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I. Introduction 
 
This study investigated the part-width replacement of the reinforced concrete decks for the twin CUY-480-
1842 L/R structures. Each structure currently carries four lanes of traffic.  The existing structures each have 
four main girders spaced at 22’-4”. There are two intermediate stringers located between the main girders.   
 
The scope of work for this study requires that during replacement of the decks, a minimum of three 12 foot 
lanes of traffic be maintained in both directions (eastbound and westbound).  The existing width of one of 
the bridges cannot accommodate six lanes of traffic; therefore, a full closure of one bridge at a time is not 
acceptable. Part-width deck replacement procedures will cause differential deflection between adjacent main 
girders and stringers when the existing deck is removed in part-width segments. ELR was directed to 
determine if the components of the existing steel superstructure would perform satisfactorily when part-
width deck replacement procedures are utilized. A component of the evaluation includes establishing if and 
where retrofit details must be designed and constructed to control out-of-plane distortions during phase 
construction procedures. Some of the major scope items included: 
 

- Development of a 3-D Finite Element Model for the CUY-480-1842 Superstructure(s). 
- Study the CUY-480-1842 R structure, noting that both of the structures are somewhat similar. 
- Study part-width deck replacement using the MOT Alternative Scheme termed (5+1). 
- Develop Sub-Model(s) for Out-of-Plane Distortion only for areas of high stress identified in the full 

model.  

The existing 4150 feet long I-480 EB and WB structures utilize fifteen spans to carry a relatively high 
volume of South Freeway traffic over the Cuyahoga River Valley. These structures are an important  
 

component of the interstate network traversing the City of Cleveland, which makes maintenance of traffic a 
paramount issue during the rehabilitation work. Within the limits of the river valley are the Cuyahoga River, 
Erie Canal, CSX and RTA railroad tracks, Cleveland Metro Park bike path and Canal Road.  
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The existing structures were designed using the AASHTO Allowable Stress Design Method in accordance 
with the 1965 AASHTO Standard Specifications, interim specifications and the Ohio “Supplement”. The 
applied Design Loading was the HS 20-44 loading and the Interstate Alternate Loading.  The construction 
of the twin bridges was completed in 1975. The superstructure is divided into five units with four hinges 
having intermediate steel finger deck joints at each hinge to accommodate thermal movement.  Elastomeric 
compression seal joints are provided at the abutments.  The lengths of the five (5) superstructure units are as 
follows: Unit 1 is 795’; Units 2-4 are 900’ and Unit 5 is 655’. The sub-stringers are supported on a steel 
floorbeam system. The original superstructure design philosophy assumed that the reinforced concrete deck 
and stringers would perform as non-composite members.  The steel material used for the main girders is 
ASTM A588 and the remaining steel members consist of A36 steel.  The existing reinforced concrete 
substructure units are T-type piers varying in height from 75 feet to 185 feet and stub abutments which are 
located at the top of the spill thru slopes.  The substructures are supported on either steel H-piles or spread 
footings on shale. The current BARS (LFD) load rating for the bridge is HS19.4, which is governed by the 
moment capacity at one of the piers. 
 
The existing structural steel experienced fatigue cracks dating back to the shipment of the girders to the 
construction site.  In 1973, after cracks were discovered in the main steel girders during erection, ODOT 
commissioned Prof. John Fisher of Lehigh University to perform a fatigue evaluation of the bridge to 
determine the cause of the cracks.  Prof. Fisher’s findings concluded that the cause of the cracks was fatigue 
related to and caused by the relative out-of-plane distortion caused by cyclical loading of the girders which 
occurred during shipping on railroad flatbed cars.   
 
The existing reinforced concrete decks are approximately 35 years old. An overlay was placed on the decks 
in 1989.  Due to the configuration of the superstructure’s transverse floorbeam/crossframe members, it is 
necessary to avoid eccentric loads to the main girders from the concrete deck dead load and traffic live load. 
The original contract plans did not allow part-width deck construction procedures to be used.  The plans 
stated that “Deck concrete shall be placed symmetrically about longitudinal centerline of the deck. No 
longitudinal construction joints shall be permitted”. 
 
The 2010 Bridge Inspection Report performed by HDR Engineering, Inc. and Northwest Consultants, Inc. 
states that the overall condition for both bridges is “satisfactory” (General Appraisal is 6). The deck for both 
bridges is rated as being in “fair” condition (condition rating is 5). As indicated in the inspection reports, the 
girders are in good condition.  The stringers, which are welded to the top flange of the top chord of the 
floorbeam, have experienced some cracking at the connections. The structural steel was last painted in 2001.   
 
Additional project background information can be found in Appendix C. The cost estimates for the deck 
replacement work, provided in Appendix A, were prepared using planning level information. The cost 
estimates were prepared to aid in making preliminary design decisions. 
 
Part I of Volume I of this study provides a summary of the procedures utilized to develop and perform a 3D 
finite element evaluation of the existing structures. The existing structures have experienced and are prone 

to high localized out-of-plane stresses at the crossframe to web connections. The feasibility of developing an 
acceptable deck replacement design and sequence of work has been evaluated and the results are presented 
in this report.   

 
Part I contains multilevel 3-D modeling evaluations developed for the right bridge. ELR calculated the 
deflections and out-of-plane deformations caused by part-width construction alternatives and determined 
possible impacts to the fatigue prone details. Selected computational results are presented in Volume II of 
this report.  The out-of-plane distortion causes higher stresses in the positive moment regions than in the 
negative moment regions near the pier support.  Part I includes the evaluation of retrofit details with the 
objective of controlling the distortion-induced stresses. 
 
As a result of the work accomplished during the Part I study phase, ODOT District 12 personnel were in a 
position to provide direction for the work to be performed during the Part II study phase. Part II of Volume I 
contains results of the study which focused on establishing a preferred deck replacement removal sequence 
along with recommended deck removal and replacement dimensions. The Part II analyses were performed 
to determine the specific construction procedures to be used to replace the existing decks when utilizing 
part-width construction methods, while satisfying maintenance of traffic obligations. ODOT has a strong 
desire to replace each deck in one construction season. This part-width construction work must be 
accomplished without jeopardizing the structural integrity of the superstructure. The recommended design 
procedures must include construction constraints necessary to ensure that out-of-plane stresses caused by 
the deck removal distortions are not any higher than the highest operating stress level presently occurring in 
the existing girders. 
 
Volume II contains the calculations performed for the analyses portion of this study.   
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Physical Condition of Existing Superstructure 
 
The Bridge Inspection Reports performed by HDR Engineering, Inc. and Northwest Consultants, Inc. 
(inspections dated 9/20-10/1/2010, 2009 and 10/13-10/16/2008) were reviewed. 
 
The 2010Inspection Report, for both bridges indicates that the overall condition is described as 
“satisfactory” (General Appraisal rating of 6). 
 
The girders were found to be in “Fair” condition. The 
inspection report indicated the presence of two 2” 
diameter holes drilled in the web on each side of the lower 
lateral bracing gusset plate. These holes were used to 
arrest crack growth that is common at these locations 
throughout the superstructure. The inspection report 
recommended monitoring some of the high stress areas 
where the holes were overcut. 
 
 
 
 
 
 
 
 
 
 
Holes measuring ½”, 1”, 1 ½”, or 2” have been drilled in the web to relieve stresses at various locations. 
 
The stringers sit on top of the floorbeams and are welded to 
the top flange of the top chord of the floorbeams.  The 
stringers were reported to be in good condition.  Several of 
these stringer/floorbeam connections have developed 
cracks (see photo showing crack in weld of stringer 11 to 
the floor beam in span 3 of the right bridge). These cracks 
have not propagated into the stringer flanges. 
 
 
 
 
 
 

The floorbeams and its connections were found to be in good condition.  
 
 
The superstructure was painted in 2001. The paint 
coating has numerous areas where the primer is 
visible; however, there is no evidence of corrosion. 
Overall the protective coating system is in good 
condition (between 1 and 5% of the painted area 
needs to be repainted). 
 
 
 
 
 
 
 
 
The bridge decks are in fair condition (5 rating). There are several areas where the concrete has spalled and 
exposed the reinforcing steel. The underside of the deck contains numerous hairline cracks, narrow 
transverse cracks, and map cracking. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The “Bearings” section of the Supplemental Report of the 2009 Inspection Results, which accompanied the 
2009 Annual Inspection of the “Valley View” Bridges, indicates that the bearings show no sign of 
movement. This conclusion is verified by observing that the paint is not cracked over the junctions between 
the gears of the rollers and the racks above and below the rollers.  
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History of Out-of-Plane Distortion Induced Cracking 
 
As a result of the steel girder cracks which occurred during erection, Professor John Fisher was contacted in 
1973 to perform a fatigue evaluation of the superstructure. 
 
As a part of the 1973 investigations, cores/coupons were obtained at several crack locations and 
fractographic examinations of the crack surfaces were performed.  

 
All the cracks were found to be fatigue related and were determined to be caused by the relative out-of-
plane distortion and bending of the short web length between the end of the stiffeners and the web-to-flange 
fillet weld. The cracks were primarily parallel to the longitudinal direction of the girder and to the bending 
stresses. The relative movement was caused by the cyclic swaying motion of the girders while in transit to 
the construction site and/or wind-induced motion during storage on the ground. The following exhibits 
summarize the types of cracks found and the repairs that were performed as summarized from Fisher 
(1984). 
 
 

 
 

Crack Location Crack Characteristics Repairs 

Between the stiffener weld and web. 
 
 
 
 
 
 

 
 
This type of crack was 
parallel to the primary 
bending of the girders and 
constituted 80% to 90% of 
cracks noted in the girders.  
These cracks were not 
through cracks and noted 
on the near side of the 
web. These cracks were 
caused by cyclical applied 
loads. 

 
 
No repairs were 
performed for this type 
of crack. It was 
determined that these 
cracks would not 
propagate any further. 

Across the welds 
 
 
 
 
 
 
 
 
 
 
 

 
This type of cracks were 
noted at the end of several 
stiffeners and in some 
instances extended 
completely across the weld 
and penetrated into the 
web.  

 
The cracks that 
propagated into the 
weld near the stiffener 
end were removed by 
grinding out the crack. 
The ground-out area 
was examined with dye-
penetrant to confirm the 
removal of the crack tip.

Crack Location Crack Characteristics Repairs 
 
At fillet weld toes 

 
 

 
These types of cracks 
were noted at the weld 
toes at the end of 
stiffeners adjacent to the 
tension flange. The 
sample cores indicated 
that the crack had 
propagated into the web 
at the end of the fillet 
weld and turned and 
moved up the web after a 
short distance into the 
web. 

 
Repairs were done by drilling 
7/16” diameter holes at the end 
of each crack. 

 
Web surface opposite side of the stiffeners 
 

These types of cracks 
were noted in the web 
surface opposite the 
stiffener. The cracks 
originated on the web 
surface and did not join 
the crack propagating 
into the web from the 
other surface at the end 
of the transverse 
stiffener. 
 

Repairs were done by drilling 
7/16” diameter holes at the end 
of each crack. 
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Maintenance of Traffic Schemes 
 
Following the creation of the 3-D model, two maintenance of traffic schemes were evaluated for the part-
width replacement of the existing deck. Alternative 1 was designated as (5+2) and Alternative 2 as (5+1).   

Alternative 1 (5+2) 
For this alternative, five lanes of traffic are placed on the left bridge while 2 lanes of traffic are placed on the 
right bridge. The right bridge deck removal and replacement is carried out in two phases as shown. In phase 
1, two lanes of traffic are placed on the right bridge while constructing a composite deck in the middle bay. 
In phase 2, traffic lane is placed in the middle of the deck while constructing both outer bay composite 
decks.  
 
Phase 2 has a composite deck in the middle which is constructed in phase 1 of this alternative as shown 
below. 
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Alternative 2 (5+1) 
 
For this alternative, five lanes of traffic are placed on the left bridge while the deck is replaced on the right 
bridge. This alternative is also carried out in two phases as shown. In phase 1, one lane of traffic is placed in 
the middle bay of the right bridge while the outside bays are removed and replaced with a composite deck. 
In phase 2, one lane of traffic is placed in each on the newly constructed portions of the deck while the 
middle bay is replaced. 
 
