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TranSystems was contracted by Lake Park Friends to conduct struclural
engineering services for the Lake Park Concrete Arch Bridge, including a
structural analysis of the bridge in order to determine its load carrying
capacity. All members were analyzed in accordance with Allowable Stress
Design {ASD) with the AASHTOQ Standard Specifications for Highway
Bridges, 17™ Edition. The results of the structural analysis are presented as
capacity to demand ratios based on service loads and allowable stresses.
All' information used in lhe analysis is based on existing plans, field
measurements, malenal testing, and pertinent historic documentation.

The structural analysis was performed in two (2) stages with different live
loads considered:

1)

2)

Lake Park Arch Bridge over Ravine Road — Phase 3: Structural Analysis Results

Original Design Loads - This analysis serves as a proof of concept for the bridge's original design intent.
The analysis was performed based on the onginal 80 psf design live loading shown in the plans, and
capacities were calculated based on design-level allowable stresses (ASD methadology) as shown in
AASHTO Articles 8.15.2.1 and 8.15.2.2.

Modem Design Loads - This analysis determines the ability of the bridge to resist modem code-prescribed
design loadings. The analysis is based on a 50 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 leve). For
this analysis, allowable stresses utilized for reinforcing steel and concrete are based on AASHTO MBE
Tables 6B.5.2.3-1 and 68.5.2.4.1-1,

The structural analysis for both stages considered the following three (3) alternatives:

1

2)

3)

As-Bullt - The analysis consists of the original structure in its as-constructed condition, ulilizing original
section properties, geometry, and malerial specifications. This altemnative represents the original design
criteria for the structure as shown on the original pian set with verification from field ohservation.
As-Configured — The analysis consists of the structure in its existing configuration, accounting for
modifications to the structure such as new railings or wearing surfaces, with original as-buifl section
properties and material specifications. This alternative demonstrates the impact of structurai modifications
to the bridge from its original design intent.

As-Inspected - The analysis consists of the as-configured bridge as it stands today, any observed section
loss and deterioration, and any revisions to the material specifications based on tesling. This altemative
represents the ability of the structure to carry the onginal design loading in its current configuration and
condition and provides a basetfine for any future loading considerations.
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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.

e 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.

Capacity to Demand Ratio (80 psf Original Design Load)

Bridge Element : :
As-Built As-Configured As-Inspected

Deck
Longitudinal Spandrel Beam
Arch Rib

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.

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.
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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.

Capacity-to-Demand Ratios (ASD)

. As-Built As-Configured As-Inspected
Bridge Element

Inventory Operating Inventory Operating Inventory Operating
(90 psf) (90 psf + H5) (90 psf) (90 psf + H5) (90 psf) (90 psf + H5)

Deck
Longitudinal Spandrel Beam
Arch Rib

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.

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¢) 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 (f,) of 33 ksi was
assumed for the reinforcing steel based on an allowable

) ) L Figure 1 — Typical cross section of the bridge near the center of
stress of 16 ksi shown in the plans. A 1" thick concrete the arch span (from the original design plans).

wearing surface has been added to the structure since its
original construction.
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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.

Figure 2 - Floor plan with deck slab reinforcement as shown in the Photo 1 — Underside of deck spall from field investigation.
original design plans. Note that the transverse and Note that scaled dimensions from this photograph
longitudinal rebar spacing is shown at 18". indicate a transverse rebar spacing much closer than

18"

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 (fc) 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. Avyield strength (f,) 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.
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6. A 1" thick concrete wearing surface was considered
for the As-Configured and As-Inspected analyses, as B £19) -96‘5-37_ %
shown in the deck core taken for petrographic e SRR P ST R R ¥
analysis during the concrete testing (see Figure 3). e v S s ¥
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. A D
B8 TrSTING, INC.

8. Concrete clear cover was assumed to be 1".
Figure 3 — Overall profile of Core 3 (north end of deck) from
9. No significant section loss has been documented on the petrographic analysis for concrete testing.
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.

Capacity-to-Demand Ratios (ASD)

. As-Built As-Configured As-Inspected
Bridge Element

Inventory Operating Inventory Operating Inventory Operating
(90 psf) (90 psf + H5) (90 psf) (90 psf + H5) (90 psf) (90 psf + H5)

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.

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.
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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  Figure 4 — Typical arch elevation showing the longitudinal spandrel
plans, the beam reinforcing steel consists of two members over the teardrop openings from the original design
(2) 1" by 3" Kahn bars in the bottom face. plans (highlighted red).

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

1.

10.

1.

12.

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.

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.

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.

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

For the As-Built and As-Configured analyses, an ultimate compressive strength (fc) 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.

A yield strength (f,) 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.

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).

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).

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.

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

Concrete clear cover was assumed to be 2".

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.

Capacity-to-Demand Ratios (ASD)

. As-Built As-Configured As-Inspected
Bridge Element

Inventory Operating Inventory Operating Inventory Operating
(90 psf) (90 psf + H5) (90 psf) (90 psf + H5) (90 psf) (90 psf + H5)

Longitudinal Spandrel Beam

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.

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 3

calculations, STAAD models, and Excel workbooks. g r_,é_\\
g

The arch ribs were modeled as a two-dimensional e ' ~
frame model created in STAAD.Pro v8i with fixed Lt
supports at the ends (see Figure 6). Dead loads gl

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 (K5

and charted on axial-moment interaction diagrams  Figure 6 — Two-dimensional arch rib model in STAAD.Pro (dead load
that were created based on allowable stress case shown).

analysis methods.
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Below is a list of assumptions made for the analysis of the arch ribs:

1.

10.

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.

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

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.

For the As-Built and As-Configured analyses, an ultimate compressive strength (fc) 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.

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)

A yield strength (f,) 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.

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.

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.

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

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.

Capacity-to-Demand Ratios (ASD)

As-Built As-Configured As-Inspected
Bridge Element u e >

Inventory Operating Inventory Operating Inventory Operating
(90 psf) (90 psf + H5) (90 psf) (90 psf + H5) (90 psf) (90 psf + H5)

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.

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.
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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 216-408-539%4.

Very truly yours,

i e e

e =

»

Wesley Weir, P.E.
Senior Bridge Engineer / Vice President
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Kahn System of Reinforced Concrete

S0 much actual work 1s being <done at the present time with reinforced
concrele, aud m general, the subject i3 receiving such mlense intsrest by thnse
talomg pact in buildings, bridges, or other constructions, that the new method
ot steel remforcement hercin described, it s believed, will be of terest.

The advantages of veinforeed concrete above steel, masonry. ur wood, are
30 well inown, thar it s T rdly necessary to enter into commparison here. Rein-
forced concrete is absolutely free of any ol the serious objections wincl exast
i the vse of these other materials. 1 is fire proof, and rust proof, but what 1s
most advantageous about this type of construction, 1s the faci that its strength
continually increases with age. -

Remforced concrete lends itself adimirably te the coastruction of walls,
colmmng. floors, roofs. and all parts of buildings: to bridges. arches, culverts,
abutments, retaining walls, tunne's, foundations, raillway tes, and in gereral,
it replaces, to advantage, all masonry or sieel conseruction

The Kahn trussed bar consists of a balf truss, struck tp directly from a
sing'e rolled sectior, amd provides the tensional members only.  Concrete
within itse.f i1s au excellent matertal to take up compressive strains, but js com-
pavatively weak [ov reaisting tensile strains.  The Kabm bar shen imbedced
11 @ mass of conerete, thercefore, supplies strength to the Jatier where s is

/. camprassivs stress

Lewtral Axis

2 ’gj 5/mm‘ s of poiacioal Vi

Y-l ymﬁvmly legded o
Svpaorfed @t ends.

most necessary, ancd the combination of the twa materials, forms a cowplete
truss,  The main virtue of this trussed bar dies wn the fact that conerete is
reintorced wherever it is decmed necessary, that the steel extends upwardly
nto the mass, as well as lving mevely along its bottomn edge. This, then. in
short, 18 the essence of tlns uew type of consiruction, and = further reading
of this pamphlet will show the large number of its applications.

Tt 1s tairly well recognized among engineers, thae vertical roinforeement
for conerere heams is just as essential as the horizontal reinforcerient, and in
many cases to accomplish this parpnse, the horizontal rods are surrouceded by
L shaped stivrups of ind or twisted iron. Tt was naticed at drst by FKuropean
engineers that a concrete beam, when tested to destruction under uniform
loading, invariably failed by shear at the ends, the hines of ruptare correspond-
ing ciosely to the lines of priucipal compressive stress for such a1 bean. as is
shown m Tigare 1. To this eountry engimeers were apparently very slow o



Reinforced Concrete 05

Tables

In these tables it is assumed that floors have been con-
structed in accordance with the Kahn System of Reinforce-
ment, as illustrated in our catalogue, and that bars have
been inverted in their position over supports to procure the eéffects of continu-
ous beam action.

2. Concrete to be composed of the best grade of Portland Cement, sharp,
clean sand and broken stone or gravel, in the proportions of 1:2% :5 for floor
slabs, and 1:2:4 for beams. Broken stone or gravel a 1" ring.

3. Bars to be placed at least 34" from the bottom of the beam, and the
conerete tharoughly rammed in place.

+.  Centering not to he removed in less than two and one-half weeks. if the
concrete has not been subjected to frost. If freezing has occurred, centering
must not be removed until every indication of frost is removed. and the ¢on-
crete thoroughly ser.

Tables were calculated for a factor of safety of +. However, when this
system is incorporated into a combination of continuous beams, the resultant
factor of safety rises to 6 or 7. This is due to arch action, tension in concrete,
continuity, and slab action, as well as numerous other facts which, on account
of the difficulty attending their exact caleulation, it is deemed advisable to
neglect in these tables,

General
Description

The following are the usual assumiptions made in practice for super-
imposed loads:
Floors of dwellings and offices....... SR e A i : 70 Ibs. per sq. ft.
FFloors of churches, theaters, and ball rooms...... RO BRSNS
Floors of warehouses. . . . ««cvvcuvevian-n S 200t R80T iaas A
Floors for heavy machinery............. Lol 250 to 200 ¢ MO %

=

/
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Job Title:  LAKE PARK ARCH BRIDGE LOAD RATING

Client:

A

Engineer: DWC

STAAD SPACE

START JOB INFORMATION
ENGINEER DATE 12-Jul-18
CHECKER DATE 25-Jul-18
JOB NAME LAKE PARK ARCH BRIDGE LOAD RATING

JOB COMMENT ARCH RIBS

ENGINEER NAME DWC

CHECKER NAME SFH

END JOB INFORMATION

INPUT WIDTH 79

UNIT FEET KIP

JOINT COORDINATES

*Node X Y Z

1000; 22.751.789 ; 35.53.46 ; 4 8.255.019 ; 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 ©; 13 35 15.239 0; 14 38 15.893 0;

15 41 16.456 0; 16 44 16.93 0; 17 47 17.317 ©; 18 50 17.616 0O;

19 53 17.83 0; 20 56 17.957 ©; 21 59 18 0; 22 62 17.957 ©; 23 65 17.83 0;
24 68 17.616 0; 25 71 17.317 ©; 26 74 16.93 0; 27 77 16.456 0O;

28 80 15.893 0; 29 83 15.239 0; 30 86 14.493 0; 31 89 13.653 0;

32 92 12.716 ©; 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 0O;

40 115.25 1.789 0; 41 118 0 0;

