
One Honey Creek Corporate Center 
125 South 84th Street, Suite 401 
Milwaulee, WI 53214-1470 
414 / 259 1500 
414 / 259 0037 fax 
www.graef-usa.com 

 
2018-0161.00 
 

 

MEMORANDUM        
 
 
TO: Karl Stave P.E., Milwaukee County Architecture, Engineering & 

Environmental Services     
 
FROM: Kevin Wood, P.E. 
 
DATE:  September 21, 2018 
 
SUBJECT: Lake Park Arch Bridge Load Calculation Review 
 
As part part of the continued study for the Lake Park Arch Bridge over Ravine Road, the 
Lake Park Friends hired an independent consultant, TranSystems, to perform concrete 
testing and a structural analysis.  Concrete testing was performed to determine if the 
existing in-place concrete material is capable of receiving structural repairs (such as 
concrete patching).  A structural analysis was conducted to determine the load carrying 
capacity of three elements of the bridge:  arch rib, spandrel beam, and deck.  Milwaukee 
County has asked GRAEF to review the TranSystems reports and provide our opinions 
on their appropriateness. 
 
Concrete Testing Results Report  
TranSystems evaluated several concrete tests performed by Giles Engineer Associates, 
Inc. and provided their opinions in a report dated June 18, 2018.  The program included 
testing for chloride content, petrographic/air content analysis, freeze/thaw, and review of 
earlier unconfined compression testing. 
 
Overall the Concrete Testing Results Report was complete and the conclusions 
reasonable.  There were, however, a few items to be noted: 
 

• One of the eight concrete core samples through the deck was omitted from 
testing due to deterioration.  

• Within the Chloride Content section of the report, one active mitigation technique 
mentioned is the use of galvanic anodes placed within new concrete patches.  
While this is a common technique to address rebar corrosion within the patch, it 
should be noted that reinforcement around the perimeter of the patch zone may 
start to corrode at an accelerated rate.  This is due to pH differences between the 
existing concrete and new patch concrete.  Placement of the galvanic anodes 
near the patch edges can help to mitigate this effect. 

• The report Conclusions state that test results indicate rehabilitation could 
maintain structural integrity and load capacity for 50 years, based primarily on the 
lack of high chloride concentrations in the deck. While this is an important factor, 
our opinion continues to be that given the overall condition of the bridge, the life 
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span of a rehabilitated bridge with normal maintenance would be less than 50 
years.  

 
 
Structural Analysis Report 
TranSystems conducted several analyses on the arch rib, spandrel beam, and deck 
elements of the bridge to determine their load carrying capacities and the load demands 
on each.  For each element, three conditions were investigated:   
 

1. As-built using original loads, section properties and material strengths 
2. As-configured using current loads based on structure modifications, section 

properties and original material strengths 
3. As-inspected using current loads based on structure modifications, current 

section properties based on section loss, and material strengths based on 
testing. 

 
All analyses used Allowable Stress Design (ASD) methodology.  For reinforced 
concrete, this is a method rarely used today to determine the strength of concrete 
components, but was the method likely used to design the bridge around 1903.  This 
approach is still accepted by WisDOT to analyze and load rate concrete highway bridges 
originally designed using ASD.   
 
Review of the TranSystem report and appendix suggests an analysis approach that 
generally follows GRAEF’s 2005 and 2015 load ratings for Milwaukee County.  However, 
there are several differing approaches and assumptions that strongly affect each 
element’s load carrying capacity conclusions. 
 

Capacity-to-Demand Ratios vs. Bridge Load Ratings 
TranSystem chose to report each bridge element’s load carrying capacity against 
the total demand of the bridge’s combined dead load plus live load.  Simply 
written, the equation is “capacity/(dead load + live load)”, and values greater than 
1.0 are desired.  Using an ASD approach, member capacity is determined by 
applying a factor of safety to its calculated strength.  For example, a factor of 
safety equal to 2 applied to a member having a strength of 100 pounds will result 
in an allowable usable strength of 50 pounds.  Depending on the element and 
material type, factors of safety vary.  For bridge inventory level load rating 
purposes, AASHTO’s Manual for Condition Evaluation of Bridges uses factor of 
safety of 1.83 for reinforcing steel with a yield strength of 33,000 psi, and 2.5 for 
concrete having a yield strength of 2,000 psi.   
 
