to reduce fracture sensitivity. 
 

Standards and Codes 1.3 - 
 
1. AASHTO LRFD Bridge Design Specifications, US Customary Units, 7

th
 Edition, 2014 

(referred to hereinafter as AASHTO LRFD). 
2. AASHTO LRFD Guide Specifications for the Design of pedestrian Bridges, December 2009, 

with 2015 interim revisions (referred to hereinafter as AASHTO Pedestrian). 
3. AASHTO Standard Specifications for Structural Supports for Highway, Signs, Luminaires, 

and Traffic Signals (referred to hereinafter as AASHTO Signs). 
4. AASHTO Manual for Bridge Evaluation, 2

nd
 Edition, 2014 (referred to hereafter as AASHTO 

MBE). 
5. American Institute of Steel Construction, Steel Construction Manual, 13

th
 Edition, 2005 

(referred to hereinafter as AISC). 
6. American Standards for Testing Materials (referred to hereafter as ASTM). 
7. AISC Rehabilitation and Retrofit Guide (Steel Design Guide 15) 
8. Units shall be US Customary units. 
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Design Approach 1.4 - 
 
In general, the design philosophy used shall be Load Resistance and Factor Design (LRFD). The 
design shall conform to the specifications of AASHTO LRFD and as modified by AASHTO 
Pedestrian and AASHTO Signs where appropriate.  Material properties for the original base metal 
shall be determined using AASHTO MBE; similarly, the evaluation of the original gusset plates 
shall be in accordance with AAHSTO MBE.  The extent of the design considered herein shall be 
the strength and service limit states under dead, live, wind and thermal loads as outlined in 
Section 1.6 Design Loads. 
 

Material and Material Properties 1.5 - 
 
Structural Steel 
 
Existing Structural Steel 
 
The existing Zink Bridge truss members are assumed to be constructed from steel around 1904. 
In accordance with ASSHTO MBE, the follow material properties shall be used: 
 Fy = 26 ksi, yield stress of existing steel 
 Fu = 52 ksi, fracture stress of existing steel 
 Fr = 18, ksi, factored stress for existing rivets 
 
Rehabilitation Steel (Previous Rehabilitation) 
 
Structural steel used for the previous rehabilitation of the Zink Bridge is taken to be Grade 36 
Steel and the following properties shall be used for analysis: 
 Fy = 36 ksi, minimum yield stress for new steel 
 Fu = 58 ksi, minimum facture stress for new steel 
 
Rehabilitation Steel 
 
Structural steel used for the rehabilitation of the Zink Bridge shall conform to AASHTO M270 
Grade 50 Steel and the following properties shall be used: 
 Fy = 50 ksi, minimum yield stress for new steel 
 Fu = 65 ksi, minimum facture stress for new steel 
Structural fasteners used for the rehabilitation of the Zink Bridge shall conform to ASTM A325 
High Strength Bolts. The minimum tensile strength of high strength bolts shall be 120 ksi. Nuts for 
high strength bolts shall conform to ASTM A563 and washers shall conform to ASTM F436. 
 
Prestressing Steel 
 
Prestressing steel used for the rehabilitation of the Zink Bridge shall conform to ASTM A421 Low 
Relaxation Wire, 0.600 in diameter and minimum yield stress, fy = 270 ksi.  
 
Shear Connectors 
 
Shear connectors shall be provided between structural steel and structural concrete. Shear 
connections shall conform to ASTM A108, Fu = 65 ksi. 
 
Structural Concrete 

 
New structural concrete strength shall be a minimum of 4,000 psi concrete. Structural concrete 
shall be reinforced with reinforcing steel conforming to ASTM A615 and be Grade 60 steel (fy = 
60 ksi). 
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Design Loads 1.6 - 
 
Dead Loads (DC and DW) 
 
Unit dead loads are taken to be following: 
 

Material Unit Weight  

Structural Steel 490 pcf 

Structural Concrete 
(Reinforced) 

150 pcf 

Structure Concrete 
(non-reinforced) 

145 pcf 

Timber Ties 50 pcf 

Stay in Place Forms 
(SIP) 

10 psf 

Timber Decking 10 psf 

 
(Where pcf is defined as pounds per cubic foot and psf is defined as pounds per square foot) 
Existing truss member dead loads shall have a minimum contingency factor of 1.10 to account for 
batten plate, lacing bar and rivet dead load in the structural analysis. 
 
