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ANALYSIS METHODOLOGY 
 
Structural analysis calculations provide a basis for determining the safe load capacity of a bridge.  These analyses 
require engineering evaluation in determining a capacity to demand ratio that is applicable to maintaining the safe 
use of the bridge and arriving at posting and permit decisions.  A capacity to demand ratio of less than 1.0 indicates 
that the structure does not have sufficient capacity to carry the specified loading.  As part of every inspection cycle, 
bridge analyses (or load ratings) should be reviewed and updated to reflect any relevant changes in condition or 
dead load noted during the inspection.  
 
The Allowable Stress Design (ASD) method was used to rate all primary members of the bridge.  The ASD method is 
based on analyzing the structure at service load levels (actual loads) and comparing those load effects to allowable 
stresses.  Allowable stresses are used to calculate capacities that are lowering than the ultimate capacities of 
members, introducing a factor of safety into structural analysis calculations.  The capacity to demand ratios for each 
bridge element are determined by dividing the allowable stress capacity of the member by the sum of the applied 
services loads. 
 

• Inventory Level (INV) - Generally corresponds to the customary design level of stresses, but reflects the 
existing bridge and material conditions with regard to deterioration and loss of section.  Structural analyses 
based on the Inventory level allow comparisons with the capacity for new structures and, therefore, result in 
a live load which can safely utilize an existing structure for an indefinite period of time. 

 
• Operating Level (OPR) - Structural analyses based on this level generally describe the maximum 

permissible live load to which the structure may be subjected.  While permitting live loads on the structure at 
this level of stress is acceptable, allowing unlimited numbers of loading conditions/vehicles to use the bridge 
at the Operating level may shorten the life of the bridge. 

 
CAPACITY TO DEMAND RATIOS 
 
Original Design Loading 
 
The capacity to demand ratios from the structural analysis based on original design loading are shown in Table 1.   
 

 
The results of the As-Built analysis demonstrate capacity to demand ratios above 1.0 for all bridge elements.  The 
results of the As-Configured analysis are slightly lower due to the added weight of the new railing and wearing 
surface since original construction, although the capacity to demand ratios are still above 1.0.  The capacity to 
demand ratios are higher in the As-Inspected analysis than the As-Configured analysis due to the increased concrete 
strength from recent material testing despite minor section loss noted in the arch rib reinforcement. 

Table 1 – Summary of structural analysis results (presented as capacity to demand ratios) for each bridge element based on 
the original design loading of 80 psf. 

As-Built As-Configured As-Inspected
Deck 1.10 1.02 1.06

Longitudinal Spandrel Beam 1.25 1.16 1.04
Arch Rib 1.11 1.07 1.22

Capacity to Demand Ratio (80 psf Original Design Load)
Bridge Element
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Modern Design Loading 
 
The capacity to demand ratios from the structural analysis based on modern design loads are shown in Table 2.   

 
The results of the structural analysis for modern design loadings demonstrate that the bridge has sufficient capacity 
to carry a 90 psf pedestrian loading at an Inventory level, as well as the same pedestrian loading with an additional 
H5 truck at the Operating level.  The only capacity to demand ratio below 1.0 is the deck for the As-Configured 
analysis alternative at the Operating level, which represents the structure with existing modifications and original 
allowable stresses considered.  Note that this capacity to demand ratio is 1.02 in the As-Inspected alternative due to 
the increased concrete strength utilized for analysis based on material testing. 
 
ANALYSIS ASSUMPTIONS AND RESULTS 
 
Deck 
 
The deck slab on the structure consists of a 6" thick 
reinforced concrete deck with a 12'-0" width between 
bridge railings (see Figure 1).  Based on an allowable 
compressive stress of 400 psi shown in the original 
design plans and a factor of safety of 4 which is typical of 
the time period, an ultimate compressive strength (f’c) of 
1600 psi was assumed for the As-Built and As-
Configured analysis.  Based on the original design plans, 
transverse reinforcing steel consists of 1/2" by 1 1/2" 
historic Khan bars.  A yield strength (fy) of 33 ksi was 
assumed for the reinforcing steel based on an allowable 
stress of 16 ksi shown in the plans.  A 1" thick concrete 
wearing surface has been added to the structure since its 
original construction. 

Figure 1 – Typical cross section of the bridge near the center of 
the arch span (from the original design plans). 

Table 2 – Summary of structural analysis results (presented as capacity to demand ratios at both Inventory and Operating levels) for each 
bridge element based on modern pedestrian bridge loads. 

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Deck 1.13 1.02 1.05 0.98 1.10 1.02
Longitudinal Spandrel Beam 1.35 1.52 1.25 1.43 1.11 1.29

Arch Rib 1.14 1.55 1.07 1.50 1.23 1.69

As-Inspected
Bridge Element

Capacity-to-Demand Ratios (ASD)
As-Built As-Configured
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Note that the original design plans indicate a transverse spacing of 18" on center; however, photographs from a field 
investigation show a spacing much closer than this (see Figure 1 and Photo 2).  Based on these photographs, a 
transverse spacing of 7" on center was conservatively assumed.  It was assumed that the Khan reinforcing system 
was placed in such a way that the entire bar is effective in the primary moment region, while shear bars were bent at 
45 degrees in the shear regions near the edge of the slab. 

 
Below is a list of assumptions made for the analysis of the deck: 
 

1. Based on the original plans, the reinforced concrete deck is 6" thick and spans 12'-0" between the arch 
lines. 
 

2. The original live load utilized for the analysis consists of a uniform distributed load of 80 psf from the original 
design plans.  A 90 psf pedestrian load was utilized for the Inventory level analysis, while a 90 psf 
pedestrian load and H5 truck were utilized concurrently for the Operating level analysis. 
 

3. For the As-Built and As-Configured analyses, an ultimate compressive strength (f’c) of 1600 psi was utilized 
for the concrete.  For the As-Inspected analysis, the ultimate compressive strength was increased to 2000 
psi based on concrete testing that has been performed on the structure. 
 

4. A yield strength (fy) of 33 ksi was assumed for the reinforcing steel based on an allowable stress of 16 ksi 
shown in the plans.  For the analysis of the bridge under original design loads, this 16 ksi allowable stress 
was used for reinforcing steel in accordance with the original plans and AASHTO Article 8.15.2.2.  For the 
analysis of the bridge under modern design loads, allowable stresses were based on AASHTO MBE Table 
6B.5.2.3-1 with an allowable stress of 18 ksi for Inventory level and 25 ksi for Operating level. 
 

5. Transverse reinforcing steel consists of 1/2" by 1 1/2" Khan bars with an allowable tensile stress of 16 ksi.  
The original design plans indicate a transverse spacing of 18" on center; however, photographs from a field 
investigation show a spacing much closer than this.  Based on these photographs, a transverse spacing of 
7" on center was conservatively assumed.  It was assumed that the Khan reinforcing system was placed in 
such a way that the entire bar is effective in the primary moment region, while shear bars were bent at 45 
degrees in the shear regions near the edge of the slab. 
 

Figure 2 – Floor plan with deck slab reinforcement as shown in the 
original design plans.  Note that the transverse and 
longitudinal rebar spacing is shown at 18". 

Photo 1 – Underside of deck spall from field investigation.  
Note that scaled dimensions from this photograph 
indicate a transverse rebar spacing much closer than 
18". 
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6. A 1" thick concrete wearing surface was considered 
for the As-Configured and As-Inspected analyses, as 
shown in the deck core taken for petrographic 
analysis during the concrete testing (see Figure 3).  
No concrete wearing surface is included in the As-
Built analysis because it was not present following 
the original construction. 
 

7. Longitudinal reinforcing steel consists of 1/4" 
diameter rods spaced at 18" on center.  
 

8. Concrete clear cover was assumed to be 1". 
 

9. No significant section loss has been documented on 
the reinforcing steel; therefore, the full reinforcing 
steel was considered in all analyses. 
 

10. The deck was analyzed was a simply supported one-way slab spanning transversely.  While potential two-
way bending was investigated, the deck was determined to span transversely due to the much higher 
flexural capacity in the transverse direction than in the longitudinal direction based on reinforcing steel 
provided, which appears to match the design intent. 
 

Based on the results of the structural analysis for the original design loading, the capacity to demand ratios for the 
deck are above 1.0 for all analysis alternatives.  The As-Built capacity to demand ratio was calculated to be 1.10, 
indicating that the deck satisfies the original design criteria for the structure.  The As-Configured capacity to demand 
ratio is 1.02 due to the added dead load from the concrete wearing surface.  The As-Inspected capacity to demand 
ratio is 1.06 based on the increased concrete strength due to material testing. 
 
The capacity to demand ratios for the deck for modern pedestrian bridges loadings are shown in Table 3. 

 
All capacity to demand ratios for the deck are above 1.0 under current pedestrian bridge design loads, except for the 
As-Configured analysis alternative at the Operating level (0.98), which represents the structure with existing 
modifications and original allowable stresses considered.  Note that this capacity to demand ratio is increased to 1.02 
in the As-Inspected alternative due to the increased concrete strength utilized for analysis based on material testing. 
 
  

Figure 3 – Overall profile of Core 3 (north end of deck) from 
the petrographic analysis for concrete testing. 

Table 3 – Summary of structural analysis results (presented as capacity to demand ratios at both Inventory and Operating levels) for the 
deck based on modern pedestrian bridge loads. 

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Deck 1.13 1.02 1.05 0.98 1.10 1.02

As-Inspected
Bridge Element

Capacity-to-Demand Ratios (ASD)
As-Built As-Configured
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Longitudinal Spandrel Member 
 
The longitudinal spandrel beam consists of the 
rectangular reinforced concrete beam section 
over the teardrop openings on each side of the 
structure (see Figure 4).  These members were 
analyzed as flexural members with a simply 
supported 20' clear span length.  Based on the 
original design plans and field measurements, the 
beams are 12" wide by 3'-2" tall from the bottom 
face to the top of deck, with the entire height 
included because the deck was poured monolithic 
with the beams.  According to the original design 
plans, the beam reinforcing steel consists of two 
(2) 1" by 3" Kahn bars in the bottom face. 
 
Flexural reinforcing steel consists of two (2) 1" by 3" Kahn bars in the bottom face of the beam.  Based on the 
guidelines in the 1904 Khan Bar manual for reinforced concrete beams, the full cross-sectional area of the reinforcing 
bars as given in the manual should be assumed for strength calculations in flexural members (see Figure 5).  As 
such, this analysis assumes that the Khan reinforcing system is placed in such a way that the entire bar is effective in 
the primary moment region while shear bars were bent at 45 degrees in the shear regions beginning 5' from each 
end of the beam (assumed one-quarter points). 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 5 – Excerpt from “Kahn System of Reinforced Concrete” manual 
dated 1904 providing which provides guidance on the calculation of 
effective reinforcing steel in reinforced concrete flexural members. 

Figure 4 – Typical arch elevation showing the longitudinal spandrel 
members over the teardrop openings from the original design 
plans (highlighted red). 



 Lake Park Arch Bridge over Ravine Road Bridge 
Structural Analysis Results 

August 6, 2018 
Page 7 

 

  

Below is a list of assumptions made for the analysis of the longitudinal spandrel beams: 
 

1. Based on the original plans and field measurements, beam dimensions of 12" wide by 3'-2" tall (measured 
from bottom of beam to top of deck) were utilized in the analysis. 
 

2. The beam was analyzed as a simply supported flexural member with a clear span length of 20'-0", spanning 
the horizontal top face of the teardrop opening based on the original design plans.  
 

3. The original live load utilized for the analysis consists of a uniform distributed load of 80 psf from the original 
design plans with a tributary area of half of the deck.  A 90 psf pedestrian load was utilized for the Inventory 
level analysis, while a 90 psf pedestrian load and H5 truck were utilized concurrently for the Operating level 
analysis. 
 

4. Transverse live load distribution factors for the H5 truck in the Operating level analysis were calculated by 
the lever rule. 
 

5. For the As-Built and As-Configured analyses, an ultimate compressive strength (f’c) of 1600 psi was utilized 
for the concrete.  For the As-Inspected analysis, the ultimate compressive strength was increased to 2000 
psi based on concrete testing that has been performed on the structure. 
 

6. A yield strength (fy) of 33 ksi was assumed for the reinforcing steel based on an allowable stress of 16 ksi 
shown in the plans.  For the analysis of the bridge under original design loads, this 16 ksi allowable stress 
was used for reinforcing steel in accordance with the original plans and AASHTO Article 8.15.2.2.  For the 
analysis of the bridge under modern design loads, allowable stresses were based on AASHTO MBE Table 
6B.5.2.3-1 with an allowable stress of 18 ksi for Inventory level and 25 ksi for Operating level. 
 

7. Flexural reinforcing steel consists of two (2) 1" by 3" Kahn bars in the bottom face with an allowable tensile 
stress of 16 ksi.  Based on the guidelines in the 1904 Khan Bar manual, the Khan reinforcing system was 
placed in such a way that the entire bar is effective in the primary moment region, while shear bars were 
bent at 45 degrees in the shear regions beginning 5' from each end of the beam (assumed one-quarter 
points). 
 

8. The dead load utilized for the analysis of each beam includes half of the deck, the weight of the railing, the 
self-weight of the beam, and the wearing surface (if applicable). 
 

9. The original decorative concrete railing was considered for dead load in the As-Built analysis, while the 
heavier railing currently installed was considered in the As-Configured and As-Inspected analyses. 
 

10. The 1" thick concrete wearing surface was considered for the As-Configured and As-Inspected analyses 
only. 
 

11. Concrete clear cover was assumed to be 2". 
 

12. Based on photographs from the field investigation, 1/16" deep section loss was assumed for the reinforcing 
steel in the spandrel beams in the As-Inspected analysis. 
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Based on the results of the structural analysis for the original design loading, the capacity to demand ratios for the 
longitudinal spandrel beams are above 1.0 for all analysis alternatives.  The As-Built capacity to demand ratio was 
calculated to be 1.25, indicating that the spandrel beam satisfies the original design criteria for the structure.  The As-
Configured capacity to demand ratio is 1.16 due to the added dead load from the concrete wearing surface and 
newer bridge railing.  The As-Inspected capacity to demand ratio is 1.04 based on the increased concrete strength 
due to material testing and section loss noted to the reinforcement. 
 
The capacity to demand ratios for the longitudinal spandrel beams for modern pedestrian bridges loadings are shown 
in Table 4. 
 

 
All capacity to demand ratios for the longitudinal spandrel members are above 1.0 under current pedestrian bridge 
design loads.  The As-Built capacity to demand ratio is 1.35 for Inventory level and 1.52 for Operating level, indicating 
that this member in the original structure was designed with sufficient strength to carry these modern loads.  The As-
Inspected capacity to demand ratio is 1.11 for Inventory level and 1.29 for Operating level.  These values differ from 
the As-Built capacity to demand ratios due to increased load from additional wearing surface and railing loads, 
section loss noted to reinforcement, and added concrete compressive strength due to material testing.  This indicates 
that the bridge is capable of carrying modern pedestrian design loads in its current configuration with all existing 
factors included. 
 
Arch Ribs 
 
The reinforced concrete arch ribs have a span 
length of 118"-0" from spring line to spring line with 
a rise of 18'-0" at the arch center.  The arch ribs 
were analyzed with a combination of hand 
calculations, STAAD models, and Excel workbooks.  
The arch ribs were modeled as a two-dimensional 
frame model created in STAAD.Pro v8i with fixed 
supports at the ends (see Figure 6).  Dead loads 
were calculated by hand and applied using 
distributed or concentrated loads within the model.  
The position of live loads utilized for the analysis 
were varied to maximize load effects.  These load 
effects were then exported from the STAAD output 
and charted on axial-moment interaction diagrams 
that were created based on allowable stress 
analysis methods. 
 
  

Figure 6 – Two-dimensional arch rib model in STAAD.Pro (dead load 
case shown). 

Table 4 – Summary of structural analysis results (presented as capacity to demand ratios at both Inventory and Operating levels) for the 
longitudinal spandrel beam based on modern pedestrian bridge loads. 

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Longitudinal Spandrel Beam 1.35 1.52 1.25 1.43 1.11 1.29

As-Inspected
Bridge Element

Capacity-to-Demand Ratios (ASD)
As-Built As-Configured
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Below is a list of assumptions made for the analysis of the arch ribs: 
 

1. Based on the original plans and field measurements, arch dimensions of 4'-6" high by 12" wide were used in 
the analysis.  The additional 9" wide by 11" high portions of concrete on the interior faces at the bottom of 
the arch ribs were not included in the calculation of arch rib capacity to account for spalls and to be 
conservative, although this concrete weight was included for dead load purposes. 
 

2. The arch ribs were analyzed using a two-dimensional frame model created in STAAD.Pro v8i with fixed 
supports at the bases. 
 

3. The reinforced concrete arch ribs have a span length of 118"-0" from springing line to springing line with a 
rise of 18'-0" at the arch center.   
 

4. For the As-Built and As-Configured analyses, an ultimate compressive strength (f’c) of 1600 psi was utilized 
for the concrete.  For the As-Inspected analysis, the ultimate compressive strength was increased to 2000 
psi based on concrete testing that has been performed on the structure.  
 

5. Flexural reinforcing steel consists of both historic Khan and Truscon reinforcing systems.  There are three 
unique reinforcing patterns across the length of the arch ribs, as follows: 

a. Top Arch Segments - Two (2) 1" by 3" Kahn bars (top and bottom) 
b. Middle Arch Segments - Two (2) 1" by 3" Kahn bars and one 3/4" diameter Truscon bar (top and 

bottom) 
c. Lower Arch Segments - Two (2) 1" by 3" Kahn bars and one 1" diameter Truscon bar (top and 

bottom) 
 

6. A yield strength (fy) of 33 ksi was assumed for the reinforcing steel based on an allowable stress of 16 ksi 
shown in the plans.  For the analysis of the bridge under original design loads, this 16 ksi allowable stress 
was used for reinforcing steel in accordance with the original plans and AASHTO Article 8.15.2.2.  For the 
analysis of the bridge under modern design loads, allowable stresses were based on AASHTO MBE Table 
6B.5.2.3-1 with an allowable stress of 18 ksi for Inventory level and 25 ksi for Operating level. 
 

7. The dead loads were calculated by hand and applied using distributed or concentrated loads within the 
model.  Loads were applied directly to the arch ribs, to the spandrel columns and walls, or through the deck, 
as appropriate.  
 

8. The original decorative concrete railing was considered for dead load in the As-Built analysis, while the 
heavier railing currently installed was considered in the As-Configured and As-Inspected analyses. 
 

9. The 1" thick concrete wearing surface was considered for the As-Configured and As-Inspected analyses 
only. 
 

10. The live load utilized for the analysis of each beam consists of a uniform distributed load of 80 psf from the 
original design plans with a tributary area of half of the deck.  A 90 psf pedestrian load was utilized for the 
Inventory level analysis, while a 90 psf pedestrian load and H5 truck were utilized concurrently for the 
Operating level analysis.  The extents and position of the live load was varied in order to create maximum 
load effects on the structure, based on recommendations of load positions for pedestrian loading on arches 
and frames, as well as applied along the full length of the structure. 
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11. Transverse live load distribution factors for the H5 truck in the Operating level analysis were calculated by 
the lever rule. 
 

12. In order to be conservative and due to the uncertainty of placement of Truscon bars based on the original 
plans, concrete clear cover was assumed to be 2 1/2" for all reinforcement. 
 

13. Axial-moment interaction diagrams were developed based on KDOT Column Expert v6.0 utilizing the arch 
rib section properties, provided reinforcement, and allowable stresses.  The arch rib sections were input into 
the program as symmetric, and interaction diagrams were plotted assuming unconfined concrete.   
 

14. Services loads from the STAAD output were charted on axial-moment interaction diagrams for each arch rib 
section for the appropriate arch rib members, and the ratio of the governing load effects to the capacity 
shown on the interaction diagram were used in order to determine the capacity to demand ratios for each 
member. 
 

15. Based on photographs from the field investigation and field measurements from previous analysis, 1/8" 
deep section loss was assumed for the reinforcing steel in arch ribs in the As-Inspected analysis. 
 

Based on the results of the structural analysis for the original design loading, the capacity to demand ratios for the 
arch ribs are above 1.0 for all analysis alternatives.  The As-Built capacity to demand ratio was calculated to be 1.11, 
indicating that the arch ribs satisfy the original design criteria for the structure.  The As-Configured capacity to 
demand ratio is 1.07 due to the added dead load from the concrete wearing surface and newer bridge railing.  The 
As-Inspected capacity to demand ratio is 1.22.  For this analysis alternative, despite the decrease in reinforcing steel 
area due to section loss, the capacity to demand ratio increases because the arch ribs function primarily in 
compression and ultimate compressive strength is increased in this alternative due to concrete testing. 
 
The capacity to demand ratios for the longitudinal spandrel beams for modern pedestrian bridges loadings are shown 
in Table 5. 

 
All capacity to demand ratios for the arch ribs are above 1.0 under current pedestrian bridge design loads.  The As-
Built capacity to demand ratio is 1.14 for Inventory level and 1.55 for Operating level, indicating that the arch ribs in 
the original structure was designed with sufficient strength to carry these modern loads.  The As-Inspected capacity 
to demand ratio is 1.23 for Inventory level and 1.69 for Operating level.  Despite accounting for additional loads and 
section loss of reinforcing steel, the capacity to demand ratios for the arch ribs in the As-Inspected condition are 
higher than those in the As-Built because of the additional compressive strength considered due to concrete testing.  
Because arch ribs function primarily as compression members, this higher strength provides a significant increase in 
capacity.  As such, the analysis results indicate that the arch ribs are capable of carrying modern pedestrian design 
loads in its current configuration with all existing factors included. 

Table 5 – Summary of structural analysis results (presented as capacity to demand ratios at both Inventory and Operating levels) for the 
arch ribs based on modern pedestrian bridge loads. 

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Inventory 
(90 psf)

Operating 
(90 psf + H5)

Arch Rib 1.14 1.55 1.07 1.50 1.23 1.69

As-Inspected
Bridge Element

Capacity-to-Demand Ratios (ASD)
As-Built As-Configured
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CONCLUSIONS AND RECOMMENDATIONS 
 
Based on the results of the structural analysis for original design loads with design-level ASD allowable stresses, the 
primary load carrying bridge elements exceed the 1.0 capacity to demand ratio utilizing ASD methodology where a 
factor of 0.4 was used for the allowable stresses of the concrete and a factor of approximately 0.5 was used for steel, 
per AASHTO Article 8.15.2.  TranSystems believes the results of our analysis best corroborate the original design 
intent of the structure and demonstrates that the bridge has sufficient structural capacity to carry the loading specified 
at the time of construction.  Furthermore, our analysis verifies that based on the current configuration and condition of 
the bridge, the bridge components maintain their safe loading capacity.  
 