50 © 19 o ; 51 11 19 o H
52 35 19 @ ; 53 41 19 © ;
54 47 19 © ; 55 53 19 © ;
56 59 19 o 5 57 65 19 0 ;
58 71 19 @© ; 59 77 19 @ ;
606 83 19 © ; 61 107 19 o ;
62 118 19 © H

MEMBER INCIDENCES
112;223;334;445;556;667;778;889;90910; 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;

5 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 50 60 ; 890 60 61 ;

81 61 62 ;

DEFINE MATERIAL START
ISOTROPIC CONCRETE

E 453600

POISSON ©.17

DENSITY ©.150336

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD\Lake Park Arch.std [7/12/2018 1:23 PM]



Job Title:  LAKE PARK ARCH BRIDGE LOAD RATING

Client:

0

Engineer: DWC

ALPHA 5e-006

DAMP ©.05

TYPE CONCRETE
STRENGTH FCU 576
ISOTROPIC STEEL

E 4.176e+006
POISSON ©.3

DENSITY ©.489024
ALPHA 6e-006

DAMP ©.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 7D 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 6@ 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 (AS-BUILT)
MEMBER LOAD
70 TO 81 UNI GY -0.98

****DECK AND PARAPET (AS-CONFIGURED/AS-INSPECTED)
***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

*SPANDREL WALLS
MEMBER LOAD

70 71 80 81 UNI
MEMBER LOAD

72 TRAP GY -0.50
73 TRAP GY .40
74 TRAP GY .30
75 TRAP GY .20
76 TRAP GY .10
77 TRAP GY .20
78 TRAP GY .30
79 TRAP GY .40
MEMBER LOAD
4 5 36 37 UNI GY
LOAD 2 LOADTYPE
MEMBER LOAD

73 UNI GY -0.48
74 TO 77 UNI GY
78 UNI GY -0.48

LOAD 3 LOADTYPE

MEMBER LOAD

70 TO 72 79 TO 8
73 UNI GY -0.48

78 UNI GY -0.48

LOAD 4 LOADTYPE
MEMBER LOAD

73 UNI GY -0.48
74 TO 81 UNI GY

LOAD 5 LOADTYPE
MEMBER LOAD

70 TO 72 UNI GY
73 UNI GY -0.48

LOAD 6 LOADTYPE
MEMBER LOAD

70 TO 77 UNI GY
78 UNI GY -0.48

LOAD 7 LOADTYPE

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD\Lake Park Arch.std [7/12/2018 1:23 PM]

.2

GY -0.40

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

40
30
20
10
20
30
40
50

-1.18

Live TITLE LIVE
3.25 6
-0.48
0 2.75
Live TITLE LIVE
1 UNI GY -0.48
0 3.25
2.75 6

Live TITLE LIVE

3.25 6
-0.48

Live TITLE LIVE

-0.48
0 3.25

Live TITLE LIVE

-0.48
0 2.75

Live TITLE LIVE

Job Title:

Client:

Engineer:

LOAD 1

LOAD 2

LOAD 3

LOAD 4

LOAD 5

LOAD 6

LAKE PARK ARCH BRIDGE LOAD RATING

DwC



Job Title:  LAKE PARK ARCH BRIDGE LOAD RATING

Client:

A

Engineer: DWC

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
11.021.0

LOAD COMB 12 DL + LL2
11.031.0

LOAD COMB 13 DL + LL3
11.041.0

LOAD COMB 14 DL + LL4
11.051.0

LOAD COMB 15 DL + LL5
11.06 1.0

LOAD COMB 16 DL + LL6
11.071.0

LOAD COMB 17 DL + LL7
11.081.0

PERFORM ANALYSIS
FINISH
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| Al

| The Whole Structure |

ncluded in this printout are results for load cases:

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

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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Beam End Forces

Sign convention is as the action of the joint on the beam.

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kip'ft) (kip'ft) (kip'ft)

1 1 1:DEAD LOAD 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 LOAD | -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 LOAD 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 LOAD | -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 LOAD 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 LOAD | -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 Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)

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 LOAD 272.368 21.760 0.000 0.000 0.000 63.195
11:DL + LLA1 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 LOAD | -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 LOAD 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 LOAD | -249.879 14.239 0.000 0.000 0.000 -41.649
11:DL + LLA1 -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 LOAD 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 Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)

17:DL + LL7 297.398 -8.749 0.000 0.000 0.000 59.606

7 1:DEAD LOAD | -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 LOAD 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 LOAD | -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 LOAD 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 LOAD | -247.426 -1.935 0.000 0.000 0.000 -63.752
11:DL + LLA1 -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 LOAD 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...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)

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 LOAD | -246.056 -5.896 0.000 0.000 0.000 -41.328
11:DL + LLA1 -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 LOAD 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 37177

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

1 1:DEAD LOAD | -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

1 1 1:DEAD LOAD 244610 18.159 0.000 0.000 0.000 3.454
11:DL + LLA1 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 LOAD | -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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17:DL + LL7 -290.967 -20.602 0.000 0.000 0.000 54.436

12 12 1:DEAD LOAD 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 LOAD | -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 LOAD 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 LOAD | -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 LOAD 229.096 -2.946 0.000 0.000 0.000 -90.888
11:DL + LLA1 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 LOAD | -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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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 LOAD 217.294 -1.769 0.000 0.000 0.000 -78.328
11:DL + LLA1 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 LOAD | -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 LOAD 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 244915 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 LOAD | -216.652 0.282 0.000 0.000 0.000 72.087
11:DL + LLA1 -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 LOAD 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 224110 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
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17:DL + LL7 233.694 -1.812 0.000 0.000 0.000 -93.282

18 1:DEAD LOAD | -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 LOAD 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 LOAD | -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 71173

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 LOAD 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 LOAD | -175.965 2.215 0.000 0.000 0.000 62.875
11:DL + LLA1 -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 LOAD 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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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 LOAD | -175.924 -0.369 0.000 0.000 0.000 67.490
11:DL + LLA1 -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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LAKE Pagk AgcH BRITGE - (0AD RATING

ARCH RIB CaPACITY

p=4./4;

P =strength of plain conerete column;
M= ““ reinforeed column;

Je=unit stress in concrete;

Jo= 00 40 steel (not exceeding its elastic limit) ;
Jer = elastic-limit strength of steel;

| =average unit stress for entire cross-section;

¢’ =steel ratio of the hoops of hooped columns.

Formulas.

For short columus; ratio of length to least width not ex-
ceeding 20:
O P (. )|

PefA+fd, . . . . . o . (55
PeJAll+(n=1p), . . . . . (56)

’P
Fltm-lp. . . . ... (6D

If nj. is greater than the clastic-limit strength of the

steel, then
PelActfade . . . . . . (88)

Considére's formula for hooped columns:
P =j A+ fu(p+24p04. . . . . . (59)

For long columns:
Uil ) R T

1 [\2
T+ 5000 (7)

—  Turneaure and Maurer, 1907 -#6
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8.1436

DIVISION I—DESIGN 197

81436 Walls cxeceding 8 feet in height on filled
spandrel arches shall be laterally supported by transverse
digphragms or counterforts with a slope greater than 45
degrees with the vertical to reduce transverse stresses in
the arch barrel. The top of the arch barrel and interior
faces of the spandrel walls shall be waterproofed and a
drainage system provided for the fill,

8.15 SERVICE LOAD DESIGN METHOD
(ALLOWABLE STRESS DESIGN)

8.15.1 General Requirements

8.15.1.1 Service load stresses shall not exceed the
valucs given in Article 8.15.2.

§.15.1.2 Development and splices of reinforcement
shall be as required in Articles 8.24 through 8.32.

8.152 Allowable Stresses
8.15.2.1 Concrefe
Stresses in concrete shall not exceed the fallowing:

8.152.1,1 Flexure

Extreme fiber stress in compression, f, ..., . 0.40f"
Exueme fiber suress in tension for plain
cancrete, f, L D211

Modulus of rupture, f,, from tests, or, if data are not
available:

Normal weightconerete . .......oovuunn. . 7.5 VL
“Sand-lightweight” concrete ............. 6.3 V1
“All-lightweight” concrete .. ...oovvivn - SV

815.2.1.2 Shear

For detailed summary of allowable shear stress, v., see
Article 8.15.5.2.

8.152.1.3 Bearing Stress

The bearing stress, f;, on loaded area shall not exceed
0.30 1,

When the supporting surface is wider on all sides
than the loaded area, the allowable bearing stress on the
loaded area may be multiplied by V'Ay/A |, but not by
more than 2.

When the supporting surface is sloped or stepped, A,
may be taken as the area of the lower base of the Jargest
frustrum of the right pyramid or cone contained wholly

within the support and having for its upper base the loaded
area, and having side slopes of 1 vertjcal to 2 horizontal.

When the loaded area is subjected to high-edge stresses
due to deflection or eccentric Ioading, the allowable bear-
ing stress on the loaded area, including any increase due
ta the supporting surface being larger than the loaded area,
shall be multiplied by a factor of 0.75.

8.15.2.2 Reinforcement

The tensile stress in the reinforcement, £, shall not ex-
cced the following:

Grade 40 reinfOrcement ... ccieieeiereeines 20,000 psi
Cirade 60 reinforcement .....ccevccesesversneninas 24,000 psi

In straight reinforcement, the range between the max-
umum tenstle stress and the minimum siress caused by live
load plus impact shall not exceed the value given in Arti-
cle 8.16.8.3. Bends in primary reinforcement shall be
avoided in regions of high-stress range.

8.15.3 Flexure

8.15.3.1 For the investigation of stresses at service
loads, the straight-line theory of stress and strain in flex-
ure shall be used with the following assumptions,

8.15.32 The strain in reinforcement and concrete is
directly preportional to the distance from the nevtral axis,
except that for deep flexnral members with overall depth
to span ratios greater than ¥s for continuous spans and 74
for simple spans, a nonlinear distribution of strain shall be
considered,

8.15.3.3 In reinforced concrete members, concrete
resists no tension.

8.1534 The modular ratio, n = E/E,, may be taken
as the nearest whole number (but not less than 6). Except
in calculations for deflections, the value of n for light-
weight concrete shall be assumed to be the same as for
normal weight concrete of the same sirength.

8.153.5 [n doubly reinforced flexural members, an
effective modular ratio of 2E,/E, shall be used to trans-
form 1he compression reinfarcement for stress computa-
tions. The compressive stress in such reinforcement shatl
not be greater than the allowable tensile stress.

8.15.4 Compression Members

The combined flexural and axial ioad capacity of com-
pression members shall be taken as 35% of that computed

ravided by RIS urder heznse with AASHTO
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8.15.4

in accordance with the provisions of Article 8.16.4. Slen-
demess effects shall be included according to the require-
ments of Article 8.16.5. The term P, in Equation (8-41)
shali be replaced by 2.5 times the design axiat load. In
using the provisions of Articles 8.16.4 and 8.16.5, ¢ shall
be taken as 1.0,

8.15.5 Shear
8.15.5.1 Shear Stress

8.15.5.4.1 Design shear stress, v, shall be computed
by:

(8-3)

where V is design shear force at section considered, b, is
the width of web, and d is the distance from the extreme
compression fiber to the centroid of the longitudinal ten-
sion reinforcement. Whenever applicable, effects of tor-
sion* shall be included.