Structural steel, structural concrete, timber ties and SIP forms shall be treated as DC dead loads 
in AASHTO LRFD Load Combinations. The existing timber decking, existing handrails and 
proposed handrails shall be treated as DW dead loads in AASHTO LRFD Load Combinations, to 
account for variability of the design. 
 
Live Loads (LL) 
 
Pedestrian Loads 
 
Pedestrian live load shall be taken as 90 psf as defined in AASHTO Pedestrian. The following live 
load scenarios shall be considered: 
 1. Existing deck, fully loaded 
 2. Existing deck, right half loaded 
 3. Existing deck, left half loaded 
 4. Existing deck, front half loaded 
 5. Existing deck, back half loaded 
 6. New deck, fully loaded 
 7. New deck, right half loaded 
 8. New deck, left half loaded 
 9. New deck, front half loaded 
 10. New deck, back half loaded 
 
The scenarios listed above were checked in conjunction with the applicable permutations of the 
other scenarios. 
 
Wind Loads (WS) 
 
Design Wind Pressure 
 
Wind loads shall be computed in accordance with AASHTO Signs Articles 3.8.1 to 3.8.6. The 
basic wind speed shall be taken as 90 mph in the computation of the design wind pressure. Wind 
loads shall be computed on a per element basis and shall be applied in the transverse direction 
(perpendicular to traffic) in the structural analysis. 
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In accordance with AASHTO Pedestrian Article 3.4, an uplift (vertical) force of 0.020 ksf (20 psf) 
shall be applied to the full width of the proposed deck at the 1/4 points of deck, in the structural 
analysis. 
 
Thermal Loads (TU) 
 
Coefficients of expansion 
 
1. Thermal expansion coefficient Structural Steel: 6.0 x 10

-6 
(in/in/

o
F) 

2. Thermal expansion coefficient Structural Concrete: 6.5 x 10
-6.5

(in/in/
o
F) 

 
The expansion coefficients listed above are used to determine deformations associated with 
uniform temperature changes. 
 
Design Temperature Changes 
 
The thermal loads shall be computed in accordance with Procedure A of AASHTO LRFD for 
“cold” climate. The temperature ranges for “Cold” Climate are given in AASHTO LRFD Table 
3.12.2.1-1 and reiterated as follows: 
 Structural Steel Temperature Change: 
 1. 70

o
F Temperature rise 

 2. 100
o
F Temperature fall 

 
 Structural Concrete Temperature Change: 
 1. 30

o
F Temperature rise 

 2. 70
o
F Temperature fall 

 
The assumed ambient temperature for Zink Bridge shall be taken as 60.8

o
F, the average yearly 

temperature for the city of Tulsa, OK, as published by the National Oceanic and Atmosphere 
Administration. 
 
Load Combinations 
 
The load combinations for strength and service limit states shall be in accordance with AASHTO 
LRFD Table 3.4.1. The load combinations considered in the structural analysis are as follows: 
 
 1. Strength 1: 1.25 (0.9) DC + 1.5 (0.65) DW + 1.75 LL + 0.5 TU 
 2. Strength 3: 1.25 (0.9) DC + 1.5 (0.65) DW + 1.4 WS + 0.5 TU 
 3. Service 1: 1.0 DC + 1.0 DW + 1.0 LL + 0.3 WS + 1.2 TU 
 
Where DC, DW, LL, WS and TU are previously defined. 
 