In addition, TranSystems performed a structural analysis of the bridge for modern code-prescribed design loadings.  
This analysis is based on a 90 psf pedestrian loading at the Inventory level, and a 90 psf pedestrian loading in 
conjunction with an H5 Truck (5-ton maintenance vehicle) at the Operating level.  For this analysis, allowable 
stresses for Inventory and Operating levels utilized for reinforcing steel and concrete are based on AASHTO MBE 
Tables 6B.5.2.3-1 and 6B.5.2.4.1-1.  The capacity to demand ratios for the longitudinal spandrel members and arch 
ribs are all above 1.0 for all three analysis alternatives.  The capacity to demand ratios for the deck are above 1.0 for 
the As-Built and As-Inspected analysis alternatives, while the capacity to demand ratio for the As-Configured analysis 
alternative is 0.98.  Overall, these results indicate the bridge is capable of carrying these modern design loads in its 
originally constructed state and in its current condition. 
 
Based on the results of the analysis, the capacity of the primary structural members, in both Inventory and Operating 
cases, exceed the existing loading condition of the bridge and our recommended future loading cases (representing 
modern-day loads) and therefore bridge rehabilitation would not require structural strengthening or replacement due 
to their load-carrying capacity.   
 
In conjunction with the concrete material testing results [see TranSystems’ Letter: Lake Park Arch Bridge over Ravine 
Road – Concrete Testing Results dated June 18, 2018], epoxy injection of the cracks and structural patching of the 
bridge would be recommended where shallow depth concrete repairs with doweled-in rebar mesh could be 
implemented for long term aesthetic improvements.  These types of concrete repairs, along with the application of a 
concrete sealant as a 5 year routine maintenance item, would prevent further concrete and steel deterioration and 
would eliminate potential falling hazards due to spalling concrete and extend the service life for another 50 years. 
 
 
If you have any questions, comments, or require further information, please contact me at wrweir@transystems.com 
or 216-408-5394. 
 
Very truly yours, 
 
 
Wesley Weir, P.E. 
Senior Bridge Engineer / Vice President 
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ALPHA 5e006
DAMP 0.05
TYPE CONCRETE
STRENGTH FCU 576
ISOTROPIC STEEL
E 4.176e+006
POISSON 0.3
DENSITY 0.489024
ALPHA 6e006
DAMP 0.03
TYPE STEEL
STRENGTH FY 5184 FU 8352 RY 1.5 RT 1.2
END DEFINE MATERIAL

MEMBER PROPERTY AMERICAN
1 TO 40 PRIS YD 4.5 ZD 1
50 TO 62 PRIS YD 0.6667 ZD 3
70 TO 81 PRIS YD 3.167 ZD 1

CONSTANTS
MATERIAL CONCRETE ALL

MEMBER RELEASE
50 51 61 62 BOTH MY MZ
70 71 START MY MZ
70 71 END MY MZ FX
80 81 END MY MZ
80 81 START MY MZ FX
52 TO 55 57 TO 60 START MY MZ

SUPPORTS
1 41 FIXED

LOAD 1 LOADTYPE Dead TITLE DEAD LOADS
*ARCH LOAD
SELFWEIGHT Y 1.0 LIST 1 TO 40
MEMBER LOAD
1 TO 40 UNI GY 0.103

*DECK AND PARAPET (ASBUILT)
MEMBER LOAD
70 TO 81 UNI GY 0.98

****DECK AND PARAPET (ASCONFIGURED/ASINSPECTED)
***MEMBER LOAD
***70 TO 81 UNI GY 1.13

*TRANSVERSE WALLS
JOINT LOAD
5 37 FY 9.9
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13 29 FY 4.5
21 FY 2.7

*STRUTS
JOINT LOAD
9 17 25 33 FY 1.2

*SPANDREL WALLS
MEMBER LOAD
70 71 80 81 UNI GY 0.40
MEMBER LOAD
72 TRAP GY 0.50 0.40
73 TRAP GY 0.40 0.30
74 TRAP GY 0.30 0.20
75 TRAP GY 0.20 0.10
76 TRAP GY 0.10 0.20
77 TRAP GY 0.20 0.30
78 TRAP GY 0.30 0.40
79 TRAP GY 0.40 0.50
MEMBER LOAD
4 5 36 37 UNI GY 1.18

LOAD 2 LOADTYPE Live TITLE LIVE LOAD 1
MEMBER LOAD
73 UNI GY 0.48 3.25 6
74 TO 77 UNI GY 0.48
78 UNI GY 0.48 0 2.75

LOAD 3 LOADTYPE Live TITLE LIVE LOAD 2
MEMBER LOAD
70 TO 72 79 TO 81 UNI GY 0.48
73 UNI GY 0.48 0 3.25
78 UNI GY 0.48 2.75 6

LOAD 4 LOADTYPE Live TITLE LIVE LOAD 3
MEMBER LOAD
73 UNI GY 0.48 3.25 6
74 TO 81 UNI GY 0.48

LOAD 5 LOADTYPE Live TITLE LIVE LOAD 4
MEMBER LOAD
70 TO 72 UNI GY 0.48
73 UNI GY 0.48 0 3.25

LOAD 6 LOADTYPE Live TITLE LIVE LOAD 5
MEMBER LOAD
70 TO 77 UNI GY 0.48
78 UNI GY 0.48 0 2.75

LOAD 7 LOADTYPE Live TITLE LIVE LOAD 6
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MEMBER LOAD
78 UNI GY 0.48 2.75 6
79 TO 81 UNI GY 0.48

LOAD 8 LOADTYPE Live TITLE LIVE LOAD 7
MEMBER LOAD
70 TO 81 UNI GY 0.48

LOAD COMB 11 DL + LL1
1 1.0 2 1.0

LOAD COMB 12 DL + LL2
1 1.0 3 1.0

LOAD COMB 13 DL + LL3
1 1.0 4 1.0

LOAD COMB 14 DL + LL4
1 1.0 5 1.0

LOAD COMB 15 DL + LL5
1 1.0 6 1.0

LOAD COMB 16 DL + LL6
1 1.0 7 1.0

LOAD COMB 17 DL + LL7
1 1.0 8 1.0

PERFORM ANALYSIS
FINISH
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 Job Information
 Engineer Checked Approved

Name: DWC SFH
Date: 12-Jul-18 25-Jul-18

Project ID
Project Name

Comments

ARCH RIBS

Structure Type SPACE FRAME

Number of Nodes 54 Highest Node 62
Number of Elements 65 Highest Beam 81

Number of Basic Load Cases -2
Number of Combination Load Cases 7

Included in this printout are data for:
All The Whole Structure

Included in this printout are results for load cases:
Type L/C Name

Primary 1 DEAD LOADS
Primary 2 LIVE LOAD 1
Primary 3 LIVE LOAD 2
Primary 4 LIVE LOAD 3
Primary 5 LIVE LOAD 4
Primary 6 LIVE LOAD 5
Primary 7 LIVE LOAD 6
Primary 8 LIVE LOAD 7

Combination 11 DL + LL1
Combination 12 DL + LL2
Combination 13 DL + LL3
Combination 14 DL + LL4
Combination 15 DL + LL5
Combination 16 DL + LL6
Combination 17 DL + LL7
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3D Rendered View

Load 1 (SELF Y)
X

Y
Z

Dead Load
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 Beam End Forces
Sign convention is as the action of the joint on the beam.

 Axial  Shear  Torsion  Bending
Beam Node L/C Fx

(ki )
Fy

(ki )
F

(ki )
x

(ki -ft)
y

(ki -ft) (ki -ft)
1 1 1:DEAD LOADS  277.325  3.318  0.000  0.000  0.000  144.802

11:DL + LL1  297.037 -1.059  0.000  0.000  0.000  113.143
12:DL + LL2  308.484  5.237  0.000  0.000  0.000  179.439
13:DL + LL3  309.006 -5.648  0.000  0.000  0.000  53.642
14:DL + LL4  296.514  9.826  0.000  0.000  0.000  238.940
15:DL + LL5  316.226  5.450  0.000  0.000  0.000  207.282
16:DL + LL6  289.295 -1.271  0.000  0.000  0.000  85.300
17:DL + LL7  328.195  0.860  0.000  0.000  0.000  147.780

2 1:DEAD LOADS -275.931 -1.174  0.000  0.000  0.000 -137.433
11:DL + LL1 -295.642  3.203  0.000  0.000  0.000 -120.133
12:DL + LL2 -307.089 -3.094  0.000  0.000  0.000 -165.773
13:DL + LL3 -307.612  7.792  0.000  0.000  0.000 -75.687
14:DL + LL4 -295.120 -7.683  0.000  0.000  0.000 -210.219
15:DL + LL5 -314.831 -3.306  0.000  0.000  0.000 -192.920
16:DL + LL6 -287.900  3.415  0.000  0.000  0.000 -92.987
17:DL + LL7 -326.801  1.283  0.000  0.000  0.000 -148.474

2 2 1:DEAD LOADS  275.764  9.655  0.000  0.000  0.000  137.433
11:DL + LL1  295.601  5.887  0.000  0.000  0.000  120.133
12:DL + LL2  306.849  12.532  0.000  0.000  0.000  165.773
13:DL + LL3  307.706  1.668  0.000  0.000  0.000  75.687
14:DL + LL4  294.744  16.751  0.000  0.000  0.000  210.219
15:DL + LL5  314.581  12.982  0.000  0.000  0.000  192.920
16:DL + LL6  287.869  5.436  0.000  0.000  0.000  92.987
17:DL + LL7  326.686  8.763  0.000  0.000  0.000  148.474

3 1:DEAD LOADS -274.462 -7.512  0.000  0.000  0.000 -109.812
11:DL + LL1 -294.298 -3.743  0.000  0.000  0.000 -104.640
12:DL + LL2 -305.547 -10.388  0.000  0.000  0.000 -128.897
13:DL + LL3 -306.403  0.476  0.000  0.000  0.000 -73.770
14:DL + LL4 -293.442 -14.607  0.000  0.000  0.000 -159.767
15:DL + LL5 -313.278 -10.838  0.000  0.000  0.000 -154.596
16:DL + LL6 -286.567 -3.293  0.000  0.000  0.000 -78.942
17:DL + LL7 -325.383 -6.619  0.000  0.000  0.000 -123.725

3 3 1:DEAD LOADS  274.108  15.819  0.000  0.000  0.000  109.812
11:DL + LL1  294.050  12.652  0.000  0.000  0.000  104.640
12:DL + LL2  305.092  19.635  0.000  0.000  0.000  128.897
13:DL + LL3  306.277  8.802  0.000  0.000  0.000  73.770
14:DL + LL4  292.865  23.485  0.000  0.000  0.000  159.767
15:DL + LL5  312.806  20.319  0.000  0.000  0.000  154.596
16:DL + LL6  286.336  11.968  0.000  0.000  0.000  78.942
17:DL + LL7  325.034  16.468  0.000  0.000  0.000  123.725

4 1:DEAD LOADS -272.893 -13.675  0.000  0.000  0.000 -63.195
11:DL + LL1 -292.835 -10.508  0.000  0.000  0.000 -68.033
12:DL + LL2 -303.877 -17.491  0.000  0.000  0.000 -70.217
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 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

13:DL + LL3 -305.062 -6.658  0.000  0.000  0.000 -49.335
14:DL + LL4 -291.649 -21.341  0.000  0.000  0.000 -88.915
15:DL + LL5 -311.591 -18.175  0.000  0.000  0.000 -93.753
16:DL + LL6 -285.120 -9.824  0.000  0.000  0.000 -44.497
17:DL + LL7 -323.818 -14.324  0.000  0.000  0.000 -75.055

4 4 1:DEAD LOADS  272.368  21.760  0.000  0.000  0.000  63.195
11:DL + LL1  292.394  19.186  0.000  0.000  0.000  68.033
12:DL + LL2  303.225  26.493  0.000  0.000  0.000  70.217
13:DL + LL3  304.730  15.699  0.000  0.000  0.000  49.335
14:DL + LL4  290.889  29.979  0.000  0.000  0.000  88.915
15:DL + LL5  310.915  27.405  0.000  0.000  0.000  93.753
16:DL + LL6  284.704  18.273  0.000  0.000  0.000  44.497
17:DL + LL7  323.251  23.919  0.000  0.000  0.000  75.055

5 1:DEAD LOADS -269.520 -16.371  0.000  0.000  0.000 -3.897
11:DL + LL1 -289.547 -13.797  0.000  0.000  0.000 -16.741
12:DL + LL2 -300.377 -21.104  0.000  0.000  0.000  3.802
13:DL + LL3 -301.883 -10.311  0.000  0.000  0.000 -8.886
14:DL + LL4 -288.041 -24.590  0.000  0.000  0.000 -4.053
15:DL + LL5 -308.068 -22.016  0.000  0.000  0.000 -16.897
16:DL + LL6 -281.857 -12.885  0.000  0.000  0.000  3.957
17:DL + LL7 -320.404 -18.530  0.000  0.000  0.000 -9.042

5 5 1:DEAD LOADS  252.759 -8.361  0.000  0.000  0.000  3.897
11:DL + LL1  272.855 -10.324  0.000  0.000  0.000  16.741
12:DL + LL2  279.762 -10.233  0.000  0.000  0.000 -3.802
13:DL + LL3  285.292 -13.433  0.000  0.000  0.000  8.886
14:DL + LL4  267.325 -7.124  0.000  0.000  0.000  4.053
15:DL + LL5  287.421 -9.087  0.000  0.000  0.000  16.897
16:DL + LL6  265.196 -11.470  0.000  0.000  0.000 -3.957
17:DL + LL7  299.857 -12.196  0.000  0.000  0.000  9.042

6 1:DEAD LOADS -249.879  14.239  0.000  0.000  0.000 -41.649
11:DL + LL1 -269.975  16.202  0.000  0.000  0.000 -61.049
12:DL + LL2 -276.881  16.112  0.000  0.000  0.000 -40.205
13:DL + LL3 -282.411  19.311  0.000  0.000  0.000 -63.581
14:DL + LL4 -264.445  13.003  0.000  0.000  0.000 -37.674
15:DL + LL5 -284.540  14.966  0.000  0.000  0.000 -57.074
16:DL + LL6 -262.315  17.348  0.000  0.000  0.000 -44.180
17:DL + LL7 -296.977  18.075  0.000  0.000  0.000 -59.606

6 6 1:DEAD LOADS  250.202 -6.393  0.000  0.000  0.000  41.649
11:DL + LL1  270.350 -7.725  0.000  0.000  0.000  61.049
12:DL + LL2  277.250 -7.418  0.000  0.000  0.000  40.205
13:DL + LL3  282.878 -10.442  0.000  0.000  0.000  63.581
14:DL + LL4  264.722 -4.701  0.000  0.000  0.000  37.674
15:DL + LL5  284.870 -6.032  0.000  0.000  0.000  57.074
16:DL + LL6  262.730 -9.111  0.000  0.000  0.000  44.180
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 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

17:DL + LL7  297.398 -8.749  0.000  0.000  0.000  59.606
7 1:DEAD LOADS -249.146  8.732  0.000  0.000  0.000 -66.543

11:DL + LL1 -269.294  10.063  0.000  0.000  0.000 -90.327
12:DL + LL2 -276.194  9.756  0.000  0.000  0.000 -68.472
13:DL + LL3 -281.822  12.780  0.000  0.000  0.000 -101.803
14:DL + LL4 -263.666  7.039  0.000  0.000  0.000 -56.996
15:DL + LL5 -283.814  8.370  0.000  0.000  0.000 -80.779
16:DL + LL6 -261.674  11.449  0.000  0.000  0.000 -78.020
17:DL + LL7 -296.342  11.088  0.000  0.000  0.000 -92.256

7 7 1:DEAD LOADS  249.297 -1.038  0.000  0.000  0.000  66.543
11:DL + LL1  269.476 -1.747  0.000  0.000  0.000  90.327
12:DL + LL2  276.363 -1.227  0.000  0.000  0.000  68.472
13:DL + LL3  282.082 -4.076  0.000  0.000  0.000  101.803
14:DL + LL4  263.758  1.102  0.000  0.000  0.000  56.996
15:DL + LL5  283.937  0.393  0.000  0.000  0.000  80.779
16:DL + LL6  261.903 -3.367  0.000  0.000  0.000  78.020
17:DL + LL7  296.543 -1.936  0.000  0.000  0.000  92.256

8 1:DEAD LOADS -248.327  3.377  0.000  0.000  0.000 -73.713
11:DL + LL1 -268.506  4.085  0.000  0.000  0.000 -99.799
12:DL + LL2 -275.393  3.566  0.000  0.000  0.000 -76.256
13:DL + LL3 -281.111  6.415  0.000  0.000  0.000 -118.841
14:DL + LL4 -262.787  1.236  0.000  0.000  0.000 -57.214
15:DL + LL5 -282.966  1.945  0.000  0.000  0.000 -83.300
16:DL + LL6 -260.932  5.706  0.000  0.000  0.000 -92.755
17:DL + LL7 -295.572  4.275  0.000  0.000  0.000 -102.342

8 8 1:DEAD LOADS  248.313  4.274  0.000  0.000  0.000  73.713
11:DL + LL1  268.504  4.187  0.000  0.000  0.000  99.799
12:DL + LL2  275.372  4.918  0.000  0.000  0.000  76.256
13:DL + LL3  281.176  2.247  0.000  0.000  0.000  118.841
14:DL + LL4  262.701  6.858  0.000  0.000  0.000  57.214
15:DL + LL5  282.892  6.771  0.000  0.000  0.000  83.300
16:DL + LL6  260.984  2.334  0.000  0.000  0.000  92.755
17:DL + LL7  295.563  4.831  0.000  0.000  0.000  102.342

9 1:DEAD LOADS -247.426 -1.935  0.000  0.000  0.000 -63.752
11:DL + LL1 -267.617 -1.848  0.000  0.000  0.000 -90.117
12:DL + LL2 -274.485 -2.580  0.000  0.000  0.000 -64.227
13:DL + LL3 -280.288  0.092  0.000  0.000  0.000 -115.384
14:DL + LL4 -261.813 -4.520  0.000  0.000  0.000 -38.961
15:DL + LL5 -282.005 -4.433  0.000  0.000  0.000 -65.325
16:DL + LL6 -260.097  0.005  0.000  0.000  0.000 -89.019
17:DL + LL7 -294.676 -2.493  0.000  0.000  0.000 -90.592

9 9 1:DEAD LOADS  246.864  8.235  0.000  0.000  0.000  63.752
11:DL + LL1  267.049  8.755  0.000  0.000  0.000  90.117
12:DL + LL2  273.892  9.692  0.000  0.000  0.000  64.227
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 Beam End Forces Cont
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(ki )
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(ki )

F
(ki )

x
(ki -ft)

y
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13:DL + LL3  279.773  7.196  0.000  0.000  0.000  115.384
14:DL + LL4  261.168  11.251  0.000  0.000  0.000  38.961
15:DL + LL5  281.353  11.770  0.000  0.000  0.000  65.325
16:DL + LL6  259.588  6.676  0.000  0.000  0.000  89.019
17:DL + LL7  294.077  10.212  0.000  0.000  0.000  90.592

10 1:DEAD LOADS -246.056 -5.896  0.000  0.000  0.000 -41.328
11:DL + LL1 -266.241 -6.416  0.000  0.000  0.000 -66.042
12:DL + LL2 -273.084 -7.354  0.000  0.000  0.000 -37.177
13:DL + LL3 -278.965 -4.858  0.000  0.000  0.000 -96.255
14:DL + LL4 -260.360 -8.912  0.000  0.000  0.000 -6.964
15:DL + LL5 -280.545 -9.432  0.000  0.000  0.000 -31.679
16:DL + LL6 -258.781 -4.338  0.000  0.000  0.000 -71.540
17:DL + LL7 -293.269 -7.873  0.000  0.000  0.000 -61.892

10 10 1:DEAD LOADS  245.772  13.220  0.000  0.000  0.000  41.328
11:DL + LL1  265.932  14.340  0.000  0.000  0.000  66.042
12:DL + LL2  272.744  15.481  0.000  0.000  0.000  37.177
13:DL + LL3  278.697  13.161  0.000  0.000  0.000  96.255
14:DL + LL4  259.979  16.660  0.000  0.000  0.000  6.964
15:DL + LL5  280.140  17.780  0.000  0.000  0.000  31.679
16:DL + LL6  258.537  12.041  0.000  0.000  0.000  71.540
17:DL + LL7  292.905  16.602  0.000  0.000  0.000  61.892

11 1:DEAD LOADS -245.041 -10.881  0.000  0.000  0.000 -3.454
11:DL + LL1 -265.202 -12.002  0.000  0.000  0.000 -24.647
12:DL + LL2 -272.014 -13.143  0.000  0.000  0.000  7.804
13:DL + LL3 -277.967 -10.823  0.000  0.000  0.000 -58.564
14:DL + LL4 -259.249 -14.321  0.000  0.000  0.000  41.722
15:DL + LL5 -279.409 -15.442  0.000  0.000  0.000  20.529
16:DL + LL6 -257.806 -9.702  0.000  0.000  0.000 -37.371
17:DL + LL7 -292.174 -14.263  0.000  0.000  0.000 -13.389

11 11 1:DEAD LOADS  244.610  18.159  0.000  0.000  0.000  3.454
11:DL + LL1  264.728  19.878  0.000  0.000  0.000  24.647
12:DL + LL2  271.503  21.221  0.000  0.000  0.000 -7.804
13:DL + LL3  277.522  19.079  0.000  0.000  0.000  58.564
14:DL + LL4  258.709  22.020  0.000  0.000  0.000 -41.722
15:DL + LL5  278.827  23.739  0.000  0.000  0.000 -20.529
16:DL + LL6  257.404  17.360  0.000  0.000  0.000  37.371
17:DL + LL7  291.621  22.940  0.000  0.000  0.000  13.389

12 1:DEAD LOADS -243.955 -15.820  0.000  0.000  0.000  49.475
11:DL + LL1 -264.073 -17.540  0.000  0.000  0.000  33.638
12:DL + LL2 -270.848 -18.883  0.000  0.000  0.000  70.273
13:DL + LL3 -276.867 -16.741  0.000  0.000  0.000 -2.768
14:DL + LL4 -258.054 -19.681  0.000  0.000  0.000  106.679
15:DL + LL5 -278.172 -21.401  0.000  0.000  0.000  90.842
16:DL + LL6 -256.749 -15.022  0.000  0.000  0.000  13.069
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 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
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17:DL + LL7 -290.967 -20.602  0.000  0.000  0.000  54.436
12 12 1:DEAD LOADS  243.387  22.957  0.000  0.000  0.000 -49.475

11:DL + LL1  263.446  25.264  0.000  0.000  0.000 -33.638
12:DL + LL2  270.179  26.805  0.000  0.000  0.000 -70.273
13:DL + LL3  276.259  24.841  0.000  0.000  0.000  2.768
14:DL + LL4  257.367  27.229  0.000  0.000  0.000 -106.679
15:DL + LL5  277.426  29.537  0.000  0.000  0.000 -90.842
16:DL + LL6  256.199  22.533  0.000  0.000  0.000 -13.069
17:DL + LL7  290.239  29.113  0.000  0.000  0.000 -54.436