§.15.5,1.2 For a circular section, b, shall be the di-
ameter and d need not be less than the distance from the
extreme compression fiber (o the centroid of the longitu-
dinal reinforcement in the opposite half of the member.

8.i5.5.4.3 For tapered webs, b, shall be the average
width or 1.2 times the minimum width, whichever is
smaller.

8.15.5.1.4 When the reaction, in the direction of the
applied shear, introduces compression into the end re-
gions of a member, sections located less than a distance d
from the face of support may be designed for the same
sheat, V, as that computed at a distance d. An exception
occurs when major concentrated loads are imposed be-
tween that point and the face of support. In that case sec-
tions closer than d to the support shall be designed for ¥
at distance d plus the major concentrated loads.

8.15.5.2 Shear Stress Carried by Concrete

8.15.5.2.1 Shear in Beams and One-Way Slabs and
Footings

For members subject to shear and flexure only, the al-
lowable shear stress carried by the concrete, v, may be

“The desiga criteria for combined 10sion and shear given in “Building Cude Re-
quirements for Reinforced Conurete”'—American Concrele Institute 318 Bulletin
may be used.

ovldrd by IHS under lcens= wik 8851 TC
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taken as 0.95 V1., A morc detailed calculation of the al-
lowauble shear stress can be made using:

v, =091 +l,100pw[%)51.6\."t? 8-4)

Note:

{a) M is the design moment occurring simultaneously
with V at the section being considered.

(b) The quantity Vd/M shall not be taken greater than
1.0.

8.15.52.2 Shear in Comnpression Members

For members subject to axial compression, the allow-
able shear stress carried by the concrete, v., may be taken
as 0.95 V', A more detailed calculation can be made
using:

v, =0.9(1 +n.nm61]¢7 8-5)

Ag
The quantity N/A, shall be expressed in pounds per square
inch.

8.155.2.3 Shear in Tension Members

For members subject to axial tension, shear reinforce-
ment shall be designed to carry total shear, unless a mare
detailed calculation is made using

= =o.9[1 +0.0m;]JE (8-6)
&

Note:

(a} N is negative for tension.
(b) The quantity N/A, shall be cxpressed in pounds
per square inch,

8.15.5.2.4 Shear in Lightweight Concrete

The provisions for shear stress, v,, carried by the con-
crete apply to normal weight concrete. When lightweight
aggregate concretes are used, one of the following modi-
fications shall apply:

(a) When f is specified, the shear stress, v, shall be
modified by substituting /6.7 for V., but the value
of £,/6.7 used shall not exceed V..

(b) When f,,is not specified, the shear stress, v,, shall be
multiplied by 0.75 for “all-lightweight” concrete, and-

1irANSAGETAANRPUAMSART ST K01, LicarxNgawigh, Qoeaid
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0.85 for “sand-lightweight” concrete. Linear interpola-
ton may be used when partial sand replacement is used.

8.15.5.3 Shear Stress Cacried by Shear
Reinforcement

8.15.5.3.1 'Where design shear suess v exceeds shear
stress carried by concrete, v,, shear reinforcement shall
be provided in accardance with this article, Shear rein-
forcement shall also conform to the general requirements
of Article 8,14,

8.15.5.3.2 When shear reinforcernent perpendicular
to the axis of the member is used:

- {(v—v, )b,s
f

HY

Ay 3-7)

8.15.5.3.3 When inclined stirnmuips are used:

_ (v= vE)bws

= (8-8)
f.(sinc+cosar)

v

8.15.5.3.4 'When shear reinforcement consists af a
© single bar or a single group of parallel bars all bent up at
the same distance from the support:

. (v—v.)b,d

A
Y fsino

(8-9)

where (v—v.) shall not exceed 1.5 VT,

8.15.5.3.5 When shear reinforcement consists of a
senies of parallel bent-up bars or groups of parallel bent-
up bars at different distances from the support, the re-
guired area shall be computed by Equation (8-8).

8.15.5.3.6 Only the center three-fourths of the in-
clined portion of any longitudinal bent bar shall be con-
sidered eftective for shear reinforcement.

8.15.5.3.7 Where more than one type of shear rein-
forcement is used to reinforce the same portion of the
member, the required area shall be computed as the sum
of the values computed for the various types separately. In
such computations, v, shall be included only once.

8.75.5.3.8 When (v — v.) exceeds 2 VT, the maxi-
mum spacings given in Article 8.19 shall be reduced by
one-half,

8.15,5,3.9 The valve of (v — v.) shall not exceed
4 VT

8.155.3.10 When flexural reinforcement located
within the width of a member used to compute the shear
strength is terminated in a tension zone, shear rcinforce-
ment shall be provided in accordance with Article 8.24.1.4.

8.15.54 Shear Friction

8.15.5.4.1 Provisions for shear-friction are 1o be ap-
plied where it is appropriate to consider shear transfer
across a given plane, such as: an existing or potential
crack, an interface between dissimilar matetials, or an in-
terface between two concretes cast at different times.

8.15.5.4.2 A crack shall be assumed o occur along
the shear plane considered. Required area of shear-fric-
tion reinforcement A, across the shear plane may be de-
signed using either Article 8.15.5.4.3 or uny other shear
transfer design method that results in prediction of
strength in substantial agreement with resolts of com-
prehensive tesis. Provisions of Anicles 8,15.54.4
through 8.15.5.4.8 shall apply for all calculations of
shear transfer strength.

8.15.5.4.3 Shear-friction Design Method

(a) When shear-friction reinforcement is perpendicu-
lar to the shear plane, area of shear-friction reinforce-

ment A,s shall be computed by:
vV
Ay=— (8-10)
T

where 1 is the coefficient of friction in accordance with
Article 8.15.5.4.3(c).

(b) When shear-friction reinforcement is inclined to
the shear plane such that the shear force produces ten-
sion in shear-friction reinforcement, the area of shear-
friction reinforcement A, shall be computed by:

v

IR 45
3 fi(usino, +cosoy)

(8-11)

where «; is the angle between the shear-friction rein-
forcement and the shear plane.
{¢) Coefficient of friction p in Equations {8-10} and
(8-11) shall be;
concrete placed monolithically ., ........., L.4x
conerete placed against hardened concrete with
surface intentionally roughened as specified in
Article 8.15.54.7 ... .. i LOX
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8.1554.3

concrete placed against hardened concrete not

intentionally roughened . ........ .. ... .. 0.6\

concrete anchored to as-rolled structural steel by

headed studs or by reinforcing bars (see Article

815548 .......... ... 860080 0860a008! 0.7x
where h = 1.0 for normal weight concrete; 0.85 for
“sand-lightweight” concrete; and 0.75 for “all light-
weight” concrete. Lincar interpelation may be applied
when partial sand replacement is used.

8.15.5.4.4 Shear stress v shall not exceed 0.09f; nor
360 psi.

875545 Nettension across the shear plane shall be
resisted by additional reinforcement. Permanent net com-
“pression across the shear plane may be taken as additive
1o the force in the shear-friction reinforcement A, f,, when
calculating required Az,

8.15.5.4.6 Shearfriction reinforcement shall be ap-
‘propriately placed along the shear plane and shall be an-
chored to develop the specified yield strength on both
sides by embedment, hooks, or welding 1o special devices.

8.715.5.4.7 For the purpose of Article 8,15.5.4, when
concrete is placed against previously hardened conerete,
the interface for shear transfer shall be clean and free of
laitance. If p is assumed equal to 1.0, the interface shall
be roughened to a full amplitude of approximately s inch,

8.15.5.4.8 When shear is transferred between steel
beams or girders and concrete using headed studs or
welded reinforcing bars, steel shall be clean and frec of
paint.

8.15.5.5 Horizantal Shear Design for Composite
Concrete Flexural Members

8.15.5.5.1 In a composite member, full transfer of
horizontal shear forces shall be assured at contact surfaces
of interconnected elements.

8.15.5.5.2 Design of cross sectiohs subject to hor-
zontal shear may be in accordance with provisions of
Articles 8.15.5.5.3 or 815.5.5.4 or any cther shear
transfer design method that results in prediction of
strength in substantial agreement with resulrs of compre-
hensive lests.

8.15.5.5.3 Design horizontal shear stress vg, at any
cross section may be computed by:

wyidyd Uy 1hS unde Boense with A8SHTQ
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v
=— B-11A
Vah b.d ( )

where V is the design shear force at the section considered
and d is for the entire composite section. Horizontal shear
vy, shall not exceed permissible horizontal shear vy, in ac-
cordance with the following:

(a) When the contact surface is clean, ftee of lajtance,
and intentionally roughened, shear stress vy shall not
exceed 36 psi.

(b) When minimum ties are provided in accordance
with Article 8.15.5.5.5, and the contact surface is clean
and free of laitance, but not intentionally roughened,
shear slress vy, shall not exceed 36 psi.

{c} When minimum ties are provided in accordance
with Article 8.15.5.5.5, and the contact surface is clean,
free of lailance, and intentionally roughened to a full
magnitude of approximately ¥4 inch, shear siress w,
shall not exceed 160 psi.

(d) For each percent of tie reinforcement crossing the
contact surface in excess of the minimum required
by Article 8.15.5.5.5, permissible v, may be increased
by 72f,/40,000 psi.

8.15.5.5.4 MNorizontal shear may be investipated by
computing, in any segment not exceeding one-tenth of the
span, the actual change in compressive or tensile force to
be transferred, and provisions made to transfer that torce
as horizontal shear between interconnecled elements.
Hortizontal shear shall not ¢xceed the permissible hori-
zontal shear stress v, in accordance with Article
8.15.553.

8.15,5.5.5 Ties for Horizontal Shear

{a) When required, a minimom area of tie reinforce-
ment shall be provided between interconnected ¢le-
ments. Tie arca shall not be less than S0bys/f,, and tie
spacing s shall not exceed four times the least web
width of support element, nor 24 inch.

(b) Ties for horizontal shear may consist of single bars
or wire, multiple leg stirrups, or vertical legs of welded
wire fabric (smooth or deformed). All ties shall be ad-
equately anchored into interconnected elements by
embedment or hooks.

8.15.5.6 Special Provisions for Slabs and
Footings

8.155.6.1 Shear capacity of slabs and footings in the
vicinity of concenlrated loads or reactions shall be gov-
erned by the more severe of two conditions:

Llcmnzer =1 ansyslenviSaus 22001 JsemCartarghl, Danald
Hor. lor Resa'e, 12/02/2014 135846 18T
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{a) Beam action for the slab or faoting, with a critical
section extending in a plane across the entire width and
located at a distance d from the face of the concentrated
load or reaction area. For this condition, the slab or
footing shall be designed in accordance with Articles
8.15.5.1 through 8.15.5.3, except at footings supported
an piles, the shear on the critical section shall be de-
termined in accordance with Article 4.4.11.3.

(b} Two-way action for the slab or footing, with a crit-
ical section perpendicular to the plane of the member
and located so that its perimeter b, is a minimum, but
not ¢closer than d/2 to the perimeter of the concentrated
load or reaction area. For this condilion, the slab or
footing shall be designed in accordance with Articles
8.15.5.6.2 and 8.15.5.6.3.

8.15.56.2 Designshear stress, v, shall be computed by:

v
= —— 8-12
e (8-12)

where V and b, shall be taken at the critical section de-
fined in Article 8.15.5.6.1(b).