The load combinations were investigated in two cases, existing and proposed. The proposed 
case included the addition of a second deck and attachments, above the top chord of the trusses. 
The results of these analyses are summarized in next section2 of this report. 
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4 B-B Angle 
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(Certain PP only) 

2 B-B U15x33.9 
(Typ.) 
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Section 2 - Structural Analysis 
 

Section Properties 2.1 - 
 
Built-up Members 
 
In general, the existing truss members of the Zink Bridge are built-up members consisting of back 
to back (B-B) channel or angle pieces, batten plates or lacing bars and cover plates. The 
following table summarizes the truss component built-up member pieces: 
 

Table 6-1: Summary of Built-up Truss Members 

Truss Member Components 

Bottom Chord (PP0L – PP1L, PP4L – PP5L) 4 B-B L6x3-1/2x1/2, 1/2 Batten PL 

Bottom Chord (PP1 L – PP4L) 4 B-B L6x3-1/2x1/2, 1/2 Batten PL, 1/2 x 13 Web Cover plate 

Top Chord (PP0U – P1U, P5U – PP5U) 2 B-B U15x39.8, 1/2 Lacing Bars, 1/2 x 17 Top Cover Plate 

Top Chord (P1U – P5U) 
2 B-B U15x39.8, 1/2 Lacing Bars, 1/2 x 17 Top Cover Plate, 2 
1/2 x 12 Web Cover Plates 

Diagonal (PP0L – P2U, P4U – PP5L) 4 B-B L6 x 3-1/2 x 1/2, 3/8 Batten PL 

Diagonal (P2U-P4U) 4 B-B L3-1/2 x 3-1/2 x 1/2, 3/8 Batten PL 

Vertical (All PP) 4 B-B L3-1/2 x 3-1/2 x 1/2, 3/8 Batten PL 

 
The bottom chord, diagonals and vertical are all of similar construction, 4 back to back angles 
with riveted batten plates; for example section see sketch below. The top chords consist of 2 back 
to back U sections with riveted top cover plates, bottom lacing bars and web cover plates (at the 
locations listed above); for example section sketch below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) Bottom Chord, diagonal and vertical section b) top chord section 
 
For built-up type member sections with batten plates and lacing bars, the section properties are 
not readily available for the composite section and therefore must be computed.  
 
  

1/2” x 13” Cover 
Plate 
(Bottom chord 
only) 

Figure 6-2:  Example Built-Up Truss Member Sections 
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Section Property Computations 
 
Based on Mechanics of Material theory the following section properties are required for the 
analysis and design of structural members: 
 A, Cross sectional area 
 Iz, Second moment of area about a horizontal axis through the CG of the section 
 Iy, Second moment of area about a vertical axis through the CG of the section 
 J, torsional constant of the section 
 Az, Shear area about a horizontal axis through the CG of the section 
 Ay, Shear area about a vertical axis through the CG of the section 
 Izy, Product of Iz and Iy, taken as 0 for the doubly symmetric sections  
 
The cross section area, A, is defined as the total area of the section constituents of the built-up 
members. For plate type elements, the cross sectional area is defined as the product of the plate 
thickness and width. For angle and channel type sections, the cross sectional area may be 
obtained from the AISC historic database.  
 
In order to determine Iz and Iy, the locations of the neutral axis is required. In Mechanics of 
Material theory, for a prismatic linear section, the location of the neutral axis coincides with the 
centroid under the assumption that plan sections remain plain. The centroid may located by 
computing the weighted average of the perpendicular distance away from an axis parallel to the 
neutral axis; where the weight is the sectional area of the constituent. Formulated mathematically, 
 
 Zbar = Sum(z*A) / Sum(A)  and  Ybar = Sum(y*A) / Sum(A) 
 
Once the location of the natural axis is determined, the parallel axis theorem may be used to 
determine the Iz and Iy for the section. Recalling the parallel axis theorem mathematically, 
 
 I = Sum(I + Ad

2
) 

 
The value d is defined as the distance away from the axis under consideration and I is the second 
moment of inertia about an axis parallel to axis under consideration of the section constituent, in 
the equation above. The computations outlined above have been computed for the each built-up 
truss section. 
 