13 1:DEAD LOADS -242.806 -20.618  0.000  0.000  0.000  116.829
11:DL + LL1 -262.865 -22.926  0.000  0.000  0.000  108.125
12:DL + LL2 -269.598 -24.467  0.000  0.000  0.000  149.523
13:DL + LL3 -275.677 -22.502  0.000  0.000  0.000  70.409
14:DL + LL4 -256.786 -24.891  0.000  0.000  0.000  187.240
15:DL + LL5 -276.845 -27.198  0.000  0.000  0.000  178.536
16:DL + LL6 -255.618 -20.195  0.000  0.000  0.000  79.112
17:DL + LL7 -289.657 -26.774  0.000  0.000  0.000  140.820

13 13 1:DEAD LOADS  229.422 -7.279  0.000  0.000  0.000 -116.829
11:DL + LL1  248.670 -5.136  0.000  0.000  0.000 -108.125
12:DL + LL2  253.855 -10.674  0.000  0.000  0.000 -149.523
13:DL + LL3  261.999 -3.443  0.000  0.000  0.000 -70.409
14:DL + LL4  240.527 -12.367  0.000  0.000  0.000 -187.240
15:DL + LL5  259.775 -10.224  0.000  0.000  0.000 -178.536
16:DL + LL6  242.751 -5.586  0.000  0.000  0.000 -79.112
17:DL + LL7  273.103 -8.531  0.000  0.000  0.000 -140.820

14 1:DEAD LOADS -228.912  9.618  0.000  0.000  0.000  90.888
11:DL + LL1 -248.160  7.475  0.000  0.000  0.000  88.765
12:DL + LL2 -253.345  13.012  0.000  0.000  0.000  113.160
13:DL + LL3 -261.489  5.782  0.000  0.000  0.000  56.246
14:DL + LL4 -240.017  14.705  0.000  0.000  0.000  145.679
15:DL + LL5 -259.265  12.562  0.000  0.000  0.000  143.555
16:DL + LL6 -242.241  7.925  0.000  0.000  0.000  58.369
17:DL + LL7 -272.593  10.869  0.000  0.000  0.000  111.036

14 14 1:DEAD LOADS  229.096 -2.946  0.000  0.000  0.000 -90.888
11:DL + LL1  248.273 -0.243  0.000  0.000  0.000 -88.765
12:DL + LL2  253.617 -5.627  0.000  0.000  0.000 -113.160
13:DL + LL3  261.546  1.837  0.000  0.000  0.000 -56.246
14:DL + LL4  240.343 -7.707  0.000  0.000  0.000 -145.679
15:DL + LL5  259.521 -5.005  0.000  0.000  0.000 -143.555
16:DL + LL6  242.369 -0.865  0.000  0.000  0.000 -58.369
17:DL + LL7  272.794 -2.924  0.000  0.000  0.000 -111.036

15 1:DEAD LOADS -228.657  5.284  0.000  0.000  0.000  78.328
11:DL + LL1 -247.834  2.581  0.000  0.000  0.000  84.454
12:DL + LL2 -253.178  7.966  0.000  0.000  0.000  92.415
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 Print Time/Date: 27/07/2018 14:44 Print Run 6 of 8STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

13:DL + LL3 -261.108  0.501  0.000  0.000  0.000  58.285
14:DL + LL4 -239.905  10.046  0.000  0.000  0.000  118.584
15:DL + LL5 -259.082  7.343  0.000  0.000  0.000  124.710
16:DL + LL6 -241.930  3.204  0.000  0.000  0.000  52.159
17:DL + LL7 -272.355  5.263  0.000  0.000  0.000  98.541

15 15 1:DEAD LOADS  217.294 -1.769  0.000  0.000  0.000 -78.328
11:DL + LL1  234.829  0.677  0.000  0.000  0.000 -84.454
12:DL + LL2  240.852 -4.636  0.000  0.000  0.000 -92.415
13:DL + LL3  247.973  1.049  0.000  0.000  0.000 -58.285
14:DL + LL4  227.709 -5.009  0.000  0.000  0.000 -118.584
15:DL + LL5  245.244 -2.563  0.000  0.000  0.000 -124.710
16:DL + LL6  230.437 -1.397  0.000  0.000  0.000 -52.159
17:DL + LL7  258.388 -2.190  0.000  0.000  0.000 -98.541

16 1:DEAD LOADS -216.924  4.108  0.000  0.000  0.000  69.403
11:DL + LL1 -234.460  1.662  0.000  0.000  0.000  82.959
12:DL + LL2 -240.483  6.975  0.000  0.000  0.000  74.783
13:DL + LL3 -247.603  1.289  0.000  0.000  0.000  57.922
14:DL + LL4 -227.339  7.347  0.000  0.000  0.000  99.820
15:DL + LL5 -244.875  4.901  0.000  0.000  0.000  113.375
16:DL + LL6 -230.068  3.735  0.000  0.000  0.000  44.366
17:DL + LL7 -258.018  4.529  0.000  0.000  0.000  88.338

16 16 1:DEAD LOADS  216.953  2.057  0.000  0.000  0.000 -69.403
11:DL + LL1  234.412  5.000  0.000  0.000  0.000 -82.959
12:DL + LL2  240.584 -0.140  0.000  0.000  0.000 -74.783
13:DL + LL3  247.540  5.746  0.000  0.000  0.000 -57.922
14:DL + LL4  227.456 -0.886  0.000  0.000  0.000 -99.820
15:DL + LL5  244.915  2.058  0.000  0.000  0.000 -113.375
16:DL + LL6  230.081  2.802  0.000  0.000  0.000 -44.366
17:DL + LL7  258.043  2.803  0.000  0.000  0.000 -88.338

17 1:DEAD LOADS -216.652  0.282  0.000  0.000  0.000  72.087
11:DL + LL1 -234.110 -2.661  0.000  0.000  0.000  94.546
12:DL + LL2 -240.282  2.478  0.000  0.000  0.000  70.823
13:DL + LL3 -247.238 -3.407  0.000  0.000  0.000  71.765
14:DL + LL4 -227.155  3.224  0.000  0.000  0.000  93.604
15:DL + LL5 -244.613  0.281  0.000  0.000  0.000  116.063
16:DL + LL6 -229.779 -0.464  0.000  0.000  0.000  49.306
17:DL + LL7 -257.741 -0.465  0.000  0.000  0.000  93.282

17 17 1:DEAD LOADS  196.905 -1.434  0.000  0.000  0.000 -72.087
11:DL + LL1  211.215  0.170  0.000  0.000  0.000 -94.546
12:DL + LL2  219.385 -3.416  0.000  0.000  0.000 -70.823
13:DL + LL3  224.110  1.040  0.000  0.000  0.000 -71.765
14:DL + LL4  206.490 -4.285  0.000  0.000  0.000 -93.604
15:DL + LL5  220.799 -2.682  0.000  0.000  0.000 -116.063
16:DL + LL6  209.801 -0.564  0.000  0.000  0.000 -49.306



Software licensed to TranSystems

  Job Title

  Client

  Job No   Sheet No   Rev

  Part

  Ref

  By   Date  Chd

 File  Date/Time

 7 

LAKE PARK ARCH BRIDGE LOAD RATING

DWC 12-Jul-18 SFH

26-Jul-2018 15:18Lake Park Arch.std

 Print Time/Date: 27/07/2018 14:44 Print Run 7 of 8STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )
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(ki )

F
(ki )

x
(ki -ft)

y
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17:DL + LL7  233.694 -1.812  0.000  0.000  0.000 -93.282
18 1:DEAD LOADS -196.672  3.772  0.000  0.000  0.000  64.240

11:DL + LL1 -210.982  2.169  0.000  0.000  0.000  91.533
12:DL + LL2 -219.152  5.754  0.000  0.000  0.000  57.000
13:DL + LL3 -223.877  1.299  0.000  0.000  0.000  71.374
14:DL + LL4 -206.257  6.624  0.000  0.000  0.000  77.159
15:DL + LL5 -220.566  5.020  0.000  0.000  0.000  104.453
16:DL + LL6 -209.567  2.903  0.000  0.000  0.000  44.081
17:DL + LL7 -233.461  4.150  0.000  0.000  0.000  84.294

18 18 1:DEAD LOADS  196.701  1.760  0.000  0.000  0.000 -64.240
11:DL + LL1  210.959  3.766  0.000  0.000  0.000 -91.533
12:DL + LL2  219.227  0.411  0.000  0.000  0.000 -57.000
13:DL + LL3  223.825  4.998  0.000  0.000  0.000 -71.374
14:DL + LL4  206.361 -0.821  0.000  0.000  0.000 -77.159
15:DL + LL5  220.620  1.185  0.000  0.000  0.000 -104.453
16:DL + LL6  209.566  2.992  0.000  0.000  0.000 -44.081
17:DL + LL7  233.486  2.417  0.000  0.000  0.000 -84.294

19 1:DEAD LOADS -196.534  0.579  0.000  0.000  0.000  66.016
11:DL + LL1 -210.792 -1.427  0.000  0.000  0.000  99.342
12:DL + LL2 -219.060  1.927  0.000  0.000  0.000  54.720
13:DL + LL3 -223.658 -2.659  0.000  0.000  0.000  82.888
14:DL + LL4 -206.195  3.160  0.000  0.000  0.000  71.173
15:DL + LL5 -220.453  1.154  0.000  0.000  0.000  104.498
16:DL + LL6 -209.399 -0.653  0.000  0.000  0.000  49.563
17:DL + LL7 -233.319 -0.078  0.000  0.000  0.000  88.045

19 19 1:DEAD LOADS  176.064  0.123  0.000  0.000  0.000 -66.016
11:DL + LL1  187.032  0.565  0.000  0.000  0.000 -99.342
12:DL + LL2  197.486 -0.713  0.000  0.000  0.000 -54.720
13:DL + LL3  198.834  2.014  0.000  0.000  0.000 -82.888
14:DL + LL4  185.684 -2.162  0.000  0.000  0.000 -71.173
15:DL + LL5  196.652 -1.720  0.000  0.000  0.000 -104.498
16:DL + LL6  187.866  1.572  0.000  0.000  0.000 -49.563
17:DL + LL7  208.454 -0.271  0.000  0.000  0.000 -88.045

20 1:DEAD LOADS -175.965  2.215  0.000  0.000  0.000  62.875
11:DL + LL1 -186.933  1.773  0.000  0.000  0.000  97.528
12:DL + LL2 -197.387  3.052  0.000  0.000  0.000  49.067
13:DL + LL3 -198.735  0.324  0.000  0.000  0.000  85.425
14:DL + LL4 -185.585  4.501  0.000  0.000  0.000  61.170
15:DL + LL5 -196.553  4.059  0.000  0.000  0.000  95.822
16:DL + LL6 -187.767  0.766  0.000  0.000  0.000  50.773
17:DL + LL7 -208.355  2.610  0.000  0.000  0.000  83.720

20 20 1:DEAD LOADS  175.958  2.707  0.000  0.000  0.000 -62.875
11:DL + LL1  186.909  3.456  0.000  0.000  0.000 -97.528
12:DL + LL2  197.395  2.471  0.000  0.000  0.000 -49.067
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 Beam End Forces Cont
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(ki )

x
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13:DL + LL3  198.666  5.235  0.000  0.000  0.000 -85.425
14:DL + LL4  185.638  0.692  0.000  0.000  0.000 -61.170
15:DL + LL5  196.590  1.441  0.000  0.000  0.000 -95.822
16:DL + LL6  187.715  4.486  0.000  0.000  0.000 -50.773
17:DL + LL7  208.347  3.219  0.000  0.000  0.000 -83.720

21 1:DEAD LOADS -175.924 -0.369  0.000  0.000  0.000  67.490
11:DL + LL1 -186.876 -1.118  0.000  0.000  0.000  104.389
12:DL + LL2 -197.362 -0.132  0.000  0.000  0.000  52.972
13:DL + LL3 -198.633 -2.896  0.000  0.000  0.000  97.623
14:DL + LL4 -185.605  1.646  0.000  0.000  0.000  59.738
15:DL + LL5 -196.556  0.898  0.000  0.000  0.000  96.637
16:DL + LL6 -187.681 -2.148  0.000  0.000  0.000  60.724
17:DL + LL7 -208.313 -0.881  0.000  0.000  0.000  89.871
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STAAD SPACE
START JOB INFORMATION
ENGINEER DATE 12ŞJulŞ18
END JOB INFORMATION
INPUT WIDTH 79
UNIT FEET KIP
JOINT COORDINATES
1 0 0 0; 2 23.8333 0 0; 3 23.8333 0 12.5; 4 0 0 12.5; 5 0.993054 0 0;
6 0.993054 0 1.04167; 7 0 0 1.04167; 8 1.98611 0 0; 9 1.98611 0 1.04167;
10 2.97916 0 0; 11 2.97916 0 1.04167; 12 3.97222 0 0; 13 3.97222 0 1.04167;
14 4.96527 0 0; 15 4.96527 0 1.04167; 16 5.95833 0 0; 17 5.95833 0 1.04167;
18 6.95138 0 0; 19 6.95138 0 1.04167; 20 7.94443 0 0; 21 7.94443 0 1.04167;
22 8.93749 0 0; 23 8.93749 0 1.04167; 24 9.93054 0 0; 25 9.93054 0 1.04167;
26 10.9236 0 0; 27 10.9236 0 1.04167; 28 11.9167 0 0; 29 11.9167 0 1.04167;
30 12.9097 0 0; 31 12.9097 0 1.04167; 32 13.9028 0 0; 33 13.9028 0 1.04167;
34 14.8958 0 0; 35 14.8958 0 1.04167; 36 15.8889 0 0; 37 15.8889 0 1.04167;
38 16.8819 0 0; 39 16.8819 0 1.04167; 40 17.875 0 0; 41 17.875 0 1.04167;
42 18.868 0 0; 43 18.868 0 1.04167; 44 19.8611 0 0; 45 19.8611 0 1.04167;
46 20.8541 0 0; 47 20.8541 0 1.04167; 48 21.8472 0 0; 49 21.8472 0 1.04167;
50 22.8402 0 0; 51 22.8402 0 1.04167; 52 23.8333 0 1.04167;
53 0.993054 0 2.08333; 54 0 0 2.08333; 55 1.98611 0 2.08333;
56 2.97916 0 2.08333; 57 3.97222 0 2.08333; 58 4.96527 0 2.08333;
59 5.95833 0 2.08333; 60 6.95138 0 2.08333; 61 7.94443 0 2.08333;
62 8.93749 0 2.08333; 63 9.93054 0 2.08333; 64 10.9236 0 2.08333;
65 11.9167 0 2.08333; 66 12.9097 0 2.08333; 67 13.9028 0 2.08333;
68 14.8958 0 2.08333; 69 15.8889 0 2.08333; 70 16.8819 0 2.08333;
71 17.875 0 2.08333; 72 18.868 0 2.08333; 73 19.8611 0 2.08333;
74 20.8541 0 2.08333; 75 21.8472 0 2.08333; 76 22.8402 0 2.08333;
77 23.8333 0 2.08333; 78 0.993054 0 3.125; 79 0 0 3.125; 80 1.98611 0 3.125;
81 2.97916 0 3.125; 82 3.97222 0 3.125; 83 4.96527 0 3.125; 84 5.95833 0 3.125;
85 6.95138 0 3.125; 86 7.94443 0 3.125; 87 8.93749 0 3.125; 88 9.93054 0 3.125;
89 10.9236 0 3.125; 90 11.9167 0 3.125; 91 12.9097 0 3.125; 92 13.9028 0 3.125;
93 14.8958 0 3.125; 94 15.8889 0 3.125; 95 16.8819 0 3.125; 96 17.875 0 3.125;
97 18.868 0 3.125; 98 19.8611 0 3.125; 99 20.8541 0 3.125; 100 21.8472 0 3.125;
101 22.8402 0 3.125; 102 23.8333 0 3.125; 103 0.993054 0 4.16667;
104 0 0 4.16667; 105 1.98611 0 4.16667; 106 2.97916 0 4.16667;
107 3.97222 0 4.16667; 108 4.96527 0 4.16667; 109 5.95833 0 4.16667;
110 6.95138 0 4.16667; 111 7.94443 0 4.16667; 112 8.93749 0 4.16667;
113 9.93054 0 4.16667; 114 10.9236 0 4.16667; 115 11.9167 0 4.16667;
116 12.9097 0 4.16667; 117 13.9028 0 4.16667; 118 14.8958 0 4.16667;
119 15.8889 0 4.16667; 120 16.8819 0 4.16667; 121 17.875 0 4.16667;
122 18.868 0 4.16667; 123 19.8611 0 4.16667; 124 20.8541 0 4.16667;
125 21.8472 0 4.16667; 126 22.8402 0 4.16667; 127 23.8333 0 4.16667;
128 0.993054 0 5.20833; 129 0 0 5.20833; 130 1.98611 0 5.20833;
131 2.97916 0 5.20833; 132 3.97222 0 5.20833; 133 4.96527 0 5.20833;
134 5.95833 0 5.20833; 135 6.95138 0 5.20833; 136 7.94443 0 5.20833;
137 8.93749 0 5.20833; 138 9.93054 0 5.20833; 139 10.9236 0 5.20833;
140 11.9167 0 5.20833; 141 12.9097 0 5.20833; 142 13.9028 0 5.20833;
143 14.8958 0 5.20833; 144 15.8889 0 5.20833; 145 16.8819 0 5.20833;
146 17.875 0 5.20833; 147 18.868 0 5.20833; 148 19.8611 0 5.20833;
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149 20.8541 0 5.20833; 150 21.8472 0 5.20833; 151 22.8402 0 5.20833;
152 23.8333 0 5.20833; 153 0.993055 0 6.25; 154 0 0 6.25; 155 1.98611 0 6.25;
156 2.97916 0 6.25; 157 3.97222 0 6.25; 158 4.96527 0 6.25; 159 5.95833 0 6.25;
160 6.95138 0 6.25; 161 7.94443 0 6.25; 162 8.93749 0 6.25; 163 9.93054 0 6.25;
164 10.9236 0 6.25; 165 11.9167 0 6.25; 166 12.9097 0 6.25; 167 13.9028 0 6.25;
168 14.8958 0 6.25; 169 15.8889 0 6.25; 170 16.8819 0 6.25; 171 17.875 0 6.25;
172 18.868 0 6.25; 173 19.8611 0 6.25; 174 20.8541 0 6.25; 175 21.8472 0 6.25;
176 22.8402 0 6.25; 177 23.8333 0 6.25; 178 0.993055 0 7.29167;
179 0 0 7.29167; 180 1.98611 0 7.29167; 181 2.97916 0 7.29167;
182 3.97222 0 7.29167; 183 4.96527 0 7.29167; 184 5.95833 0 7.29167;
185 6.95138 0 7.29167; 186 7.94443 0 7.29167; 187 8.93749 0 7.29167;
188 9.93054 0 7.29167; 189 10.9236 0 7.29167; 190 11.9167 0 7.29167;
191 12.9097 0 7.29167; 192 13.9028 0 7.29167; 193 14.8958 0 7.29167;
194 15.8889 0 7.29167; 195 16.8819 0 7.29167; 196 17.875 0 7.29167;
197 18.868 0 7.29167; 198 19.8611 0 7.29167; 199 20.8541 0 7.29167;
200 21.8472 0 7.29167; 201 22.8402 0 7.29167; 202 23.8333 0 7.29167;
203 0.993055 0 8.33333; 204 0 0 8.33333; 205 1.98611 0 8.33333;
206 2.97916 0 8.33333; 207 3.97222 0 8.33333; 208 4.96527 0 8.33333;
209 5.95833 0 8.33333; 210 6.95138 0 8.33333; 211 7.94443 0 8.33333;
212 8.93749 0 8.33333; 213 9.93054 0 8.33333; 214 10.9236 0 8.33333;
215 11.9167 0 8.33333; 216 12.9097 0 8.33333; 217 13.9028 0 8.33333;
218 14.8958 0 8.33333; 219 15.8889 0 8.33333; 220 16.8819 0 8.33333;
221 17.875 0 8.33333; 222 18.868 0 8.33333; 223 19.8611 0 8.33333;
224 20.8541 0 8.33333; 225 21.8472 0 8.33333; 226 22.8402 0 8.33333;
227 23.8333 0 8.33333; 228 0.993055 0 9.375; 229 0 0 9.375;
230 1.98611 0 9.375; 231 2.97916 0 9.375; 232 3.97222 0 9.375;
233 4.96527 0 9.375; 234 5.95833 0 9.375; 235 6.95138 0 9.375;
236 7.94443 0 9.375; 237 8.93749 0 9.375; 238 9.93054 0 9.375;
239 10.9236 0 9.375; 240 11.9167 0 9.375; 241 12.9097 0 9.375;
242 13.9028 0 9.375; 243 14.8958 0 9.375; 244 15.8889 0 9.375;
245 16.8819 0 9.375; 246 17.875 0 9.375; 247 18.868 0 9.375;
248 19.8611 0 9.375; 249 20.8541 0 9.375; 250 21.8472 0 9.375;
251 22.8402 0 9.375; 252 23.8333 0 9.375; 253 0.993055 0 10.4167;
254 0 0 10.4167; 255 1.98611 0 10.4167; 256 2.97916 0 10.4167;
257 3.97222 0 10.4167; 258 4.96527 0 10.4167; 259 5.95833 0 10.4167;
260 6.95138 0 10.4167; 261 7.94443 0 10.4167; 262 8.93749 0 10.4167;
263 9.93054 0 10.4167; 264 10.9236 0 10.4167; 265 11.9167 0 10.4167;
266 12.9097 0 10.4167; 267 13.9028 0 10.4167; 268 14.8958 0 10.4167;
269 15.8889 0 10.4167; 270 16.8819 0 10.4167; 271 17.875 0 10.4167;
272 18.868 0 10.4167; 273 19.8611 0 10.4167; 274 20.8541 0 10.4167;
275 21.8472 0 10.4167; 276 22.8402 0 10.4167; 277 23.8333 0 10.4167;
278 0.993055 0 11.4583; 279 0 0 11.4583; 280 1.98611 0 11.4583;
281 2.97916 0 11.4583; 282 3.97222 0 11.4583; 283 4.96527 0 11.4583;
284 5.95833 0 11.4583; 285 6.95138 0 11.4583; 286 7.94443 0 11.4583;
287 8.93749 0 11.4583; 288 9.93054 0 11.4583; 289 10.9236 0 11.4583;
290 11.9167 0 11.4583; 291 12.9097 0 11.4583; 292 13.9028 0 11.4583;
293 14.8958 0 11.4583; 294 15.8889 0 11.4583; 295 16.8819 0 11.4583;
296 17.875 0 11.4583; 297 18.868 0 11.4583; 298 19.8611 0 11.4583;
299 20.8541 0 11.4583; 300 21.8472 0 11.4583; 301 22.8402 0 11.4583;
302 23.8333 0 11.4583; 303 0.993055 0 12.5; 304 1.98611 0 12.5;
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305 2.97916 0 12.5; 306 3.97222 0 12.5; 307 4.96527 0 12.5; 308 5.95833 0 12.5;
309 6.95138 0 12.5; 310 7.94443 0 12.5; 311 8.93749 0 12.5; 312 9.93054 0 12.5;
313 10.9236 0 12.5; 314 11.9167 0 12.5; 315 12.9097 0 12.5; 316 13.9028 0 12.5;
317 14.8958 0 12.5; 318 15.8889 0 12.5; 319 16.8819 0 12.5; 320 17.875 0 12.5;
321 18.868 0 12.5; 322 19.8611 0 12.5; 323 20.8541 0 12.5; 324 21.8472 0 12.5;
325 22.8402 0 12.5;
ELEMENT INCIDENCES SHELL
2 1 5 6 7; 3 5 8 9 6; 4 8 10 11 9; 5 10 12 13 11; 6 12 14 15 13; 7 14 16 17 15;
8 16 18 19 17; 9 18 20 21 19; 10 20 22 23 21; 11 22 24 25 23; 12 24 26 27 25;
13 26 28 29 27; 14 28 30 31 29; 15 30 32 33 31; 16 32 34 35 33; 17 34 36 37 35;
18 36 38 39 37; 19 38 40 41 39; 20 40 42 43 41; 21 42 44 45 43; 22 44 46 47 45;
23 46 48 49 47; 24 48 50 51 49; 25 50 2 52 51; 26 7 6 53 54; 27 6 9 55 53;
28 9 11 56 55; 29 11 13 57 56; 30 13 15 58 57; 31 15 17 59 58; 32 17 19 60 59;
33 19 21 61 60; 34 21 23 62 61; 35 23 25 63 62; 36 25 27 64 63; 37 27 29 65 64;
38 29 31 66 65; 39 31 33 67 66; 40 33 35 68 67; 41 35 37 69 68; 42 37 39 70 69;
43 39 41 71 70; 44 41 43 72 71; 45 43 45 73 72; 46 45 47 74 73; 47 47 49 75 74;
48 49 51 76 75; 49 51 52 77 76; 50 54 53 78 79; 51 53 55 80 78; 52 55 56 81 80;
53 56 57 82 81; 54 57 58 83 82; 55 58 59 84 83; 56 59 60 85 84; 57 60 61 86 85;
58 61 62 87 86; 59 62 63 88 87; 60 63 64 89 88; 61 64 65 90 89; 62 65 66 91 90;
63 66 67 92 91; 64 67 68 93 92; 65 68 69 94 93; 66 69 70 95 94; 67 70 71 96 95;
68 71 72 97 96; 69 72 73 98 97; 70 73 74 99 98; 71 74 75 100 99;
72 75 76 101 100; 73 76 77 102 101; 74 79 78 103 104; 75 78 80 105 103;
76 80 81 106 105; 77 81 82 107 106; 78 82 83 108 107; 79 83 84 109 108;
80 84 85 110 109; 81 85 86 111 110; 82 86 87 112 111; 83 87 88 113 112;
84 88 89 114 113; 85 89 90 115 114; 86 90 91 116 115; 87 91 92 117 116;
88 92 93 118 117; 89 93 94 119 118; 90 94 95 120 119; 91 95 96 121 120;
92 96 97 122 121; 93 97 98 123 122; 94 98 99 124 123; 95 99 100 125 124;
96 100 101 126 125; 97 101 102 127 126; 98 104 103 128 129; 99 103 105 130 128;
100 105 106 131 130; 101 106 107 132 131; 102 107 108 133 132;
103 108 109 134 133; 104 109 110 135 134; 105 110 111 136 135;
106 111 112 137 136; 107 112 113 138 137; 108 113 114 139 138;
109 114 115 140 139; 110 115 116 141 140; 111 116 117 142 141;
112 117 118 143 142; 113 118 119 144 143; 114 119 120 145 144;
115 120 121 146 145; 116 121 122 147 146; 117 122 123 148 147;
118 123 124 149 148; 119 124 125 150 149; 120 125 126 151 150;
121 126 127 152 151; 122 129 128 153 154; 123 128 130 155 153;
124 130 131 156 155; 125 131 132 157 156; 126 132 133 158 157;
127 133 134 159 158; 128 134 135 160 159; 129 135 136 161 160;
130 136 137 162 161; 131 137 138 163 162; 132 138 139 164 163;
133 139 140 165 164; 134 140 141 166 165; 135 141 142 167 166;
136 142 143 168 167; 137 143 144 169 168; 138 144 145 170 169;
139 145 146 171 170; 140 146 147 172 171; 141 147 148 173 172;
142 148 149 174 173; 143 149 150 175 174; 144 150 151 176 175;
145 151 152 177 176; 146 154 153 178 179; 147 153 155 180 178;
148 155 156 181 180; 149 156 157 182 181; 150 157 158 183 182;
151 158 159 184 183; 152 159 160 185 184; 153 160 161 186 185;
154 161 162 187 186; 155 162 163 188 187; 156 163 164 189 188;
157 164 165 190 189; 158 165 166 191 190; 159 166 167 192 191;
160 167 168 193 192; 161 168 169 194 193; 162 169 170 195 194;
163 170 171 196 195; 164 171 172 197 196; 165 172 173 198 197;
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166 173 174 199 198; 167 174 175 200 199; 168 175 176 201 200;
169 176 177 202 201; 170 179 178 203 204; 171 178 180 205 203;
172 180 181 206 205; 173 181 182 207 206; 174 182 183 208 207;
175 183 184 209 208; 176 184 185 210 209; 177 185 186 211 210;
178 186 187 212 211; 179 187 188 213 212; 180 188 189 214 213;
181 189 190 215 214; 182 190 191 216 215; 183 191 192 217 216;
184 192 193 218 217; 185 193 194 219 218; 186 194 195 220 219;
187 195 196 221 220; 188 196 197 222 221; 189 197 198 223 222;
190 198 199 224 223; 191 199 200 225 224; 192 200 201 226 225;
193 201 202 227 226; 194 204 203 228 229; 195 203 205 230 228;
196 205 206 231 230; 197 206 207 232 231; 198 207 208 233 232;
199 208 209 234 233; 200 209 210 235 234; 201 210 211 236 235;
202 211 212 237 236; 203 212 213 238 237; 204 213 214 239 238;
205 214 215 240 239; 206 215 216 241 240; 207 216 217 242 241;
208 217 218 243 242; 209 218 219 244 243; 210 219 220 245 244;
211 220 221 246 245; 212 221 222 247 246; 213 222 223 248 247;
214 223 224 249 248; 215 224 225 250 249; 216 225 226 251 250;
217 226 227 252 251; 218 229 228 253 254; 219 228 230 255 253;
220 230 231 256 255; 221 231 232 257 256; 222 232 233 258 257;
223 233 234 259 258; 224 234 235 260 259; 225 235 236 261 260;
226 236 237 262 261; 227 237 238 263 262; 228 238 239 264 263;
229 239 240 265 264; 230 240 241 266 265; 231 241 242 267 266;
232 242 243 268 267; 233 243 244 269 268; 234 244 245 270 269;
235 245 246 271 270; 236 246 247 272 271; 237 247 248 273 272;
238 248 249 274 273; 239 249 250 275 274; 240 250 251 276 275;
241 251 252 277 276; 242 254 253 278 279; 243 253 255 280 278;
244 255 256 281 280; 245 256 257 282 281; 246 257 258 283 282;
247 258 259 284 283; 248 259 260 285 284; 249 260 261 286 285;
250 261 262 287 286; 251 262 263 288 287; 252 263 264 289 288;
253 264 265 290 289; 254 265 266 291 290; 255 266 267 292 291;
256 267 268 293 292; 257 268 269 294 293; 258 269 270 295 294;
259 270 271 296 295; 260 271 272 297 296; 261 272 273 298 297;
262 273 274 299 298; 263 274 275 300 299; 264 275 276 301 300;
265 276 277 302 301; 266 279 278 303 4; 267 278 280 304 303;
268 280 281 305 304; 269 281 282 306 305; 270 282 283 307 306;
271 283 284 308 307; 272 284 285 309 308; 273 285 286 310 309;
274 286 287 311 310; 275 287 288 312 311; 276 288 289 313 312;
277 289 290 314 313; 278 290 291 315 314; 279 291 292 316 315;
280 292 293 317 316; 281 293 294 318 317; 282 294 295 319 318;
283 295 296 320 319; 284 296 297 321 320; 285 297 298 322 321;
286 298 299 323 322; 287 299 300 324 323; 288 300 301 325 324;
289 301 302 3 325;
ELEMENT PROPERTY
2 TO 289 THICKNESS .5
DEFINE MATERIAL START
ISOTROPIC CONCRETE
E 453600
POISSON 0.17
DENSITY 0.150336
ALPHA 5eŞ006
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DAMP 0.05
TYPE CONCRETE
STRENGTH FCU 576
END DEFINE MATERIAL
CONSTANTS
MATERIAL CONCRETE ALL
SUPPORTS
1 TO 4 PINNED
5 8 TO 50 BY 2 PINNED
303 TO 325 PINNED
7 54 TO 279 BY 25 PINNED
52 TO 302 BY 25 PINNED
LOAD 1 LOADTYPE Dead TITLE DEAD LOADS
ELEMENT LOAD
2 TO 289 PRESSURE GY Ş0.075
LOAD 2 LOADTYPE Live TITLE LIVE LOADS
ELEMENT LOAD
2 TO 289 PRESSURE GY Ş0.080