8.15.5.6.3 Design shear stress, v, shall not exceed v,
given by Equation (8-13) unless shear reinforcement is
provided in accordance with Article 8.15.5.6.4.

v, = [o.s+ ﬁi]\f?;s 1.8 (8-13)

B, is the ratio of long side w short side of concentrated
load or reaction area.

8.15.5.6.4 Shear reinforcement consisting of bars or
wires may be used in slabs and foolings in accordance
with the following provisions:

(a) Shear stresses computed by Equation (8-12) shall
be investigated at the critical section defined in Article
8.15.5.6.1(b) and at successive sections more distant
from the support.

(b) Shear stress v, at any section shall not exceed 0.9
\/ff and v shall not exceed 3V1/.

(c) Where v exceeds 0.9 \/f_,', shear reinforcement
shal] be provided in accordance with Article 8.15.5.3.

8.15.5.7 Special Provisions for Slabs of Box
Culverts

For slabs of box culverts under 2 feet or more fill, shear
stress v, may he computed by:

nided by HS wncor konsc whil AREHTD

ve=iT+2200(1F) 819

but v, shall not cxceed 1.8 V'I;. For single cell box culverts
only, v, for slabs monolithic with walls need not be taken
less than L4VE, and v, for slabs simply supported need
not be taken less than 1.2V/f,. The quantity Vd/M shal! not
be taken greater than 1.0 where M is the moment oocurring
simultaneously with V al the section considered. For slabs
of box culverts under less than 2 feet of fill, applicable pro-
visions of Articles 3.24 and 6.4 should be used.

8.15,58 Special Provisions for Brackets and
Corbels*

§.15.5.8.1 Provisions of Article &.15.5.8 shall apply
to brackets and corbels with a shear span-to-depth ratio
a/d not greater than unity, and subject to a horizontal ten-
sile force N, not larger than V. Distance d shall be mea-
sured at the face of support.

8.15.5.82 Depthat outside edge of bearing area shall
nol be less thar ¢.54.

8.15.5.8.3 The section at the face of support shall be
designed lo resist simultaneously a shear V, a moment
[Va, + N (h = d)], and a horizontal tensile force N.. Dis-
tance h shall be measured at the face of support.

(a) Design of shear-friction reinforcement, A,y to re-
sist shear, V, shall be in accordance with Article
8.15.5.4. For normal weight concrete, shear stress v
shall oot exceed 0.09f nor 360 psi. For “all light-
weight” or “sand-lightweight” concrete, shear stress v
shall not exceed (0.09—0.03a,/d)f nor (360 —126a,/d}
psi.

(b) Reinforcement A; to resist moment [Va, + N (h —
d)} shall be computed in accordance with Articles
8.15.2 and 8.15.3.

(€) Reinforcement A, to resist tensile force N shall be
computed by A, = N/f,. Tensile force N, shall not be
taken less than 0.2V unless special provisions are made
1o avoid tensile forees.

(d) Area of primary tension reinforcement, A, shall be
made cqual 1o the greater of (Ac+A,), or (RA/3+A).

8.15.5.8.4 Closed stirrups or ties parallel 1o A;, with
a total area A, not less than 0.5(4,—A,), shall be uni-

*Thesc provisions do not apply to beam ledges. The PCA publication,
*Notes on ACI 318-R3,” eantains an éxample design of beam ledges—
Pan 16. cxample 16-3.
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8.15584

formly distributed within two-thirds of the effective depth
adjacent to A;.

8.15.5.8.5 Ratio p = A/bd shall not be taken less
than 0.04(f."/f,).

8.15.5.8.6 At the front tace of a bracket or corbel,
primary lension reinforcement, A,, shall be anchored by
one of the fallowing:

(a) a structural weld to a transverse bar of at least
equal size; weld to be designed to develop specified
yield strength ¥, of A, bars;

{b) bending primary tension bars A, back to form a
horizontal loop; or

{c) some other means of positive anchorage.

8.15.5.8.7 Bearing area of load on a bracket or cor-
bel shall not project beyond the straight portion of primary
tension bars A, nor project beyond the interior face of a
transverse anchor bar (if one is provided).

T

%0
4

~ A, (closed

Framing bar to anehdr-’
stirrups or tiea A

FIGURE 3.1558
8.16 STRENGTH DESIGN METHOD
{LLOAD FACTOR DESIGN)
8.16.1 Strength Requirements
8.16.1.1 Required Strength

The required strength of a section is the strength nec-
essary to resist the factored loads and forces applied to

royickad by IHS unsar brense wih 2AASHTO
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the structure in the combinations stipulated in Article
3.22. All sections of structures and structural members
shall have design strengths at least equal to the required
strength.

8.16.1.2 Design Sirength

8.16.7.2.1 'The design strength provided by a mem-
ber or cross section in terms of load, moment, shear, or
stress shall be the nominal strength calculated in accor-
dance with the requirements and assumnptions of the
strength-design method, multiplied by a strength-reduc-
tion factor ¢.*

8.16.1.2.2 The strength-reduction factors, ¢, shall be
as follows:

fa) Flexure . . ... ....c.oveveereninnnnnn ¢ =090
(B) Shear .. covoveniavaor camismenventg ¢ =085
(¢} Axial compression with—
Spinals ...l R - & =075
T S AT ¢ =070
{d) Bearingonconcrete.. ... .. ......... $é =070

The value of ¢ may be increased linearly from the
value for compression members to the value for flexure as
the design axial load strength, 4P, decreases from (.10f,
A, or &Py, whichever is smaller, to zero.

816.1.2.3 The development and splice lengths of re-
inforcement specified in Articles 8.24 through 8.32 do not
require a strength-reduction factor.

8.16.2 Design Assumptions

8.16.2.1 The sirength design of members for flexure
and axial loads shall be based on the assumptions given in
this article, and on the satisfaction of the applicable con-
ditions of equilibrium of internal stresses and compatibil-
ily of struins.

8.16.2.2 The strain in reinforcement and concrete is
directly proportional to the distance from the neutral axis.

B.16.2.3 The maximum usable strain at the extreme
concrete compression fiber is equal to 0.003.

+The coefficient ¢ provides for the possibility that small adverse vari-
ations in material swrengths, workmanship, and dimensions, while indi-
vidvally within acccptable tolerances and limits of goed practice, may
combine to result in understrength.
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FOR REFERENCE

e ! ONLY
Job Title:

Client:

STAAD SPACE

START JOB INFORMATION

ENGINEER DATE 12-Jul-18

END JOB INFORMATION

INPUT WIDTH 79

UNIT FEET KIP

JOINT COORDINATES

1000; 223.8333 0 0; 3 23.8333 0 12.5; 4 0 0 12.5; 5 0.993054 0 O;

6 0.993054 0 1.04167; 7 0 0 1.04167; 8 1.98611 0 0; 9 1.98611 @ 1.04167;

Engineer:

10 2.97916 © 0; 11 2.97916 0 1.04167; 12 3.97222 © ©; 13 3.97222 0 1.04167;
14 4.96527 © 0; 15 4.96527 0 1.04167; 16 5.95833 © 0; 17 5.95833 0 1.04167;
18 6.95138 © 0; 19 6.95138 0 1.04167; 20 7.94443 0 0; 21 7.94443 0 1.04167;
22 8.93749 © 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; 29 11.9167 0 1.04167;
30 12.9097 © 0; 31 12.9097 0 1.04167; 32 13.9028 © 0; 33 13.9028 0 1.04167;
34 14.8958 0 0; 35 14.8958 0 1.04167; 36 15.8889 © 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 © 2.08333; 57 3.97222 0 2.08333; 58 4.96527 0 2.08333;

59 5.95833 © 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 © 2.08333; 66 12.9097 0 2.08333; 67 13.9028 0 2.08333;
68 14.8958 © 2.08333; 69 15.8889 0 2.08333; 70 16.8819 0 2.08333;
71 17.875 © 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 © 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 © 3.125; 91 12.9097 0 3.125; 92 13.9028 0 3.125;
93 14.8958 © 3.125; 94 15.8889 0 3.125; 95 16.8819 0 3.125; 96 17.875 0 3.125;

97 18.868 © 3.125; 98 19.8611 @ 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 © 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 © 5.20833; 129 0 0 5.20833; 130 1.98611 O 5.20833;

131 2.97916 © 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 © 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 © 5.20833; 147 18.868 0 5.20833; 148 19.8611 0 5.20833;
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FOR REFERENCE

ONLY
e Job Title:

Client:

Engineer:
149 20.8541 0 5.20833; 150 21.8472 © 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 O 6.25;
156 2.97916 0 6.25; 157 3.97222 © 6.25; 158 4.96527 © 6.25; 159 5.95833 0 6.25;
160 6.95138 0 6.25; 161 7.94443 © 6.25; 162 8.93749 0 6.25; 163 9.93054 0 6.25;
164 10.9236 0 6.25; 165 11.9167 © 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 © 6.25; 173 19.8611 0 6.25; 174 20.8541 © 6.25; 175 21.8472 0 6.25;
176 22.8402 0 6.25; 177 23.8333 0 6.25; 178 ©.993055 0 7.29167;

179 0 0 7.29167; 180 1.98611 0 7.29167; 181 2.97916 @ 7.29167;

182 3.97222 © 7.29167; 183 4.96527 0 7.29167; 184 5.95833 0 7.29167;
185 6.95138 @ 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 © 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 © 7.29167; 198 19.8611 0 7.29167; 199 20.8541 0 7.29167;
200 21.8472 © 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 © 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 © 8.33333; 213 9.93054 0 8.33333; 214 10.9236 0 8.33333;
215 11.9167 © 8.33333; 216 12.9097 0 8.33333; 217 13.9028 0 8.33333;
218 14.8958 © 8.33333; 219 15.8889 0 8.33333; 220 16.8819 0 8.33333;
221 17.875 © 8.33333; 222 18.868 0 8.33333; 223 19.8611 0 8.33333;

224 20.8541 © 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 9.375;

230 1.98611 © 9.375; 231 2.97916 © 9.375; 232 3.97222 © 9.375;

233 4.96527 © 9.375; 234 5.95833 0 9.375; 235 6.95138 @ 9.375;

236 7.94443 © 9.375; 237 8.93749 0 9.375; 238 9.93054 0 9.375;

239 10.9236 0 9.375; 240 11.9167 © 9.375; 241 12.9097 © 9.375;

242 13.9028 © 9.375; 243 14.8958 0 9.375; 244 15.8889 0@ 9.375;

245 16.8819 @ 9.375; 246 17.875 0 9.375; 247 18.868 @ 9.375;

248 19.8611 © 9.375; 249 20.8541 0 9.375; 250 21.8472 © 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 © 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 © 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 © 11.4583; 279 0 0 11.4583; 280 1.98611 0 11.4583;

281 2.97916 © 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 © 11.4583; 291 12.9097 0 11.4583; 292 13.9028 0 11.4583;
293 14.8958 © 11.4583; 294 15.8889 0 11.4583; 295 16.8819 0 11.4583;
296 17.875 © 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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FOR REFERENCE

e Job Title: ONLY

Client:

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 © 12.5; 318 15.8889 0 12.5; 319 16.8819 0 12.5; 320 17.875 0 12.5;
321 18.868 © 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

21567; 35896; 4810 11 9; 510 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 1067 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;

Engineer:
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FOR REFERENCE

S . ONLY
Job Title:

Client:

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 31@; 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 ©.17

DENSITY ©.150336

ALPHA 5e-006

Engineer:
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FOR REFERENCE

e Job Title: ONLY

Client:

DAMP ©.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 -0.075

LOAD 2 LOADTYPE Live TITLE LIVE LOADS
ELEMENT LOAD

2 TO 289 PRESSURE GY -0.080

Engineer:

PERFORM ANALYSIS PRINT LOAD DATA
FINISH
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Kahn System of
Reinforced Concrete

L

Perspective of general adaptation.