Equivalent Thickness of Batten Plates and Lacing Bars 
 
The effects of batten plates and lacing bars are quite complex. The method used to account for 
these effects considered herein consists of the following: 

1. Compute an equivalent thickness of the batten plate and lacing bars as outlined in 
Torsion in Structures: An Engineering Approach by Kollbrunner, et al. 
2. Compute gross section properties assuming the batten plates or lacing bars are plate 
elements of the thickness computed in 1. 
3. Determine strength values by considering the stability of the built-up members with 
batten plates or lacing bars as outlined in Theory of Elastic Stability by Timenshenko, et 
al. 
 

Deterioration 
 
Zink Bridge main truss member exhibited areas of localized section loss. In order to account for 
the section loss, the section properties included areas of section loss as “negative” area and 
gross section properties were computed. These section properties were then used to generate 
capacity values and checked against member output forces from the Lusas Model as described in 
the next section. However, the section loss is considered minor enough to not explicitly be 
modeled in Lusas.  
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Computer Modeling 2.2 - 
 
Linear Analysis Model 
 
A 3D finite element model of the Zink Bridge was created using Lusas, a 3D finite element 
structural analysis software. The geometry of the model was initially created using AUTOCAD 
drafting software and imported into Lusas. A typical 100 ft span of the Zink Bridge was analyzed 
in the both existing and proposed conditions. The structural members were modeled using 3D 
Thick Beam Element Meshes and were discretized into four (4) or more sections and each 
section was checked against the member capacity (see Section 2.3 for details). Cross sectional 
properties were computed, as outlined in Section 2.1, using a Microsoft Excel spreadsheet 
program and imported into Lusas. The proposed top deck was modeled using thick shell 
elements. Thick beam elements were assigned steel material properties and the top deck thick 
shell element was assigned concrete properties. See the figures below. 
 

 
Figure 6-3: Existing Zink Bridge Model 

 
The figure above depicts the existing Zink Bridge model. The features of this model include, main 
truss members (top chord, bottom chord, diagonals and verticals), upper and lower lateral bracing 
systems, retrofit upper struts and end portal frames. Structural members, as previously described, 
are modeled using 3D thick beam element meshes. A key feature of this model is the end portal 
frame, as shown in the figure below. 
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Figure 6-4: Detail View of End Portal Frame 

 
The end portal frames were installed as part of an earlier retrofit strategy. End portal fames, 
referred to as end frames hereafter, consisted of a W18x50 strut (horizontal member) and two 
W10x49 columns. The strut was rigidly connected, through several welds, to the top chord 
members at the ends of the truss; whereas, the end frame columns were connected to the end 
truss verticals by stitch welds and a shear bar. To adequately model the existing conditions of the 
end frame, four stub connection elements were used. The top two stub connection elements 
retained the section properties of the top chord, to reflect the rigid connection between the end 
frame strut and top chord. The bottom two stub connection elements were give section properties 
equivalent to the shear plate element connecting the end fame columns to the end vertical. The 
stitch welds were ignored due to concerns of the existing truss metal weldability. 
 
The proposed top deck configuration was modeled using 3D thick beam elements for the deck 
support stringers and a thick shell element for the concrete deck. A key feature of this model is 
the upper lateral bracing, retrofit strut and end frames have been removed. The figure below 
depicts the Zink Bridge proposed rehabilitation. 
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Figure 6-5: Proposed Zink Bridge Model 

 
 

 
Figure 6-6: Detail View of Modeled Deck System 

 
As shown in the figure above, the deck system is comprised of W12 support beams and a 9” thick 
concrete deck. The support beams were modeled using 3D thick beam elements and the 
concrete deck was modeled as a thick shell element. 
 
A second order non-linear structural analysis of the proposed model was investigated to check 
second order effects, as described in the next section. 
 