PERFORM ANALYSIS PRINT LOAD DATA
FINISH
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Kahn System of
Reinforced Concrete

Perspective of general adaptation.
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HOME OFFICE
UNION TRUST BUILDING,
DETROIT, MICHIGAN.

Representatives:

V NEW YORK, N. Y.

TRUSSED CONCRETE STEEL CO.,

160 FIFTH AVE.

CHICAGO, ILL.

KNAPP BROS.,
123 FRANKLIN ST.

BALTIMORE, MD.
TRUSSED CONCRETE STEEL CO.,

LAYTON F. SMITH,
612 NORTH CALVERT ST.

MILWAUKEE, WIS.
NEWTON ENGINEERING CO.,

42 HATHAWAY BLDG.

BUFFALO, N.Y.
EASTERN CONCRETE STEEL CO.,

400 D. S. MORGAN BLDG.

LOUISVILLE, KY.
NATIONAL CONCRETE CONST. CO.,

140 W. MAIN ST.

CLEVELAND, OHIO.
JULIUS TUTEUR,

529 WILLIAMSON BLDG.

TORONTO, ONT.
ALFRED J. STEVENS,

49 CANADA PERMANENT BLDG.

ST. LOUIS, MO.
TRUSSED CONCRETE STEEL CO.,

J. P. ANNAN,
CHEMICAL BLDG.

PITTSBURG, PA.
TRUSSED CONCRETE STEEL CO.,

FARMERS' BANK BLDG.

SUPPLEE ENGINEERING CO.,

ERIE. PA.

STEEL WORKS AT DETROIT AND PITTSBURG.
TILE WORKS AT AKRON, OHIO.



CROSS SECTION OF BAR.

The Kahn Trussed Bar*

Note.—This handbook is revised in accordance with the most
recent practice of the Trussed Concrete Steel Co., and should be
given preference to all previous issues.
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Kahn System of Reinforced Concrete

So much actual work is being done at the present time with reinforced

concrete, and in general, the subject is receiving such intense interest by those

taking part in buildings, bridges, or other constructions, that the new method
of steel reinforcement herein described, it is believed, will be of interest.

The advantages of reinforced concrete above steel, masonry, or wood, are

so well known, that it is hardly necessary to enter into comparison here. Rein-
forced concrete is absolutely free of any of the serious objections which exist

in the use of these other materials. It is fire proof, and rust proof, but what is

most advantageous about this type of construction, is the fact that its strength

continually increases with age.

Reinforced concrete lends itself admirably to the construction of walls,

columns, floors, roofs, and all parts of buildings; to bridges, arches, culverts,

abutments, retaining walls, tunnels, foundations, railway ties, and in general,

it replaces, to advantage, all masonry or steel construction.

The Kahn trussed bar consists of a half truss, struck up directly from a

single rolled section, and provides the tensional members only. Concrete
within itself is an excellent material to take up compressive strains, but is com-
paratively weak for resisting tensile strains. The Kahn bar, when imbedded
in a mass of concrete, therefore, supplies strength to the latter where this is

J7

lines , ofpnncipa/ compressive s/ress

.

Fid.l.. Showing lines ofprincipal
stress in a unifbrm/y loaded beam
^uppor-red ar ends

.
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most necessary, and the combination of the two materials, forms a complete

truss. The main virtue of this trussed bar lies in the fact that concrete is

reinforced wherever it is deemed necessary, that the steel extends upwardly
into the mass, as well as lying merely along its bottom edge. This, then, in

short, is the essence of this new type of construction, and a further reading

of this pamphlet will show the large number of its applications.

It is fairly well recognized among engineers, that vertical reinforcement

for concrete beams is just as essential as the horizontal reinforcement, and in

many cases to accomplish this purpose, the horizontal rods are surrounded by
U shaped stirrups of band or twisted iron. It was noticed at first by European
engineers that a concrete beam, when tested to destruction under uniform
loading, invariably failed by shear at the ends, the lines of rupture correspond-

ing closely to the lines of principal compressive stress for such a beam, as is

shown in Figure 1. In this country engineers were apparently very slow to
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realize the importance of such vertical reinforcement. In fact, upon its strong

recommendation by one of the U. S. Engineer Corps in a leading Engineering
Journal, a number of engineers argued the matter strongly and pointed out

tests which they had actually made, where apparently the break did not occur

at the ends of the beam. Without one exception, however, these tests, when
investigated, proved to be beams which had been loaded either unfairly, so as

not to develop strains actually occurring in building practice, or they referred

to beams so abnormally proportioned that they could not possibly be used.

The Trussed Concrete Steel Company has made a number of tests on
beams reinforced with plain and deformed rods on the bottom, and without
one exception, all such beams, when tested to destruction under uniform load-

ing, failed suddenly by vertical cracking or shear through the concrete, or

longitudinal shear along the end o<f the rod.

This matter of vertical reinforcement is certainly of more importance than
some American Engineers have been willing to grant. It seems most natural

Fig. 2.

that rupture should occur in this manner. In fact, one can hardly conceive of
its occurring in any other way. It must, of course, be remembered that a
beam, when tested for both shear and bending moment, should be subjected to
a uniformly distributed load, not to a concentrated center load: for, a beam
loaded according to this latter method would only develop one-half the shear
which exists in a uniformly loaded beam for a given bending moment.

Take, for example, a certain beam, as shown in Figure 1, and consider the
cross section' "AA."

The tension strain on each fibre below the neutral axis, varies in propor-
tion to its distance therefrom. The vertical shearing is, however, practically
constant. The resultant strain on any particle should therefore be a combina-
tion of these two components, producing a line of principal tensile stress, which
is one of variable curvature from the bottom of the beam to the top.
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If, then, lines of principal tensile stress exist throughout a beam, it is most
natural that the concrete, being weak in tension, should open at right angles

to these lines, and this is what has occurred in all the tests which me writer has

observed in well proportioned concrete steel beams, when tested ro destruction

under uniform load, and where the metal reinforcement was horizontal only.

As has already been noted, European engineers endeavored to overcome
the difficulty by placing stirrups throughout the beam, their distances apart

varying, of course, in the inverse ratio of the shear. There seems no doubt
whatever in the writer's mind that such stirrups accomplish a great deal of

good, as they cross the lines of rupture at an angle, and tend to hold the material

together. If, however, they are placed in a beam, they should be placed in a

Diacjbam •vShowimq.Thctss Action-

'Dt^qR^M Showinq PlatArchAcnoM

Fig. 3.

direction inclined to the horizontal, so as to lie more closely along the line of

principal tensile stress, for if they lie in exactly this line, they also cut the

actual line of rupture at right angles, and are therefore of maximum efficiency

in holding together the concrete where its natural tendency is to open up.

Furthermore, if such stirrups are to carry stress, they should carry it into

some member capable of receiving it, and the bottom chord member or the

horizontal reinforcement is there for that purpose. In the first place, then, it

seems to the writer that stirrups should be inclined to the vertical and prefer-

ably bent to a curvature to approximate the line of principal tensile stress,

and secondly, these stirrups should be rigidly connected to the main horizontal

reinforcing bar.

There is still another matter in connection with the steel reinforcement
for concrete beams, which is also of great importance, in so far mat it affects

economy in the use of steel. In a uniformly loaded beam, the maximum bend-
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i.ng moment occurs at the center, whereas the maximum shear occurs at the

ends, and if the same quantity of steel reinforcement is therefore placed along

the bottom of the beam and extends the full length of it, it does seem to

the writer that steel has been wasted so far as bending moment alone is con-

cerned, and certainly the beam has been neglected so far as shear is con-

cerned. A steel I beam in this manner is not an economical construction for

uniform loading; its top and bottom flanges are only required at the center

and at this place only a very thin web, whereas at the ends the stress is almost
altogether shear, and web alone is required with very little of top and bottom
flanges.

In the system of concrete reinforcement, which it is the purpose of this

pamphlet to describe, these two matters have been carefully considered. The
fundamental principles of this type of reinforcement are

:

1st. Concrete should be reinforced in a vertical plane, as well as in a

horizontal one.

2nd. The reinforcement should be inclined to the vertical preferably

with varying upward curvature, approximating the line of principal tensile

stress.

3rd. The metal should be distributed in proportion to the strains existing

at any place.

-1th. The shear members should be rigidly connected to the horizontal
reinforcement steel.

It has been endeavored to accomplish all of these results by taking a

bar of cross section, as shown in Figure 2, and shearing upwards into an
inclined position the web on both sides of the main body, thereby forming
substantially the tension members of the ordinary Pratt Truss. When such
a structural member is embedded within a body of concrete, the latter unites
firmly to the steel, and the combination of the two forms a trussed beam
wherein the tensional members are made up of steel, and the missing com-
pression members supplanted by the concrete. Concrete is. excellent in com-"
pression; steel, in tension; and, thanks to the property of strong adhesion
between the two, in their combination is made a most ideal beam.

Neglecting for a moment the matter of vertical reinforcement, it is very
evident that a bar sheared up as above described, can not possibly slip through
the concrete. The writer has actually taken blocks of concrete, moulded to
form the voussoirs of a flat arch, and then set them between the prongs. Such
a beam, though set up without a particle of mortar between the joints, will
carry a very heavy weight, and were it not for the large defleccion which is

caused by the poorly fitting surfaces between the prongs and blocks, such a
beam would carry weights to the same extent and on the same principle
as when steel and concrete are actually united together.

And this presents another way of looking at the reasons why this method
of reinforcement is so efficient. As soon as a load is applied on top of the
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beam, the concrete tends to arch itself, and a series of internal arches immedi-
ately set themselves up within the material, each arch finding its abutment in a
set of prongs for which the bottom chord acts as a tie. The prongs receive

the weight and carry it upwards, distributing it on the other arches of larger

span, the horizontal reinforcement serving as a common tensional member. It

is plainly evident that with this construction the horizontal member might actu-

ally be placed entirely outside of the concrete, and the adhesion of the concrete
to it entirely neglected, the strains coming into it being so largely the horizontal

components of the inclined members. Of course, for fire proofing purposes,

and to prevent rusting, it is more advisable to imbed the steel within the con-

crete, and when this is done, advantage may be taken of both the adhesion of
the concrete to the main bar and to the sheared up members. In fact, with a
given amount of concrete, a maximum amount of steel may be used, since the

strains which it takes up are due to the direct adhesion of the concrete to it. plus

the horizontal component of the inclined members. When such a beam fails,

assuming that good material has been used for its construction, one of two
things must happen,—either the steel pull in two, or the concrete crush on top.

The top portion of a concrete beam when used in floor construction, is largely

the floor itself, and it is generally impossible for this to fail in compression. It

would seem, therefore, that a very large quantity of steel could be placed in the

bottom of the beam to balance the compression. In fact, in all tests which the

writer has made up to date, he has pulled the steel in two at the center of

the beam.

PERSPECTIVE VIEW OF SHEARED. BAR
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Fig. 3a.

Another point of great advantage of this construction is the fact that a beam
need not necessarily be very wide to carry a given load ; depth alone counts to

advantage. The steel reinforcement, depending entirely upon the stresses com-
ing into it from the sheared up members, may be one large bar. This is prac-

tically impossible with constructions wherein the stresses coming into the steel

are due to adhesion only of the concrete to it. Where such adhesion is de-

pended upon, a large bod)' of concrete must surround the steel to be able to
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transmit all of the strain which the bar is capable of taking. Whatever strain

exists in the steel must be transmitted into the upper portion of the concrete

immediately surrounding it, and any one can readily perceive the enormity of

the horizontal shear, which must therefore exist throughout the body of the

concrete, and the necessity of giving this great width. With this new method
of concrete reinforcement, however, the beam may be comparatively narrow;
in fact, at the bottom it needs only to be sufficiently wide to encase the steel.

It should taper upwards, however, widening towards the top, so that sufficient

area may be given to the concrete to receive the compression. This, of course,

makes a remarkable saving in the amount of this material used.

The strength of steel is, of course, a definitely determined matter. As for

the concrete, it is not very expensive, and it would be advisable in all cases to

give a small surplus of this material on the top of a beam, so that it will not
fail by compression. With shear thus properly cared for, there is only one
way in which the beam can possibly fail, and that is by the parting of the

steel. Where this result can be assured with certainty, a concrete beam need
no longer be subjected to a factor of safety of "ten" : the ordinarily adopted
factor of

T
"four" is sufficient, as such a beam is entirely dependent upon the

steel and should be subject to close calculation in the same manner as a steel

I beam or truss. When a concrete beam fails by shear, as has occurred almost
without exception in tests up to date, then indeed, the engineer stands more
or less in mystery. In general it seems to the writer that whenever concrete is

depended upon to carry other strains than direct compression, more or less

risk is being assumed by the designing engineer, and a large factor of safety
is strongly recommended.

Some photographs are submitted herewith of tests made on t^vo reinforced
concrete beams, of twenty-six feet span, center to center of supports, with a
four-inch thick concrete slab five feet wide on top to receive the load. The
concrete was made of Portland cement, sand, and crushed stone, proportioned
one, two and five. Loading was done with pig iron. Deflections measured at
the center. In one of the photographs, an outline is shown of the actual cross
sections of the beams. The ends, it will be noted, are built up solid to give
better bearing on the supporting timbers. The area of metal ^'n the bottom
of each beam was two square inches. No deflection whatever could be observed
in the beams until the load had reached 48,000 pounds. When 84,000 pounds
of pig iron had been loaded on the beams, making a total weight of 93,000
pounds thereon, the floor slab, weighing about 9,000 pounds, the^actual deflec-
tion was five-eighths of an inch. It was evident that the elastic limit of the
steel had been well exceeded by this time. With 101,100 pounds of pig iron,
plus 9,300 pounds for weight of slab, making a total load of 110,400 pounds',
the beam failed, breaking at the center, and pulling the steel in two at this
point. Not a sign of a crack was to be seen throughout the beam at any other
place than at the point of failure. This seems to the writer a very remarkable
test. The absolute lack of even a hair-like crack throughout any portion of
the beam, except at the place of failure, is clear evidence that shear was prop-
erly provided for.
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torcement, the

adhesion of the concrete to the horizontal steel member is not essential ; in

fact, if the latter were placed entirely outside of the concrete, the beam would
be very nearly as efficient, as the strain which comes into this lower chord is

so largely the summation of the horizontal components of the inclined mem-
bers.