Alternative 2 (5+1) is the scheme that is studied in more detail in Part 1 based on direction provided by 
ODOT at the Nov. 4, 2011 meeting.  
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II. 3-D Finite Element Modeling 
 
ELR reviewed the original design plans, the rehabilitation plans, and the latest inspection report prior to 
beginning development of the 3-D FE Model. The CAD model was generated through the use of the 
framing plan, horizontal curves, vertical curves, deck dimensions, girder locations, pier positions, and 
abutment geometry from the existing plans. 
 
The 3-D FE modeling was accomplished as follows: 
 

1. Build and analyze the entire right bridge for the existing conditions and MOT phases using LARSA 
4D. The resulting model was defined as a coarse-model. 

2. Create sub-models of regions: near the pier and mid-span using the LUSAS program. 
3. Obtain the forces and moments at the boundary nodal locations from the coarse-model. 
4. Apply boundary conditions to the sub-models. Analyze sub-models and ensure compatibility of the 

deformed shape of the girders/stringer and stringers between the sub-models and the coarse-models. 

Because the CUY-480-18.42 bridges are relatively large structures, out-of-plane analyses could not be 
performed utilizing only a course-model, thereby, requiring a coarse-model and sub-model evaluation 
procedure.  
 
The LARSA 4D computer program (version 7.05.35) was used for the 3-D 
Finite Element Modeling of the eastbound structure (Right Bridge). In the 3-D 
coarse model, flanges of girders, floorbeams and stringers were modeled using 
line/beam elements while the webs were modeled using plate/shell elements. 
The cross frames and lateral bracing were modeled using line/beam elements.  
 
Typically, the effects of the configuration and the stiffness of substructures on 
the behavior of the superstructure are insignificant and can be safely neglected 
in the superstructure analysis. As noted in the 2009 inspection report, the 
bearings show no sign of movement (the paint over the junctions between the 
gears of the rollers and the racks above and below the rollers is not cracked). 
The same inspection report also indicated that noticeable sway (back and forth) 
of the tall piers is observable when a person is standing or sitting on the piers 
while a truck passes overhead. 

 
Due to the complex size of the bridge, the modeling of the live loads presented several computational 
challenges.  

 
The above summary documents the unusually long computational time periods needed to evaluate each 
loading condition. These relatively long computational time periods, which result from the large size of the 
3-D model, limited the study of the presence of live loads in only spans 10, 11 and 12. The detailed 
evaluation of out-of-plane distortion was focused in span 11. 

 

 

No. of Nodes = 48,226 

No. of Shells = 36,563 

No. of Beam Elements = 
41,602 

 

Model Influence 
Surface/Line

 
DOF Lanes 

Number of 
Moving Load 

cases 

Computation Time 
(Run Time) Disk Space 

Coarse Model - Existing Conditions  Surface 289350 5 14800 16 days 500 (GB) 

Coarse Model - Existing Conditions Surface 289350 2 3552 5 days 201 (GB) 

Coarse Model - Existing Conditions Line 289350 5 5914 5 days 200 (GB) 

Coarse Model - Existing Conditions Line 289350 2 2372 2 days 100 (GB) 
Coarse Model of Unit 2 ONLY - 
Existing Conditions Surface 44622 5 3225 5  Hours 24 (GB) 

Coarse Model of Unit 2 ONLY - Alt 2 – 
Phase 1 Surface 34352 1 1280 2 Hours 9 (GB) 

Coarse Model of Alt 2 – Phase 1 Surface 
(Short)

226602 1 860 14 Hours 20 (GB) 

Coarse Model of Alt 2 – Phase 2 Surface 
(Short)

283140 2 1720 24 Hours 45 (GB) 
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Development of the Coarse Model 

This section provides the background for the development of the coarse model. The 3-D FE model consists 
of five units matching the units shown in the construction plans. Units 2, 3, and 4 are identical to each other. 
Each of the five units were built in separate files which were then combined as a single LARSA model file.  

 

Table 1 Units, Spans, and Spans Lengths 

Unit Spans Length (feet) 
Unit 1 1,2,3 220, 300,300 
Unit 2 4,5,6 300,300,300 
Unit 3 7,8,9 300,300,300 
Unit 4 10,11,12 300,300,300 
Unit 5 13,14,15 225,225,180 

 

Figure 1 Unit 1 

 
 
 
 
 

Figure 2 Units 2, 3 and 4 

 

Figure 3 Unit 5 

Modeling of Girders and Cross Frames 

The webs of the girders and the stringers were modeled using 4-node shell elements while the flanges were 
modeled using beam elements. The cross frame chords were modeled using beam elements. Bearing 
stiffeners, intermediate stiffeners, and longitudinal stiffeners were modeled using beam elements. 

Figures 4 and 5 show detailed views of one cross frame as modeled in LARSA. The 3-D viewing option was 
used in Figure 5 to show the graphical representation of the flanges and stiffeners. 

The deck slab and barriers were modeled using 4-node shell elements. The pier columns, pier cap, and pier 
bearing were modeled using beam elements as shown in Figure 6. 

 
Figure 4 Modeling of Girders, Stringers and Cross frames 
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Figure 5 3-D view of Girders and Cross Frames 

 

 
Figure 6 Modeling of Pier Column and Cap 

A fixed end boundary condition was specified at the bottom of the relatively tall pier columns. The actual 
fixity is located below the pier footing. Soil-structure interaction modeling was not performed because the 
actual location of the fixed end boundary condition does not change the performance of the model for these 
tall piers.   
 

The master-slave connection option available in the LARSA program was used to model the hinges as 
shown in Figure 7. Forces (Fx, Fy and Fz) are allowed to transfer but Moments (Mx, My and Mz) are not 
transferred. 
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Figure 7 Modeling of the Hinges 

The height of the bearings was also modeled. The moments were released and forces are transferred to the 
pier cap as shown in Figure 8.  

 

Figure 8 Modeling of the Bearings 
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Moment Release of Diagonal and Lateral Bracing 
 
The moments at both ends of the diagonal and lateral bracing were released. Figure 9 shows the locations of 
the released moments at the connections between the diagonal members. The diagonals for this design, 
which consist of a non-skewed and tangent condition, are treated as truss ended or truss members, not as 
flexural members. This is typical when developing models of this nature (see P 58 - NSBA/AASHTO’s 
Guidelines for the Analysis of Steel Girder Bridges). This cross frame modeling approach was decided at an 
ODOT Central Office- Office of Structures meeting requested by ELR. 

 
Figure 9CrossframeDetail (Released Moments) 

Modeling of Non-composite and Unintended Composite Action 
 
The existing superstructure was originally designed assuming that the reinforced concrete deck would 
perform as a non-composite superstructure component. The most accurate finite element approach for 
modeling the assumed non-composite behavior is to perform a contact analyses. This procedure takes into 
account the friction developed between the reinforced concrete deck and the steel girder. However, this 
modeling approach is very complex and requires significant computer resources.  
 
Non-composite bridges generally exhibit composite action under service loads due to the chemical bond and 
the friction between the two different materials. This composite action can range from fully composite to 
completely non-composite, depending on the actual deck to stringer details, the years of service, and the 
loading conditions.  
 
In our sub-models, both composite and non-composite behaviors were evaluated. Linear coupled degrees of 
freedom (master/slave options) were used for modeling this behavior.  
 
For non-composite behavior, it is assumed that the corresponding deck and girder contact surface nodes will 
displace the same in the vertical, longitudinal and transverse directions, but independently in the three 
rotational directions (rotation around vertical, longitudinal and transverse directions). The deck bottom 
surface and the girder top flanges are meshed with a series of coincident nodes. Each pair of coincident 
nodes are linked together for the transverse (Y), longitudinal (X) and vertical (Z) degrees of freedom (DOF), 
but are "untied" for the rotation around X, Y and Z DOF so that the model can behave non-compositely. 
For composite behavior (top flange is restrained by the deck), it was assumed that the corresponding deck 
and girder contact surface nodes would displace and rotate the same in the vertical, longitudinal and 

transverse directions. The deck bottom surface and the girder top flanges are meshed with a series of 
coincident nodes. Each pair of coincident nodes are linked together for the transverse (Y), longitudinal (X) 
and vertical (Z) DOF for rotation and translation. 
 
 

 
 

 

 

 

 

 

 

 

 

Figure 10 Modeling of Non-composite Action 

 

 

 

 

 

 

Figure 11Modeling of Composite Action
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Geometry Grouping 
 
LARSA 4D allows breaking the model into groups based on geometry thereby making the development of 
the model more manageable and easier to review. In LARSA 4D, groups can be any selected geometric 
objects in the structure such as points, beams, or plates.  
 
The structure groups allow for ease of assigning material properties and help with managing the entire 
model for results. 
 
In the FE model, there are five main groups for each of the units. Under each unit, groups of parameters 
were defined. The chart in Figure 12 shows an exploded view of the Unit 1 folder.  
 
 

 
Figure 12 Groups 

Loads 
 

Dead Loads 
 
The temporary barrier dead load used for the MOT was applied to the model. The barrier was modeled as 
shown in the image of the superstructure provided below. 

 

 

 
The self-weight of the structure is computed internally by the SELFWEIGHT load case available in the 
computer program. 
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Live Loads 
 
The HS20- Truck, the HS20- Lane, and a Train of HS20 Trucks were used to apply live load to the 
computer model.  
 

 
 
 
The HS20-44 truck and lane loads are defined in the LARSA program.  
  
In accordance with Section 6B.7.2 of the AASHTO Manual for Bridge Evaluation (2nd Edition), for spans 
over 200 feet in length, a train of HS20 trucks should be considered. Trucks are spaced with 30 feet clear 
distance between vehicles to simulate a train of vehicles in one lane. A number of analyses were made to 
establish the truck spacing that will generate the maximum live load stresses. 
 

 Influence Surface Analyses 

The common approach for influence line analysis is to lump each axle or wheel of the vehicle on the 
centerlines of the members in the lane path, unless:  1) the lane is specified with offsets that take it away 
from the member centerline, 2) a transverse offset is specified in the influence result case options, or 3) the 
load pattern has transverse offsets specified on the wheels. In cases 2 and 3, a second set of influence 
coefficients, based on a one-unit torque, is used to compute the moment induced by the eccentricity as 
described in LARSA-4D documentation. Load distributions across multiple girders are accomplished either 
through rigid cross-beams connecting girders, or by loading multiple lanes simultaneously (see Figure 13). 

With the influence surface method, load distribution is accomplished automatically. Plate decks by their 
nature will spread load from the point of contact with the wheel throughout the deck, and to any connected 
elements.  

The first step in defining the live load analysis is to define the traffic lanes. Lanes can be defined by 
selecting a series of lines/plates along the traffic path. The traffic lanes are adjusted to fit the actual traffic 
paths, as shown in Figure 13.  

When using the standard solution method, LARSA 4D places as many lanes as will fit on the surface, 
according to the width of the surface specified in the input geometry, simultaneously maximizing the live 
load effect according to any multiple presence factors.  
 
 
 

 
 

Figure 13 Lane Definition (1) 
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Figure 14 Depiction of Lanes  

 
The second step in the analyses is to define the influence loads. For each lane, a moving load case is defined 
in the LARSA program 
 
The resulting load cases are created based on the moving load analyses by utilizing the influence 
line/surface data. The following input screen shows the LARSA 4D analysis options for influence analyses.  

 

 
  



I-480 VALLEY VIEW  BRIDGE OVER THE CUYAHOGA RIVER  
SFN NO. 1812521 & 1812548 

     
3-D FINITE ELEMENT MODELING OF CUY-480-18.42 DECK REPLACEMENT 

 

 PAGE 15 OF 62 

 

Methodology for the Sub-Model Development 
 
The LARSA 4-D model of the entire bridge is defined in this report as a coarse model. A finer mesh (sub-
model) was used for evaluating out-of-plane displacement in the superstructure components. Sub-models 
were prepared using LUSAS, because this program has advanced mesh generation features. 
 
The maximum Dead Load (DL) moment was found to be at Pier 2, followed by the moment at the Pier 10 
location. For analyses of out-of-plane displacement or distortion, regions in Span 11 were selected because 
this span does not have any hinges. 
 