Non-linear Analysis Model 
 
A second order non-linear structural analysis was investigated to check for structural stability and 
other second order effects, such as large displacements and member force magnification. The 3D 
thick beam element meshes were modified in Lusas to be 3D thick non-linear beam element 
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meshes and the analysis was run, during which, the model converged to a solution. A non-stable 
structural system would fail to converge to a solution; therefore, the proposed top deck 
configuration is a stable structural system. The member capacities were checked at each 
discretized element section. 
 

Analysis Results 2.3 - 
 
Member Capacity Computations 
 
Member capacities for tension, compression, shear and bending forces were calculated in 
accordance with AASHTO LRFD. The member capacities were checked against Lusas output at 
each discretized section using a Microsoft Excel Spreadsheet program. Gusset plates were 
capacities were calculated by the procedures outlined in AASHTO MBE and check against 
applicable member forces. The following tables summarize the results of the member capacity 
checks. 
 

Table 6-2: Capacity Summary 1 
 Existing Proposed 

Member Strength Service Strength Service 

 (T) (C) (T) (C) (T) (C) (T) (C) 

BC1 0.291 0.358 0.321 0.358 0.133 0.000 0.400 0.000 

BC2 0.379 0.000 0.291 0.000 0.291 0.000 0.523 0.000 

DG1 0.389 0.285 0.306 0.141 0.675 0.768 0.568 0.535 

DG2 0.065 0.462 0.243 0.046 0.240 0.462 0.499 0.115 

TC1 0.410 0.654 0.435 0.473 0.435 0.473 0.387 0.650 

TC2 0.070 0.599 0.000 0.428 0.070 0.694 0.000 0.567 

VT1 0.243 0.592 0.000 0.339 0.243 0.592 0.000 0.484 

LLB 0.000 9.961 0.000 8.071 0.376 10.055 0.000 8.071 

LLS 2.713 0.000 1.222 0.000 3.743 0.000 1.323 0.000 

ULB 0.656 0.999 0.000 1.854 1.083 1.260 0.000 1.937 

RFS 0.000 0.293 0.061 0.075 0.000 0.394 0.101 0.115 

VT1_SL 0.243 0.592 0.000 0.339 0.243 0.592 0.000 0.484 

DG1_SL 0.039 0.302 0.028 0.090 0.028 0.885 0.000 0.540 

 
Table 3-2 summarizes the capacities under the following conditions: 
 1. Dead, Live, Wind and Temperature loads are considered (see Chapter 3, Section 1). 

2. Upper Lateral Bracing, Lower Lateral Bracing, Lower Lateral Struts, Retrofit Struts and 
end frames are included. 
3. Non-linear effects are not considered 
4. (T) denotes tensile axial force (C) denotes compressive axial force. 
 

The entries in Table 3-2 are the maximum demand to capacity ratios for Strength 1 and Strength 
3 and Service 1 limit states. The existing condition refers to the model results with only one deck 
on the bottom chord. The proposed condition includes the new top deck. A demand to capacity 
ratio greater than 1 indicates the member is overloaded and must be rehabilitated or replaced. 
 
Members are as defined as below: 
 
BC1 - Bottom chord from PP0 to PP1, PP4 to PP5 
BC2 - All other Bottom Chord Members 
DG1 - Diagonal members from PP0L - P1U, P1U - PP1L, PP1L - P2U, P4U - PP4L, PP4L - P5U, 
P5U - PP5L 
DG2 - All other Diagonal members 
VT1 - Vertical members 
LLB - Lower later Bracing members (X members) 
LLS - Lower lateral Struts 
ULB - Upper later bracing members (X and Struts) 
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RFS - Retrofit Strut Members 
VT1_SL - Vertical with section loss considered 
DG1_SL - Diagonal with SL Considered 
 

Table 6-3: Capacity Summary 2 
 Proposed 

Member Strength Service 

 (T) (C) (T) (C) 

BC1 0.323 0.000 0.684 0.000 

BC2 0.750 0.000 0.939 0.000 

DG1 0.599 0.838 0.401 0.527 

DG2 0.064 0.159 0.325 0.090 

TC1 0.006 0.000 0.179 0.485 

TC2 0.688 0.456 0.000 0.633 

VT1 0.243 0.592 0.000 0.484 

LLB 0.884 3.497 0.709 0.000 

LLS 3.743 0.000 1.323 0.000 

VT1_SL 0.039 0.302 0.028 0.090 

DG1_SL 0.243 0.592 0.000 0.339 

 
Table 3-3 summarizes the capacities under the following conditions: 
 1. Dead, Live, Wind and Temperature loads are considered (see Chapter 3, Section 1). 