This principle is utilized in the Kahn patented trussed lintel, drawings and
photographs of which are presented herewith. In the old system of lintels, an
I beam or built-up girder was figured on to carry the weight of the superim-
posed load and a 12xj4 inch or other similar plate was riveted to the bottom
flanges of the beam to give bearing for the wall above, but the plate was
counted upon as rendering little or no service in strengthening the lintel. In

the new system this bearing plate not only supports the brick-work directly,

but also acts as the bottom flange of a masonry beam, in which the masonry
takes up the compression or thrust of a flat arch, while the steel plate takes up
the tension.. Diagonals, riveted to the base plate, form abutments for a series

of arches of stress, which set themselves up within the masonry, and for these

the base plate serves as the bottom chord or tie. Each diagonal carries its

weight upwards on the principle of the ordinary truss and spreads it on other

arches of larger span, each of which has its corresponding abutment in a set

of diagonals.

Another way of looking at the steel reinforcement for such a masonry
beam, is to regard it as a half truss, made up of tension members only, the

masonry supplying the missing compression members, and the two being
firmly united to each other through the cement, which forms a perfect bond
between them.

One of the photographs submitted herewith shows such a lintel, consist-

ing of a 12"x;!4" steel plate, to which l"x}4" diagonal members were
riveted. The span was twelve feet, height of lintel eleven inches, breadth thir-

teen inches. Steel billets weighing 110 to 170 pounds were loaded on the beam
until a total weight of 40,720 pounds was reached, equal to 3,400 pounds per
linear foot of beam. The deflection was J4 inch. Loading was stopped at this

point, as the beam was beginning to be very top heavy, and it was feared

might turn over and injure the workmen.
The above systems of concrete reinforcement which have been described

are controlled by patents granted and now pending, which are held by the

Trussed Concrete Steel Company, Union Trust Building, Detroit, Mich.
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Fig. 4.

Showing method of failure for concrete, reinforced in accordance with old systems,
using twisted rods. Span 18 feet.

Figures 4, 5, and 6, show tests made at Washington by the United States

Engineers, on reinforced concrete beams and slabs, wherein twisted steel rods
had been placed along the bottom of the floor. The methods of failure and
reasons for it will at once become apparent to the engineer or architect. No
matter how much horizontal reinforcement might have been placed in these

floors, their strength would not have been increased. The probability is that

their strength would have been greatly decreased, as the multiplicity of rods
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Failure of concrete by shear, reinforcement horizontal only, using deformed rods.

would only have cut up the concrete at the bottom, wherein the enormous shear-
ing strain existed, to which attention has already been called. The floors

failed by longitudinal shear along the ends of the rods where this is maxi-
mum. All the twisting in the world would not have prevented it, nor
would this twisting, to the slightest extent, have decreased the vertical

shear, which, it is very apparent, was fundamental in the cause of failure.

It is unscientific to neglect this matter of shear, and to imagine that concrete
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Fig. 6.

Note failure of concrete when horizontal reinforcement only is used,
failure correspond to lines of principal compressive stress.

Lines of

within itself is capable of taking this strain. Tests for shear have developed
strengths remarkably low. The writer has never been able to secure results

of more than 200 to 400 lbs. per square inch. Why, therefore assume such
risk in reinforced concrete? There is only one way to prevent failures such as

have been shown in these photographs, and that is by strengthening the floors

both longitudinally and horizontally for shear, as well as bending moment

;

and this, it is believed, has been well accomplished by the Kahn system of

Trussed Reinforcement.
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Fig. 7

Beams reinforced with Kahn System. Span 26 feet. Load, pig iron.

Figure 7, 8, 9 and 10 show tests of the same nature., made on two beams
strengthened in accordance with the Kahn system of reinforcement These
beams were 20 feet span. Please note the comparison of loadings between

them and the floors of 18 feet span with twisted rods. When failure occurred

in these beams, the rupture was absolutely central. The steel pulled in lwo.

Not a sign of a crack was to be observed throughout the beam at any other

point. Maximum efficiency was, therefore, given to the strength of the beam.

The accomplishing of this result is of especial interest to the engineer, from

the fact that he can design with certainty. If the steel pulls in two, he can

calculate the strength of the concrete beam with the same accuracy as the steel

I beam. Even more so; for the I beam, under test to ultimate destruction, will

buckle in its top flange long before the bottom flange pulls in two.
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Fig. 8.

Two beams reinforced with Kahn System. Span 26 feet.
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Fig. 9.

Load 84000 lbs. pig iron on two Kahn reinforced beams. Compare these with
Fig. 6 where span is only 18 feet.
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Fig. 10.

Failure of two Kahn reinforced beams
Load : Pig iron 101100 lbs.

Weight of floor slab 9300 lbs.

Total weight on beams 110400 lbs.

Beam failed in center pulling four bars of steel in two. Compare with Fig. 6.
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Fig. 11.

Figure 11 shows the Kahn patented Trussed Bar. It is very interesting
to note how readily it adapts itself to all types of construction. Its application
to columns, walls, latticed girders and trusses is fully as simple as its applica-
tion to beams. Where a column is to be constructed, the bars are set in the
corners of the concrete, and the shear members extend across the body, form-
ing practically a latticed column. The reasons for the efficiency of such a
column will be very apparent. Under ordinary circumstances, a steel bar is

steadied at points very closely together, then the entire strength of the steel
can practically be developed. This result is accomplished hi the steel rein-
forcement of a column, clue to the hold of the concrete on the prongs. Fur-
thermore, when the concrete tends to buckle, the steel comes into play on the
principle of the ordinary latticed girder. In other words, the steel and con-
crete mutually reinforce each other.

Where moving loads are to be taken into account, it is best to place Kahn
Trussed Bars in both the bottom and top of the beams, thereby producing
practically a latticed girder.
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Fig. 14.

Figure 13 shows standard sections of the Kahn Trussed Bars. Practically

any construction can be built by using one of the four sizes shown and sheared
up as is indicated in Figure 14. The equivalent of Steel Beams from 6 inches

to 20 inches can be built up with reinforced concrete, using one or more of

these bars placed in the bottom, or on the tension side.

Figure 14 shows standard cuts. It will be noticed that the largest is IS

inches. Where deeper girders are wanted, it will be well to lay some of the

rods horizontally all the way along the bottom, and others slanting upwards
from the bottom towards the ends of the beam, thereby distributing the shear

members throughout the beam, and causing them to reach its very top.
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ALPHA 5e006
DAMP 0.05
TYPE CONCRETE
STRENGTH FCU 576
ISOTROPIC STEEL
E 4.176e+006
POISSON 0.3
DENSITY 0.489024
ALPHA 6e006
DAMP 0.03
TYPE STEEL
STRENGTH FY 5184 FU 8352 RY 1.5 RT 1.2
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MEMBER RELEASE
50 51 61 62 BOTH MY MZ
70 71 START MY MZ
70 71 END MY MZ FX
80 81 END MY MZ
80 81 START MY MZ FX
52 TO 55 57 TO 60 START MY MZ

SUPPORTS
1 41 FIXED

LOAD 1 LOADTYPE Dead TITLE DEAD LOADS
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SELFWEIGHT Y 1.0 LIST 1 TO 40
MEMBER LOAD
1 TO 40 UNI GY 0.103

*DECK AND PARAPET (ASBUILT)
MEMBER LOAD
70 TO 81 UNI GY 0.98

****DECK AND PARAPET (ASCONFIGURED/ASINSPECTED)
***MEMBER LOAD
***70 TO 81 UNI GY 1.13
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JOINT LOAD
5 37 FY 9.9
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13 29 FY 4.5
21 FY 2.7

*STRUTS
JOINT LOAD
9 17 25 33 FY 1.2

*SPANDREL WALLS
MEMBER LOAD
70 71 80 81 UNI GY 0.40
MEMBER LOAD
72 TRAP GY 0.50 0.40
73 TRAP GY 0.40 0.30
74 TRAP GY 0.30 0.20
75 TRAP GY 0.20 0.10
76 TRAP GY 0.10 0.20
77 TRAP GY 0.20 0.30
78 TRAP GY 0.30 0.40
79 TRAP GY 0.40 0.50
MEMBER LOAD
4 5 36 37 UNI GY 1.18

LOAD 2 LOADTYPE Live TITLE LIVE LOAD 1
MEMBER LOAD
73 UNI GY 0.54 3.25 6
74 TO 77 UNI GY 0.54
78 UNI GY 0.54 0 2.75

LOAD 3 LOADTYPE Live TITLE LIVE LOAD 2
MEMBER LOAD
70 TO 72 79 TO 81 UNI GY 0.54
73 UNI GY 0.54 0 3.25
78 UNI GY 0.54 2.75 6

LOAD 4 LOADTYPE Live TITLE LIVE LOAD 3
MEMBER LOAD
73 UNI GY 0.54 3.25 6
74 TO 81 UNI GY 0.54

LOAD 5 LOADTYPE Live TITLE LIVE LOAD 4
MEMBER LOAD
70 TO 72 UNI GY 0.54
73 UNI GY 0.54 0 3.25

LOAD 6 LOADTYPE Live TITLE LIVE LOAD 5
MEMBER LOAD
70 TO 77 UNI GY 0.54
78 UNI GY 0.54 0 2.75

LOAD 7 LOADTYPE Live TITLE LIVE LOAD 6
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MEMBER LOAD
78 UNI GY 0.54 2.75 6
79 TO 81 UNI GY 0.54

LOAD 8 LOADTYPE Live TITLE LIVE LOAD 7
MEMBER LOAD
70 TO 81 UNI GY 0.54

LOAD COMB 11 DL + LL1
1 1.0 2 1.0

LOAD COMB 12 DL + LL2
1 1.0 3 1.0

LOAD COMB 13 DL + LL3
1 1.0 4 1.0

LOAD COMB 14 DL + LL4
1 1.0 5 1.0

LOAD COMB 15 DL + LL5
1 1.0 6 1.0

LOAD COMB 16 DL + LL6
1 1.0 7 1.0

LOAD COMB 17 DL + LL7
1 1.0 8 1.0

PERFORM ANALYSIS
FINISH
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INPUT WIDTH 79
UNIT FEET KIP
JOINT COORDINATES
*Node X Y Z
1 0 0 0; 2 2.75 1.789 ; 3 5.5 3.46 ; 4 8.25 5.019 ; 5 11 6.472 0;
6 14 7.942 0; 7 17 9.297 0; 8 20 10.542 0; 9 23 11.68 0; 10 26 12.716 0;
11 29 13.653 0; 12 32 14.493 0; 13 35 15.239 0; 14 38 15.893 0;
15 41 16.456 0; 16 44 16.93 0; 17 47 17.317 0; 18 50 17.616 0;
19 53 17.83 0; 20 56 17.957 0; 21 59 18 0; 22 62 17.957 0; 23 65 17.83 0;
24 68 17.616 0; 25 71 17.317 0; 26 74 16.93 0; 27 77 16.456 0;
28 80 15.893 0; 29 83 15.239 0; 30 86 14.493 0; 31 89 13.653 0;
32 92 12.716 0; 33 95 11.68 0; 34 98 10.542 0; 35 101 9.297 0;
36 104 7.942 0; 37 107 6.472 0; 38 109.75 5.019 0; 39 112.5 3.46 0;
40 115.25 1.789 0; 41 118 0 0;
50 0 19 0 ; 51 11 19 0 ;
52 35 19 0 ; 53 41 19 0 ;
54 47 19 0 ; 55 53 19 0 ;
56 59 19 0 ; 57 65 19 0 ;
58 71 19 0 ; 59 77 19 0 ;
60 83 19 0 ; 61 107 19 0 ;
62 118 19 0 ;

MEMBER INCIDENCES
1 1 2; 2 2 3; 3 3 4; 4 4 5; 5 5 6; 6 6 7; 7 7 8; 8 8 9; 9 9 10; 10 10 11;
11 11 12; 12 12 13; 13 13 14; 14 14 15; 15 15 16; 16 16 17; 17 17 18; 18 18 19;
19 19 20; 20 20 21; 21 21 22; 22 22 23; 23 23 24; 24 24 25; 25 25 26; 26 26 27;
27 27 28; 28 28 29; 29 29 30; 30 30 31; 31 31 32; 32 32 33; 33 33 34; 34 34 35;
35 35 36; 36 36 37; 37 37 38; 38 38 39; 39 39 40; 40 40 41;
50 1 50 ; 51 5 51 ; 52 13 52 ; 53 15 53 ;
54 17 54 ; 55 19 55 ; 56 21 56 ; 57 23 57 ;
58 25 58 ; 59 27 59 ; 60 29 60 ; 61 37 61 ;
62 41 62 ; 70 50 51 ; 71 51 52 ; 72 52 53 ;
73 53 54 ; 74 54 55 ; 75 55 56 ; 76 56 57 ;
77 57 58 ; 78 58 59 ; 79 59 60 ; 80 60 61 ;
81 61 62 ;

DEFINE MATERIAL START
ISOTROPIC CONCRETE
E 453600
POISSON 0.17
DENSITY 0.150336
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ALPHA 5e006
DAMP 0.05
TYPE CONCRETE
STRENGTH FCU 576
ISOTROPIC STEEL
E 4.176e+006
POISSON 0.3
DENSITY 0.489024
ALPHA 6e006
DAMP 0.03
TYPE STEEL
STRENGTH FY 5184 FU 8352 RY 1.5 RT 1.2
END DEFINE MATERIAL

MEMBER PROPERTY AMERICAN
1 TO 40 PRIS YD 4.5 ZD 1
50 TO 62 PRIS YD 0.6667 ZD 3
70 TO 81 PRIS YD 3.167 ZD 1

CONSTANTS
MATERIAL CONCRETE ALL

MEMBER RELEASE
50 51 61 62 BOTH MY MZ
70 71 START MY MZ
70 71 END MY MZ FX
80 81 END MY MZ
80 81 START MY MZ FX
52 TO 55 57 TO 60 START MY MZ

SUPPORTS
1 41 FIXED

DEFINE MOVING LOAD
TYPE 1 LOAD 4.616 1.154
DIST 14
TYPE 2 LOAD 1.154 4.616
DIST 14

***LOAD 1 LOADTYPE Dead TITLE DEAD LOADS
****ARCH LOAD
***SELFWEIGHT Y 1.0 LIST 1 TO 40
***MEMBER LOAD
***1 TO 40 UNI GY 0.103

*******DECK AND PARAPET (ASBUILT)
******MEMBER LOAD
******70 TO 81 UNI GY 0.98

****DECK AND PARAPET (ASCONFIGURED/ASINSPECTED)
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***MEMBER LOAD
***70 TO 81 UNI GY 1.13

****TRANSVERSE WALLS
***JOINT LOAD
***5 37 FY 9.9
***13 29 FY 4.5
***21 FY 2.7

****STRUTS
***JOINT LOAD
***9 17 25 33 FY 1.2

****SPANDREL WALLS
***MEMBER LOAD
***70 71 80 81 UNI GY 0.40
***MEMBER LOAD
***72 TRAP GY 0.50 0.40
***73 TRAP GY 0.40 0.30
***74 TRAP GY 0.30 0.20
***75 TRAP GY 0.20 0.10
***76 TRAP GY 0.10 0.20
***77 TRAP GY 0.20 0.30
***78 TRAP GY 0.30 0.40
***79 TRAP GY 0.40 0.50
***MEMBER LOAD 
***4 5 36 37 UNI GY 1.18

LOAD GENERATION 21
TYPE 1 0 19 0 XINC 5
LOAD GENERATION 21
TYPE 2 0 19 0 XINC 5

PERFORM ANALYSIS
FINISH
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - DL lus 9

 Print Time/Date: 07/08/2018 08:54 Print Run 1 of 9STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Job Information
 Engineer Checked Approved

Name: DWC SFH
Date: 02-Aug-18 03-Aug-18

Project ID
Project Name

Comments

ARCH RIBS - DEAD LOAD + 90 PSF

Structure Type SPACE FRAME

Number of Nodes 54 Highest Node 62
Number of Elements 65 Highest Beam 81

Number of Basic Load Cases -2
Number of Combination Load Cases 7

Included in this printout are data for:
Beams 1 to 20

Included in this printout are results for load cases:
Type L/C Name

Primary 1 DEAD LOADS
Combination 11 DL + LL1
Combination 12 DL + LL2
Combination 13 DL + LL3
Combination 14 DL + LL4
Combination 15 DL + LL5
Combination 16 DL + LL6
Combination 17 DL + LL7

 Beam End Forces
Sign convention is as the action of the joint on the beam.

 Axial  Shear  Torsion  Bending
Beam Node L/C Fx

(ki )
Fy

(ki )
F

(ki )
x

(ki -ft)
y

(ki -ft) (ki -ft)
1 1 1:DEAD LOADS  261.428  4.086  0.000  0.000  0.000  143.871

11:DL + LL1  283.604 -0.838  0.000  0.000  0.000  108.255
12:DL + LL2  296.482  6.245  0.000  0.000  0.000  182.838
13:DL + LL3  297.069 -6.001  0.000  0.000  0.000  41.316
14:DL + LL4  283.016  11.408  0.000  0.000  0.000  249.777
15:DL + LL5  305.191  6.484  0.000  0.000  0.000  214.161
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - DL lus 9

 Print Time/Date: 07/08/2018 08:54 Print Run 2 of 9STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

11:DL + LL1 -282.209  2.982  0.000  0.000  0.000 -114.521
12:DL + LL2 -295.087 -4.102  0.000  0.000  0.000 -165.865
13:DL + LL3 -295.675  8.144  0.000  0.000  0.000 -64.519
14:DL + LL4 -281.621 -9.264  0.000  0.000  0.000 -215.867
15:DL + LL5 -303.797 -4.340  0.000  0.000  0.000 -196.406
16:DL + LL6 -273.500  3.220  0.000  0.000  0.000 -83.980
17:DL + LL7 -317.263  0.822  0.000  0.000  0.000 -146.404

2 2 1:DEAD LOADS  259.851  9.934  0.000  0.000  0.000  133.982
11:DL + LL1  282.167  5.694  0.000  0.000  0.000  114.521
12:DL + LL2  294.822  13.170  0.000  0.000  0.000  165.865
13:DL + LL3  295.786  0.948  0.000  0.000  0.000  64.519
14:DL + LL4  281.204  17.916  0.000  0.000  0.000  215.867
15:DL + LL5  303.520  13.676  0.000  0.000  0.000  196.406
16:DL + LL6  273.469  5.188  0.000  0.000  0.000  83.980
17:DL + LL7  317.138  8.930  0.000  0.000  0.000  146.404

3 1:DEAD LOADS -258.549 -7.791  0.000  0.000  0.000 -105.464
11:DL + LL1 -280.865 -3.551  0.000  0.000  0.000 -99.646
12:DL + LL2 -293.519 -11.026  0.000  0.000  0.000 -126.935
13:DL + LL3 -294.483  1.196  0.000  0.000  0.000 -64.917
14:DL + LL4 -279.901 -15.773  0.000  0.000  0.000 -161.664
15:DL + LL5 -302.217 -11.533  0.000  0.000  0.000 -155.846
16:DL + LL6 -272.167 -3.044  0.000  0.000  0.000 -70.735
17:DL + LL7 -315.835 -6.786  0.000  0.000  0.000 -121.117

3 3 1:DEAD LOADS  258.194  15.616  0.000  0.000  0.000  105.464
11:DL + LL1  280.629  12.053  0.000  0.000  0.000  99.646
12:DL + LL2  293.051  19.909  0.000  0.000  0.000  126.935
13:DL + LL3  294.384  7.721  0.000  0.000  0.000  64.917
14:DL + LL4  279.295  24.240  0.000  0.000  0.000  161.664
15:DL + LL5  301.729  20.678  0.000  0.000  0.000  155.846
16:DL + LL6  271.950  11.284  0.000  0.000  0.000  70.735
17:DL + LL7  315.485  16.346  0.000  0.000  0.000  121.117

4 1:DEAD LOADS -256.979 -13.472  0.000  0.000  0.000 -59.489
11:DL + LL1 -279.413 -9.910  0.000  0.000  0.000 -64.932
12:DL + LL2 -291.836 -17.765  0.000  0.000  0.000 -67.388
13:DL + LL3 -293.169 -5.578  0.000  0.000  0.000 -43.897
14:DL + LL4 -278.080 -22.097  0.000  0.000  0.000 -88.424
15:DL + LL5 -300.514 -18.534  0.000  0.000  0.000 -93.867
16:DL + LL6 -270.735 -9.140  0.000  0.000  0.000 -38.454
17:DL + LL7 -314.270 -14.203  0.000  0.000  0.000 -72.832

4 4 1:DEAD LOADS  256.466  21.085  0.000  0.000  0.000  59.489
11:DL + LL1  278.997  18.189  0.000  0.000  0.000  64.932
12:DL + LL2  291.181  26.409  0.000  0.000  0.000  67.388
13:DL + LL3  292.875  14.267  0.000  0.000  0.000  43.897
14:DL + LL4  277.302  30.332  0.000  0.000  0.000  88.424
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - DL lus 9

 Print Time/Date: 07/08/2018 08:54 Print Run 3 of 9STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

15:DL + LL5  299.833  27.436  0.000  0.000  0.000  93.867
16:DL + LL6  270.345  17.163  0.000  0.000  0.000  38.454
17:DL + LL7  313.711  23.514  0.000  0.000  0.000  72.832

5 1:DEAD LOADS -253.619 -15.696  0.000  0.000  0.000 -2.289
11:DL + LL1 -276.149 -12.801  0.000  0.000  0.000 -16.739
12:DL + LL2 -288.333 -21.021  0.000  0.000  0.000  6.372
13:DL + LL3 -290.027 -8.878  0.000  0.000  0.000 -7.902
14:DL + LL4 -274.455 -24.943  0.000  0.000  0.000 -2.465
15:DL + LL5 -296.985 -22.047  0.000  0.000  0.000 -16.914
16:DL + LL6 -267.497 -11.774  0.000  0.000  0.000  6.547
17:DL + LL7 -310.863 -18.125  0.000  0.000  0.000 -8.078

5 5 1:DEAD LOADS  238.041 -7.162  0.000  0.000  0.000  2.289
11:DL + LL1  260.649 -9.370  0.000  0.000  0.000  16.739
12:DL + LL2  268.419 -9.269  0.000  0.000  0.000 -6.372
13:DL + LL3  274.640 -12.868  0.000  0.000  0.000  7.902
14:DL + LL4  254.428 -5.771  0.000  0.000  0.000  2.465
15:DL + LL5  277.035 -7.979  0.000  0.000  0.000  16.914
16:DL + LL6  252.032 -10.660  0.000  0.000  0.000 -6.547
17:DL + LL7  291.026 -11.477  0.000  0.000  0.000  8.078

6 1:DEAD LOADS -235.161  13.041  0.000  0.000  0.000 -36.037
11:DL + LL1 -257.768  15.249  0.000  0.000  0.000 -57.863
12:DL + LL2 -265.538  15.147  0.000  0.000  0.000 -34.413
13:DL + LL3 -271.759  18.747  0.000  0.000  0.000 -60.711
14:DL + LL4 -251.547  11.650  0.000  0.000  0.000 -31.565
15:DL + LL5 -274.155  13.858  0.000  0.000  0.000 -53.391
16:DL + LL6 -249.152  16.539  0.000  0.000  0.000 -38.885
17:DL + LL7 -288.146  17.355  0.000  0.000  0.000 -56.239