Sub-models capturing the relevant three-dimensional out-of-plane displacements are prepared for the 
following: 

- Phase 1 of MOT Scheme Alt 2 (5+1). By initial evaluation, Phase 2 was found to be susceptible 
to lesser out-of-plane distortions 

- Existing conditions (existing deck slab – considered both behaviors: non-composite and 
composite) 
 

The sub-models prepared were for interior and exterior girders in both negative and positive moment 
regions of Span 11 as shown in Figure 15. 

 
Figure 15 Mid-span and Near Pier Sub-Models 
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Modeling of Girders/Stringers and Floorbeams 

 
The cut length for sub-models was 20 feet with half of the length (10 ft.) on each side of the connection 
plate.  
 
All the plates (flanges, webs, stiffeners) of interior and exterior girders are modeled by 4-node thick shell 
elements as shown on this page. 
 
Each of the sub-models has approximately 27000 4-node shell elements (361422 structural degrees of 
freedom for each of the sub-models) 
 
Figures 16 & 17 identify plate names for plate thickness assignments of the various members. 
 

 
Figure 16 Properties Assignment of the Interior Sub-Model 

 
Figure 17 Properties Assignment of the Exterior Girder Sub-Model 

 

No. of Shell 
Elements: 27000 
361422 structural 
degrees of freedom 
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Figure 18 FE model of Interior Girder Sub-Model 

 

 
 

 
  

Figure 19  FE model of Exterior 
Girder Sub-Model 
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Boundary Conditions 
 
Figures 20 and 21 depict the boundary conditions used in the sub-models. Tx = 0 indicates that translation is 
prevented in the X-direction. Rx = 0 refers to prevention of rotation in the x-direction. At the boundary, all 
conditions of statics were satisfied.  The boundary conditions (Moments and Forces) for the sub-models 
were obtained from the full model of the structure (LARSA 4-D Model – Entire Structure – Alternative 2). 
 
 

 
Figure 20 Boundary Conditions of the Interior Girder Sub-Model 

 

 

 

Figure 21 Boundary Conditions of the Interior Girder Sub-Model 

 
Figure 22 Deformed Shape of the InteriorGirder Model 
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III. Superstructure Analysis and Code Checking 
 
The existing girders and stringers were checked with existing loading conditions and Alternate 2 MOT. The 
following checks were performed according to AASHTO Standard Specifications for Highway Bridges, 
17th Edition, 2002. The results indicate all moment and shear stresses due to phase construction to be 
acceptable. The complete results are presented in Volume II of this report.  
 
Shear Capacity Check 
According to AASHTO Standard Specifications, shear is assumed to be carried by the steel web. The 
strength of web is determined by elastic methods. 
 
The maximum shear in the web cannot exceed the plastic shear force, Vp, given in 10.48.8.1 of AASHTO 
Standard Specifications as follows 
 

 
 
The spacing of intermediate transverse stiffeners is based on the shear capacity, Vu, defined in Article 
10.48.8.1 of AASHTO Standard Specifications as follows:  
 

 
Vu in the above equation is equal to the shear buckling capacity. The constant, C, is equal to the ratio of the 
shear buckling stress to the shear yield stress and is specified in Article 10.48.8.1 of the Standard 
Specifications. For transversely stiffened webs, C is calculated using a shear-buckling coefficient k equal to 
5+5/(do/D)2 , where do is equal to the transverse stiffener spacing. The maximum spacing of intermediate 
transverse stiffeners is limited to the web depth D. The maximum spacing of the first stiffener in an end 
panel is limited to 0.5D. 
 
‘Vu’ is the absolute value of the shear capacity of the web (kips) based on the transverse stiffener spacing as 
shown on the plans.  

Girder Section Capacity 
The composite section capacity is calculated according to AASHTO’s Standard Specifications Section 
10.50.  

 Positive Moment Sections 
o Noncompact sections 

The bending stresses due to appropriate loadings shall not exceed: 
 the yielding stress of the tension flange (Fy)  
 FyRb of in the compression flange, where 

1 0.002 1.0      (10-103b) 

 
Here, Afc shall be taken as the effective combined transformed area of the top flange and concrete deck that 
yields, Dc is calculated with accordance to article 10.50b, fb is equal to factored bending stress in the 
compression flange not exceeding Fy.  is defined as follows: 

 = 15,400 for sections where Dc ≤ D/2 
   = 12,500 for sections where Dc> D/2, Dc is the depth of the web of the steel girder 
in compression 

According to Section 10.50.1.2.2, when girders are not provided with temporary supports during the placing 
of the dead load, the sum of the stresses produced by 1.3Ds acting on the steel girder alone with 1.3(Dc + 
5(L+I)/3) acting on the composite girder shall not exceed yield stress at any point, where Dc and Ds are the 
moments caused by the dead load acting on the steel girder and composite girder, respectively. 

 Negative Moment Sections 
o Noncompact sections 

The girder maximum strength, Mu is defined as follows: 
The bending stresses due to appropriate loadings shall not exceed: 

 the yielding stress of the tension flange (Fy)  
 FcrRb of in the compression flange, where 

4,400  
Where b and t are the compression flange width and thickness, respectively. 

1 0.002 1.0 

Here, fb is equal to factored bending stress in the compression flange not exceeding Fy.  
is defined as above. 
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Intermediate Cross Frames& Floor Beams 
 
AASHTO Standard Specifications for Highway Bridges, 17th Edition-2002 was used to check the adequacy 
of the cross frame sections. Each member was checked for the axial capacity and the combined axial load 
and bending effect, Sections 10.54.1 and 10.54.2 respectively. Equation 10-150 is used to calculate the 
maximum axial strength, while equations 10-155 and 10-156 set limits for the combined axial loads and 
bending moments. 
 
 

 
 
. 
 

1 		 	                         (10-151) 

 
 

		 	        (10-154) 

 
 
 
 
 
 
 
 
 
 
 

Constructability 
AASHTO’s Standard Specifications Constructability Section 10.61 states that the moment and shear 
capacities of a girder shall meet the requirements to control local buckling of the web and compression 
flange, and to prevent lateral torsional buckling of the cross section under the non-composite dead load prior 
to hardening of the deck slab. A load factor of  = 1.3 shall be used in calculating the applied moments and 
shears. 
The requirements are as follows: 

 Web Bend Buckling 

According to AASHTO Standard Specifications Section 10.61.1, the maximum factored non-composite 
dead load compressive bending stress in the web shall not exceed the value given below: 
 

, , 	                                    (10-173) 

Where  
Fyw : minimum yield strength of the web 
Dc : depth of the web of the steel girder in compression 
D : web depth  
tw: thickness of the web 
 
Here the buckling coefficient k is taken to be 9 (D/Dc) for members without longitudinal stiffeners. When 
longitudinal stiffeners are present the buckling coefficient k is calculated as: 
	

0.4																	 5.17 9 	

0.4																				 11.64 	

 
In the case when both edges of the web are in compression, k should be taken as 7.2 for members with or 
without longitudinal stiffeners. α = 1.3 for members without a longitudinal stiffener and 1 for members with 
longitudinal stiffer (Equation 10-173). 
 

 Web shear buckling 

According to AASHTO Standard Specifications Section 10.61.2, the sum of the factored noncomposite and 
composite dead-load shears shall not exceed the shear buckling capacity of the web: 
Vu =C Vp          (10-113) 
The maximum shear in the web cannot exceed the plastic shear force, Vp, given in 10.48.8.1 of AASHTO 
Standard Specifications as follows 
Vp = 0.58 Fy D tw                   (10-115) 
 

0.85u s crP A F
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The spacing of intermediate transverse stiffeners is based on the shear capacity, Vu, defined in Article 
10.48.8.1 of AASHTO Standard Specifications as follows:  

.          (10-114) 

 
Vu in the above equation is equal to the shear buckling capacity. The constant, C, is equal to the ratio of the 
shear buckling stress to the shear yield stress and is specified in Article 10.48.8.1 of the Standard 
Specifications. For transversely stiffened webs, C is calculated using a shear-buckling coefficient k as 
follows:   

6,000√
																																 1.0 

, √ , √ 																			 	 , √               (10-116) 

, √ 																																					 	 . 	 (10-117) 

 
where k = 5+5/(do/D)2; do is equal to the transverse stiffener spacing. The maximum spacing of intermediate 
transverse stiffeners is limited to the web depth D. The maximum spacing of the first stiffener in an end 
panel is limited to 0.5D.d0 = distance between transverse stiffeners 
 
 
Vu is the absolute value of the shear capacity of the web (kips) based on the transverse stiffener spacing as 
shown on the plans.  

 
 Lateral-Torsional Buckling of the Cross Section 

According to AASHTO Standard Specifications Section 10.61.3 the maximum factored non-composite 
dead-load moment shall not exceed the values of Mu calculated as partially braced member according to the 
following equation: 
 
Mu = MrRb                                     (10-103a) 
Rb = 1 for longitudinally stiffened girders 
 

if			 5,460 	

0.4	 5.17 9  

			 0.4	 11.64  

Where 
ds = the distance from centerline of a plate longitudinal stiffener  
fb = factored bending stress in the compression flange 
 
In the case when both edges of the web are in compression k should be taken as 7.2 
Otherwise  

1 0.002 1.0  (10-103b)      for girders with or without longitudinal stiffeners 

Where: 
Dc = depth of the web in compression (in)  
tw= thickness of the web (in) 
Afc = are of compression flange (in2) 
Mr = lateral torsional buckling moment (lb.-in) 
Sxc = section modulus with respect to compression flange (in3) 

= 15,400 for sections where Dc ≤ D/2 
   = 12,500 for sections where Dc> D/2 
 
The moment capacity, Mr should be less than yielding moment My at all times, and should be less than the 
lateral torsional buckling moment as follows: 
For  
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91 10 0.772 9.87           (10-103c) 

 

 
Mr = My                                                                                                                                    (10-103d) 

 

1 0.5 ;					 	 	 /
(10-103e,f) 

 

                                                                  (10-103g) 
Where 
Lb = unbraced length of the compression flange (in) 
Lp = 9,500r`/(Fy)1/2 
r` = radius of gyration of compression flange about vertical axis in the plane of the web, (in4). 
d = depth of girder (in) 
J = [(bt3)c+(bt3)t+Dtw

3]/3 where b and t represent the flange width and thickness of the compression and 
 tension flange, respectively, (in4). 
Cb = 1.75+1.05(M1/M2)+0.3(M1/M2)2 ≤ 2.3 where M1 is the smaller and M2 is the larger end moment in 
 the unbraced segment of the beam. 
Cb = 1.0 for unbraced cantilevers and for members where the moment within a significant portion of the 
 unbraced segment is greater than or equal to the largest of the segment end moments 
 

 Compression Flange Local Buckling 

According to Article 10.61.4, in positive moment regions, the ratio of the top compression flange width to 
thickness shall not exceed the following formula: 

, 24                 (10-174) 

Where fdl is the top flange compressive stress due to the factored non-composite dead load divided over Rb, 
but not exceeding Fy. Rb is defined in the lateral torsional buckling section.  
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Selected Results from 3-D Analysis 
 
Preliminary findings indicated large out-of-planes stresses due to both MOT alternates. Alternate 1 MOT 
yielded significantly higher stresses, so it was determined after consultation with ODOT that further 
analyses efforts be limited to Alternate 2 MOT. 
 
The Alternative 2 (5+1) has two phases. Phase 2 has a composite deck on the outsides as shown here. 
Results from the analyses are presented: 

- Unfactored Shear and Moments 
- Bending (Flexure) Stresses for Girders F and Stringer No. 3 for various AASHTO Load 

Combinations 

 
 

 
 

 
Figure 23Alt 2- Phase 1 - Deformed Shape - Mid Span 11 

 
Figure 24 Alt 2- Phase 2 - Deformed Shape - Mid Span 11 



I-480 VALLEY VIEW  BRIDGE OVER THE CUYAHOGA RIVER  
SFN NO. 1812521 & 1812548 

     
3-D FINITE ELEMENT MODELING OF CUY-480-18.42 DECK REPLACEMENT 

 

 PAGE 24 OF 62 

 

Interior  Exterior Interior  Exterior Interior Exterior Interior Exterior Interior Exterior
Current (mid span 11) 4291 2996 ‐21.7 ‐19.4 1.93 1.85 3.3 3.0 5.23 4.85
MOT Phase 1 (mid span 11) 2309 1695 ‐9.44 ‐4.11 0.79 0.57 1.8 1.7 2.59 2.27

 DL Moment (Kips.ft) DL Shear (Kips) Dead Load Deflection (in) Live Load Max Deflection (in) (DL+LL) Max Deflection (in)

Table 2 summarizes load combinations considered in the analyses. 
 