Trussed Conc%ete Steel Co.,
Union Trust Building
Detroit, = x Michigan.



HOME OFFICE
UNION TRUST BUILDING,
DETROIT, MICHIGAN.

R epresentatives:

NEW YORK, N.Y.
TRUSSED CONCRETE STEEL CO.,
160 FIFTH AVE.

BALTIMORE, MD.
TRUSSED CONCRETE STEEL CO.,
LAYTON F. SMITH,

612 NORTH CALVERT ST.

BUFFALO, N.Y.
EASTERN CONCRETE STEEL CO,,
400 D. S. MORGAN BLDG.

CLEVELAND, OHIO.
JULIUS TUTEUR,
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CROSS SECTION OF BAR.

PATENTED

The Kahn Trussed Bat.

Not1E.—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 mwch 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 comiparison 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 1s
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

Lines ,of principal compressive stress.
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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 reinfcrcement, and in
many cases to accoriplish this purpose, the horizontal rods are suirotinded by
U shaped stirrups of band or twisted iron. It was noticed at first by uropean
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 u beam. as is
shown in Figure 1. In this countrv engineers were apparently veryv 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 plaih 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 of the rod.

This matter of vertical reinforcement is certainly of miore importance than
some American Engineers have been willing to grant. It seems most natural
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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 bz 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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I, then, lines of principal tensile stress exist throughout 1 beam, it 1s 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 the writer has
observed in well proportioned concrete steel beams, when tested :o 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 hoid the material
together. Tf, however, they are placed in a beam, they shouid be placed in a
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direction inclined to the horizontal, so as to lie more closely aloug 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
i holding together the concrete where 1ts natural tendency 1s 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 iensile 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 reinfercement
for concrete beams, which 1s also of great importance, in so far that it affects
economy in the use of steel. In a uniformly loaded heam, the maximum bend-
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ing 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. -\ 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 11t le of top and bottom
ﬂancres

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

Ist. Concrete should be reinforced in a vertical plane, as well as in a
horizontal one.

2nd. The reinforcement should be inclined to the verticia!, 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.

4th.  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 SJdes of the main body, thereby forming
substantially the tension members of the ordinary Pratt Truss. When such
a structural member 1s 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
ewdent that a bar sheared up as above described, can not possibly slip thloucrh
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 deflecsion which is
caused by the poorly ﬁ’t"t1n<r surfaces between the prongs and blocks, such a
beam would carry we 10‘hts 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 tensicnal member. [t
1s 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 herizontal
components of the inclined members. Of course, for fire proofing purposes.
and to prevent rusting, it 1s 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 1t 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. '

CROSS SECTION OF BAR
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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; depthi 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 mto the steel
are due to adhesion only of the concrete to it. \Where sucli adhesion is de-
pended upon, a large body 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. \Vith 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 i1s not very expensive, and it would be advisable in all cases to
give a small surplus of this material on the top of a beain, s 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 concreze beam need
no longer be subjected to a factor of safety of “ten’: the ordinarily adopted
factor of “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
[ 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 compsession. more or less
risk 1s being assumed by the designing engineer, and a large factor of safety
1s strongly recommendéd.

Some photographs are submitted herewith of tests made on two 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 in 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 heam 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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As has already been explained, with this method of reinforcement, 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 nclined 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 12x4 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 strengtheninig 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. Fach diagonal carries its
weight upwards on the principle of the ordinary truss and spreads it cn 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, 1s 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”x14” steel plate, to which 1”x14” diagonal members iere
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 4 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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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 mmultinlicity 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 nrevented 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 1s unscientific to neglect this matter of shear, and to imagme that concrete
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Note failure of concrete when horizontal reinforcement only is used. Lines of
failure correspond to lines of principal compressive stress.

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 Ibs. per square inch. Why, therefcre 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 strengtirening 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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Beams reinforced with Kahn System. Span 26 feet. ILoad, 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 26 feet span. Please note the comparison of loadings between
them and the floors of 18 feet span with twisted rods. \Vhen failure occurred
in these beams, the rupture was absolutely central. The steel pulled in cwo.
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 m two.
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Two beams reinforced with Kahn System.

Span 26 feet.
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Load 84000 Ibs. pig iron on two Kahn reinforced beams. Compare these with
Fig. 6 where span is only 18 feet.
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Failure of two Kahn reinforced beams
Load: Pig iron 101100 1bs.
Weight of floor slab 9300 Ibs.

Total weight on beams 110400 1bs.
Beam failed in center pulling four bars of steel in two. Compare with Fig. 6.
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Figure 11 shows the Kahn patented Trussed Bar. It is very interesting
to note how readily 1t adapts itself to all types of construction. Its dpphcatwn
to columns, walls, latticed girders and trusses is fully as simple as its applica-
tion to beanJS \\/hele 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
colurnn will be very apparent. Under ordinary circumstances, a stee! bar is
steadied at points very closely together, then the entire strength of the steel
can practically be developed. This result is accomplished in the steel rein-
forcement of a column, due to the hold of the concrete on “lie prongs. IFur-
thermore, when the concrete tends to buckle, the steel comes into play on the -
principle of the ordinary latticed girder. TIn 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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These bars can have
any standard size cuts as
shown in Figure 14 and
will be sent in lengths as
ordered. In making cal-
culations for strength of
reinforced beam, assume
the area of the entire
cross section as here
given,
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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 %0 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 18
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.



Lake Park Arch Bridge over Ravine Road
Phase 3: Structural Analysis Results
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THE MANUAL FOR BRIDGE EVALUATION

6B.5.2,3—-Reinforcing Steel

The following are the allowable unit stresses in tension
for reinforcing steel. These will ordinarily be used without
reduction when the condition of the steel is unknown.

Table 61.5.2,3-1—Alowablc Unit Stresses for Reinforcing
Steel

Stresses (psi)
Inventory | Operating
Rating Rating Yield
Structural or unknown
forade prior to 1954 13,000 25,000 33,400
Structucal Grade 20,000 27.000 36,000
Grade 40 hillet,
intermediate, or unkoown| 20000 28,000 40,000
rrade (aller 1924}
Grade 50 rail or lard 20,000 32,500 50,000
Crude 60 24,000 36,000 | 60,000

6B.5.2.4—Concrete

Unit stresses in concrete may be determined in
accordancce with the Service Load Design Method of the
AASIITO Standard Specifications {Atticle 8. 15) or be based
on the articies below, When the ultimate strength, £, of the
concrele is unknown and the concrete is in satistactory
condition, . may be determined from Table 6B.5.2.4-1.

Table 6B.5.2.4-1—Allowable Unit Stresses for Cancreie

Year Built f.(psi}
Prior to 1959 2,500
1959 and later 3.000

For prestressed concrete components, the compressive
strengths shown above may be increased by 25 pereent.

6185241 Bending

The following maximum allowable bending unit
. - - 2
stresses in concrete i [b/in.” may be used:

Table 6B.5.2.4.1-1—Compression Due to Bending f".

Compression Dug
to Bending 7 fhsi)
[nventory Qrpcrating

L e(psid l.evel Level 1
> 2,000-2,400 800 1,204 15
2,500-2.900 1.000 1,500 2
3,000-3,900 1.200 1,900 L0
40003500 1,600 2,400 8
5,000 or more 2,000 3,000 6

‘rovrded by IHS unde’ liceivis wih 2ASHTD

Ir ranradivt

nranharek na recmilled sfibanl I2A184 am HS

C6B.5.2.4

Some guidance on the ulimate sitrength, ., of
concrete may be obtained from compression testing of
cores removed from the structure. {See Article 5.3.)

Guidance on considering the effects of deterioration on
the load rating of concrete structures can be found in
Article C6ALS.5,
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2 LRED GuUIRE SPECIFICATIONS FOR THE TFESIGN OF PEDESTRIAN BRIDGES

mitigate the risk from vehicle collistons with the
superstructure.  Should the owner desire additional
mitigation, the following steps may be taken:

e Increasing vertical ¢learance in addition to that
contained in AASHTO LRFD

e Providing structural continuity of the
superstiucture, either between spans or with the
substructure

« Increasing the mass of the superstructure

= [ncreasing the lateral resistance of the
superstructure

2—PuiLosorny

Pedestrian bridges shall be designed for specified
fimit states (o achieve the objectives of safely:
serviceabilily, including comfort of the pedestrian vser
{vibration}; and constructability with due regard te
issues of inspectability, economy, and aecsthetics, as
specifiecd  in AASHTO  LRFD.  These Guide
Specifications are based on the LRFD philosophy.
Mixing provisions from specifications other than those
referenced herein, even if LRFD based, should be
avoided.

I—L.0ADS

3.1—PEDESTRIAN LOADING (PL)

Pedestrian bridges shall be designed for a uniform
pedesirian loading of 90 psf. This loading shall be
patterned to produce the maximum load elfects.
Consideration of dynamic load allowance is not
required with this leading.

C3.1

This article modifies the pedestrian Jloading
provisions of the Fourth Edition of AASHTO LRFD,
through the 2009 Interim. The previous edition of these
Guide Specifications used a basc nominal loading of
85 psf, reductble to 65 psf based an influence arca for
the pedestrian load, With the LFD load factors, this
results in factored loads of 2.17(85)= 184 psl and
2.17(65) = 141 psf. The Fourth Cdition ol 4A4SHTO
LRIFD specified a constant §3 psf regardless of
influence area. Multiplying by the load facior, this
results in 1.75(85) = [49 psf. This falls within the
range of the previous factored loading, albeit toward
the lower end.

European codes appear to starl with a higher nominal
load {approx 105 psf), but then allow reductions hased
on leaded length. Additionally, the load factor applied
is 1.5, resulling in a maximum faclored load of
(1.53105 = 158 psf. For a long leaded length, this load
¢an be reduced to as low as 50 psf, resulting in a
factored load of ([.5)50= 75psf. The ecffect of
resistance factors has not been accounted for in the
above discussion of the European codes. There are,

£ 2009 by the American Assveiation Ol S o Lol rmasmastaos 5501, Ther-Camaym Daneid
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4 LRFED GUIDE SPECIFICATIONS FOR THE DESICN OF PEDESTR1AN BRIDGES

3.2—VEIIICLE LOAD (LL)

Where wvehicular access is not prevented by
permanent physical methods, pedestrian bridges shall
be designed for a maintenance vehicle load specified in
Figwre 1 and Tuble 1 for the Strength I Load
Combination unless otherwisc specified by the Owner,

£ 2009 by the Amuerican Assouiatic

Figure £3.1-3—Live Luad of [50 psf

C3.2

The vehicle loading specified is equivalent to the H-
trucks shown 1n Arlicle 3.6.1.6 of AASHTO LRFD
2009 Interim and contained in previous versions of the
AASHTO  Standard  Specifications  for  Highway
Bridges.
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LRETY GUIDE SPECIFICATIONS FOR TIIE DESICN OF PERESTRIAN BRIDGES

A single truck shall be placed to produce the maximum
load effects and shall not be placed in combinations
with the pedestrian load. The dynamic load allowance
need not be considered for this loading,

Table 3.2-1—Design Vehicle

Clear Deck Width Design Vehicle
70101t HS
Qver 10 fi H10

H10 4.0 Kips 16.0 kips
H5 20kips 8.0 kips
I I
2 NS in, L2
ol 1w = Total Waoigh of Truck and Load | <

61t

Figure 3.2-1—Maintenance Vehicle Configurations

3.3—EQUESTRIAN LOAD (LL)

Decks intended to carry equestrian loading shall be
designed for a patch load of 1.00 Kip over a square area
measuring 4.0 in. on a side,

3.4—WIND LOAD (WS)

Pedestrian bridges shall be designed for wind loads
as specified in AASHTO Signs, Articles 3.8 and 3.9
Unless otherwise directed by the Owner, the Wind
[mportance Factor, f,, shall be taken as 1.15. The
Joading shall be applied over the exposed area in front

C3.3

The cquestrian load is a live load and intended to
ensure adequate punching shear capacity of pedestrian
bridge decks where horses are expected. The loading
was derived from hoof pressure measurements reported
in Roland et. al. (2005). The worst loading occurs
during a canter where the loading on one hoof
approaches 100 percent of the total weight of the horse.
The total factored load of 1.75 kips is approximately
the maximum c¢redible weight of a dratt horse. This
loading is expected to contro] only deck design.