While use of capacity-to-demand ratio is a conventional approach for building 
analysis, determination of load rating factors is conventional for bridges and was 
the method used for GRAEF’s earlier load ratings.  For this approach, a rating 
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factor of a member’s available capacity to resist live loads is reported.  Simply 
written, the equation is “(capacity – dead load)/live load”, and values greater than 
1.0 are desired.  This ratio can then be multiplied by the design live load to yield 
the maximum live load the member can resist.   
 
It is emphasized that capacity-to-demand ratios are not the same as rating 
factors.  For elements with adequate strength to resist the applied loads, 
capacity-to-demand ratios will be less than rating factors.  For understrength 
elements, capacity-to-demand ratios will be greater than rating factors.  
 
Inventory Level Ratings and Operating Level Ratings 
While TranSystem correctly defines Inventory Level and Operating Level, they 
are incorrectly applied as load ratings in their calculations.  As defined in 
AASHTO’s Manual for Bridge Evaluation, a rating factor is defined as: 
 

RF = (capacity – A1 x dead load)/(A2 x (live load + impact)) 
 
Where: 
A1 is the dead load factor 
A2 is the live load factor 
(live load + impact) is a constant load (impact = 0 for pedestrian bridges) 
 

For an ASD approach, A1 = A2 = 1.0 and the element’s material capacities are 
varied depending on whether an inventory or operating rating is desired.  This 
approach seems to have been used to determine element capacities within the 
TranSystem report.  However, we see a few problems with how the inventory and 
operating ratings are applied. 
 

• The live load used is inconsistent.  Wheras the pedestrian loading only 
was used for the inventory analysis, the pedestrian + H5 service truck 
load was used for the operating analysis.  The same level of live load 
should be used for comparing an inventory to operating rating. 

• Pedestrian and H5 service truck live loads should not be applied 
simultaneously.  This is an unrealistic load combination as noted in the 
AASHTO Guide Specifications for the Design of Pedestrian Bridges.   

• Inventory and operating rating analyses are to be applied to a load rating 
approach as outlined in AASHTO, not to determine capacity-to-demand 
ratios.       

 
Member Capacities 
The arch bridge uses a proprietary steel reinforcing bar system known as Kahn 
bars.  These bars consist of a steel square bar with thin plate projections, or 
“fins”.  The fins are cut transversely at regular intervals and cut free from the 



 

 
 

Karl Stave, P.E. -4- September 21, 2018 
 
2018-0161.00 
 
 

square bar at predefined lengths.  These cuts allow the fins to be bent up to 
provide shear reinforcement for the concrete element.  The images below from 
Kahn’s 1904 Handbook illustrate this configuration. 
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TranSystem determines the load carrying capacities of the deck, spandrel beam, 
and arch rib using an ASD approach.  Given the limited as-built information 
available for this bridge, several assumptions must be made with respect to the 
Kahn bars.  Review of TranSystem’s load capacity calculations versus field 
observations and GRAEF’s 2005 and 2015 analyses suggests an approach 
which in some cases is unconservative.   
 
Deck – according to the original design drawings, ½” x 1 ½” Kahn bar reinforcing 
steel was to be placed transversely at 18” centers within a 6” thick deck.  Using 
information available from a 1910 textbook, a rebar area of 0.41 in2 spaced at 18” 
and a 6” thick deck was used to determine GRAEF’s 2005 deck load rating 
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factors.  Straight bars with no fin cuts were assumed.  The rating factors were 
updated in 2015 to account for higher concrete strength test results. 
 