Table 2 Factors for load combinations (LFD) used in the LARSA Model 

Load Combination AASHTO 
GROUP DL Live Load W 

1 I 1.3 1.30 [5/3 HS20 Truck Plus impact (30 %)] 0 
2 I 1.3 1.30 [5/3 HS20 Moment Plus impact (30 %)] 0 
3 I 1.3 1.30 [5/3 HS20 Shear Plus impact (30 %)] 0 
4 I 1.3 1.30 [5/3 HS20 Train Plus impact (30 %)] 0 
5 II 1.3 0 1 
6 III 1.3 1.30 [1.0 HS20 Truck Plus impact (30 %)] 0.3 
7 III 1.3 1.30 [1.0 HS20 Moment Plus impact (30 %)] 0.3 
8 III 1.3 1.30 [1.0 HS20 Shear Plus impact (30 %)] 0.3 
9 III 1.3 1.30 [1.0 HS20 Train Plus impact (30 %)] 0.3 
10   Fatigue Truck Plus impact (10 %)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 3 Unfactored Shear and Moments (Mid Span 11) 

 

 

 

 

 

 

 

 

 
Table 3 shows that no appreciable moments or shears occur during MOT phasing. The deflections of the interior and exterior girders in relationship to each other are 
consistent. 
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Table 4 summarizes stresses for various AASHTO load combinations. The maximum stresses computed are about 23 ksi in Girder F and about 11 ksi in Stringer 3. This is well below the allowable stress of 27 ksi for the main 
girder steel and 20 ksi for the stringers. 

Table  4 Max and Min Bending Factored stresses on Girder F (interior) and Stringer 3 (MOT Alternative 2 – Phase 1) 

Combination No. AASHTO 
Group 

Girder F 

Sxx (min) (ksi) 

Girder F 

Sxx(max) (ksi) 

Stringer 3 

Sxx (min) (ksi) 

Stringer 3 

Sxx(max) (ksi) 
1 I ‐13.1  6.7  ‐8.5  7.5 
2 I ‐14.5  7.3  ‐8.1  7.4 
3 I ‐14.6  7.3  ‐8.4  8.0 
5 II ‐22.7  10.1  ‐10.6  9.1 
6 III ‐10.2  5.9  ‐5.9  4.6 
7 III ‐13.5  6.7  ‐7.2  6.3 
8 III ‐13.7  6.8  ‐7.5  6.7 
9 III ‐12.8  6.3  ‐7.5  6.4 
10  ‐14.8  7.8  ‐8.8  7.3 

 

Table 5 Factored Live Load Bending Stresses – Girder E  (Exterior)       Table 6 Factored Live Load Bending Stresses – Girder F (Interior) 
 

 
 
Notes 
In Tables 5 and 6, the term “Near Pier” refers to girder area near the location of Pier 10 and the term “Midspan” refers to middle of span 11. MOT Ph1 & 2 refers to MOT Alternative 2 Phase 1 & 2 respectively.  
Max –ve and +vein the Tables 5 and 6 refer to maximum and minimum live load envelopes. For stringer and girder locations – refer to page 16 of this report. 
  

Max ‐ve Max +ve Max ‐ve Max +ve
At Top Flange -0.55 0.03 -0.11 0.13
At Bottom Flange -0.26 0.81 -4.09 1.61
MOT 1 - At Top Flange -0.1 2.12 -3.26 2.12
MOT 1 - At Bottom Flange -4.31 0.78 -3.78 6.81
At Top Flange -0.33 0.83 -0.96 0.74
At Bottom Flange -2.22 1.98 -1.59 6.31

Bending Stress( ksi) Near Pier  Bending Stress (ksi) MidSpan

Existing

MOT Ph1

MOT Ph2 
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Summary of Code Checking 
 
The existing girders and stringers were checked with both the existing loading condition and Alternate 2 
MOT. The following checks were performed according to AASHTO Standard Specifications. The results 
indicate all moment and shear stresses due to phase construction to be acceptable. The results are presented 
in Part I of Volume II in tabular format for Girders E, F and Stringers 1, 2 & 3 (see page 16 for the girder 
and stringer location). The results include girder capacity (moment and shear) and constructability checks 
for following: 
 

- Existing Deck (Maximum and Minimum LL Envelopes) 
- Alternative 2 – Phase 1 MOT (Maximum and Minimum LL Envelopes) 
- Alternative 2 – Phase 2 MOT (Maximum and Minimum LL Envelopes) 

The detailed computations worksheets are also included in the Appendix of Volume II.  
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IV. Out of Plane Distortion 
 
Out-of-plane distortion will cause stresses in the localized web gap region. In this section, results from out-
of-plane distortion modeling at the following locations are presented: Near pier 10 (Negative Moment 
Region) and middle of span 11 (Positive Moment). A comparison between composite (top flange restrained 
by the deck) and non-composite structural performance was evaluated only for the existing design 
conditions. 
 
The figures below show the cracks that may develop due to the various components of out-of-plane 
distortion induced axial stresses.  The high stresses in the X direction cause the initiation of vertical cracks 
as shown in Figure (a). The high stresses in the Y direction may cause failure of the stiffeners web welds 
ending in stiffener detachment.  Similarly, high stresses in the Z direction may cause horizontal cracks. The 
maximum tension component of the principal stress (S1) is a critical force for initiating cracks.  
 

 
 
Sx  = Stress in X-direction i.e. along the length of the girder (Refer to Figure a)  
Sy  = Stress in the Y-Direction i.e. perpendicular to the length of the girder (Refer to Figure b) 
Sz  = Stress in the vertical direction i.e. along the depth of the girder (Refer to Figure c) 
S1  = Maximum principal stress  (See Figure d) 
 
 

 
 
The table shown below contains a summary of out-of-plane distortion induced stresses and maximum 
deflections for interior and exterior girders at near pier 10 (Negative Moment Region) and middle of span 
11 (Positive Moment). The following cases are presented: Composite and non-composite structural 
performance and Phase I of MOT Scheme (5+1). 
 

 
 
Note:  # Based upon preliminary analysis, the interior girder controlled the design. Therefore only the 
interior girder was analyzed 
 
As stated in Fisher (1985), these out-of-plane stresses are caused by bridge members moving in three 
dimensions. The lateral movement, y-axis, is termed as out-of-plane displacement and is caused by lateral 
bracing or transverse beams.  
 
Volume II of this report includes the following information for interior and exterior girders in both the 
negative and positive moment regions of span 11: 

o Out-of-plane distortion contours at the top and bottom 
o Out-of-plane stresses (Sx, Sy, Sz and S1) 

 
 

Sx Sy Sz S1 Sx Sy Sz S1 Interior Exterior

Mid Span 80 26 25 100 25 17 25 38 0.054 0.03

Near Pier 50 23 20 51 30 17 20 35 0.02 0.04

Mid Span 54 20 21 55 # # # # 0.0216 #
Near Pier 20 12 14 22 49 18 34 66 0.01 0.024

Mid Span 45 7 11 46 26 4 11 27 0.024 0.0132

Stress (ksi) Interior Stress (ksi) Exterior Max Deflection (in)

MOT (5+1) ‐ Phase I

EXISTING DECK ‐ NON COMPOSITE DECK

EXISTING DECK MODELED AS COMPOSITE (BENCHMARK)
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The figures on this page show the typical stress distribution due to out-of-plane distortions caused by the 
forces in the floorbeams and crossframe members. Out-of-plane distortion behavior is depicted as follows:  
Distortion or deformed shape is shown in figure (a), the stress concentrations at the connection plates are 
provided in figures (b) and (c).  The out-of-plane stresses are plotted and shown in figure (d), four 
components (Sx, Sy, Sz, S1) are shown. 
 
 
 

 

 

(a) (b) 

 

 
(c) (d) 

Figure 25 Typical Stress Distribution due to out-of-plane Distortion 

The modeling of existing conditions provided a benchmark for comparison with the phase construction 
stress levels.  The non-composite assumption yielded overstresses that the current bridge does not 
reveal. The existing, condition were also modeled considering composite action which yielded stresses 
below the yield strength of the material, thereby reflecting more accurately the anticipated performance of 
the existing structure.  Therefore, the existing structure modeled as composite serves as the final benchmark 
for comparison with the phase construction model. 
 
Figures 26 through 30 show the FE mesh and boundary conditions for the aforementioned benchmark 
(Positive Moment Region – Existing Conditions).  Figures 31 through 46 show out-of-plane stress contours 
(Sxx, Syy, Szz and S1) for top and bottom flanges of Girders E & F. 
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Results in the Positive Moment Region – Existing Conditions (Composite) 
 
 

 
Figure 26 Composite FE model for Girder E and F 

  
Figure 27 Composite FE Model for Girder E and F 

 

 
Figure 28 BC – Plane of Symmetry 

 
Figure 29 BC – Plane of Symmetry in the Composite  
FE model 
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Figure 30 Results – Deformed Mesh for the Composite Model 

 
 

 
Figure 31 Positive Moment – Girder E – Top Flange Sxx 
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Figure 32 Positive Moment – Girder E – Top Flange Syy 

 
Figure 33 Positive Moment – Girder E – Top Flange Szz 

 
Figure 34 Positive Moment – Girder E – Top Flange S1 

 

 

Figure 35 Positive Moment – Girder E – Bottom Flange Sxx 
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Figure 36 Positive Moment – Girder E – Bottom Flange Syy 

 
Figure 37 Positive Moment – Girder E – Bottom Flange Szz 

 
Figure 38 Positive Moment – Girder E – Bottom Flange S1 

 

 

Figure 39 Positive Moment – Girder F – Top Flange Sxx 
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Figure 40 Positive Moment – Girder F – Top Flange Syy 

 
Figure 41 Positive Moment – Girder F– Top Flange Szz 

 
Figure 42 Positive Moment – Girder F – Top Flange S1 

 

  
Figure 43 Positive Moment – Girder F – Bottom Flange Sxx 
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Figure 44 Positive Moment – Girder F – Bottom Flange Syy 

 
Figure 45 Positive Moment – Girder E – Bottom Flange Szz 

 
 

Figure 46 Positive Moment – Girder F – Bottom Flange S1 
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Fisher’s s-∆ Expression 
 
The web gap stress calculation due to the out-of-plane distortion, which is shown in the figure below, was 
established by Fisher (1998). The expression indicates that the bending effect due to out-of-plane distortion 
causes a stress that increases proportionally with Young’s modulus (E), out-of-plane distortion (∆), and the 
web thickness. The stress(s) is inversely proportional to the square of web gap length.  In the expression, a 
fixed end moment is computed based on the distortion for the stress computation. 
 
The Table 7 shows a summary of the calculated stress(s) using Fisher’s formula. The out-of-plane distortion 
(∆) was calculated using the sub-models. The computation is a means to perform hand calculations which 
indicate even small displacement will yield large stresses, which is the case for the existing structure. 

 
 

 

	 	
6 ∆

2
1

	
3 ∆

 
 
 
 
 
 

 = web gap bending stress (ksi) 
= web gap bending Moment (Kips-in)  = ∆  (fixed end beam moment) 
=distance from neutral axis to extreme fiber (in.) 

= Moment of Inertia (in.4) 
= Young’s Modulus (ksi) 
= Web gap Length (in.) 
∆= out-of-plane displacement (in.) 

= web thickness (in.) 
 