C34

The wind loading is taken from AASHTO Signs
specification rather than from 4ASHTO LRFD due to
the potentially flexible nature of pedestrian bridges,
and also due to the potential for traffic signs to be
mounted on them.
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Job Title:  LAKE PARK ARCH BRIDGE LOAD RATING

Client:

A

Engineer: DWC

STAAD SPACE

START JOB INFORMATION
ENGINEER DATE ©2-Aug-18
CHECKER DATE ©3-Aug-18
JOB NAME LAKE PARK ARCH BRIDGE LOAD RATING

JOB COMMENT ARCH RIBS - DEAD LOAD + 90 PSF

ENGINEER NAME DWC

CHECKER NAME SFH

END JOB INFORMATION

INPUT WIDTH 79

UNIT FEET KIP

JOINT COORDINATES

*Node X Y Z

1000; 22.751.789 ; 35.53.46 ; 4 8.255.019 ; 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 ©; 13 35 15.239 0; 14 38 15.893 0;

15 41 16.456 0; 16 44 16.93 0; 17 47 17.317 ©; 18 50 17.616 0O;

19 53 17.83 0; 20 56 17.957 ©; 21 59 18 0; 22 62 17.957 ©; 23 65 17.83 0;
24 68 17.616 0; 25 71 17.317 ©; 26 74 16.93 0; 27 77 16.456 0O;

28 80 15.893 0; 29 83 15.239 0; 30 86 14.493 0; 31 89 13.653 0;

32 92 12.716 ©; 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 0O,

40 115.25 1.789 0; 41 118 0 0;

50 © 19 o ; 51 11 19 o H
52 35 19 @ ; 53 41 19 © H
54 47 19 @ ; 55 53 19 © ;
56 59 19 o 5 57 65 19 0 ;
58 71 19 © ; 59 77 19 @ ;
60 83 19 © ; 61 107 19 o ;
62 118 19 © H

MEMBER INCIDENCES
112;223;334;445;556;667;778;889;90910; 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;

56 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 50 60 ; 890 60 61 ;

81 61 62 ;

DEFINE MATERIAL START
ISOTROPIC CONCRETE

E 453600

POISSON ©.17

DENSITY ©.150336

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD\Future Loads\Lake Park Arch - DL plus ¢



Job Title:  LAKE PARK ARCH BRIDGE LOAD RATING

Client:

0

Engineer: DWC

ALPHA 5e-006

DAMP ©.05

TYPE CONCRETE
STRENGTH FCU 576
ISOTROPIC STEEL

E 4.176e+006
POISSON ©.3

DENSITY ©.489024
ALPHA 6e-006

DAMP ©.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 7D 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 6@ 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 (AS-BUILT)
MEMBER LOAD
70 TO 81 UNI GY -0.98

****DECK AND PARAPET (AS-CONFIGURED/AS-INSPECTED)
***MEMBER LOAD
*¥**70 TO 81 UNI GY -1.13

*TRANSVERSE WALLS
JOINT LOAD
5 37 FY -9.9

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD\Future Loads\Lake Park Arch - DL plus ¢



0

13 29 FY -4.5
21 FY -2.7

*STRUTS
JOINT LOAD
9 17 25 33 FY -1

*SPANDREL WALLS
MEMBER LOAD

70 71 80 81 UNI
MEMBER LOAD

72 TRAP GY -0.50
73 TRAP GY .40
74 TRAP GY .30
75 TRAP GY .20
76 TRAP GY .10
77 TRAP GY .20
78 TRAP GY .30
79 TRAP GY .40
MEMBER LOAD
4 5 36 37 UNI GY
LOAD 2 LOADTYPE
MEMBER LOAD

73 UNI GY -0.54
74 TO 77 UNI GY
78 UNI GY -0.54

LOAD 3 LOADTYPE

MEMBER LOAD

70 TO 72 79 TO 8
73 UNI GY -0.54

78 UNI GY -0.54

LOAD 4 LOADTYPE
MEMBER LOAD

73 UNI GY -0.54
74 TO 81 UNI GY

LOAD 5 LOADTYPE
MEMBER LOAD

70 TO 72 UNI GY
73 UNI GY -0.54

LOAD 6 LOADTYPE
MEMBER LOAD

70 TO 77 UNI GY
78 UNI GY -0.54

LOAD 7 LOADTYPE

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD\Future Loads\Lake Park Arch - DL plus ¢

.2

GY -0.40

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

40
30
20
10
20
30
40
50

-1.18

Live TITLE LIVE
3.25 6
-0.54
0 2.75
Live TITLE LIVE
1 UNI GY -0.54
0 3.25
2.75 6

Live TITLE LIVE

3.25 6
-0.54

Live TITLE LIVE

-0.54
0 3.25

Live TITLE LIVE

-0.54
0 2.75

Live TITLE LIVE

Job Title:

Client:

Engineer:

LOAD 1

LOAD 2

LOAD 3

LOAD 4

LOAD 5

LOAD 6

LAKE PARK ARCH BRIDGE LOAD RATING

DwC



Job Title:  LAKE PARK ARCH BRIDGE LOAD RATING

Client:

A

Engineer: DWC

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
11.021.0

LOAD COMB 12 DL + LL2
11.031.0

LOAD COMB 13 DL + LL3
11.041.0

LOAD COMB 14 DL + LL4
11.051.0

LOAD COMB 15 DL + LL5
11.06 1.0

LOAD COMB 16 DL + LL6
11.071.0

LOAD COMB 17 DL + LL7
11.081.0

PERFORM ANALYSIS
FINISH

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD\Future Loads\Lake Park Arch - DL plus ¢



’ %y Job Title:
! Client:
Engineer:

STAAD SPACE

START JOB INFORMATION
ENGINEER DATE ©2-Aug-18
CHECKER DATE ©3-Aug-18
JOB NAME LAKE PARK ARCH BRIDGE LOAD RATING

JOB COMMENT ARCH RIBS - H5 TRUCK

ENGINEER NAME DWC

CHECKER NAME SFH

END JOB INFORMATION

INPUT WIDTH 79

UNIT FEET KIP

JOINT COORDINATES

*Node X Y Z

1000; 22.751.789 ; 35.53.46 ; 4 8.255.019 ; 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 ©; 13 35 15.239 0; 14 38 15.893 0;

15 41 16.456 0; 16 44 16.93 0; 17 47 17.317 ©; 18 50 17.616 0O;

19 53 17.83 0; 20 56 17.957 ©; 21 59 18 0; 22 62 17.957 ©; 23 65 17.83 0;
24 68 17.616 0; 25 71 17.317 ©; 26 74 16.93 0; 27 77 16.456 0O;

28 80 15.893 0; 29 83 15.239 0; 30 86 14.493 0; 31 89 13.653 0;

32 92 12.716 ©; 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 0O,

40 115.25 1.789 0; 41 118 0 0;

50 © 19 o ; 51 11 19 o H
52 35 19 @ ; 53 41 19 © H
54 47 19 0o ; 55 53 19 © ;
56 59 19 o ;5 57 65 19 0 ;
58 71 19 © 5 59 77 19 @ ;
606 83 19 © ; 61 107 19 o ;
62 118 19 © H

MEMBER INCIDENCES
112;223;334;445;556;667;778;889;90910; 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;

56 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 50 60 ; 890 60 61 ;

81 61 62 ;

DEFINE MATERIAL START
ISOTROPIC CONCRETE

E 453600

POISSON ©.17

DENSITY ©.150336

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD\Future Loads\Lake Park Arch - H5 Truck



’ S Job Title:
! Client:
Engineer:

ALPHA 5e-006

DAMP ©.05

TYPE CONCRETE
STRENGTH FCU 576
ISOTROPIC STEEL

E 4.176e+006
POISSON ©.3

DENSITY ©.489024
ALPHA 6e-006

DAMP ©.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 7D 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 6@ 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

###x4#*DECK AND PARAPET (AS-BUILT)
**kxkk*MEMBER LOAD
**kx*%%*x70 TO 81 UNI GY -90.98

***¥*DECK AND PARAPET (AS-CONFIGURED/AS-INSPECTED)

\\cl-filesrv\CL-FileSrv\Projects\Projects_2018\CL402\402180060\Bridge\Analysis\STAAD\Future Loads\Lake Park Arch - H5 Truck



Job Title:

Client:

***MEMBER LOAD
*¥**70 TO 81 UNI GY -1.13

Engineer:

*¥***TRANSVERSE WALLS
*¥**JOINT LOAD

*¥**5 37 FY -9.9
*¥**13 29 FY -4.5
*¥**%21 FY -2.7

*¥**X*XSTRUTS
*¥**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 © 19 @ XINC 5
LOAD GENERATION 21
TYPE 2 © 19 @ XINC 5

PERFORM ANALYSIS
FINISH
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Job No Sheet No Rev

Part
Software licensed to TranSystems

Job Title | AKE PARK ARCH BRIDGE LOAD RATING Ref

By pWwC Dateg2_Aug-18 Chd SFH
File | ake Park Arch - DL plus |Pate/Time o7_Ayug-2018 07:51

Client

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 | 1t020 |
ncluded 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/IC Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)
1 1 1:DEAD LOAD 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

Print Time/Date: 07/08/2018 08:54 STAAD.Pro VS8i (SELECTseries 6) 20.07.11.82 Print Run 1 of 9
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Software licensed

to TranSystems

Job No

Sheet No

Rev

Part

Job Title | AKE PARK ARCH BRIDGE LOAD RATING

Ref

By DWC

Dateg2_Aug-18

Chd SFH

Client

File | ake Park Arch - DL plus |Pate/Time o7_Ayug-2018 07:51

Beam End Forces Cont...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)