2. Upper Lateral Bracing, Lower Lateral Bracing, Lower Lateral Struts, Retrofit Struts and 
end frames are removed. 
3. Non-linear effects are not considered 
4. (T) denotes tensile axial force (C) denotes compressive axial force. 
 

The entries in Table 3-2 are the maximum demand to capacity ratios for Strength 1 and Strength 
3 and Service 1 limit states. The proposed condition includes the new top deck. A demand to 
capacity ratio greater than 1 indicates the member is overloaded and must be rehabilitated or 
replaced. 
 
Members are as defined as below: 
 
BC1 - Bottom chord from PP0 to PP1, PP4 to PP5 
BC2 - All other Bottom Chord Members 
DG1 - Diagonal members from PP0L - P1U, P1U - PP1L, PP1L - P2U, P4U - PP4L, PP4L - P5U, 
P5U - PP5L 
DG2 - All other Diagonal members 
VT1 - Vertical members 
LLB - Lower later Bracing members (X members) 
LLS - Lower lateral Struts 
ULB - Upper later bracing members (X and Struts) 
RFS - Retrofit Strut Members 
VT1_SL - Vertical with section loss considered 
DG1_SL - Diagonal with SL Considered 
 
 
 
 
 
 
 
 
 
 
 



Zink Bridge Rehabilitation Concept Report City of Tulsa, OK 

 Page | 6-13 July, 2015 
 

 
 

Table 6-4: Capacity Summary 3 
 Proposed 

Member Strength 

 (T) (C) 

BC1 0.000 0.000 

BC2 0.806 0.000 

DG1 0.579 0.903 

DG2 0.943 0.000 

TC1 0.479 0.000 

TC2 0.383 0.353 

VT1 0.243 0.592 

LLB 0.770 0.000 

LLS 0.000 0.444 

VT1_SL 0.243 0.592 

DG1_SL 0.039 0.302 

 
Table 3-3 summarizes the capacities under the following conditions: 
 1. Dead, Live, Wind and Temperature loads are considered (see Chapter 3, Section 1). 

2. Upper Lateral Bracing, Lower Lateral Bracing, Lower Lateral Struts, Retrofit Struts and 
end frames are removed. 
3. Non-linear effects are considered 
4. (T) denotes tensile axial force (C) denotes compressive axial force. 
 

The entries in Table 3-2 are the maximum demand to capacity ratios for Strength 1 limit state. 
The proposed condition includes the new top deck. A demand to capacity ratio greater than 1 
indicates the member is overloaded and must be rehabilitated or replaced. 
 
Members are as defined as below: 
 
BC1 - Bottom chord from PP0 to PP1, PP4 to PP5 
BC2 - All other Bottom Chord Members 
DG1 - Diagonal members from PP0L - P1U, P1U - PP1L, PP1L - P2U, P4U - PP4L, PP4L - P5U, 
P5U - PP5L 
DG2 - All other Diagonal members 
VT1 - Vertical members 
LLB - Lower later Bracing members (X members) 
LLS - Lower lateral Struts 
ULB - Upper later bracing members (X and Struts) 
RFS - Retrofit Strut Members 
VT1_SL - Vertical with section loss considered 
DG1_SL - Diagonal with SL Considered 
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Table 6-5: Capacity Summary 4 
 Proposed 

Member Strength 

 (T) (C) 

BC1 0.000 0.000 

BC2 0.286 0.000 

DG1 0.301 0.633 

DG2 0.943 0.000 

TC1 0.136 0.000 

TC2 0.383 0.353 

VT1 0.243 0.592 

LLB 0.689 2.790 

LLS 1.714 0.516 

VT1_SL 0.243 0.592 

DG1_SL 0.039 0.302 

 
Table 3-3 summarizes the capacities under the following conditions: 
 1. Dead, Live, Wind and Temperature loads are considered (see Chapter 3, Section 1). 