Table 7 Summary of out-of-plane distortion (∆) and the Out-of-Plane bending stress (calculated using 
Fisher’s Formula) 
 

 
 
As indicated above, the out-of-plane bending stresses well exceed the material yield strength for all 
conditions. It should be noted that if the out-of-plane displacement doubles or triples as shown in the above 
table. It is safe to assume based on the simplified expression that the stresses will also double or triple for 
phase construction. Therefore, retrofit details are required to prevent displacement. 
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V. Retrofit Options to Control Out of Plane Distortion 
As stated in Fisher (1985), three techniques can be used to control out-of-plane distortions: 

(1) Drill holes at each end of the high stress areas.  
(2) Remove a segment of the connection plate near the stress area to lengthen the web gap. 
(3) Bolt the connection plate to the tension flange in the bridge's negative moment areas. 

Partial Removal of Connection Plate 
Option 2 was studied by removing approximately 6 inches of connection plate (top and bottom) as shown below. 
As presented in Section VI of this report, Option 2 caused an increase in out-of-plane distortion induced stresses. 

 
 

Figure 47 Positive Moment - Interior – FE model after shorten the CF stiffeners
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Rigid Connection Retrofit 
 
A bolted connection of the stiffener to the flange is assumed to limit out-of-plane rotation (stresses).  
Stresses were calculated to assess the effectiveness of this type of connection.  Various retrofit options are 
available to make this connection. Figures 48 – 50 show views of FE mesh used for the modeling of a rigid 
connection retrofit. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 48 FE Model - Stiffeners Connected to Girder Top Flange 

 
 

Figure 49 FE Model - Stiffeners Connected to Girder Bottom Flange 

 

 
 

Figure 50 FE Model - Stiffeners Connected to Girder Top Flange 
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VI. Effectiveness of Finite Element Modeling in Predicting Out-of-
Plane Distortion Induced Stresses in Bridges 

 
 

 
When the adjacent girders deflect unequally under traffic loading, the end of the transverse structural 
member is forced to rotate, pulling the unstiffened portion of the girder web out-of-plane, creating high 
secondary stresses at the connection plate end and leading to possible conditions for fatigue cracking. 
Unlike load-induced fatigue, procedures for prediction of distortion-induced stresses are not in bridge design 
specifications. Procedures for determination of secondary stresses are not specified in the design or rating 
process. 
 
The LARSA 4D computer program (version 7.05.35) was used for the 3-D Finite Element Modeling of the 
eastbound structure (Right Bridge). In the 3-D Model, flanges of girders, floorbeams and stringers were 
modeled using line/beam elements while the webs were modeled using plate/shell elements. The elements 
of cross frames and lateral bracing were modeled using line/beam elements. The 3-D FE model was 
developed using LARSA 4D to create a model that is referred to as a coarse-model. In order to compute out-
of-plane distortions, sub-models were prepared using the LUSAS program. This process involved obtaining 
the forces and moments at the boundary nodal locations from the coarse-model and then applying boundary 
conditions to the sub-models. The next step was to analyze sub-models and ensure compatibility of the 
deformed shape of the girders/stringer and stringers between the sub-models and coarse-models. This 
course-model/sub-model process is required because a single model would result in an unusually large 
computer model to compute the out-of-plane stresses. 
 
A literature search indicates that the applied procedure as described above is logical, rational and 
appropriate for this structural performance evaluation. We acknowledge that generally it is preferred to 
utilize field instrumentation to make measurements so that a calibration process can be used for 
understanding this relatively large finite element model However, it is not practical to expect to be able to 
measure the out-of plane strains. Our literature search indicates that statistically we can estimate that the 
computed strains can be expected to be within approximately 10% of actual field strain values. 
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Sx Sy Sz S1 Sx Sy Sz S1 Interior Exterior

Mid Span 80 26 25 100 25 17 25 38 0.054 0.03
Near Pier 50 23 20 51 30 17 20 35 0.02 0.04

Mid Span 54 20 21 55 # # # # 0.0216 #
Near Pier 20 12 14 22 49 18 34 66 0.01 0.024

Mid Span 45 7 11 46 26 4 11 27 0.024 0.0132

Mid Span 80 8 288 298 # # # # 0.72 #
Near Pier 20 7 14 22 # # # # 0.12 #

Mid Span 44 10 9.7 45 24 8 5 25 0.036 0.012
Near Pier 4 6 4 13 8 6 6 11 0.002 0.036

MOT (5+1) ‐ PHASE I ‐‐ RETROFIT ‐ PARTIAL REMOVAL OF CONNECTION PLATE

MOT (5+1) ‐ PHASE I ‐ RETROFIT ‐ RIGID CONNECTION PLATE

Stress (ksi) Interior Stress (ksi) Exterior Max Deflection (in)

MOT (5+1) ‐ Phase I

EXISTING DECK ‐ NON COMPOSITE DECK

EXISTING DECK MODELED AS COMPOSITE (BENCHMARK)

VII. Summary 
 
Multilevel 3-D Finite Element modeling designs were developed for the right bridge. The models were used 
to evaluate: 

 The deflections and out of plane movements caused by part-width construction scenarios and 
 Possible impacts to fatigue prone bridge components. (Since retrofits were found to be required as a 

result of this portion of the study, fatigue life of the existing details was not addressed). 

Field observations indicate that the existing deck and steel beams are in full contact and that composite 
action typically occurs even without a positive connection. Therefore, the stresses determined from 
modeling the deck and girders as a composite structure were used as the baseline stresses. To ensure a safe 
deck replacement protocol, it is recommended that the baseline stresses, assuming composite action (only 
for lateral restraint), should not be exceeded for any deck replacement scheme or MOT sequence. 
 
The overall characteristics of out-of-plane distortion and induced stresses are higher in the positive moment 
regions, because relatively large differential girder deflections are present. In the negative moment regions 
near the pier support, the stresses were determined to become smaller. 
 
Retrofit details were evaluated with the objective of controlling distortion-induced stresses. The results from 
those analyses are presented below. 
 
For the partial removal of the connection plate in the positive region, the available length is less than 
required 12 inches. According to NCHRP 336, to efficiently release the restrained web, a minimum cut-
short dimension of 12 inches or 20 times of the web thickness, whichever is larger, is recommended. Based 
upon the analysis, available dimensions were found to be inadequate for web gap stress release. 
 
Of the two retrofit options to control out-of-plane distortion, only the rigid plate connection alternative was 
able to reduce the out-of-plane stresses. This option uses a bolted angle to provide rigid load paths for 
transmitting forces from the transverse members into the longitudinal girders. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Note:  # Based upon preliminary analysis, the interior girder controlled the design. Therefore only the 
interior girder was analyzed. 
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Out-of-plane distortion causes very high stresses in the localized region around the web gap. The Figure 
below shows the cracks due to the various components of out-of-plane distortion induced axial stresses.  
The high stresses in the X direction cause the initiation of vertical cracks as shown in Figure 51(a). The high 
stresses in the Y direction may cause failure of the stiffeners web welds leading to stiffener detachment.  
Relatively high stresses in the Z direction may also cause horizontal cracks. The maximum tension 
component of the principal stress (S1) is also a critical measure for potential crack initiation. 

 
Figure 51 Cracks due to different axial stresses. 

 
Comparison of Pre-Retrofit and Post-Retrofit Factored Out-of-plane Stresses at Mid-span (Alt 2.Phase 1). 

 
 
 
 
 
 
 
 
 
 

CONSIDERATION OF INSTRUMENTATION FOR VERIFICATION OF THE 3-D MODEL 
 
Retrofit options to control out-of-plane distortions were evaluated using 3-D Finite Element Computer 
Models. Consideration was given to instrumenting the girders for the purpose of validating the 3-D models. 
The instrumentation on the girders can be used to provide data for refinment of the computer model.  
 
The use of instrumentation was discussed with Professor Dennis R. Mertz, Ph.D.,P.E.. He indicated that the 
comparison of FE-calculated distortion-induced stresses with field-measured stresses is not so simple or 
even informative. He reflected from his past experience where he had difficulty trying to measure the out-
of-plane stresses in in-service bridges. He stated that, “It is very difficult to place gages and measure these 
stresses since the web gaps are so small, the strain gages are relatively large and the stress gradients in the 
gap are large also. The stresses are a maximum at the weld toe yet the center of the gage will be relatively 
far from the toe. In the end, the measured stresses are really extrapolated stresses not capturing the stress-
concentration effect.” 
 
He also stated “as our analytical techniques have matured, I think that it is no longer necessary to try to 
compare or calibrate FE results with field-measured results. In both cases, I believe that trends can be 
observed but the actual magnitude of the stresses is not readily obtainable. In my opinion, field measuring 
out-of-plane distortion-induced stresses is a waste of resources and a distraction.” 
 
 
 
 
 
 
 
   

Sx 
(ksi)

Sy 
(ksi)

Sz 
(ksi)

S1 
(ksi)

Sx 
(ksi)

Sy 
(ksi)

Sz 
(ksi)

S1 
(ksi)

Sx 
(ksi)

Sy 
(ksi)

Sz 
(ksi)

S1 
(ksi)

Top Flange 80 26 25 100 33 7 70 71 47 19 45 31
Bottom Flange 63 10 45 100 17 4 47 48 46 6 2 54

Top Flange 0 0 0 0 3 8 4 4 3 8 4 4
Bottom Flange 44 10 9.7 45 0 0 0 0 44 10 9.7 45

Positive Moment Negative Moment Stress Range

Before Adding Rigid 
Connection

Rigid
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PART II 
HALF-WIDTH DECK REMOVAL STUDY
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Introduction 
 
Part I of this study consisted of the development of multilevel 3-D finite element (FE) models used to 
evaluate deck replacement options. The existing superstructure was modeled and analyzed to establish the 
present operating condition (maximum stresses) as a benchmark for the performance of the existing 
structure during the replacement of the deck. The existing girders, stringers and crossframes were evaluated 
by applying the existing live load and dead load condition. Code checks were performed according to the 
AASHTO Standard Specifications. The results of the analyses indicated that all primary (in-plane) stresses 
due to moments and shears were acceptable. 
 
The 3-D FE models provided predictions for superstructure deflections, out-of-plane movements, and 
possible impacts to fatigue prone bridge components, caused by removing dead load and live load during 
part-width construction operations. The overall characteristics of out-of-plane distortion and induced 
stresses were the highest in the positive moment regions because relatively large differential girder 
deflections are present at the mid-span. At the negative moment regions near the pier supports, the 
differential deflections were much lower in magnitude. 
 
The 3-D FE models were used to evaluate proposed retrofit details, with the objective of controlling 
distortion-induced stresses. Of the two retrofit options used to control out-of-plane distortion, only the rigid 
plate connection alternative was able to reduce the out-of-plane stresses. The rigid plate connection option 
uses a bolted angle that provides rigid load paths for transmitting forces from the transverse members into 
the longitudinal girders. 
 
The Part I study results indicate that using part-width deck replacement construction methods with retrofit 
details was most likely feasible. Therefore, considering maintenance of traffic preferences, ODOT decided 
to evaluate various lengths of half-width deck removal segments as the main task to be performed and 
documented in Part II of Volume I. Using the FE models, the deflections and out-of-plane movements 
caused by the half-width construction loading conditions were computed and evaluated. The stress related 
impacts to fatigue prone bridge components were studied. 
 
In 1989, retrofits were applied to the stiffener-floorbeam connections in conjunction with the placement of a 
concrete overlay on the original decks. The retrofits included additional welding at the top flange in the 
positive moment regions and the removal of 12 inches of the stiffeners in the negative moment regions. The 
crossframe locations at the piers were not retrofit. Analyses of the negative moment retrofit locations, using 
the 3-D model, indicated that the retrofits applied to the superstructure did not help to improve or modify 
the performance of crossframes, as shown by the results provided in Table 8 (page 44). Note that the 
presence of the deck provides restraint to the top flange of the stringers which is an important contribution 
to the resistance against out-of-plane movements. 
 
Several half-width deck removal segment lengths were evaluated for the purpose of establishing a preferred 
design. The preferred design should permit the replacement of the deck for one of the twin structures in one 

construction season. Multilevel 3-D finite element models were used to evaluate the girder and beam live 
load and dead load deflections and out-of-plane movements caused by the part-width construction removal 
of the deck. After evaluating numerous deck removal alternatives, removing a 300 foot long half-width 
segment centered over a pier was found to be the best construction procedure. Maximum out-of-plane 
stresses and out-of-plane deflections for a 300 foot long half-width deck removal at various locations along 
the length of the bridge are presented in Table 9 (page 49). 
 