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 LOAD 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 LOAD | -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 LOAD 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 LOAD | -256.979 -13.472 0.000 0.000 0.000 -59.489
11:DL + LLA1 -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 LOAD 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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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 LOAD | -253.619 -15.696 0.000 0.000 0.000 -2.289
11:DL + LLA1 -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 LOAD 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 LOAD | -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 LOAD 235.454 -5.657 0.000 0.000 0.000 36.037
11:DL + LLA1 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 LOAD | -234.398 7.996 0.000 0.000 0.000 -58.508
11:DL + LLA1 -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 LOAD 234.533 -0.757 0.000 0.000 0.000 58.508
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11:DL + LL1 257.234 -1.655 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 LOAD | -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 LOAD 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 LOAD | -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 LOAD 232.110 7.617 0.000 0.000 0.000 55.365
11:DL + LLA1 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 LOAD | -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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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 LOAD 231.043 12.163 0.000 0.000 0.000 34.901
11:DL + LLA1 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

1 1:DEAD LOAD | -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

1 1 1:DEAD LOAD 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 24192

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 244312 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 LOAD | -229.264 -14.326 0.000 0.000 0.000 47.925
11:DL + LLA1 -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 LOAD 228.746 21.033 0.000 0.000 0.000 -47.925
11:DL + LLA1 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 LOAD | -228.165 -18.695 0.000 0.000 0.000 109.331
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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 LOAD 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 LOAD | -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 LOAD 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 LOAD | -215.001 5.291 0.000 0.000 0.000 72.012
11:DL + LLA1 -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 LOAD 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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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 -2.11 0.000 0.000 0.000 -94.751

16 1:DEAD LOAD | -204.082 3.976 0.000 0.000 0.000 63.486
11:DL + LLA1 -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 LOAD 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 LOAD | -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 LOAD 185.409 -1.316 0.000 0.000 0.000 -65.464
11:DL + LLA1 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 LOAD | -185.176 3.654 0.000 0.000 0.000 57.973
11:DL + LLA1 -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 LOAD 185.205 1.555 0.000 0.000 0.000 -57.973
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Beam End Forces Cont...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)

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 LOAD | -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 LOAD 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 LOAD | -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 LOAD 165.836 2.548 0.000 0.000 0.000 -56.361
11:DL + LLA1 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 LOAD | -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

Print Time/Date: 07/08/2018 08:54

STAAD.Pro V8i (SELECTseries 6) 20.07.11.82

Print Run 8 of 9



\

W

Software licensed to TranSystems

Job No

Sheet No

Rev

Part

Job Title | AKE PARK ARCH BRIDGE LOAD RATING

Ref

By DWC

Dateg2_Aug-18

Chd SFH

Client

File | ake Park Arch - DL plus |Pate/Time o7_Ayug-2018 07:51

Beam End Forces Cont...

Axial Shear Torsion Bending
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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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Job Title | AKE PARK ARCH BRIDGE LOAD RATING Ref

By DWC

Dateg2_Aug-18

Chd SFH

Client

File | ake Park Arch - H5 Trucl|Date/Time 07_Ayug-2018 07:51

Job Information

Engineer Checked Approved
Name: DWC SFH
Date: 02-Aug-18 03-Aug-18
Project ID
Project Name
Comments
ARCH RIBS - H5 TRUCK
| 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 [1to4

ncluded 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 #86, (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 2-
Generation 1 LOAD GENERATION, LOAD #11, (11 of 21
Generation 12 LOAD GENERATION, LOAD #12, (12 of 2
Generation 13 LOAD GENERATION, LOAD #13, (13 of 2
Generation 14 LOAD GENERATION, LOAD #14, (14 of 2
Generation 15 LOAD GENERATION, LOAD #15, (15 of 2-
Generation 16 LOAD GENERATION, LOAD #16, (16 of 2-
Generation 17 LOAD GENERATION, LOAD #17, (17 of 2
Generation 18 LOAD GENERATION, LOAD #18, (18 of 2-
Generation 19 LOAD GENERATION, LOAD #19, (19 of 2
Generation 20 LOAD GENERATION, LOAD #20, (20 of 2
Generation 21 LOAD GENERATION, LOAD #21, (21 of 2
Generation 22 LOAD GENERATION, LOAD #22, (1 of 21,
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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 2
Generation 32 LOAD GENERATION, LOAD #32, (11 of 2°
Generation 33 LOAD GENERATION, LOAD #33, (12 of 2
Generation 34 LOAD GENERATION, LOAD #34, (13 of 2
Generation 35 LOAD GENERATION, LOAD #35, (14 of 2
Generation 36 LOAD GENERATION, LOAD #36, (15 of 2
Generation 37 LOAD GENERATION, LOAD #37, (16 of 2
Generation 38 LOAD GENERATION, LOAD #38, (17 of 2
Generation 39 LOAD GENERATION, LOAD #39, (18 of 2
Generation 40 LOAD GENERATION, LOAD #40, (19 of 2
Generation 41 LOAD GENERATION, LOAD #41, (20 of 2
Generation 42 LOAD GENERATION, LOAD #42, (21 of 2

Beam End Forces

Sign convention is as the action of the joint on the beam.