6 6 1:DEAD LOADS  235.454 -5.657  0.000  0.000  0.000  36.037
11:DL + LL1  258.120 -7.155  0.000  0.000  0.000  57.863
12:DL + LL2  265.883 -6.810  0.000  0.000  0.000  34.413
13:DL + LL3  272.214 -10.212  0.000  0.000  0.000  60.711
14:DL + LL4  251.789 -3.753  0.000  0.000  0.000  31.565
15:DL + LL5  274.455 -5.250  0.000  0.000  0.000  53.391
16:DL + LL6  249.548 -8.714  0.000  0.000  0.000  38.885
17:DL + LL7  288.549 -8.307  0.000  0.000  0.000  56.239

7 1:DEAD LOADS -234.398  7.996  0.000  0.000  0.000 -58.508
11:DL + LL1 -257.064  9.493  0.000  0.000  0.000 -85.265
12:DL + LL2 -264.826  9.148  0.000  0.000  0.000 -60.678
13:DL + LL3 -271.158  12.550  0.000  0.000  0.000 -98.176
14:DL + LL4 -250.732  6.091  0.000  0.000  0.000 -47.767
15:DL + LL5 -273.398  7.589  0.000  0.000  0.000 -74.524
16:DL + LL6 -248.492  11.053  0.000  0.000  0.000 -71.419
17:DL + LL7 -287.492  10.646  0.000  0.000  0.000 -87.435

7 7 1:DEAD LOADS  234.533 -0.757  0.000  0.000  0.000  58.508
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - DL lus 9

 Print Time/Date: 07/08/2018 08:54 Print Run 4 of 9STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

11:DL + LL1  257.234 -1.555  0.000  0.000  0.000  85.265
12:DL + LL2  264.983 -0.970  0.000  0.000  0.000  60.678
13:DL + LL3  271.416 -4.175  0.000  0.000  0.000  98.176
14:DL + LL4  250.801  1.650  0.000  0.000  0.000  47.767
15:DL + LL5  273.502  0.853  0.000  0.000  0.000  74.524
16:DL + LL6  248.714 -3.378  0.000  0.000  0.000  71.419
17:DL + LL7  287.684 -1.768  0.000  0.000  0.000  87.435

8 1:DEAD LOADS -233.562  3.096  0.000  0.000  0.000 -64.767
11:DL + LL1 -256.264  3.893  0.000  0.000  0.000 -94.113
12:DL + LL2 -264.012  3.309  0.000  0.000  0.000 -67.628
13:DL + LL3 -270.445  6.514  0.000  0.000  0.000 -115.535
14:DL + LL4 -249.831  0.688  0.000  0.000  0.000 -46.205
15:DL + LL5 -272.532  1.486  0.000  0.000  0.000 -75.551
16:DL + LL6 -247.744  5.716  0.000  0.000  0.000 -86.189
17:DL + LL7 -286.714  4.106  0.000  0.000  0.000 -96.974

8 8 1:DEAD LOADS  233.547  4.099  0.000  0.000  0.000  64.767
11:DL + LL1  256.262  4.002  0.000  0.000  0.000  94.113
12:DL + LL2  263.989  4.825  0.000  0.000  0.000  67.628
13:DL + LL3  270.518  1.819  0.000  0.000  0.000  115.535
14:DL + LL4  249.733  7.007  0.000  0.000  0.000  46.205
15:DL + LL5  272.448  6.909  0.000  0.000  0.000  75.551
16:DL + LL6  247.802  1.917  0.000  0.000  0.000  86.189
17:DL + LL7  286.704  4.727  0.000  0.000  0.000  96.974

9 1:DEAD LOADS -232.660 -1.761  0.000  0.000  0.000 -55.365
11:DL + LL1 -255.375 -1.663  0.000  0.000  0.000 -85.025
12:DL + LL2 -263.102 -2.486  0.000  0.000  0.000 -55.899
13:DL + LL3 -269.630  0.519  0.000  0.000  0.000 -113.450
14:DL + LL4 -248.846 -4.668  0.000  0.000  0.000 -27.474
15:DL + LL5 -271.561 -4.571  0.000  0.000  0.000 -57.135
16:DL + LL6 -246.915  0.422  0.000  0.000  0.000 -83.790
17:DL + LL7 -285.817 -2.388  0.000  0.000  0.000 -85.559

9 9 1:DEAD LOADS  232.110  7.617  0.000  0.000  0.000  55.365
11:DL + LL1  254.818  8.202  0.000  0.000  0.000  85.025
12:DL + LL2  262.516  9.257  0.000  0.000  0.000  55.899
13:DL + LL3  269.133  6.449  0.000  0.000  0.000  113.450
14:DL + LL4  248.202  11.010  0.000  0.000  0.000  27.474
15:DL + LL5  270.910  11.594  0.000  0.000  0.000  57.135
16:DL + LL6  246.425  5.864  0.000  0.000  0.000  83.790
17:DL + LL7  285.224  9.841  0.000  0.000  0.000  85.559

10 1:DEAD LOADS -231.302 -5.278  0.000  0.000  0.000 -34.901
11:DL + LL1 -254.010 -5.863  0.000  0.000  0.000 -62.706
12:DL + LL2 -261.709 -6.918  0.000  0.000  0.000 -30.232
13:DL + LL3 -268.325 -4.110  0.000  0.000  0.000 -96.694
14:DL + LL4 -247.394 -8.671  0.000  0.000  0.000  3.757
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LAKE PARK ARCH BRIDGE LOAD RATING
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 Print Time/Date: 07/08/2018 08:54 Print Run 5 of 9STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

15:DL + LL5 -270.102 -9.256  0.000  0.000  0.000 -24.047
16:DL + LL6 -245.617 -3.525  0.000  0.000  0.000 -68.890
17:DL + LL7 -284.417 -7.503  0.000  0.000  0.000 -58.036

10 10 1:DEAD LOADS  231.043  12.163  0.000  0.000  0.000  34.901
11:DL + LL1  253.723  13.423  0.000  0.000  0.000  62.706
12:DL + LL2  261.387  14.707  0.000  0.000  0.000  30.232
13:DL + LL3  268.084  12.097  0.000  0.000  0.000  96.694
14:DL + LL4  247.026  16.033  0.000  0.000  0.000 -3.757
15:DL + LL5  269.707  17.294  0.000  0.000  0.000  24.047
16:DL + LL6  245.403  10.837  0.000  0.000  0.000  68.890
17:DL + LL7  284.067  15.968  0.000  0.000  0.000  58.036

11 1:DEAD LOADS -230.312 -9.824  0.000  0.000  0.000 -0.350
11:DL + LL1 -252.993 -11.085  0.000  0.000  0.000 -24.192
12:DL + LL2 -260.656 -12.368  0.000  0.000  0.000  12.316
13:DL + LL3 -267.353 -9.759  0.000  0.000  0.000 -62.349
14:DL + LL4 -246.296 -13.695  0.000  0.000  0.000  50.473
15:DL + LL5 -268.976 -14.955  0.000  0.000  0.000  26.631
16:DL + LL6 -244.673 -8.498  0.000  0.000  0.000 -38.506
17:DL + LL7 -283.337 -13.629  0.000  0.000  0.000 -11.526

11 11 1:DEAD LOADS  229.919  16.665  0.000  0.000  0.000  0.350
11:DL + LL1  252.552  18.599  0.000  0.000  0.000  24.192
12:DL + LL2  260.174  20.110  0.000  0.000  0.000 -12.316
13:DL + LL3  266.945  17.700  0.000  0.000  0.000  62.349
14:DL + LL4  245.780  21.008  0.000  0.000  0.000 -50.473
15:DL + LL5  268.413  22.942  0.000  0.000  0.000 -26.631
16:DL + LL6  244.312  15.766  0.000  0.000  0.000  38.506
17:DL + LL7  282.807  22.044  0.000  0.000  0.000  11.526

12 1:DEAD LOADS -229.264 -14.326  0.000  0.000  0.000  47.925
11:DL + LL1 -251.897 -16.260  0.000  0.000  0.000  30.108
12:DL + LL2 -259.519 -17.771  0.000  0.000  0.000  71.323
13:DL + LL3 -266.290 -15.362  0.000  0.000  0.000 -10.849
14:DL + LL4 -245.125 -18.670  0.000  0.000  0.000  112.279
15:DL + LL5 -267.758 -20.604  0.000  0.000  0.000  94.463
16:DL + LL6 -243.658 -13.427  0.000  0.000  0.000  6.968
17:DL + LL7 -282.152 -19.705  0.000  0.000  0.000  53.506

12 12 1:DEAD LOADS  228.746  21.033  0.000  0.000  0.000 -47.925
11:DL + LL1  251.313  23.629  0.000  0.000  0.000 -30.108
12:DL + LL2  258.887  25.363  0.000  0.000  0.000 -71.323
13:DL + LL3  265.726  23.152  0.000  0.000  0.000  10.849
14:DL + LL4  244.474  25.839  0.000  0.000  0.000 -112.279
15:DL + LL5  267.040  28.435  0.000  0.000  0.000 -94.463
16:DL + LL6  243.160  20.556  0.000  0.000  0.000 -6.968
17:DL + LL7  281.454  27.959  0.000  0.000  0.000 -53.506

13 1:DEAD LOADS -228.165 -18.695  0.000  0.000  0.000  109.331
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - DL lus 9

 Print Time/Date: 07/08/2018 08:54 Print Run 6 of 9STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

11:DL + LL1 -250.731 -21.291  0.000  0.000  0.000  99.540
12:DL + LL2 -258.306 -23.024  0.000  0.000  0.000  146.113
13:DL + LL3 -265.145 -20.814  0.000  0.000  0.000  57.109
14:DL + LL4 -243.892 -23.501  0.000  0.000  0.000  188.544
15:DL + LL5 -266.459 -26.097  0.000  0.000  0.000  178.752
16:DL + LL6 -242.578 -18.218  0.000  0.000  0.000  66.900
17:DL + LL7 -280.872 -25.620  0.000  0.000  0.000  136.322

13 13 1:DEAD LOADS  215.772 -6.888  0.000  0.000  0.000 -109.331
11:DL + LL1  237.426 -4.477  0.000  0.000  0.000 -99.540
12:DL + LL2  243.259 -10.707  0.000  0.000  0.000 -146.113
13:DL + LL3  252.421 -2.573  0.000  0.000  0.000 -57.109
14:DL + LL4  228.264 -12.611  0.000  0.000  0.000 -188.544
15:DL + LL5  249.918 -10.200  0.000  0.000  0.000 -178.752
16:DL + LL6  230.767 -4.984  0.000  0.000  0.000 -66.900
17:DL + LL7  264.913 -8.296  0.000  0.000  0.000 -136.322

14 1:DEAD LOADS -215.262  9.226  0.000  0.000  0.000  84.592
11:DL + LL1 -236.916  6.816  0.000  0.000  0.000  82.203
12:DL + LL2 -242.749  13.045  0.000  0.000  0.000  109.648
13:DL + LL3 -251.911  4.911  0.000  0.000  0.000  45.619
14:DL + LL4 -227.755  14.950  0.000  0.000  0.000  146.231
15:DL + LL5 -249.409  12.539  0.000  0.000  0.000  143.842
16:DL + LL6 -230.257  7.322  0.000  0.000  0.000  48.008
17:DL + LL7 -264.403  10.635  0.000  0.000  0.000  107.258

14 14 1:DEAD LOADS  215.440 -2.952  0.000  0.000  0.000 -84.592
11:DL + LL1  237.014  0.088  0.000  0.000  0.000 -82.203
12:DL + LL2  243.026 -5.969  0.000  0.000  0.000 -109.648
13:DL + LL3  251.947  2.429  0.000  0.000  0.000 -45.619
14:DL + LL4  228.094 -8.309  0.000  0.000  0.000 -146.231
15:DL + LL5  249.668 -5.269  0.000  0.000  0.000 -143.842
16:DL + LL6  230.372 -0.612  0.000  0.000  0.000 -48.008
17:DL + LL7  264.601 -2.928  0.000  0.000  0.000 -107.258

15 1:DEAD LOADS -215.001  5.291  0.000  0.000  0.000  72.012
11:DL + LL1 -236.575  2.250  0.000  0.000  0.000  78.904
12:DL + LL2 -242.587  8.307  0.000  0.000  0.000  87.859
13:DL + LL3 -251.508 -0.090  0.000  0.000  0.000  49.464
14:DL + LL4 -227.655  10.648  0.000  0.000  0.000  117.299
15:DL + LL5 -249.229  7.607  0.000  0.000  0.000  124.191
16:DL + LL6 -229.933  2.950  0.000  0.000  0.000  42.572
17:DL + LL7 -264.162  5.267  0.000  0.000  0.000  94.751

15 15 1:DEAD LOADS  204.452 -1.638  0.000  0.000  0.000 -72.012
11:DL + LL1  224.179  1.114  0.000  0.000  0.000 -78.904
12:DL + LL2  230.955 -4.863  0.000  0.000  0.000 -87.859
13:DL + LL3  238.966  1.533  0.000  0.000  0.000 -49.464
14:DL + LL4  216.169 -5.282  0.000  0.000  0.000 -117.299
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - DL lus 9

 Print Time/Date: 07/08/2018 08:54 Print Run 7 of 9STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

15:DL + LL5  235.896 -2.530  0.000  0.000  0.000 -124.191
16:DL + LL6  219.238 -1.219  0.000  0.000  0.000 -42.572
17:DL + LL7  250.683 -2.111  0.000  0.000  0.000 -94.751

16 1:DEAD LOADS -204.082  3.976  0.000  0.000  0.000  63.486
11:DL + LL1 -223.810  1.224  0.000  0.000  0.000  78.736
12:DL + LL2 -230.586  7.201  0.000  0.000  0.000  69.538
13:DL + LL3 -238.596  0.805  0.000  0.000  0.000  50.569
14:DL + LL4 -215.799  7.621  0.000  0.000  0.000  97.705
15:DL + LL5 -235.526  4.869  0.000  0.000  0.000  112.955
16:DL + LL6 -218.869  3.557  0.000  0.000  0.000  35.319
17:DL + LL7 -250.313  4.450  0.000  0.000  0.000  84.788

16 16 1:DEAD LOADS  204.113  1.823  0.000  0.000  0.000 -63.486
11:DL + LL1  223.754  5.134  0.000  0.000  0.000 -78.736
12:DL + LL2  230.697 -0.648  0.000  0.000  0.000 -69.538
13:DL + LL3  238.523  5.973  0.000  0.000  0.000 -50.569
14:DL + LL4  215.929 -1.487  0.000  0.000  0.000 -97.705
15:DL + LL5  235.570  1.824  0.000  0.000  0.000 -112.955
16:DL + LL6  218.882  2.662  0.000  0.000  0.000 -35.319
17:DL + LL7  250.339  2.663  0.000  0.000  0.000 -84.788

17 1:DEAD LOADS -203.811  0.515  0.000  0.000  0.000  65.464
11:DL + LL1 -223.452 -2.796  0.000  0.000  0.000  90.730
12:DL + LL2 -230.396  2.986  0.000  0.000  0.000  64.042
13:DL + LL3 -238.221 -3.635  0.000  0.000  0.000  65.101
14:DL + LL4 -215.627  3.825  0.000  0.000  0.000  89.671
15:DL + LL5 -235.268  0.514  0.000  0.000  0.000  114.936
16:DL + LL6 -218.580 -0.324  0.000  0.000  0.000  39.835
17:DL + LL7 -250.037 -0.325  0.000  0.000  0.000  89.308

17 17 1:DEAD LOADS  185.409 -1.316  0.000  0.000  0.000 -65.464
11:DL + LL1  201.507  0.489  0.000  0.000  0.000 -90.730
12:DL + LL2  210.698 -3.545  0.000  0.000  0.000 -64.042
13:DL + LL3  216.014  1.467  0.000  0.000  0.000 -65.101
14:DL + LL4  196.191 -4.524  0.000  0.000  0.000 -89.671
15:DL + LL5  212.289 -2.719  0.000  0.000  0.000 -114.936
16:DL + LL6  199.916 -0.337  0.000  0.000  0.000 -39.835
17:DL + LL7  226.796 -1.741  0.000  0.000  0.000 -89.308

18 1:DEAD LOADS -185.176  3.654  0.000  0.000  0.000  57.973
11:DL + LL1 -201.274  1.850  0.000  0.000  0.000  88.678
12:DL + LL2 -210.465  5.884  0.000  0.000  0.000  49.828
13:DL + LL3 -215.781  0.871  0.000  0.000  0.000  65.999
14:DL + LL4 -195.958  6.862  0.000  0.000  0.000  72.507
15:DL + LL5 -212.056  5.058  0.000  0.000  0.000  103.212
16:DL + LL6 -199.683  2.676  0.000  0.000  0.000  35.294
17:DL + LL7 -226.563  4.080  0.000  0.000  0.000  80.534

18 18 1:DEAD LOADS  185.205  1.555  0.000  0.000  0.000 -57.973
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - DL lus 9

 Print Time/Date: 07/08/2018 08:54 Print Run 8 of 9STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

11:DL + LL1  201.246  3.811  0.000  0.000  0.000 -88.678
12:DL + LL2  210.547  0.037  0.000  0.000  0.000 -49.828
13:DL + LL3  215.720  5.197  0.000  0.000  0.000 -65.999
14:DL + LL4  196.074 -1.349  0.000  0.000  0.000 -72.507
15:DL + LL5  212.115  0.907  0.000  0.000  0.000 -103.212
16:DL + LL6  199.679  2.941  0.000  0.000  0.000 -35.294
17:DL + LL7  226.588  2.293  0.000  0.000  0.000 -80.534

19 1:DEAD LOADS -185.038  0.784  0.000  0.000  0.000  59.132
11:DL + LL1 -201.079 -1.473  0.000  0.000  0.000  96.623
12:DL + LL2 -210.381  2.301  0.000  0.000  0.000  46.424
13:DL + LL3 -215.553 -2.859  0.000  0.000  0.000  78.113
14:DL + LL4 -195.907  3.687  0.000  0.000  0.000  64.934
15:DL + LL5 -211.948  1.431  0.000  0.000  0.000  102.425
16:DL + LL6 -199.512 -0.602  0.000  0.000  0.000  40.622
17:DL + LL7 -226.422  0.045  0.000  0.000  0.000  83.915

19 19 1:DEAD LOADS  165.942  0.246  0.000  0.000  0.000 -59.132
11:DL + LL1  178.281  0.744  0.000  0.000  0.000 -96.623
12:DL + LL2  190.042 -0.695  0.000  0.000  0.000 -46.424
13:DL + LL3  191.558  2.374  0.000  0.000  0.000 -78.113
14:DL + LL4  176.765 -2.325  0.000  0.000  0.000 -64.934
15:DL + LL5  189.104 -1.827  0.000  0.000  0.000 -102.425
16:DL + LL6  179.219  1.877  0.000  0.000  0.000 -40.622
17:DL + LL7  202.381 -0.197  0.000  0.000  0.000 -83.915

20 1:DEAD LOADS -165.843  2.092  0.000  0.000  0.000  56.361
11:DL + LL1 -178.182  1.595  0.000  0.000  0.000  95.345
12:DL + LL2 -189.943  3.033  0.000  0.000  0.000  40.827
13:DL + LL3 -191.459 -0.035  0.000  0.000  0.000  81.730
14:DL + LL4 -176.666  4.663  0.000  0.000  0.000  54.443
15:DL + LL5 -189.005  4.166  0.000  0.000  0.000  93.427
16:DL + LL6 -179.120  0.462  0.000  0.000  0.000  42.746
17:DL + LL7 -202.282  2.536  0.000  0.000  0.000  79.811

20 20 1:DEAD LOADS  165.836  2.548  0.000  0.000  0.000 -56.361
11:DL + LL1  178.157  3.390  0.000  0.000  0.000 -95.345
12:DL + LL2  189.953  2.281  0.000  0.000  0.000 -40.827
13:DL + LL3  191.383  5.391  0.000  0.000  0.000 -81.730
14:DL + LL4  176.727  0.280  0.000  0.000  0.000 -54.443
15:DL + LL5  189.047  1.122  0.000  0.000  0.000 -93.427
16:DL + LL6  179.063  4.548  0.000  0.000  0.000 -42.746
17:DL + LL7  202.274  3.123  0.000  0.000  0.000 -79.811

21 1:DEAD LOADS -165.803 -0.209  0.000  0.000  0.000  60.496
11:DL + LL1 -178.123 -1.051  0.000  0.000  0.000  102.007
12:DL + LL2 -189.920  0.057  0.000  0.000  0.000  44.163
13:DL + LL3 -191.350 -3.052  0.000  0.000  0.000  94.396
14:DL + LL4 -176.693  2.058  0.000  0.000  0.000  51.775
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - DL lus 9

 Print Time/Date: 07/08/2018 08:54 Print Run 9 of 9STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

15:DL + LL5 -189.014  1.216  0.000  0.000  0.000  93.286
16:DL + LL6 -179.029 -2.210  0.000  0.000  0.000  52.884
17:DL + LL7 -202.240 -0.785  0.000  0.000  0.000  85.674
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - H5 Truck

 Print Time/Date: 07/08/2018 08:56 Print Run 1 of 10STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Job Information
 Engineer Checked Approved

Name: DWC SFH
Date: 02-Aug-18 03-Aug-18

Project ID
Project Name

Comments

ARCH RIBS - H5 TR CK

Structure Type SPACE FRAME

Number of Nodes 54 Highest Node 62
Number of Elements 65 Highest Beam 81

Number of Basic Load Cases -2
Number of Combination Load Cases 0

Included in this printout are data for:
Beams 1 to 4

Included in this printout are results for load cases:
Type L/C Name

Generation 1 LOAD GENERATION  LOAD 1  (1 of 21)
Generation 2 LOAD GENERATION  LOAD 2  (2 of 21)
Generation 3 LOAD GENERATION  LOAD 3  (3 of 21)
Generation 4 LOAD GENERATION  LOAD 4  (4 of 21)
Generation 5 LOAD GENERATION  LOAD 5  (5 of 21)
Generation 6 LOAD GENERATION  LOAD 6  (6 of 21)
Generation 7 LOAD GENERATION  LOAD 7  (7 of 21)
Generation 8 LOAD GENERATION  LOAD 8  (8 of 21)
Generation 9 LOAD GENERATION  LOAD 9  (9 of 21)
Generation 10 LOAD GENERATION  LOAD 10  (10 of 21
Generation 11 LOAD GENERATION  LOAD 11  (11 of 21
Generation 12 LOAD GENERATION  LOAD 12  (12 of 21
Generation 13 LOAD GENERATION  LOAD 13  (13 of 21
Generation 14 LOAD GENERATION  LOAD 14  (14 of 21
Generation 15 LOAD GENERATION  LOAD 15  (15 of 21
Generation 16 LOAD GENERATION  LOAD 16  (16 of 21
Generation 17 LOAD GENERATION  LOAD 17  (17 of 21
Generation 18 LOAD GENERATION  LOAD 18  (18 of 21
Generation 19 LOAD GENERATION  LOAD 19  (19 of 21
Generation 20 LOAD GENERATION  LOAD 20  (20 of 21
Generation 21 LOAD GENERATION  LOAD 21  (21 of 21
Generation 22 LOAD GENERATION  LOAD 22  (1 of 21)
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - H5 Truck

 Print Time/Date: 07/08/2018 08:56 Print Run 2 of 10STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Job Information Cont
Type L/C Name

Generation 26 LOAD GENERATION  LOAD 26  (5 of 21)
Generation 27 LOAD GENERATION  LOAD 27  (6 of 21)
Generation 28 LOAD GENERATION  LOAD 28  (7 of 21)
Generation 29 LOAD GENERATION  LOAD 29  (8 of 21)
Generation 30 LOAD GENERATION  LOAD 30  (9 of 21)
Generation 31 LOAD GENERATION  LOAD 31  (10 of 21
Generation 32 LOAD GENERATION  LOAD 32  (11 of 21
Generation 33 LOAD GENERATION  LOAD 33  (12 of 21
Generation 34 LOAD GENERATION  LOAD 34  (13 of 21
Generation 35 LOAD GENERATION  LOAD 35  (14 of 21
Generation 36 LOAD GENERATION  LOAD 36  (15 of 21
Generation 37 LOAD GENERATION  LOAD 37  (16 of 21
Generation 38 LOAD GENERATION  LOAD 38  (17 of 21
Generation 39 LOAD GENERATION  LOAD 39  (18 of 21
Generation 40 LOAD GENERATION  LOAD 40  (19 of 21
Generation 41 LOAD GENERATION  LOAD 41  (20 of 21
Generation 42 LOAD GENERATION  LOAD 42  (21 of 21

 Beam End Forces
Sign convention is as the action of the joint on the beam.