A project cost estimate and construction schedule are provided in Appendix A. The planning level 
construction schedule has been provided for the purpose of predicting if it is reasonable to expect a 
contractor to be able to construct the bridge decks in half-width 300 feet segments in one construction 
season.  

Reconnaissance Information Obtained for Verification of As-Built 
Conditions 
The 3-D FE model prepared to evaluate the originally designed bridge was modified to include the 1989 
retrofit details. The 1989 negative moment rehabilitation plans were obtained from the District 12 plan 
archive files. After reviewing the plans, ELR personnel performed a limited field review of the 
superstructure during a site visit on May 30, 2012. The purpose of the site visit was to confirm that the 
retrofits shown in the 1989 plans were performed as detailed and that the retrofits were performing as 
intended. The two 2” diameter holes drilled at each end of the cracks at the bottom of the transverse 
stiffeners, where the gusset plate is welded to provide wind bracing, were performing satisfactorily. All 
fatigue retrofits on the girders that were inspected appear to be functioning as intended, as was confirmed in 
the latest bridge inspection reports.   
 
The retrofit removal details for the top 12” of the transverse stiffeners in the negative moment region were 
visually identified, but were not measured to verify the exact dimensions. The web removal details matched 
the proportions and details shown in the 1989 retrofit plans. The latest bridge inspection report states that 
there are some overcuts/nicks in the web where the crack arrest holes are drilled; overcuts were not located 
in the areas of the girders that were inspected. 
 
ELR personnel had discussions with current and past ODOT personnel (Jim Barnhart, George Maki, David 
Leake, Bonnie Teeuwen, Mike Malloy, and Scott Slack) for the purpose of gaining knowledge of the work 
that has previously been performed on these superstructures. District 12 has had a history of dealing with 
several problems related to full depth girder cracks on multi-girder bridges as a result of the details similar 
to those used for the CUY-480 superstructure.  Rather than reacting to cracks after the fact, ODOT 
promoted the policy of retrofitting known problem details before they could result in undesirable full depth 
cracks.   
 
District 12 was proactive in trying to minimize future cracking problems in their bridges by retrofitting 
structural members that were known to cause problems due to out-of-plane fatigue cracking.  This decision 
was driven primarily by the problems with the I-77 Kingsbury Run Bridge as well as other bridges where 
fatigue cracking had led to full depth girder cracking.  The floorbeam attachment retrofit details used on the 
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CUY-480 superstructure were developed sometime before the details were developed for the lower lateral 
retrofits. The primary focus was on the twin girder/floorbeam connections because of non-redundancy 
issues with twin girder bridges.  The initial goal was to minimize the occurrence of cracks due to out-of-
plane bending at connections.  When a significant crack occurred, emergency contracts were used to provide 
the repair details.  By being proactive, District 12 was able to minimize the necessary number of emergency 
repair contracts.  Even though the CUY-480 Bridge was not a non-redundant twin girder bridge, the 
structural steel had a history of undesirable fatigue cracking, therefore, since these twin bridges are very 
significant structures, proactive retrofits were utilized to help minimize the development of future cracking 
issues. 

Superstructure Retrofits Performed in 1989 
When the concrete overlay was placed in 1989, ODOT performed two types of retrofits to the stiffener- 
floorbeam connections: 

 At the positive moment regions, where the top flange is in compression, additional welding was 
provided. 

 At the negative moment regions, but not at the pier locations, the stiffeners were retrofitted by 
cutting out 12 inches of the stiffeners. 
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The 1989 retrofits consisted of the removal of 12 inches of the stiffener. This retrofit detail was evaluated 
for its ability to modify the out-of-plane distortion induced stresses. The interior girder was analyzed near 
Pier 10 in Span 11.The LARSA 4-D model of the entire bridge (coarse model) was utilized to obtain the 
forces and moments at the boundary nodal locations. As documented in Part I of this Volume, a finer mesh 
was used for evaluating out-of-plane displacements in the superstructure components. 
 
Table 8 Comparison of Pre and Post 1989 Retrofits; Factored Out-of-plane Stresses in Span 11 near Pier 
10 

   Stress (ksi) Interior 
   Sx  Sz  S1 

COMPARISON OF PRE & POST 1989 RETROFITS ‐ NEAR PIER LOCATION 
Pre 1989  6.7  2.9  6.9 
Post 1989  5.2  3  6.8 

  
 
 
As shown in the table above, the 1989 retrofits were only moderately successful in reducing the out-of-plane 
distortion induced stresses. 

Maintenance of Traffic 
 
Maintenance of traffic is a key component of the CUY-480-18.42 project.  The urban-interstate features of 
this project location along with the constraints associated with removing the existing deck make the design 
of a desirable maintenance of traffic plan a challenging engineering exercise. The design of a maintenance 
of traffic scheme that is safe, efficient, and cost effective is a paramount feature of this deck replacement 
project.     
 
The ODOT Permitted Lane Closure Map/Schedule stipulates that four lanes of traffic in each direction shall 
be maintained on I-480.  There are periods where traffic can be reduced to three lanes in each direction, but 
those times are for a short durations during nighttime and weekend periods.  A reduction to two lanes is 
permitted, but only during nighttime periods.  Due to the nature of the project’s construction, these lane 
reductions are not feasible to perform long-term construction activities, but may be beneficial for delivering 
materials to the construction site.  The scope of services for the project states that for maintenance of traffic, 
it is desired to maintain three lanes of traffic for both directions.  This was used as the minimum number of 
lanes for each maintenance of traffic scheme analyzed. 
 
Currently, there are four eastbound lanes on I-480 that taper to three lanes just west of I-77.  I-480 continues 
as three eastbound lanes under I-77 and becomes four lanes on the CUY-480-18.42 bridge when I-77 
merges into I-480.  I-77 traffic to I-480 eastbound consists of two lanes that were formed by two 
southbound lanes merging with 1 northbound lane.  The right lane of I-480 eastbound merges with the left 
lane of the I-77 ramp traffic.  I-480 eastbound continues as four lanes east of the bridge and has a diverge 
lane to the E 98th Street/Transportation Boulevard interchange. 
 
I-480 westbound is four lanes east of the CUY-480-18.42 bridge with a merge lane from the E 98th 
Street/Transportation Boulevard interchange.  I-480 continues as four lanes across the bridge and has a 3-2 
split where three lanes go to I-480 westbound and two lanes to I-77.  The I-77 ramp has a 2-1split with two 
lanes going to I-77 northbound and one lane to I-77 southbound. 
 
It is anticipated that standard construction drawings can be used for lane reductions on I-480 from four lanes 
to three.  Additional signing can be utilized to provide motorists guidance on the lane reductions, shifts, 
and/or closures. A contra flow MOT scheme is a potential solution. This will require significant advance 
signing to notify the motorists of the contraflow configuration and the loss of access to ramps from the 
crossover contraflow lanes.  It may be necessary to utilize diagrammatic signing for the contraflow 
maintenance of traffic scheme.  
 
The existing structures are typically 69.5’ wide toe to toe of existing parapets.  It was assumed that 12’ 
lanes, one foot minimum barrier offsets, two foot portable concrete barrier (PCB), and a one foot minimum 
offset behind the PCB would be utilized during maintenance of traffic.  Different maintenance of traffic 
schemes have been investigated to determine the scheme that maintains the required number of lanes in a 
safe and cost efficient manner.  The proposed deck will remain at 69.5’ toe to toe of proposed parapets, 
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except for the western end of the eastbound deck which widens to 85’.  To facilitate construction, the use of 
stay in place forms is anticipated. For this project, there is a preference to locate the deck construction joint 
over a girder. 
 
 
Part-Width Construction- No Crossover: 
 
If traffic was not crossed over the median and part-width construction with three lanes of traffic in each 
direction was utilized, then 41’ of width in each phase, and 82’ total width would be needed.  The project 
does not involve widening the structures, so it was determined that part-width construction with three lanes 
in each direction is not feasible. 
 
Total Traffic Crossover Option: 
 
The total traffic crossover option with three lanes in each direction would require 78 feet of width.  The 
project does not involve widening the structures, so it has been determined that crossover construction with 
three lanes in each direction is not desirable.  A total traffic crossover using the 69.5’ width would limit the 
lanes to 10.5’ each with one foot barrier offsets.  The other obstacles to providing a total traffic crossover 
are as follows:  A total traffic crossover option would allow for uninterrupted access for the bridge 
construction, but provide difficulties with maintaining ramp access and crossover geometrics. On the 
western end of the bridge, if traffic is crossed over to the westbound structure, then access from I-77 SB and 
NB to I-480 eastbound would be difficult.  This is due to having to cross over from the eastbound side of I-
480 to the westbound side of I-480 in the short distance between the Brecksville Road overpass bridge and 
the CUY-480-18.42 abutment, which is only about 600’ +/-. Speed reductions may be necessary to facilitate 
these geometrics.  It could be determined that this ramp movement would need to be detoured if the 
geometrics could not be worked out.  When traffic is crossed over on the westbound structure, access to the 
eastbound I-480 to E. 98th Street/Transportation Boulevard ramp would be difficult.  The existing off-ramp 
is in close proximity to the CUY-480-18.42 abutment so a temporary ramp and/or pavement may be 
required to provide access for this movement or this movement may need to be detoured if geometrics 
cannot be worked out.  When traffic is crossed over to the eastbound structure, the E. 98th/Transportation 
Boulevard to I-480 westbound and the I-480 westbound to I-77 NB and SB ramp movements would be 
difficult due to their proximity to the CUY-480-18.42 abutments and the Brecksville Road overpass. 
 
Since the part-width and total crossover options do not safely maintain three lanes in each direction on the 
existing structures, it was determined that a contra flow style maintenance of traffic scheme should be 
utilized.  The contra scheme will be able to maintain more lanes of traffic while providing access to the 
ramps in a safe and efficient manner.  Ramp traffic will most likely be shifted, but will utilize the existing 
ramp pavement and shoulders.  A contraflow maintenance of traffic scheme is the recommended option for 
redecking the structure while providing the minimum number of three lanes in each direction.  
 
 
 

 
Contraflow Crossover to Westbound Bridge: 
 
This option could be phased so that there are three westbound and two eastbound lanes on the existing 
westbound bridge.  The existing eastbound bridge would provide for two eastbound lanes (one lane from I-
480 eastbound merging with two lanes from I-77).  The eastbound bridge will be constructed part-width (in 
halves) in two phases by utilizing the existing deck and then the newly constructed deck.  This option will 
allow three lanes of I-480 westbound traffic and provide four lanes for I-480 eastbound traffic (two lanes 
crossed over and two lanes on the eastbound bridge). 
 
Contraflow Crossover to Eastbound Bridge: 
 
Once the eastbound bridge is completed, 2 lanes of I-480 westbound traffic will now be crossed over to the 
eastbound structure and the westbound structure will be completed part width in two phases similar to the 
eastbound structure.  There can be 3 eastbound lanes and two westbound lanes on the eastbound bridge, 
with 2 westbound lanes on westbound bridge.  In both phases, westbound I-480 traffic will be able to access 
the I-77 ramps. 
 
Contraflow Summary: 
 
The contraflow maintenance of traffic option reduces capacity by one lane in each direction during different 
construction seasons.  There will be four lanes in one direction and three lanes in the opposite direction per 
phase.  All crossovers and maintenance of traffic zones provide a minimum of two lanes. This is extremely 
advantageous if a breakdown were to occur.  For these reasons, the contraflow crossover scheme as 
described above is the recommended configuration. 
 
If the CUY-77.9.50 project was under construction at the same time as the CUY-480-18.42 project, there 
may be potential for conflicts with the physical MOT zones.  Coordination between the projects would be 
required, mainly, for Ramp E-N, I-480 westbound to I-77 northbound and Ramp N-E, I-77 southbound to I-
480 eastbound, both 2 lane ramps.  In certain phases of the CUY-77-9.50 MOT, these ramps are restricted to 
one lane.  If these projects were constructed at the same time, it may be desirable to keep these ramps as one 
lane ramps where it would benefit both projects. 
 