Scaling from photographs, TranSystem assumed a 7” rebar spacing and a rebar 
area of 0.38 in2 using 1904 Kahn bar catalog information.  This closer bar 
spacing results in a greater steel area and yields a greater deck bending 
capacity.  Additionally, concrete cores indicate a 1” thick concrete overlay was 
placed on the original deck 
 
Further review of existing information suggests deck capacity refinements 
are warranted in the TranSystems analysis: 
 

• The drawings that GRAEF used to determine capacity in 2005 indicated 
18 inch spacing of Kahn bars. Subsequent field investigations have 
revealed as-placed spacing of bars closer than 18 inches. However, 
these field observations are only a snapshot of areas, and are not 
comprehensive. We believe the assumption of a 7 inch bar spacing is not 
warranted, given the level of uncertainty regarding spacing, and the fact 
that wider spacings have been observed. 

• Scaling photographs from GRAEF’s 2015 inspection and 2018 site visit 
indicate a maximum deck rebar spacing at approximately 11” centers in 
the 3rd bay from the south, with an average spacing of approximately 10”.  
The image below shows the spacing in comparison with the 4 ½” outside 
diameter drain pipe.  Given the uncertainty that exists regarding 
reinforcement spacing, no less than a 10 inch spacing should be used to 
determine the governing bending capacity. 
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• Original design drawing deck cross sections and field observations of 
underside spalls (see image above) suggest the Kahn bar fins are bent 
up for most of the deck width.  This will reduce the reinforcement areas 
assumed by both GRAEF and TranSystem.   

• The  1904 Kahn bar literature suggests the full bar areas (square bar area 
plus bar fins) can be used to determine the strengths of reinforced 
beams. However,  we do not believe this is an appopriate approach for 
two reasons. First, the bent up fins provide no bending strength. Second, 
even when bars are not bent up, the discontinuity of the steel where fins 
are transversely slit makes use of the fins questionable.  From the 1904 
Kahn bar literature Figure 14 and deck underside photograph earlier, only 
the middle 6” of the bar length has continuous uncut fin steel, and only 
this length should be considered effective as having the full square bar 
plus fin area.  Regions beyond the middle 6” should consider the square 
bar area only.   

• When using ASD to determine the capacity of reinforced concrete flexure 
members, AASHTO Standard Specifications 8.15.3 state that straight-line 
theory of stress and strain in flexure be used. TranSystems calculations 
appear to use working stresses in a Whitney Block approach to compute 

11” 9.7” 

4.5” 
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the capacity of concrete elements, which is not a straight line method. 
Straight-line theory should be used for consistency with ASD 
methodologies. 

 
Spandrel Beam – according to the original design drawings, (2) 3” x 1” Kahn 
reinforcing steel bars are placed in the bottom of the beams.  Field observations 
and photographs of the heavily spalled southeast spandrel indicate there are no 
fins contributing to the reinforcement area, and approximately 1/16” surface 
section loss all around the 1” x 1” bars.   
 
Further review of existing information suggests spandrel capacity 
refinements are warranted in the TranSystems analysis: 
 

• Beam capacity calculations use Kahn bar areas that include the square 
bar plus fin areas in the middle 10-ft of the beam.  Field observations of 
the southeast spandrel show that the fin areas should not be used 
because the fins are not present on the longitudal reinforcement. This is 
shown in the photograph below.   
 

 
 

• From the 1904 Kahn bar literature Figure 14 for 3” x 1” bars, only the 
middle 18” of the bar length should be considered effective in having the 
full bar square bar plus fin area.  Regions beyond the middle 18” should 
consider the square bar area only.   
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• The TranSystem report states that a spandrel beam depth of 3’-2” was 
used because the deck was poured monolithically with the beam.  We 
believe that use of the entire 3’-2” depth is unconservative.  Our field 
inspection and photos show cold joints between the deck and spandrel 
beam.  Most of these joints are cracked and had been routed and filled 
with caulk.  In addition, the original design drawings suggest the bent up 
spandrel beam Kahn bar fins do not project into the deck.  1904 Kahn bar 
literature Figure 14 shows 18” to 24” standard cuts for the 3” x 1” bar bent 
up fins which are not long enough to reach into the deck. In the absence 
of reinforcement crossing this degradated joint, we do not believe there 
will be sufficient shear transfer to allow for the deck and the beam to act 
in a composite fashion.  
 