 Axial  Shear  Torsion  Bending
Beam Node L/C Fx

(ki )
Fy

(ki )
F

(ki )
x

(ki -ft)
y

(ki -ft) (ki -ft)
1 1 1:LOAD GENE  0.881  0.734  0.000  0.000  0.000  7.372

2:LOAD GENE  2.470  2.082  0.000  0.000  0.000  20.817
3:LOAD GENE  4.059  3.430  0.000  0.000  0.000  34.265
4:LOAD GENE  4.949  3.107  0.000  0.000  0.000  34.736
5:LOAD GENE  5.664  2.367  0.000  0.000  0.000  31.963
6:LOAD GENE  6.337  1.637  0.000  0.000  0.000  28.180
7:LOAD GENE  6.979  0.920  0.000  0.000  0.000  24.149
8:LOAD GENE  7.592  0.219  0.000  0.000  0.000  20.184
9:LOAD GENE  7.955 -0.406  0.000  0.000  0.000  11.320
10:LOAD GENE  8.191 -0.961  0.000  0.000  0.000  2.701
11:LOAD GENE  8.275 -1.425  0.000  0.000  0.000 -5.307
12:LOAD GENE  8.204 -1.794  0.000  0.000  0.000 -12.358
13:LOAD GENE  7.975 -2.061  0.000  0.000  0.000 -18.201
14:LOAD GENE  7.590 -2.223  0.000  0.000  0.000 -22.646
15:LOAD GENE  7.056 -2.278  0.000  0.000  0.000 -25.515
16:LOAD GENE  6.380 -2.217  0.000  0.000  0.000 -26.460
17:LOAD GENE  5.597 -2.074  0.000  0.000  0.000 -26.107
18:LOAD GENE  4.710 -1.824  0.000  0.000  0.000 -23.756
19:LOAD GENE  3.743 -1.470  0.000  0.000  0.000 -19.395
20:LOAD GENE  2.817 -1.128  0.000  0.000  0.000 -15.128
21:LOAD GENE  1.953 -0.803  0.000  0.000  0.000 -11.001
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - H5 Truck

 Print Time/Date: 07/08/2018 08:56 Print Run 3 of 10STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

22:LOAD GENE  3.525  2.936  0.000  0.000  0.000  29.476
23:LOAD GENE  4.458  2.718  0.000  0.000  0.000  30.757
24:LOAD GENE  5.392  2.499  0.000  0.000  0.000  32.040
25:LOAD GENE  6.151  1.863  0.000  0.000  0.000  30.078
26:LOAD GENE  6.866  1.122  0.000  0.000  0.000  27.305
27:LOAD GENE  7.410  0.424  0.000  0.000  0.000  20.491
28:LOAD GENE  7.834 -0.222  0.000  0.000  0.000  12.684
29:LOAD GENE  8.140 -0.801  0.000  0.000  0.000  5.141
30:LOAD GENE  8.269 -1.292  0.000  0.000  0.000 -3.060
31:LOAD GENE  8.245 -1.691  0.000  0.000  0.000 -10.393
32:LOAD GENE  8.062 -1.988  0.000  0.000  0.000 -16.588
33:LOAD GENE  7.723 -2.181  0.000  0.000  0.000 -21.450
34:LOAD GENE  7.234 -2.272  0.000  0.000  0.000 -24.855
35:LOAD GENE  6.604 -2.260  0.000  0.000  0.000 -26.697
36:LOAD GENE  5.847 -2.139  0.000  0.000  0.000 -26.682
37:LOAD GENE  4.953 -1.858  0.000  0.000  0.000 -23.647
38:LOAD GENE  4.032 -1.558  0.000  0.000  0.000 -20.288
39:LOAD GENE  3.085 -1.230  0.000  0.000  0.000 -16.429
40:LOAD GENE  2.118 -0.877  0.000  0.000  0.000 -12.068
41:LOAD GENE  1.316 -0.568  0.000  0.000  0.000 -8.083
42:LOAD GENE  0.760 -0.328  0.000  0.000  0.000 -4.662

2 1:LOAD GENE -0.881 -0.734  0.000  0.000  0.000 -4.962
2:LOAD GENE -2.470 -2.082  0.000  0.000  0.000 -13.986
3:LOAD GENE -4.059 -3.430  0.000  0.000  0.000 -23.011
4:LOAD GENE -4.949 -3.107  0.000  0.000  0.000 -24.542
5:LOAD GENE -5.664 -2.367  0.000  0.000  0.000 -24.199
6:LOAD GENE -6.337 -1.637  0.000  0.000  0.000 -22.811
7:LOAD GENE -6.979 -0.920  0.000  0.000  0.000 -21.132
8:LOAD GENE -7.592 -0.219  0.000  0.000  0.000 -19.464
9:LOAD GENE -7.955  0.406  0.000  0.000  0.000 -12.652
10:LOAD GENE -8.191  0.961  0.000  0.000  0.000 -5.853
11:LOAD GENE -8.275  1.425  0.000  0.000  0.000  0.631
12:LOAD GENE -8.204  1.794  0.000  0.000  0.000  6.473
13:LOAD GENE -7.975  2.061  0.000  0.000  0.000  11.440
14:LOAD GENE -7.590  2.223  0.000  0.000  0.000  15.353
15:LOAD GENE -7.056  2.278  0.000  0.000  0.000  18.040
16:LOAD GENE -6.380  2.217  0.000  0.000  0.000  19.188
17:LOAD GENE -5.597  2.074  0.000  0.000  0.000  19.301
18:LOAD GENE -4.710  1.824  0.000  0.000  0.000  17.772
19:LOAD GENE -3.743  1.470  0.000  0.000  0.000  14.571
20:LOAD GENE -2.817  1.128  0.000  0.000  0.000  11.426
21:LOAD GENE -1.953  0.803  0.000  0.000  0.000  8.366
22:LOAD GENE -3.525 -2.936  0.000  0.000  0.000 -19.842
23:LOAD GENE -4.458 -2.718  0.000  0.000  0.000 -21.841
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - H5 Truck

 Print Time/Date: 07/08/2018 08:56 Print Run 4 of 10STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

24:LOAD GENE -5.392 -2.499  0.000  0.000  0.000 -23.840
25:LOAD GENE -6.151 -1.863  0.000  0.000  0.000 -23.966
26:LOAD GENE -6.866 -1.122  0.000  0.000  0.000 -23.623
27:LOAD GENE -7.410 -0.424  0.000  0.000  0.000 -19.099
28:LOAD GENE -7.834  0.222  0.000  0.000  0.000 -13.411
29:LOAD GENE -8.140  0.801  0.000  0.000  0.000 -7.768
30:LOAD GENE -8.269  1.292  0.000  0.000  0.000 -1.179
31:LOAD GENE -8.245  1.691  0.000  0.000  0.000  4.846
32:LOAD GENE -8.062  1.988  0.000  0.000  0.000  10.068
33:LOAD GENE -7.723  2.181  0.000  0.000  0.000  14.294
34:LOAD GENE -7.234  2.272  0.000  0.000  0.000  17.401
35:LOAD GENE -6.604  2.260  0.000  0.000  0.000  19.283
36:LOAD GENE -5.847  2.139  0.000  0.000  0.000  19.664
37:LOAD GENE -4.953  1.858  0.000  0.000  0.000  17.550
38:LOAD GENE -4.032  1.558  0.000  0.000  0.000  15.177
39:LOAD GENE -3.085  1.230  0.000  0.000  0.000  12.393
40:LOAD GENE -2.118  0.877  0.000  0.000  0.000  9.192
41:LOAD GENE -1.316  0.568  0.000  0.000  0.000  6.218
42:LOAD GENE -0.760  0.328  0.000  0.000  0.000  3.585

2 2 1:LOAD GENE  0.859  0.761  0.000  0.000  0.000  4.962
2:LOAD GENE  2.405  2.157  0.000  0.000  0.000  13.986
3:LOAD GENE  3.952  3.554  0.000  0.000  0.000  23.011
4:LOAD GENE  4.851  3.258  0.000  0.000  0.000  24.542
5:LOAD GENE  5.589  2.540  0.000  0.000  0.000  24.199
6:LOAD GENE  6.283  1.831  0.000  0.000  0.000  22.811
7:LOAD GENE  6.947  1.134  0.000  0.000  0.000  21.132
8:LOAD GENE  7.581  0.453  0.000  0.000  0.000  19.464
9:LOAD GENE  7.963 -0.161  0.000  0.000  0.000  12.652
10:LOAD GENE  8.217 -0.708  0.000  0.000  0.000  5.853
11:LOAD GENE  8.315 -1.170  0.000  0.000  0.000 -0.631
12:LOAD GENE  8.255 -1.541  0.000  0.000  0.000 -6.473
13:LOAD GENE  8.035 -1.815  0.000  0.000  0.000 -11.440
14:LOAD GENE  7.655 -1.989  0.000  0.000  0.000 -15.353
15:LOAD GENE  7.123 -2.060  0.000  0.000  0.000 -18.040
16:LOAD GENE  6.445 -2.019  0.000  0.000  0.000 -19.188
17:LOAD GENE  5.658 -1.901  0.000  0.000  0.000 -19.301
18:LOAD GENE  4.763 -1.678  0.000  0.000  0.000 -17.772
19:LOAD GENE  3.786 -1.355  0.000  0.000  0.000 -14.571
20:LOAD GENE  2.850 -1.041  0.000  0.000  0.000 -11.426
21:LOAD GENE  1.976 -0.743  0.000  0.000  0.000 -8.366
22:LOAD GENE  3.433  3.043  0.000  0.000  0.000  19.842
23:LOAD GENE  4.373  2.854  0.000  0.000  0.000  21.841
24:LOAD GENE  5.312  2.664  0.000  0.000  0.000  23.840
25:LOAD GENE  6.090  2.051  0.000  0.000  0.000  23.966
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - H5 Truck

 Print Time/Date: 07/08/2018 08:56 Print Run 5 of 10STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

26:LOAD GENE  6.828  1.333  0.000  0.000  0.000  23.623
27:LOAD GENE  7.393  0.652  0.000  0.000  0.000  19.099
28:LOAD GENE  7.837  0.019  0.000  0.000  0.000  13.411
29:LOAD GENE  8.161 -0.550  0.000  0.000  0.000  7.768
30:LOAD GENE  8.305 -1.037  0.000  0.000  0.000  1.179
31:LOAD GENE  8.293 -1.436  0.000  0.000  0.000 -4.846
32:LOAD GENE  8.120 -1.739  0.000  0.000  0.000 -10.068
33:LOAD GENE  7.786 -1.943  0.000  0.000  0.000 -14.294
34:LOAD GENE  7.301 -2.048  0.000  0.000  0.000 -17.401
35:LOAD GENE  6.671 -2.056  0.000  0.000  0.000 -19.283
36:LOAD GENE  5.910 -1.958  0.000  0.000  0.000 -19.664
37:LOAD GENE  5.008 -1.705  0.000  0.000  0.000 -17.550
38:LOAD GENE  4.078 -1.433  0.000  0.000  0.000 -15.177
39:LOAD GENE  3.121 -1.135  0.000  0.000  0.000 -12.393
40:LOAD GENE  2.144 -0.811  0.000  0.000  0.000 -9.192
41:LOAD GENE  1.332 -0.528  0.000  0.000  0.000 -6.218
42:LOAD GENE  0.770 -0.305  0.000  0.000  0.000 -3.585

3 1:LOAD GENE -0.859 -0.761  0.000  0.000  0.000 -2.513
2:LOAD GENE -2.405 -2.157  0.000  0.000  0.000 -7.044
3:LOAD GENE -3.952 -3.554  0.000  0.000  0.000 -11.576
4:LOAD GENE -4.851 -3.258  0.000  0.000  0.000 -14.058
5:LOAD GENE -5.589 -2.540  0.000  0.000  0.000 -16.027
6:LOAD GENE -6.283 -1.831  0.000  0.000  0.000 -16.920
7:LOAD GENE -6.947 -1.134  0.000  0.000  0.000 -17.484
8:LOAD GENE -7.581 -0.453  0.000  0.000  0.000 -18.008
9:LOAD GENE -7.963  0.161  0.000  0.000  0.000 -13.172
10:LOAD GENE -8.217  0.708  0.000  0.000  0.000 -8.132
11:LOAD GENE -8.315  1.170  0.000  0.000  0.000 -3.136
12:LOAD GENE -8.255  1.541  0.000  0.000  0.000  1.515
13:LOAD GENE -8.035  1.815  0.000  0.000  0.000  5.600
14:LOAD GENE -7.655  1.989  0.000  0.000  0.000  8.954
15:LOAD GENE -7.123  2.060  0.000  0.000  0.000  11.410
16:LOAD GENE -6.445  2.019  0.000  0.000  0.000  12.689
17:LOAD GENE -5.658  1.901  0.000  0.000  0.000  13.183
18:LOAD GENE -4.763  1.678  0.000  0.000  0.000  12.372
19:LOAD GENE -3.786  1.355  0.000  0.000  0.000  10.211
20:LOAD GENE -2.850  1.041  0.000  0.000  0.000  8.075
21:LOAD GENE -1.976  0.743  0.000  0.000  0.000  5.976
22:LOAD GENE -3.433 -3.043  0.000  0.000  0.000 -10.049
23:LOAD GENE -4.373 -2.854  0.000  0.000  0.000 -12.659
24:LOAD GENE -5.312 -2.664  0.000  0.000  0.000 -15.269
25:LOAD GENE -6.090 -2.051  0.000  0.000  0.000 -17.366
26:LOAD GENE -6.828 -1.333  0.000  0.000  0.000 -19.335
27:LOAD GENE -7.393 -0.652  0.000  0.000  0.000 -17.001
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - H5 Truck

 Print Time/Date: 07/08/2018 08:56 Print Run 6 of 10STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

28:LOAD GENE -7.837 -0.019  0.000  0.000  0.000 -13.349
29:LOAD GENE -8.161  0.550  0.000  0.000  0.000 -9.538
30:LOAD GENE -8.305  1.037  0.000  0.000  0.000 -4.517
31:LOAD GENE -8.293  1.436  0.000  0.000  0.000  0.225
32:LOAD GENE -8.120  1.739  0.000  0.000  0.000  4.473
33:LOAD GENE -7.786  1.943  0.000  0.000  0.000  8.043
34:LOAD GENE -7.301  2.048  0.000  0.000  0.000  10.810
35:LOAD GENE -6.671  2.056  0.000  0.000  0.000  12.667
36:LOAD GENE -5.910  1.958  0.000  0.000  0.000  13.363
37:LOAD GENE -5.008  1.705  0.000  0.000  0.000  12.062
38:LOAD GENE -4.078  1.433  0.000  0.000  0.000  10.565
39:LOAD GENE -3.121  1.135  0.000  0.000  0.000  8.742
40:LOAD GENE -2.144  0.811  0.000  0.000  0.000  6.581
41:LOAD GENE -1.332  0.528  0.000  0.000  0.000  4.519
42:LOAD GENE -0.770  0.305  0.000  0.000  0.000  2.605

3 3 1:LOAD GENE  0.835  0.787  0.000  0.000  0.000  2.513
2:LOAD GENE  2.339  2.229  0.000  0.000  0.000  7.044
3:LOAD GENE  3.843  3.672  0.000  0.000  0.000  11.576
4:LOAD GENE  4.751  3.403  0.000  0.000  0.000  14.058
5:LOAD GENE  5.509  2.708  0.000  0.000  0.000  16.027
6:LOAD GENE  6.225  2.020  0.000  0.000  0.000  16.920
7:LOAD GENE  6.910  1.343  0.000  0.000  0.000  17.484
8:LOAD GENE  7.564  0.682  0.000  0.000  0.000  18.008
9:LOAD GENE  7.965  0.080  0.000  0.000  0.000  13.172
10:LOAD GENE  8.234 -0.459  0.000  0.000  0.000  8.132
11:LOAD GENE  8.347 -0.918  0.000  0.000  0.000  3.136
12:LOAD GENE  8.298 -1.290  0.000  0.000  0.000 -1.515
13:LOAD GENE  8.086 -1.571  0.000  0.000  0.000 -5.600
14:LOAD GENE  7.711 -1.756  0.000  0.000  0.000 -8.954
15:LOAD GENE  7.182 -1.844  0.000  0.000  0.000 -11.410
16:LOAD GENE  6.503 -1.823  0.000  0.000  0.000 -12.689
17:LOAD GENE  5.713 -1.729  0.000  0.000  0.000 -13.183
18:LOAD GENE  4.812 -1.533  0.000  0.000  0.000 -12.372
19:LOAD GENE  3.825 -1.239  0.000  0.000  0.000 -10.211
20:LOAD GENE  2.880 -0.954  0.000  0.000  0.000 -8.075
21:LOAD GENE  1.998 -0.683  0.000  0.000  0.000 -5.976
22:LOAD GENE  3.339  3.146  0.000  0.000  0.000  10.049
23:LOAD GENE  4.284  2.985  0.000  0.000  0.000  12.659
24:LOAD GENE  5.229  2.823  0.000  0.000  0.000  15.269
25:LOAD GENE  6.025  2.235  0.000  0.000  0.000  17.366
26:LOAD GENE  6.784  1.539  0.000  0.000  0.000  19.335
27:LOAD GENE  7.370  0.875  0.000  0.000  0.000  17.001
28:LOAD GENE  7.833  0.257  0.000  0.000  0.000  13.349
29:LOAD GENE  8.174 -0.303  0.000  0.000  0.000  9.538
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - H5 Truck

 Print Time/Date: 07/08/2018 08:56 Print Run 7 of 10STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

30:LOAD GENE  8.332 -0.785  0.000  0.000  0.000  4.517
31:LOAD GENE  8.333 -1.185  0.000  0.000  0.000 -0.225
32:LOAD GENE  8.168 -1.492  0.000  0.000  0.000 -4.473
33:LOAD GENE  7.842 -1.706  0.000  0.000  0.000 -8.043
34:LOAD GENE  7.359 -1.826  0.000  0.000  0.000 -10.810
35:LOAD GENE  6.730 -1.853  0.000  0.000  0.000 -12.667
36:LOAD GENE  5.967 -1.778  0.000  0.000  0.000 -13.363
37:LOAD GENE  5.057 -1.553  0.000  0.000  0.000 -12.062
38:LOAD GENE  4.120 -1.309  0.000  0.000  0.000 -10.565
39:LOAD GENE  3.154 -1.040  0.000  0.000  0.000 -8.742
40:LOAD GENE  2.168 -0.746  0.000  0.000  0.000 -6.581
41:LOAD GENE  1.348 -0.487  0.000  0.000  0.000 -4.519
42:LOAD GENE  0.778 -0.281  0.000  0.000  0.000 -2.605

4 1:LOAD GENE -0.835 -0.787  0.000  0.000  0.000 -0.026
2:LOAD GENE -2.339 -2.229  0.000  0.000  0.000  0.002
3:LOAD GENE -3.843 -3.672  0.000  0.000  0.000  0.030
4:LOAD GENE -4.751 -3.403  0.000  0.000  0.000 -3.299
5:LOAD GENE -5.509 -2.708  0.000  0.000  0.000 -7.467
6:LOAD GENE -6.225 -2.020  0.000  0.000  0.000 -10.535
7:LOAD GENE -6.910 -1.343  0.000  0.000  0.000 -13.237
8:LOAD GENE -7.564 -0.682  0.000  0.000  0.000 -15.851
9:LOAD GENE -7.965 -0.080  0.000  0.000  0.000 -12.919
10:LOAD GENE -8.234  0.459  0.000  0.000  0.000 -9.583
11:LOAD GENE -8.347  0.918  0.000  0.000  0.000 -6.038
12:LOAD GENE -8.298  1.290  0.000  0.000  0.000 -2.564
13:LOAD GENE -8.086  1.571  0.000  0.000  0.000  0.635
14:LOAD GENE -7.711  1.756  0.000  0.000  0.000  3.403
15:LOAD GENE -7.182  1.844  0.000  0.000  0.000  5.582
16:LOAD GENE -6.503  1.823  0.000  0.000  0.000  6.925
17:LOAD GENE -5.713  1.729  0.000  0.000  0.000  7.717
18:LOAD GENE -4.812  1.533  0.000  0.000  0.000  7.525
19:LOAD GENE -3.825  1.239  0.000  0.000  0.000  6.293
20:LOAD GENE -2.880  0.954  0.000  0.000  0.000  5.058
21:LOAD GENE -1.998  0.683  0.000  0.000  0.000  3.819
22:LOAD GENE -3.339 -3.146  0.000  0.000  0.000 -0.104
23:LOAD GENE -4.284 -2.985  0.000  0.000  0.000 -3.224
24:LOAD GENE -5.229 -2.823  0.000  0.000  0.000 -6.343
25:LOAD GENE -6.025 -2.235  0.000  0.000  0.000 -10.302
26:LOAD GENE -6.784 -1.539  0.000  0.000  0.000 -14.471
27:LOAD GENE -7.370 -0.875  0.000  0.000  0.000 -14.233
28:LOAD GENE -7.833 -0.257  0.000  0.000  0.000 -12.537
29:LOAD GENE -8.174  0.303  0.000  0.000  0.000 -10.495
30:LOAD GENE -8.332  0.785  0.000  0.000  0.000 -7.000
31:LOAD GENE -8.333  1.185  0.000  0.000  0.000 -3.520
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LAKE PARK ARCH BRIDGE LOAD RATING