The next two pages in the report provide the deck replacement phase construction work dimensioned in 
section views of the superstructure.   
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Deck Removal Segments 
 
The goal of this study is to develop a plan to replace the deck for one of the twin structures in one construction 
season, and then replace the adjacent superstructure deck in the following construction season. The following 
half-width deck removal segments were evaluated for out-of-plane distortion induced stresses. The results of 
these out-of-plane distortion evaluations were used to formulate a one construction season deck replacement 
plan. The following options were evaluated: 
 

1. 150 feet deck removal centered over a pier, 75 feet removed on each side of the pier 
2. 150 feet deck removal centered at mid-span. 
3. 300 feet deck removal from centerline of pier to centerline of pier 
4. 300 feet deck removal centered over a pier, 150 feet removed on each side of the pier. 
5. 600 feet deck removal centered over a pier, 300 feet removed on each side of the pier 

1) 150 feet Deck Removal – 75 feet on each side of pier

2) 150 feet Deck Removal at mid-span 

3) 300 feet Deck Removal – Pier to pier 

4) 300 feet Deck Removal – 150 feet on each side of pier 

5) 600 feet Deck Removal 
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Out of Plane Distortion Induced Stresses for the Half-Deck Removal 
Segments 
 
Multilevel 3-D finite element models were developed for the right bridge. The models were used to evaluate 
the girder and beam deflections and out-of-plane movements caused by the part-width construction removal 
of live load and dead loads. The impacts to fatigue prone details were also evaluated.  
 
As stated in Part I of this report, the LARSA 4-D model of the entire bridge is considered to be a coarse 
model. Sub-models were prepared using the LUSAS program because the LUSAS program has the ability to 
provide advanced mesh generation features which use a finer mesh for evaluating the out-of-plane 
displacement in the superstructure components. These sub-models are necessary to compute the out-of-
plane distortions and related stresses to a reasonable desired accuracy.  
 

 
Properties Assignment in the Sub-Model 

Sub-models capturing the relevant three-dimensional out of plane displacements were prepared. Relative 
stress level results were computed for the following span removal segments: 

1. 150 feet deck removal, 75 feet on each side of the pier 
2. 150 feet deck removal centered at mid-span. 
3. 300 feet deck removal, centerline of pier to centerline of pier 
4. 300 feet deck removal, 150 feet on each side of the pier 
5. 600 feet deck removal, centered over a pier 

Table 9 (page 49) provides a comparison of the out of plane distortion induced stresses for the half-deck 
removal segments listed above. 
 
When the 300 feet long deck segment is removed, centerline of pier to pier, there is a significant increase in 
the out of plane stresses, especially for the exterior girder.  When a 300 feet long segment centered at a pier 

is removed, the resulting distortion induced stresses are acceptable because the stresses are less than the 46 
ksi benchmark stress; therefore retrofits are not necessary when this removal option is used. Based on the 
results of these analyses, additional evaluation work was performed for the purpose of understanding the 
deck removal option where 300 feet of deck is removed in segments centered over a pier.  
 

Table 9 Comparison of out-of-plane distortion induced stresses (factored) for half-deck removal segments 

 
# Based on preliminary analyses, the interior girder controlled. Therefore, only the interior girder was 
analyzed. 

 
Sx  = Stress in x-direction i.e. along the length of the girder (Refer to Figure a)  
Sy  = Stress in the y-direction i.e. perpendicular to the length of the girder (Refer to Figure b) 
Sz  = Stress in the vertical direction i.e. along the depth of the girder (Refer to Figure c) 
S1  = Maximum principal stress (Refer to Figure d) 

Sx Sy Sz S1 Sx Sy Sz S1

(1)

After Deck Removal 2 10 15 17 2 5 2 7
Existing w/ 1989 Retrofit 5.2 1 3 6.8 # # # #

(2)
After Deck Removal 43 4 16 44 40 2 8 41

Existing 45 7 11 46 26 3 11 27

(3)
After Deck Removal 43 1 14 44 46 4 18 47

Existing 45 7 11 46 26 3 11 27

(4)
After Deck Removal 30 2 6 31 24 1 6 25

Existing w/ 1989 Retrofit 45 7 11 46 26 3 11 27

(5)
After Deck Removal 48 3 10 49 49 4 15 49

After Deck Removal 50 11 7 51 46 12 9 47
Existing 45 7 11 46 26 3 11 27

600 ft Deck Removal ‐ MIDSPAN of SPAN 11

600 ft Deck Removal ‐ MIDSPAN of SPAN 12

Stress (ksi) Interior Stress (ksi) Exterior

At Near Pier ‐ Deck Removal (150 ft) ‐ 75 ft on each side of the Pier

At Mid Span ‐ Deck Removal (150 ft ‐ mid span)

At Mid Span (300 ft Deck Removal) ‐ CL Pier to CL Pier

At Mid Span (300 ft Deck Removal ‐ 150 ft on each side of the pier)
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Evaluation of the Removal of the 300 feet long Half-Width Deck Segment 
 
Since the out-of-plane stresses are at acceptable levels when the removal of a 300 feet long half-deck 
segment is centered at a pier, retrofits are not required for this option. Multilevel 3-D finite element modes 
were developed for the sequence of the deck removal segments in UNIT 4 as shown below. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

The figure below provides a location key for the results of the analyses. The change in color of the segments represents the limits of the each deck removal segment.  
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Table 10 Summary of the out-of-plane distortion induced stresses (factored loads) and for the unfactored 
deflections for a 300 feet half-deck removal segment centered at a pier: 

 
 

 
 
Sx  = Stress in x-direction i.e. along the length of the girder (Refer to Figure a)  
Sy  = Stress in the y-direction i.e. perpendicular to the length of the girder (Refer to Figure b) 
Sz  = Stress in the vertical direction i.e. along the depth of the girder (Refer to Figure c) 
S1  = Maximum principal stress  (Refer to Figure d) 

As shown in Table 10 (page 51), the computed maximum out-of-plane stresses are below the 46 ksi existing 
condition threshold value that was established in the Part I evaluation of the superstructure. Therefore, the 
half-width deck replacement option can be accomplished using the removal of 300 feet segments centered at 
a pier without the use of any additional retrofits. 
 
The analyses for this evaluation are provided in detail in Volume II. 
 
 
  

Location Sx (ksi) Sy (ksi) Sz (ksi) S1 (ksi) Sx (ksi) Sy (ksi) Sz (ksi) S1 (ksi) Interior (in) Exterior (in)

03 1 3 3.4 3.6 6.1 5.0 3.7 6.4 0.00756 0.00402

06 8.2 5 22 24 10.5 4.0 19 20 0.01800 0.02400

08 30 6 9.5 31 22 4.2 3 23 0.04200 0.04200

10 30 6 29 31 22 4.9 18.5 22 0.04800 0.03000
13 2.8 1 1.5 3.1 0.25 3.0 5.3 5.6 0.00520 0.00630
15 3.3 3 4.7 4.7 15.1 2.0 2 15.3 0.00468 0.00180
18 19 1 19 20 13.9 1.0 13.5 16.8 0.01920 0.00300
20 30 2 6 31 24 1.0 6 24 0.04800 0.01800
22 29 2 20 29 22 1.0 11 23 0.00960 0.01680
25 4.3 5 8.2 8.5 7.8 7.0 3.8 8.9 0.00348 0.00144
27 9.6 2 5.3 9.8 6.0 5.0 4.8 6.5 0.00370 0.00200
30 41 6 31.5 42 35.5 3.0 26 37 0.06600 0.01440
32 41 5 17.5 42 20.5 3.0 17 31 0.02400 0.03600

Stress (ksi) Interior Stress (ksi) Exterior Out‐of‐Plane Distorsion

SP
A
N
 1
0

SP
A
N
 1
2

SP
A
N
 1
1
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Girder
Live Load Deflection at Mid Span 

(inches)
E 1.32
F 2.5
G 3.46
H 3.98

Span 10

Dead load & Live Load Deflections 
 
Dead load and live load deflections for Girders E, F, G, & H are presented for Spans 10 & 11 when a 300 
feet long half-width deck segment is removed with 150 feet removed on each side of Pier 10. The deflections of 
the pier and pier cap are shown in Figures (a) & (b). Deflections were calculated for the purpose of verifying that 
the 3-D FE model provides results that are consistent with common sense engineering expectations.  As shown 
below, the differential deflection between adjacent girders F & G is approximately one (1) inch when the 
half-width deck is removed.  The live load differential deflection is approximately 1 inch between girders F 
& G. The live load differential deflections, which may include vibrations, should be mitigated by lowering 
the traffic speed during deck pours and also closing the adjacent lane until sufficient concrete set has been 
achieved. 
 
 

  

(a) Girder deflected shapes for spans 10, 11 & 12 including piers during half-deck removal of 
300 feet centered at pier 10

(b) Pier 10 & 11 including pier cap deflections during deck 

Table 11 LL Deflections at Mid Span 10 
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Girder
Live Load Deflection at Mid Span 

(inches)
E 0.92
F 1.75
G 2.44
H 3.51

Span 11

  

Table 12 LL Deflections at Mid Span 11 
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Discussions with Contractors 
 
 
Information regarding the replacement of the decks for the CUY-480 twin structures was solicited from 
three contractors The Ruhlin Company, The Great Lakes Construction Company and The Kokosing 
Construction Company. Below is a list of generalized statements received from these contractors: 
 

1. In order to replace the deck for one of the twin superstructures within in a 9 month construction 
season time frame, consensus is that at least 300 feet long deck removal segments must be permitted 
(see figure on this page). It is a very aggressive schedule to complete two 300 feet long 
removal/replacements in 8 days while working two 10 hour shifts. 

2. Allowing the closure of an additional lane to place concrete at night would be very beneficial (10 
hour time frame).   

3. The cost of providing retrofits may offset the advantage gained with the larger 600 feet deck section 
removal and replacement option. It is a very aggressive schedule to complete two 300 feet long 
removal/replacements every 2 weeks 

4. The 300 feet option seems possible but would require 2 operations, double shifts and would be 
expensive. 

5. A large crane or cranes may be needed below to furnish rebar. Possibly in prefabbed mats. 
6. Could slip forming be used for the barriers? 
7. Precast barriers should be considered. 
8. Note: time is needed in the schedule to construct the barrier. 
9. All access efforts to the site will be a challenge.  
10. Are the expansion joints being replaced? If so that will impact schedule as well. 
11. Consensus was that the Contractor would platform the entire bridge for access for the steel repairs, 

for safety and for containment of debris removal. Since the repairs need to be completed prior to 
removal and replacement of the deck, it may be necessary to platform both bridges. This would be 
very expensive. 

12. Our steel retrofit expert studied the retrofit detail provided by ELR and he estimates each retrofit 
detail will cost in the $2500-$3000 range (per each for labor and materials, included is a foreman's 
pickup, welder, and compressor).  This cost doesn't include any major access money since we don't 
know exactly what the conditions would be (i.e. would we be using a snooper truck, man lift from 
underneath, installing a full under deck system, etc...) 

13. For a retrofit detail in the negative moment region the ELR detail shows 7/8 inch welded threaded 
studs on the underside of the top flange. If they want them "shot" on like a shear stud that is not 
going to happen, as you may have the same problem we always run into on the horizontal studs, but 
much worse. We would have to stick weld them or use a smaller diameter threaded stud. The 
maximum diameter would be 5/8 inch.  

Deck pours based on 300 feet long segments for Unit 1R thru 5R. 
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Conclusions 
The objective of this study was to determine a plan that would best permit the construction of new decks for 
the CUY-480-1842 twin structures while avoiding undesirable out-of plane induced stresses. ODOT has 
placed the following desired constraints on the design and construction of the new decks: 

1. Do not generate any out-of-plane stresses in the superstructure that are higher than 46 ksi, which has 
been established as the baseline upper stress limits value (as computed by the 3-D model). 

2. Maintenance of traffic barriers should not be present during snow removal operations. Any work 
that disrupts the flow of traffic should be avoided during the winter months. 

3. The deck for one of the twin superstructures must be removed and replaced in one construction 
season. 

4. Attempt to avoid the use of mechanical splices when constructing the new deck. 
5. Address the use of retrofit details. 