 
 

• When using ASD to determine the capacity of reinforced concrete flexure 
members, AASHTO Standard Specifications 8.15.3 state that straight-line 
theory of stress and strain in flexure be used.  As explained above, this 
method had not been used in the TranSystem calculations.  Straight-line 
theory should be used for consistency with ASD methodologies. 
 

Arch Ribs – according to the original design drawings, various combinations of 
Kahn bar reinforcing steel are placed in the top and bottom of the arch ribs.  Field 
observations and photographs of spalled regions indicate bent up fins inherent 
with the Kahn system.  The same arch rib size and reinforcing used for GRAEF’s 
2005 and 2015 load ratings were used in the TranSystem calculations, however, 

Cold Joint 
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TranSystem calculations indicates a capacity-to-demand ratio approach was 
used as opposed to an AASHTO based load rating approach. 
 

• Arch rib capacities are determined using KDOT Column Expert software.  
Concrete and reinforcing steel strengths are input using ASD level 
stresses.  It is unknown if the software is properly being used as an ASD 
tool as most reinforced concrete design software uses modern ultimate 
strength based equations.  AASHTO Standard Specification 8.15.4 states 
that combined flexural and axial ASD load capacity of compression 
members is to be taken as 35% of that computed using the strength 
design methods of section 8.16. 

• The demand-to-capacity approach uses a straight line methodology to 
determine capacity on a column’s interaction diagram.  The approach 
used in AASHTO’s Manual for Bridge Evaluation uses a more refined 
two-line procedure that accounts for differences in the bending moment to 
axial load ratios of the dead loads versus the live loads. 

 
Conclusions and Recommendations 
Our largest concern with the TranSystem analysis is that the deck and spandrel beam 
member capacities are in some cases unconservative.  Assumptions that lead to the 
unconservative capacities include use of reinforcing steel areas that are too large, and a 
spandrel beam depth that is too large.  Member capacities that are too high yield 
capacity-to-demand ratios that are also too high, suggesting these bridge elements have 
strength to resist current code prescribed pedestrian live loads when they do not. 
 
Other concerns include that member capacities should be determined using ASD 
methods as outlined in the AASHTO Standard Specifications for consistency with using 
service loading.  Whereas using a capacity-to-demand ratio to check member adequacy 
is not wrong, load rating factors are normally used for bridge structures.  Also, where 
inventory and operating levels of service are to be investigated, load rating factor 
equations are to be used, and only a single live load type (either pedestrian only or H5 
service vehicle only) should be used when comparing the rating factors. 
 
As a minimum we recommend the following refinements to the load calculations: 
 
Deck 
Recalculate the bending capacity using a bar spacing of 10” and a reinforcing steel area 
only considering the ½” x ½” square bar.  ASD bending capacity to follow AASHTO 
Standard Specifications section 8.15.3.1. 
 
Spandrel Beam 
Recalculate the bending capacity using a reinforcing steel area considering the 1” x 1” 
square bars and 1/16” section loss all around due to corrosion.  Use a maximum beam 
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depth of 2’-8”.  ASD bending capacity to follow AASHTO Standard Specifications section 
8.15.3.1. 
 
Arch Rib 
ASD capacities for combined axial load and bending to follow AASHTO Standard 
Specifications section 8.15.4. 
 
KGW:kgw 
 
cc: Lori Rosenthal, P.E. (GRAEF) 
 John Kissinger, P.E. (GRAEF) 