DWC 02-Aug-18 SFH

07-Aug-2018 07:51Lake Park Arch - H5 Truck

 Print Time/Date: 07/08/2018 08:56 Print Run 8 of 10STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

32:LOAD GENE -8.168  1.492  0.000  0.000  0.000 -0.244
33:LOAD GENE -7.842  1.706  0.000  0.000  0.000  2.650
34:LOAD GENE -7.359  1.826  0.000  0.000  0.000  5.036
35:LOAD GENE -6.730  1.853  0.000  0.000  0.000  6.809
36:LOAD GENE -5.967  1.778  0.000  0.000  0.000  7.741
37:LOAD GENE -5.057  1.553  0.000  0.000  0.000  7.153
38:LOAD GENE -4.120  1.309  0.000  0.000  0.000  6.427
39:LOAD GENE -3.154  1.040  0.000  0.000  0.000  5.455
40:LOAD GENE -2.168  0.746  0.000  0.000  0.000  4.224
41:LOAD GENE -1.348  0.487  0.000  0.000  0.000  2.979
42:LOAD GENE -0.778  0.281  0.000  0.000  0.000  1.717

4 4 1:LOAD GENE  0.811  0.811  0.000  0.000  0.000  0.026
2:LOAD GENE  2.272  2.297  0.000  0.000  0.000 -0.002
3:LOAD GENE  3.732  3.784  0.000  0.000  0.000 -0.030
4:LOAD GENE  4.648  3.543  0.000  0.000  0.000  3.299
5:LOAD GENE  5.427  2.870  0.000  0.000  0.000  7.467
6:LOAD GENE  6.162  2.204  0.000  0.000  0.000  10.535
7:LOAD GENE  6.867  1.548  0.000  0.000  0.000  13.237
8:LOAD GENE  7.540  0.906  0.000  0.000  0.000  15.851
9:LOAD GENE  7.959  0.316  0.000  0.000  0.000  12.919
10:LOAD GENE  8.244 -0.215  0.000  0.000  0.000  9.583
11:LOAD GENE  8.370 -0.670  0.000  0.000  0.000  6.038
12:LOAD GENE  8.333 -1.044  0.000  0.000  0.000  2.564
13:LOAD GENE  8.129 -1.330  0.000  0.000  0.000 -0.635
14:LOAD GENE  7.760 -1.527  0.000  0.000  0.000 -3.403
15:LOAD GENE  7.233 -1.630  0.000  0.000  0.000 -5.582
16:LOAD GENE  6.554 -1.630  0.000  0.000  0.000 -6.925
17:LOAD GENE  5.762 -1.559  0.000  0.000  0.000 -7.717
18:LOAD GENE  4.855 -1.390  0.000  0.000  0.000 -7.525
19:LOAD GENE  3.860 -1.126  0.000  0.000  0.000 -6.293
20:LOAD GENE  2.907 -0.869  0.000  0.000  0.000 -5.058
21:LOAD GENE  2.017 -0.623  0.000  0.000  0.000 -3.819
22:LOAD GENE  3.244  3.244  0.000  0.000  0.000  0.104
23:LOAD GENE  4.194  3.110  0.000  0.000  0.000  3.224
24:LOAD GENE  5.143  2.977  0.000  0.000  0.000  6.343
25:LOAD GENE  5.957  2.412  0.000  0.000  0.000  10.302
26:LOAD GENE  6.736  1.739  0.000  0.000  0.000  14.471
27:LOAD GENE  7.341  1.094  0.000  0.000  0.000  14.233
28:LOAD GENE  7.822  0.489  0.000  0.000  0.000  12.537
29:LOAD GENE  8.179 -0.060  0.000  0.000  0.000  10.495
30:LOAD GENE  8.352 -0.538  0.000  0.000  0.000  7.000
31:LOAD GENE  8.365 -0.937  0.000  0.000  0.000  3.520
32:LOAD GENE  8.209 -1.249  0.000  0.000  0.000  0.244
33:LOAD GENE  7.889 -1.473  0.000  0.000  0.000 -2.650
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 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

34:LOAD GENE  7.410 -1.607  0.000  0.000  0.000 -5.036
35:LOAD GENE  6.782 -1.653  0.000  0.000  0.000 -6.809
36:LOAD GENE  6.017 -1.601  0.000  0.000  0.000 -7.741
37:LOAD GENE  5.101 -1.402  0.000  0.000  0.000 -7.153
38:LOAD GENE  4.157 -1.186  0.000  0.000  0.000 -6.427
39:LOAD GENE  3.184 -0.946  0.000  0.000  0.000 -5.455
40:LOAD GENE  2.189 -0.681  0.000  0.000  0.000 -4.224
41:LOAD GENE  1.362 -0.447  0.000  0.000  0.000 -2.979
42:LOAD GENE  0.786 -0.258  0.000  0.000  0.000 -1.717

5 1:LOAD GENE -0.811 -0.811  0.000  0.000  0.000  2.497
2:LOAD GENE -2.272 -2.297  0.000  0.000  0.000  7.148
3:LOAD GENE -3.732 -3.784  0.000  0.000  0.000  11.799
4:LOAD GENE -4.648 -3.543  0.000  0.000  0.000  7.720
5:LOAD GENE -5.427 -2.870  0.000  0.000  0.000  1.459
6:LOAD GENE -6.162 -2.204  0.000  0.000  0.000 -3.680
7:LOAD GENE -6.867 -1.548  0.000  0.000  0.000 -8.423
8:LOAD GENE -7.540 -0.906  0.000  0.000  0.000 -13.034
9:LOAD GENE -7.959 -0.316  0.000  0.000  0.000 -11.937
10:LOAD GENE -8.244  0.215  0.000  0.000  0.000 -10.252
11:LOAD GENE -8.370  0.670  0.000  0.000  0.000 -8.123
12:LOAD GENE -8.333  1.044  0.000  0.000  0.000 -5.810
13:LOAD GENE -8.129  1.330  0.000  0.000  0.000 -3.503
14:LOAD GENE -7.760  1.527  0.000  0.000  0.000 -1.345
15:LOAD GENE -7.233  1.630  0.000  0.000  0.000  0.512
16:LOAD GENE -6.554  1.630  0.000  0.000  0.000  1.856
17:LOAD GENE -5.762  1.559  0.000  0.000  0.000  2.867
18:LOAD GENE -4.855  1.390  0.000  0.000  0.000  3.202
19:LOAD GENE -3.860  1.126  0.000  0.000  0.000  2.792
20:LOAD GENE -2.907  0.869  0.000  0.000  0.000  2.356
21:LOAD GENE -2.017  0.623  0.000  0.000  0.000  1.881
22:LOAD GENE -3.244 -3.244  0.000  0.000  0.000  9.984
23:LOAD GENE -4.194 -3.110  0.000  0.000  0.000  6.450
24:LOAD GENE -5.143 -2.977  0.000  0.000  0.000  2.917
25:LOAD GENE -5.957 -2.412  0.000  0.000  0.000 -2.799
26:LOAD GENE -6.736 -1.739  0.000  0.000  0.000 -9.061
27:LOAD GENE -7.341 -1.094  0.000  0.000  0.000 -10.832
28:LOAD GENE -7.822 -0.489  0.000  0.000  0.000 -11.017
29:LOAD GENE -8.179  0.060  0.000  0.000  0.000 -10.683
30:LOAD GENE -8.352  0.538  0.000  0.000  0.000 -8.674
31:LOAD GENE -8.365  0.937  0.000  0.000  0.000 -6.434
32:LOAD GENE -8.209  1.249  0.000  0.000  0.000 -4.130
33:LOAD GENE -7.889  1.473  0.000  0.000  0.000 -1.931
34:LOAD GENE -7.410  1.607  0.000  0.000  0.000  0.037
35:LOAD GENE -6.782  1.653  0.000  0.000  0.000  1.668
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 Beam End Forces Cont
 Axial  Shear  Torsion  Bending

Beam Node L/C Fx
(ki )

Fy
(ki )

F
(ki )

x
(ki -ft)

y
(ki -ft) (ki -ft)

36:LOAD GENE -6.017  1.601  0.000  0.000  0.000  2.762
37:LOAD GENE -5.101  1.402  0.000  0.000  0.000  2.791
38:LOAD GENE -4.157  1.186  0.000  0.000  0.000  2.737
39:LOAD GENE -3.184  0.946  0.000  0.000  0.000  2.514
40:LOAD GENE -2.189  0.681  0.000  0.000  0.000  2.105
41:LOAD GENE -1.362  0.447  0.000  0.000  0.000  1.589
42:LOAD GENE -0.786  0.258  0.000  0.000  0.000  0.915



As-Built

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD Output - Future Loads\STAAD Output - OPERATING 
COMBINATIONS

F (kips) M (k-ft) F (kips) M (k-ft) F (kips) M (k-ft) Mx My F
BEAM 1 MAX AXIAL 318.657 147.222 8.275 5.307 326.932 152.529 152.529 , 0 , 326.932

MIN AXIAL 261.428 143.871 0.76 4.662 262.188 148.533 148.533 , 0 , 262.188
MAX MOMENT 283.016 249.777 4.949 34.736 287.965 284.513 284.513 , 0 , 287.965
MIN MOMENT 297.069 64.519 8.269 3.06 305.338 67.579 67.579 , 0 , 305.338

BEAM 2 MAX AXIAL 317.138 146.404 8.315 3.136 325.453 149.54 149.54 , 0 , 325.453
MIN AXIAL 259.851 133.982 0.77 3.585 260.621 137.567 137.567 , 0 , 260.621
MAX MOMENT 281.204 215.867 4.851 24.542 286.055 240.409 240.409 , 0 , 286.055
MIN MOMENT 295.786 64.917 8.315 3.136 304.101 68.053 68.053 , 0 , 304.101

BEAM 3 MAX AXIAL 315.485 121.117 8.347 6.038 323.832 127.155 127.155 , 0 , 323.832
MIN AXIAL 258.194 105.464 0.778 2.605 258.972 108.069 108.069 , 0 , 258.972
MAX MOMENT 279.295 161.664 6.784 19.335 286.079 180.999 180.999 , 0 , 286.079
MIN MOMENT 294.384 64.917 0.835 2.513 295.219 67.43 67.43 , 0 , 295.219

BEAM 4 MAX AXIAL 313.711 72.832 8.37 8.123 322.081 80.955 80.955 , 0 , 322.081
MIN AXIAL 256.466 59.489 0.786 1.717 257.252 61.206 61.206 , 0 , 257.252
MAX MOMENT 299.833 93.867 7.54 15.851 307.373 109.718 109.718 , 0 , 307.373
MIN MOMENT 270.345 38.454 0.786 1.717 271.131 40.171 40.171 , 0 , 271.131

Dead Load + 90 psf H5 Truck TOTAL KDOT Column Expert - Input



As-Configured

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD Output - Future Loads\STAAD Output - OPERATING 
COMBINATIONS

F (kips) M (k-ft) F (kips) M (k-ft) F (kips) M (k-ft) Mx My F
BEAM 1 MAX AXIAL 334.554 149.854 8.275 5.307 342.829 155.161 155.161 , 0 , 342.829

MIN AXIAL 277.325 144.802 0.76 4.662 278.085 149.464 149.464 , 0 , 278.085
MAX MOMENT 298.913 250.708 4.949 34.736 303.862 285.444 285.444 , 0 , 303.862
MIN MOMENT 312.966 67.969 8.269 3.06 321.235 71.029 71.029 , 0 , 321.235

BEAM 2 MAX AXIAL 333.051 149.854 8.315 3.136 341.366 152.99 152.99 , 0 , 341.366
MIN AXIAL 275.764 137.433 0.77 3.585 276.534 141.018 141.018 , 0 , 276.534
MAX MOMENT 297.117 219.318 4.851 24.542 301.968 243.86 243.86 , 0 , 301.968
MIN MOMENT 311.699 69.265 8.315 3.136 320.014 72.401 72.401 , 0 , 320.014

BEAM 3 MAX AXIAL 331.399 125.465 8.347 6.038 339.746 131.503 131.503 , 0 , 339.746
MIN AXIAL 274.108 109.812 0.778 2.605 274.886 112.417 112.417 , 0 , 274.886
MAX MOMENT 295.209 166.012 6.784 19.335 301.993 185.347 185.347 , 0 , 301.993
MIN MOMENT 310.298 69.265 0.835 2.513 311.133 71.778 71.778 , 0 , 311.133

BEAM 4 MAX AXIAL 329.612 76.538 8.37 8.123 337.982 84.661 84.661 , 0 , 337.982
MIN AXIAL 272.368 63.195 0.786 1.717 273.154 64.912 64.912 , 0 , 273.154
MAX MOMENT 315.734 97.573 7.54 15.851 323.274 113.424 113.424 , 0 , 323.274
MIN MOMENT 286.246 42.16 0.786 1.717 287.032 43.877 43.877 , 0 , 287.032

Dead Load + 90 psf H5 Truck TOTAL KDOT Column Expert - Input
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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 
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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) 



Meeting Minutes 
 
Subject:  Lake Park Ravine Road Concrete Footbridge 

Prepared by:  Colleen Reilly, President, Lake Park Friends 

Location: Conference call  Date/Time: September 25, 2018 / 3:00 – 4:30 p.m. CT 

Participants: Karl Stave, Milwaukee County  Colleen Reilly, Lake Park Friends 

  Kevin Wood, GRAEF   Phil Schultz, Lake Park Friends 

  John Kissinger, GRAEF   Margaret DeMichele, Lake Park Friends 

  Wes Weir, TranSystems   Steve Duback, Lake Park Friends 

  Don Cartwright, TranSystems 

 

Notes 

1 Overall project goal is to have a bridge that is safe, that is economically feasible (in terms of cost 
and longevity), and that is true to its historical value. Federal, state, and local historic 
preservation laws require consideration of rehabilitation first and foremost for historic structures. 
All agree bridge can be rehabilitated; however, differences in what is required during 
rehabilitation to achieve project goal.  Purpose of call is to resolve those differences to help 
determine what is required to rehabilitate the bridge. 

2  Bridge structural elements 
a. Kahn bar system in deck. There is limited as-built information, so assumptions were 

made based on visual inspection. There remains a difference of professional opinion 
regarding the effective area of steel reinforcement in the deck. Kahn bar spacing is not 
18” stated in the design plans and used by GRAEF but is also not consistently 7” 
throughout the deck as used by TranSystems. Could measure to resolve spacing, but 
GRAEF believes the effective area of Kahn bars is also of concern. The exposed steel 
on underside of bridge shows that the uncut fin steel in the transverse Kahn bars are not 
continuous; only the middle section appears to have the full square bar and fin area (this 
construction is consistent with the Kahn Manual, which states that the full bar areas can 
be used to determine strength). Even in middle section, GRAEF believes that Kahn bars 
have discontinuities which make the use of the fin steel questionable. TranSystems’ 
performed calculations that shows that the bridge has the capacity to support the 80 psf 
live load as per the original design plans based on scaled dimensions of the rebar from 
the underside of deck and the effective area of the Kahn bars per the Kahn design 
manual. All agreed that there is no evidence that the bridge is in an overstressed 
condition. TranSystems believes that refining these assumptions in the TranSystems 
calculations will result only in a change to the load ratings for vehicular traffic but would 
not significantly change pedestrian load capacity. GRAEF does not believe deck can 
support 90 psf pedestrian loading because of these as-built uncertainties related to the 
spacing of the deck bars and the effective area of the Kahn bars. The County wants to 
be conservative with the assumptions, especially given past incidents. The load rating 
methodologies are inherently conservative and are used on hundreds of bridges across 
the US. If want to retain the current deck, could resolve via a load test prior to or during 
design phase. May not be so important to fine tune the deck’s load rating if the County 
has the funds to replace the deck. If refined numbers are lower than 90 psf, could restrict 
the number of people and restrict vehicles on the bridge with bollards or other. 

b. Spandrel beam depth. Remains a difference of professional opinion regarding the 
spandrel beam depth. GRAEF believes the caulked cracks on interior face of the 
spandrel suggest a cold joint, and that the haunch makes it difficult to see the cold joint 
on the exterior of the bridge. GRAEF believes the arches were poured first, then the 
spandrels, then the deck. TranSystems stated that even if there is a clear joint, it would 
not change the analysis of the entire beam; the rebar is continuous up through the deck. 



Notes 

GRAEF does not believe the rebar crosses the spandrel beam/deck plane. TranSystems 
proof of concept demonstrates design intent was achieved based on TranSytems 
analysis assumptions. All agreed that this could be resolved during the design phase 
and if needed, the spandrels could be strengthened.  

3 Bridge longevity. Based on the additional material testing results (no evidence of ASR; low 
chloride levels), all agreed that the as long as the rehabilitation is conducted properly (good 
specifications and good quality control) and the rehabilitated bridge is maintained, the 
rehabilitated bridge could last at least 50 years. The concrete deterioration that is visible is due 
to lack of maintenance, minimal concrete cover, and the age of the bridge. Routine maintenance 
would include periodic application of a penetrating protective concrete sealant, inspections, etc, 
which would not necessarily be needed on a newly constructed bridge to achieve the same 50+ 
year life span.. 

4 Vaulted abutments. County states the vaulted abutments are in poor condition (large cracks, lack 
of steel reinforcement, eroding ravine slope undermining the foundation). TranSystems stated 
these curtain walls are architectural features (not structural) and are not connected to the main 
structure, but they could be replaced during a rehabilitation for low cost.  GRAEF stated that 
these are structural elements supporting the deck, not curtain walls. At the wider overlook 
sections, there are concrete beam elements that help to support the deck. All agreed this could 
be evaluated during the design phase. 

5 Call concluded at 4:30 p.m. 
 



From: dwcartwright@transystems.com
Subject: RE: Lake Park Arch Bridge Report Review

Date: October 4, 2018 at 3:55 PM
To: ckreilly@outlook.com
Cc: Wesley.Weir@wsp.com

Colleen,
 
Following up on our discussion from earlier, TranSystems would like to provide clarification on
the Khan bar reinforcement system as discussed in GRAEF’s review of our analysis report.  In
particular, we do not agree with the assertion that the entire bar area cannot be included for
flexural strength due to discontinuities in the outer fins.
 
The review of our report states that the Khan bars have transverse slits even where bars are
not bent up, and we do not believe this to be true.  The Khan bars are fabricated as one
continuous bar with a diamond-shaped inner core and fins on the outside.  In order to create
the include shear reinforcing, the fins are cut with a small transverse slit and variable-length
longitudinal cuts which then allow the bars to be bent up.  The bars are not fabricated with
these cuts pre-made, and the center portion of the bar is left continuous to allow for full
capacity of the bars (core + fin) in flexure.  This is shown in Fig 11 on Page 4 of GRAEF’s
review.
 
Furthermore, GRAEF states that only the middle 6" of the bar length is left continuous and
uncut.  We believe GRAEF has incorrectly interpreted the standard cut diagram (Fig 14 on
Page 6 of their report).  In this diagram, the center portion of the bars shown is intentionally
not dimensioned, as this length would be customized based on the configuration of the
member being reinforced.  The purpose of this diagram is strictly to demonstrate the
dimensions for these cuts for different bar sizes and lengths of bent shear bars.  This diagram
does not specify the uncut flexural length left in the middle of the bar, and the only reason it is
drawn so short is likely just to fit all the detail needed on the page.  In fact, the bottom diagram
showing 18" and 24" cuts specifically has a break line shown in the middle of the bar.
 
Based on several field photographs of the deck underside, it appears very clear that the full bar
is included for most of the length of the transverse deck with while the fins are bent up near the
ends.  This supports the concept that the Khan system was utilized to provide full bar area in
the primary flexure areas and additional shear capacity near the ends.  There are no
photographs suggesting that the fins are cut transversely near the center of the span.  As is
the design intent of the Khan system, each bar is fabricated continuously and only cut
specifically in areas where bars are being bent up to provide additional shear capacity.
 
I have attached a very brief markup which calls attention to these points.  If you have any
questions, please don’t hesitate to let myself or Wes know.
 
Thanks,
Don
 
From: Colleen Reilly [mailto:ckreilly@outlook.com] 
Sent: Friday, September 21, 2018 4:54 PM
To: Wesley.Weir@wsp.com; CL-Don Cartwright <dwcartwright@transystems.com>;
margaret@demichele.com; P.Schultz@horizondbm.com; srduback@yahoo.com
Subject: Fwd: Lake Park Arch Bridge Report Review
 

mailto:dwcartwright@transystems.com
mailto:ckreilly@outlook.com
mailto:Wesley.Weir@wsp.com


 
I have not yet reviewed this, but wanted to get this to you.

Colleen Reilly, PMP
(414) 202-5730
ckreilly@outlook.com
 

Begin forwarded message:

From: "Stave, Karl" <Karl.Stave@milwaukeecountywi.gov>
Date: September 21, 2018 at 3:38:52 PM CDT
To: Colleen Reilly <ckreilly@outlook.com>
Subject: FW: Lake Park Arch Bridge Report Review

Colleen,
 
See attached review.  I haven’t reviewed it yet but wanted to get it to you before
the weekend.
 
Thanks,
 
Karl Stave, P.E.
Architecture, Engineering & Environmental Services
DAS - Facilities Management Division
Milwaukee County
633 W. Wisconsin Ave.
Suite 1000
Milwaukee, WI 53203
(414) 278-4863
 
This message is intended for the sole use of the individual and entity to which it is
addressed, and may contain information that is privileged, confidential and exempt
from disclosure under applicable law. If you are not the intended addressee, nor
authorized to receive for the intended addressee, you are hereby notified that you may
not use, copy, disclose or distribute to anyone the message or any information
contained in the message. If you have received this message in error, please
immediately advise the sender by reply email and delete the message.

Lake Park Arch Bridge
Load Calcu…mments.pdf

mailto:ckreilly@outlook.com
mailto:Karl.Stave@milwaukeecountywi.gov
mailto:ckreilly@outlook.com
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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. 
 

 
 

Primary Flexure Zone:  In this area, note that there are no transverse slits pre-fabricated in the Khan bar.  The full bar (core plus fins) is intact as initially fabricated and is developed for flexural capacity in this region.

Primary Shear Zone (typ.):  In this area, the fins are cut on each side with an L-shaped cut consisting of a small transverse slit and longitudinal cut between the fin and core.  These cuts are done custom only where desired based on designer's intent with dimensions for cuts and connected material as shown in Fig 14.  There are no pre-cuts made along the remaining length of the member.



 

 
 

Karl Stave, P.E. -5- September 21, 2018 
 
2018-0161.00 
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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 

The intent of this figure is to demonstrate the typical lengths of cuts for the shear fins and the amount that is left uncut to provide connection to the inner core (3/4" for 6" cuts, 1" for 8" cuts, etc.). The length of bars of bars left uncut for  flexural reinforcement are intentionally not included on this diagram, as this value would be customized based on the size and configuration of the member. (typ.)

Break line in bar where flexural portion is not shown in the diagram
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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” 

This is not the case.  The middle portion of the bar is specifically not dimensioned in Fig 14.  The intent of the diagram is to show the standard cuts in shear zones, while the uncut portion of bar in the middle could be left at any length.  It was likely drawn for a very short length in the detail to save space on the page.
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