2. Upper Lateral Bracing, Lower Lateral Bracing, Lower Lateral Struts, Retrofit Struts and 
end frames are removed. 
3. Non-linear effects are considered 
4. (T) denotes tensile axial force (C) denotes compressive axial force. 
 

The entries in Table 3-2 are the maximum demand to capacity ratios for Strength 3 limit state. 
The proposed condition includes the new top deck. A demand to capacity ratio greater than 1 
indicates the member is overloaded and must be rehabilitated or replaced. 
 
Members are as defined as below: 
 
BC1 - Bottom chord from PP0 to PP1, PP4 to PP5 
BC2 - All other Bottom Chord Members 
DG1 - Diagonal members from PP0L - P1U, P1U - PP1L, PP1L - P2U, P4U - PP4L, PP4L - P5U, 
P5U - PP5L 
DG2 - All other Diagonal members 
VT1 - Vertical members 
LLB - Lower later Bracing members (X members) 
LLS - Lower lateral Struts 
ULB - Upper later bracing members (X and Struts) 
RFS - Retrofit Strut Members 
VT1_SL - Vertical with section loss considered 
DG1_SL - Diagonal with SL Considered 
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Conclusions 
 
Member Capacity Evaluation 
 
From the analysis and capacity results presented herein, it is demonstrated that the Upper and 
Lower lateral bracing members are not adequate and should therefore be replaced or removed. 
The main truss members, top and bottom chords, diagonals and verticals remain adequate in the 
proposed condition. 
 
End Frames and Retrofit Struts 
 
The analysis of the existing structure is relying on the adequate performance of the end fames 
and the retrofit struts. Unfortunately, these members are not performing adequately. The end 
frames and retrofit struts have been comprised through systemic flaws, such as cracked welds 
and poor welded connections, as documented in the Zink Bridge Inspection Report. The 
rehabilitation concepts provide means to address these flawed systems. 
 
Existing Substructure 
 
There are no reasonable ways to properly ascertain the strength of unreinforced cracked 
concrete, because substructure exhibits several severe systemic flaws, such as widespread 
spalling; vertical, horizontal and diagonal type cracking and delamination, an analysis was not 
performed. It is recommended the substructure be replaced in its entirety as discussed in the 
rehabilitation concepts. 
 
Bearings 
 
Existing Zink Bridge bearings offer no lateral restraint and represent a serious structural liability. 
Evidence of bearing “walking” is widespread throughout the structure as documented in Zink 
Bridge Inspection Report.  The condition may be further exacerbated in a seismic type analysis, 
although not performed as part of this conceptual design report, recurring plastic deformation 
during a seismic event could potentially unseat the bridge, effectively forming a collapse 
mechanism. It is recommended the bearings be replaced as discussed in the rehabilitation 
concepts. 
 
Gusset Plate Evaluation 
 
Gusset plate strength values were computed in accordance with AASHTO MBE and were 
checked with the appropriate member loads from the analyses shown above.  Also, rivet 
connections were analyzed using the elastic vector method for eccentrically loaded bolt groups as 
outlined in AISC.  Section loss and other gusset plate deterioration was considered.  From the 
analysis investigated herein, the gusset plate steel is adequate.  However, many riveted 
connections are not adequate and require rehabilitation. 
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Chapter 7 -  Subsurface Investigation Report (By Others) 
 
 
A subsurface investigation was conducted by others as part of a project at the adjacent Zink 
Dam, and not in conjunction with the Zink Bridge inspection. The report is provided for 
informational purposes only. 


































































