After evaluating numerous deck removal alternatives, removing a 300 feet long half-width segment centered 
over a pier was found to be the most conservative construction procedure.  By centering the 300 feet deck 
removal and replacement work over a pier, the out-of-plane stresses in the web were found to be at an 
acceptable level, therefore, retrofits are not necessary for controlling stresses caused by deck replacement 
work when using this design alternative. The restraint provided by the reinforced concrete deck to the top 
flange of the stringers is considered to be a key component of the satisfactory stress levels found to be 
present during the 300 feet removal alternative. For removal and replacement of one 300 feet long half-
width segment, the prediction from contractors that were interviewed, is that this work can be accomplished 
in approximately a two week time interval.  Work will begin at the center pier (Pier 8) and simultaneously 
progress both up-station and back-station. 
 
If there is a desire to remove the deck in 600 feet long half-width sections, connection plate to bottom flange 
retrofits will be necessary. The minimum number of locations that should be retrofitted are based on stresses 
computed by the 3-D FE modeling and are shown on pages 56 through 60. There are 6 retrofit locations per 
unit in Units 1 through 4, and 5 retrofit locations in Unit 5. These retrofit locations represent the minimum 
locations that need to be retrofitted for removal of 600 feet segments. According to the contractors 
interviewed, there does not appear to be a clear indication that utilizing 600 feet removal limits will shorten 
the duration of time necessary to complete one of the twin superstructure decks.  
 
In the preparation of the cost estimate, we have assumed that retrofits will be provided at an average of 3 
crossframe stations per span. For each crossframe station, 6 retrofits are required (one retrofit for each 
exterior girder and 2 retrofits for each of the two interior girders).  Therefore, the number of individual 
retrofits is computed as (6 per station) * (3 stations per span) * (15 spans) * (2 structures) = 540 total 
retrofits. This retrofit work is estimated to cost approximately $3,000,000. A complete project construction 
cost estimate and construction schedule are provided in Appendix A. 
 
 
 

The following items should be considered when preparing the construction contract plans for this project: 
 

1. Perform an in-depth inspection. 
2. Develop deck replacement plans based on limiting the deck removal and replacement to 300 feet 

segments for a half-width phase construction.   
3. Replace a portion of the abutment backwalls. 
4. Provide new deck joints at the abutments. 
5. Rehabilitate the existing finger joints. 
6. Provide details to repair structural steel and reinforced concrete components deemed necessary based 

on inspection.  This could include partial painting, structural steel repairs, and patching and sealing 
of existing concrete substructures.  

7. The final design for these superstructures should be load rated. The ODOT Office of Structural 
Engineering provided existing BARS analysis files which analyzed one interior girder and one 
stringer for the left and right structures. The bridges were analyzed as non-composite structures and 
all the loads were distributed uniformly to a girder or stringer. In the existing analysis files, the dead 
load consisted of a 7.5” concrete deck and a 2.75” super plasticized dense concrete wearing surface. 
ELR performed a rating of the superstructures with the modifications as proposed in this report. The 
files were modified to include a composite deck. All the loads were distributed uniformly to a girder 
or stringer. The dead load used consisted of an 8.5” concrete deck, 20 psf for SIP forms and 42” 
single slope barriers. The modified files were run using the BARS-PC Release 5.5 using the Load 
Factor Method. The computed rating was found to be greater than the HS20 loading at the Inventory 
Level. 

Recommendations 
The final recommendation gleaned from the information in this report is to remove 300 feet of deck in half-
width segments centered over a pier, at each construction interval during the construction of the reinforced 
concrete deck. Our recommendation is based on a desire to limit the out-of-plane stresses at the crossframe 
to web connections. The procedures for performing this work are detailed within the contents of this report.  
 
If the 300 feet half-width removal limits, which are the preferred removal limits, cannot be accomplished in 
one construction season, an acceptable design alternative is to remove up to 600 feet of half-width deck 
provided the appropriate retrofits have been installed prior to deck removal.  
 
The fatigue life of the existing bridge has not been discussed in this study which focuses on evaluating deck 
replacement alternatives. Fatigue life is a concern, although predictions have not specifically been addressed 
within the contents of this report. We believe that it would be appropriate to recommend that consideration 
be given to providing the bottom flange retrofits at approximately three crossframe stations in each span. 
The position of the crossframes to be retrofitted should be near the center of each span in the superstructure. 
Engineering judgment is necessary to establish criteria for predicting the locations of where retrofits, for 
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fatigue life concerns, are considered to be appropriate. Professor Dennis R. Mertz, Ph.D., P.E. informed us 
that, “Estimating the remaining life of distortion-induced fatigue details is foolhardy at best. Even fatigue-
life estimates for load-induced fatigue details can be misleading. Due to the uncertainties involved and the 
probabilistic nature of the fatigue limit state as defined by AASHTO, estimated fatigue lives are lower 
bounds. If the remaining life of bridges with lower fatigue category details is estimated, many times a 
negative life for successfully performing in-service bridges results. If this is the case for load-induced 
fatigue, the problem of accuracy only magnifies with distortion-induced fatigue. I do not recommend 
estimating the remaining fatigue life of distortion-induced fatigue details. The proper retrofit detail will 
extend the life indefinitely if the web gap is sufficiently stiffened.” 
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APPENDIX A 
Estimated Construction Cost & Schedule 
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APPENDIX B 
Existing Plans Including Retrofit Plans 
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C. RECOMMENDATIONS

To be further determined and finalized based on the meeting with ODOT on March 26,
2012. A draft matrix is provided below that will be further enhanced. All the options
seem to have merit and there are reasonable increased benefits as cost increase. The
“other” considerations for the owner in the decision making would seem to be the
deciding factor. At this time, ELR did not make a recommendation prior to the March 26
meeting but if desired by ODOT we could.

CUY-480-18.42- COST MATRIX 

Options Cost
(millions)

Time of 
Disruption

(years) 
Most

Benefit
Least

Benefit

1A-New
structure $255 3 All new Most cost 

1B-New
median
structure 

$215 2 
Least
disruption to 
traffic 

Span
type/configuration
dictated by 
existing

2-New
superstructure $160 4 All new 

superstructure
No additional 
roadway capacity 

3-New deck 
and
intermediate
girders

$100 4 ½ 
Elimination of 
fatigue
concerns

Most disruption to 
traffic 

4-New deck $65 3 Least cost Uncertainty 
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Meeting Minutes 

Date of
Meeting:  August 19, 2011 
  1:00 p.m. 

To:   Poonsak Sritalapat 
  ODOT – District 12 

From:   Dave Traini 
  E.L. Robinson Engineering of Ohio Co.

Subject:  CUY-480-1842 L&R
                        Deck Replacement Study Scope of Services

Attached for your reference and use are the meeting minutes from the Deck Replacement Study 
Scope of Services held August 19, 2011 at The Ohio Department of Transportation – District 12 
office at 5500 Transportation Blvd, Garfield Heights, Ohio. 

Attendees:  Poonsak Sritalapat ODOT District 12 
 Mike Kubek “  
        Dick Walters “ 
 Jim Calanni “ 
 Mike Herceg “ 
 Chris Ondash “ 
 Lou Hazapis “ 
 Dennis O’Neil “ 
 Tim Keller ODOT Central Office 
 Ananda Dharma ODOT Central Office 
 Dave Traini E. L. Robinson Engineering 
 Rick Rockich “ 
 Jonathan Hren “ 
 George Maki “ 

Issues Discussed 
Mr. Sritalapat opened the meeting.

A draft scope was distributed to all attendees. A listing of the various maintenance of traffic 
scenarios and cross-sections of the MOT phases were also provided.
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It was emphasized that the objective of the study is to determine the optimum approach for the I-
480 deck replacements that will provide the least inconvenience and be the safest to the motoring 
public.

A status of the I-77 bridge project over the canal and Granger Road to the west was given.
Some construction is expected to begin in 2013 but will really begin in 2014 and last through 
2016 with some clean-up expected in 2017.   

It is expected to take two construction seasons to do the I-480 project. (One for each bridge)  It 
would be very unwise to have restricting traffic control in place in the winter on the I-480 
bridges due to plowing and maintenance reasons. 

The District ideally would like work on I-480 to be performed during 2012 and 2013 or after I-
77 Bridge over the canal and Granger Rd, in the year 2017 and 2018.  However, the maintenance 
of traffic on the I-77 project and the I-480 project may be looked at together to develop the best 
maintenance of traffic plan. 

If the findings of this study dictate the deck replacement will need to occur in the future, a 
parapet repair and fence replacement contract could be let to address the immediate safety 
concerns of the existing parapets.   It is estimated about $2 to $3 million for the cost of parapet 
repairs; this work would eventually be removed when future deck replacement occurs. 

Mr. Walters outlined the goal of the deck replacement study following the Draft Scope 
dated 8-15-2011. 

Task 1 
This task will be skipped based on the BARS analysis provided by Central Office.  Note the 
controlling rating for the two bridges was HS19.4 and 19.8 rating. 

Task 2.0 and 2.2
The strength of the cross-frames and out-of-plane bending is a perceived problem with part width 
deck removal.  How the various stages of construction outlined in Task 2.0 affect the stresses in 
the crossframes and connection details shall be investigated.  Out-of-plane bending stresses must 
be checked.  The effects of fatigue shall be studied, attempting to predict future impacts due to 
the stage construction loadings.

MOT-Scenario #1 is the suggested MOT plan that detrimental effects such as differential 
deflection, out-of-plane bending and excessive crossframe/diaphragm stresses would be 
minimized by placing balanced/symmetrical loads on the superstructure.  3-D analysis response 
of the superstructure is required to verify whether cross members can be retained (no work, 
preferred), need reinforcement or have to be removed during the phase construction.  Special 
deck placement sequences may be utilized to benefit the superstructure responses.  

Task 3.0
Provide overview of the various possible rehabilitation and replacement solutions.  Cost, 
assessment of future life, disruption to public and construction duration should all be considered.
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This task can be performed concurrently with Tasks 2.0 and 2.2.  The draft scope provides some 
options.

ELR should not limit their options to the items discussed or items in the scope but may suggest 
any innovative solution to replace the decks safely and at a minimum of inconvenience to the 
public.  New ideas can be discussed with ODOT and studied further if deemed appropriate.   

The following are misc. topics that were discussed.   

Stay-in-place forms would only be considered in a new bridge as they would add too 
much weight to the existing bridges.  Lightweight concrete could be an option. 
For the replacement option for Task 3.0, a new bridge constructed in between the existing 
bridges is the best solution for Maintenance of Traffic. 
Six lanes of traffic on one bridge with 10’-6” lanes is feasible but most likely 
unreasonable.  Minimum width of traffic lanes for MOT is 12 feet.  
The District determined that based on the findings of the recent inspection reports that the 
present condition of existing substructures is adequate.  The substructures have been in 
service for 35 years and show no signs of distress.  Some options may increase or 
rearrange the points of loading and if necessary will be investigated later. Jim Calanni 
will however look into past inspection reports and/or discuss with Youssef Seif. 
Mr. Maki mentioned that the original design had asphalt drains that dripped drainage onto 
the outside of the exterior girder bottom flanges and then ran down on top of the pier 
caps.  A contract was let to plug the asphalt drains and redirect that drainage into the 
cross drains at the expansion joints.  This may have caused some deicing salts to be 
present on the existing pier caps.
Five lanes of traffic on one bridge and part width on the other will be necessary to 
adequately maintain the high traffic volume.  
Fatigue Life Analysis, to determine remaining life, is not required. 

Request for Additional Information 

Deck cores were taken.  The District will provide information from these deck cores 
including deck thickness and any other useful data such as compressive strength, if 
available. 
District will provide full BARS output. 

Study time frame: 

The time frame for completing this study is ASAP. 

Tim Keller needs a proposal from ELR.  After he receives the proposal he would have a contract 
ready in probably 2-3 days. 

The meeting was adjourned at 2:30 p.m. 
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Meeting minutes as taken by Dave Traini, P.E. of EL Robinson Engineering.  These minutes are presented to the best of my knowledge as 

recorded August 19, 2011.  Any comments or revisions should be submitted within three days of receipt.  
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