Axial Shear Torsion Bending
Beam Node L/iC Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kip'ft) (kip'ft) (kip'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 GENI 8.191 -0.961 0.000 0.000 0.000 2.701
11:LOAD GENI 8.275 -1.425 0.000 0.000 0.000 -5.307
12:LOAD GENI 8.204 -1.794 0.000 0.000 0.000 -12.358
13:LOAD GENI 7.975 -2.061 0.000 0.000 0.000 -18.201
14:LOAD GENI 7.590 -2.223 0.000 0.000 0.000 -22.646
15:LOAD GENI 7.056 -2.278 0.000 0.000 0.000 -25.515
16:LOAD GENI 6.380 -2.217 0.000 0.000 0.000 -26.460
17:LOAD GENI 5.597 -2.074 0.000 0.000 0.000 -26.107
18:LOAD GENI 4.710 -1.824 0.000 0.000 0.000 -23.756
19:LOAD GENI 3.743 -1.470 0.000 0.000 0.000 -19.395
20:LOAD GEN| 2.817 -1.128 0.000 0.000 0.000 -15.128
21:LOAD GEN| 1.953 -0.803 0.000 0.000 0.000 -11.001
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Beam End Forces Cont...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)
22:LOAD GEN| 3.525 2.936 0.000 0.000 0.000 29.476
23:LOAD GEN| 4.458 2.718 0.000 0.000 0.000 30.757
24:LOAD GEN| 5.392 2.499 0.000 0.000 0.000 32.040
25:LOAD GEN| 6.151 1.863 0.000 0.000 0.000 30.078
26:LOAD GEN| 6.866 1.122 0.000 0.000 0.000 27.305
27:LOAD GEN| 7.410 0.424 0.000 0.000 0.000 20.491
28:LOAD GEN| 7.834 -0.222 0.000 0.000 0.000 12.684
29:LOAD GEN| 8.140 -0.801 0.000 0.000 0.000 5.141
30:LOAD GENI 8.269 -1.292 0.000 0.000 0.000 -3.060
31:LOAD GEN| 8.245 -1.691 0.000 0.000 0.000 -10.393
32:LOAD GEN| 8.062 -1.988 0.000 0.000 0.000 -16.588
33:LOAD GEN| 7.723 -2.181 0.000 0.000 0.000 -21.450
34:LOAD GEN| 7.234 -2.272 0.000 0.000 0.000 -24.855
35:LOAD GEN| 6.604 -2.260 0.000 0.000 0.000 -26.697
36:LOAD GEN| 5.847 -2.139 0.000 0.000 0.000 -26.682
37:LOAD GEN| 4.953 -1.858 0.000 0.000 0.000 -23.647
38:LOAD GEN| 4.032 -1.558 0.000 0.000 0.000 -20.288
39:LOAD GEN| 3.085 -1.230 0.000 0.000 0.000 -16.429
40:LOAD GENI 2.118 -0.877 0.000 0.000 0.000 -12.068
41:LOAD GENI 1.316 -0.568 0.000 0.000 0.000 -8.083
42:LOAD GENI 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 GENI -8.191 0.961 0.000 0.000 0.000 -5.853
11:LOAD GENI -8.275 1.425 0.000 0.000 0.000 0.631
12:LOAD GENI -8.204 1.794 0.000 0.000 0.000 6.473
13:LOAD GENI -7.975 2.061 0.000 0.000 0.000 11.440
14:LOAD GENI -7.590 2.223 0.000 0.000 0.000 15.353
15:LOAD GENI -7.056 2.278 0.000 0.000 0.000 18.040
16:LOAD GENI -6.380 2.217 0.000 0.000 0.000 19.188
17:LOAD GENI -5.597 2.074 0.000 0.000 0.000 19.301
18:LOAD GENI -4.710 1.824 0.000 0.000 0.000 17.772
19:LOAD GENI -3.743 1.470 0.000 0.000 0.000 14.571
20:LOAD GEN| -2.817 1.128 0.000 0.000 0.000 11.426
21:LOAD GEN| -1.953 0.803 0.000 0.000 0.000 8.366
22:LOAD GEN| -3.525 -2.936 0.000 0.000 0.000 -19.842
23:LOAD GEN| -4.458 -2.718 0.000 0.000 0.000 -21.841
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Beam End Forces Cont...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)
24:LOAD GEN| -5.392 -2.499 0.000 0.000 0.000 -23.840
25:LOAD GEN| -6.151 -1.863 0.000 0.000 0.000 -23.966
26:LOAD GEN| -6.866 -1.122 0.000 0.000 0.000 -23.623
27:LOAD GEN| -7.410 -0.424 0.000 0.000 0.000 -19.099
28:LOAD GEN| -7.834 0.222 0.000 0.000 0.000 -13.411
29:LOAD GEN| -8.140 0.801 0.000 0.000 0.000 -7.768
30:LOAD GENI -8.269 1.292 0.000 0.000 0.000 -1.179
31:LOAD GEN| -8.245 1.691 0.000 0.000 0.000 4.846
32:LOAD GEN| -8.062 1.988 0.000 0.000 0.000 10.068
33:LOAD GEN| -7.723 2.181 0.000 0.000 0.000 14.294
34:LOAD GEN| -7.234 2.272 0.000 0.000 0.000 17.401
35:LOAD GEN| -6.604 2.260 0.000 0.000 0.000 19.283
36:LOAD GEN| -5.847 2.139 0.000 0.000 0.000 19.664
37:LOAD GEN| -4.953 1.858 0.000 0.000 0.000 17.550
38:LOAD GEN| -4.032 1.558 0.000 0.000 0.000 15.177
39:LOAD GEN| -3.085 1.230 0.000 0.000 0.000 12.393
40:LOAD GENI -2.118 0.877 0.000 0.000 0.000 9.192
41:LOAD GENI -1.316 0.568 0.000 0.000 0.000 6.218
42:LOAD GENI -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 GENI 8.217 -0.708 0.000 0.000 0.000 5.853
11:LOAD GENI 8.315 -1.170 0.000 0.000 0.000 -0.631
12:LOAD GENI 8.255 -1.541 0.000 0.000 0.000 -6.473
13:LOAD GENI 8.035 -1.815 0.000 0.000 0.000 -11.440
14:LOAD GENI 7.655 -1.989 0.000 0.000 0.000 -15.353
15:LOAD GENI 7.123 -2.060 0.000 0.000 0.000 -18.040
16:LOAD GENI 6.445 -2.019 0.000 0.000 0.000 -19.188
17:LOAD GENI 5.658 -1.901 0.000 0.000 0.000 -19.301
18:LOAD GENI 4.763 -1.678 0.000 0.000 0.000 -17.772
19:LOAD GENI 3.786 -1.355 0.000 0.000 0.000 -14.571
20:LOAD GEN| 2.850 -1.041 0.000 0.000 0.000 -11.426
21:LOAD GEN| 1.976 -0.743 0.000 0.000 0.000 -8.366
22:LOAD GEN| 3.433 3.043 0.000 0.000 0.000 19.842
23:LOAD GEN| 4.373 2.854 0.000 0.000 0.000 21.841
24:LOAD GEN| 5.312 2.664 0.000 0.000 0.000 23.840
25:LOAD GEN| 6.090 2.051 0.000 0.000 0.000 23.966
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Beam End Forces Cont...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)
26:LOAD GEN| 6.828 1.333 0.000 0.000 0.000 23.623
27:LOAD GEN| 7.393 0.652 0.000 0.000 0.000 19.099
28:LOAD GEN| 7.837 0.019 0.000 0.000 0.000 13.411
29:LOAD GEN| 8.161 -0.550 0.000 0.000 0.000 7.768
30:LOAD GEN| 8.305 -1.037 0.000 0.000 0.000 1.179
31:LOAD GEN| 8.293 -1.436 0.000 0.000 0.000 -4.846
32:LOAD GEN| 8.120 -1.739 0.000 0.000 0.000 -10.068
33:LOAD GEN| 7.786 -1.943 0.000 0.000 0.000 -14.294
34:LOAD GEN| 7.301 -2.048 0.000 0.000 0.000 -17.401
35:LOAD GEN| 6.671 -2.056 0.000 0.000 0.000 -19.283
36:LOAD GEN| 5.910 -1.958 0.000 0.000 0.000 -19.664
37:LOAD GEN| 5.008 -1.705 0.000 0.000 0.000 -17.550
38:LOAD GEN| 4.078 -1.433 0.000 0.000 0.000 -15.177
39:LOAD GEN| 3.121 -1.135 0.000 0.000 0.000 -12.393
40:LOAD GENI 2.144 -0.811 0.000 0.000 0.000 -9.192
41:LOAD GENI 1.332 -0.528 0.000 0.000 0.000 -6.218
42:LOAD GENI 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 GENI -8.217 0.708 0.000 0.000 0.000 -8.132
11:LOAD GENI -8.315 1.170 0.000 0.000 0.000 -3.136
12:LOAD GENI -8.255 1.541 0.000 0.000 0.000 1.515
13:LOAD GENI -8.035 1.815 0.000 0.000 0.000 5.600
14:LOAD GENI -7.655 1.989 0.000 0.000 0.000 8.954
15:LOAD GENI -7.123 2.060 0.000 0.000 0.000 11.410
16:LOAD GENI -6.445 2.019 0.000 0.000 0.000 12.689
17:LOAD GENI -5.658 1.901 0.000 0.000 0.000 13.183
18:LOAD GENI -4.763 1.678 0.000 0.000 0.000 12.372
19:LOAD GENI -3.786 1.355 0.000 0.000 0.000 10.211
20:LOAD GENI -2.850 1.041 0.000 0.000 0.000 8.075
21:LOAD GEN| -1.976 0.743 0.000 0.000 0.000 5.976
22:LOAD GEN| -3.433 -3.043 0.000 0.000 0.000 -10.049
23:LOAD GEN| -4.373 -2.854 0.000 0.000 0.000 -12.659
24:LOAD GEN| -5.312 -2.664 0.000 0.000 0.000 -15.269
25:LOAD GEN| -6.090 -2.051 0.000 0.000 0.000 -17.366
26:LOAD GEN| -6.828 -1.333 0.000 0.000 0.000 -19.335
27:LOAD GEN| -7.393 -0.652 0.000 0.000 0.000 -17.001
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Beam End Forces Cont...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)
28:LOAD GEN| -7.837 -0.019 0.000 0.000 0.000 -13.349
29:LOAD GEN| -8.161 0.550 0.000 0.000 0.000 -9.538
30:LOAD GEN| -8.305 1.037 0.000 0.000 0.000 -4.517
31:LOAD GEN| -8.293 1.436 0.000 0.000 0.000 0.225
32:LOAD GEN| -8.120 1.739 0.000 0.000 0.000 4.473
33:LOAD GEN| -7.786 1.943 0.000 0.000 0.000 8.043
34:LOAD GEN| -7.301 2.048 0.000 0.000 0.000 10.810
35:LOAD GEN| -6.671 2.056 0.000 0.000 0.000 12.667
36:LOAD GEN| -5.910 1.958 0.000 0.000 0.000 13.363
37:LOAD GEN| -5.008 1.705 0.000 0.000 0.000 12.062
38:LOAD GEN| -4.078 1.433 0.000 0.000 0.000 10.565
39:LOAD GEN| -3.121 1.135 0.000 0.000 0.000 8.742
40:LOAD GENI -2.144 0.811 0.000 0.000 0.000 6.581
41:LOAD GENI -1.332 0.528 0.000 0.000 0.000 4.519
42:LOAD GENI -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 GENI 8.234 -0.459 0.000 0.000 0.000 8.132
11:LOAD GENI 8.347 -0.918 0.000 0.000 0.000 3.136
12:LOAD GENI 8.298 -1.290 0.000 0.000 0.000 -1.515
13:LOAD GENI 8.086 -1.571 0.000 0.000 0.000 -5.600
14:LOAD GENI 7.711 -1.756 0.000 0.000 0.000 -8.954
15:LOAD GENI 7.182 -1.844 0.000 0.000 0.000 -11.410
16:LOAD GENI 6.503 -1.823 0.000 0.000 0.000 -12.689
17:LOAD GENI 5.713 -1.729 0.000 0.000 0.000 -13.183
18:LOAD GENI 4.812 -1.633 0.000 0.000 0.000 -12.372
19:LOAD GENI 3.825 -1.239 0.000 0.000 0.000 -10.211
20:LOAD GENI 2.880 -0.954 0.000 0.000 0.000 -8.075
21:LOAD GEN| 1.998 -0.683 0.000 0.000 0.000 -5.976
22:LOAD GEN| 3.339 3.146 0.000 0.000 0.000 10.049
23:LOAD GEN| 4.284 2.985 0.000 0.000 0.000 12.659
24:LOAD GEN| 5.229 2.823 0.000 0.000 0.000 15.269
25:LOAD GEN| 6.025 2.235 0.000 0.000 0.000 17.366
26:LOAD GEN| 6.784 1.539 0.000 0.000 0.000 19.335
27:LOAD GEN| 7.370 0.875 0.000 0.000 0.000 17.001
28:LOAD GEN| 7.833 0.257 0.000 0.000 0.000 13.349
29:LOAD GEN| 8.174 -0.303 0.000 0.000 0.000 9.538
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Job Title | AKE PARK ARCH BRIDGE LOAD RATING Ref
By DWC Datep2-Aug-18 Chd SFH
Client File | ake Park Arch - H5 Trucl|Date/Time 07_Ayug-2018 07:51

Beam End Forces Cont...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)
30:LOAD GEN| 8.332 -0.785 0.000 0.000 0.000 4.517
31:LOAD GEN| 8.333 -1.185 0.000 0.000 0.000 -0.225
32:LOAD GEN| 8.168 -1.492 0.000 0.000 0.000 -4.473
33:LOAD GEN| 7.842 -1.706 0.000 0.000 0.000 -8.043
34:LOAD GEN| 7.359 -1.826 0.000 0.000 0.000 -10.810
35:LOAD GEN| 6.730 -1.853 0.000 0.000 0.000 -12.667
36:LOAD GEN| 5.967 -1.778 0.000 0.000 0.000 -13.363
37:LOAD GEN| 5.057 -1.553 0.000 0.000 0.000 -12.062
38:LOAD GEN| 4.120 -1.309 0.000 0.000 0.000 -10.565
39:LOAD GEN| 3.154 -1.040 0.000 0.000 0.000 -8.742
40:LOAD GENI 2.168 -0.746 0.000 0.000 0.000 -6.581
41:LOAD GENI 1.348 -0.487 0.000 0.000 0.000 -4.519
42:LOAD GENI 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 GENI -8.234 0.459 0.000 0.000 0.000 -9.583
11:LOAD GENI -8.347 0.918 0.000 0.000 0.000 -6.038
12:LOAD GENI -8.298 1.290 0.000 0.000 0.000 -2.564
13:LOAD GENI -8.086 1.571 0.000 0.000 0.000 0.635
14:LOAD GENI -7.71 1.756 0.000 0.000 0.000 3.403
15:LOAD GENI -7.182 1.844 0.000 0.000 0.000 5.582
16:LOAD GENI -6.503 1.823 0.000 0.000 0.000 6.925
17:LOAD GENI -5.713 1.729 0.000 0.000 0.000 7.717
18:LOAD GENI -4.812 1.533 0.000 0.000 0.000 7.525
19:LOAD GENI -3.825 1.239 0.000 0.000 0.000 6.293
20:LOAD GENI -2.880 0.954 0.000 0.000 0.000 5.058
21:LOAD GEN| -1.998 0.683 0.000 0.000 0.000 3.819
22:LOAD GEN| -3.339 -3.146 0.000 0.000 0.000 -0.104
23:LOAD GEN| -4.284 -2.985 0.000 0.000 0.000 -3.224
24:LOAD GEN| -5.229 -2.823 0.000 0.000 0.000 -6.343
25:LOAD GEN| -6.025 -2.235 0.000 0.000 0.000 -10.302
26:LOAD GEN| -6.784 -1.539 0.000 0.000 0.000 -14.471
27:LOAD GEN| -7.370 -0.875 0.000 0.000 0.000 -14.233
28:LOAD GEN| -7.833 -0.257 0.000 0.000 0.000 -12.537
29:LOAD GEN| -8.174 0.303 0.000 0.000 0.000 -10.495
30:LOAD GEN| -8.332 0.785 0.000 0.000 0.000 -7.000
31:LOAD GEN| -8.333 1.185 0.000 0.000 0.000 -3.520
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Job Title | AKE PARK ARCH BRIDGE LOAD RATING Ref
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Beam End Forces Cont...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)
32:LOAD GEN| -8.168 1.492 0.000 0.000 0.000 -0.244
33:LOAD GEN| -7.842 1.706 0.000 0.000 0.000 2.650
34:LOAD GEN| -7.359 1.826 0.000 0.000 0.000 5.036
35:LOAD GEN| -6.730 1.853 0.000 0.000 0.000 6.809
36:LOAD GEN| -5.967 1.778 0.000 0.000 0.000 7.741
37:LOAD GEN| -5.057 1.553 0.000 0.000 0.000 7.153
38:LOAD GEN| -4.120 1.309 0.000 0.000 0.000 6.427
39:LOAD GEN| -3.154 1.040 0.000 0.000 0.000 5.455
40:LOAD GENI -2.168 0.746 0.000 0.000 0.000 4.224
41:LOAD GENI -1.348 0.487 0.000 0.000 0.000 2.979
42:LOAD GENI -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 GENI 8.244 -0.215 0.000 0.000 0.000 9.583
11:LOAD GENI 8.370 -0.670 0.000 0.000 0.000 6.038
12:LOAD GENI 8.333 -1.044 0.000 0.000 0.000 2.564
13:LOAD GENI 8.129 -1.330 0.000 0.000 0.000 -0.635
14:LOAD GENI 7.760 -1.627 0.000 0.000 0.000 -3.403
15:LOAD GENI 7.233 -1.630 0.000 0.000 0.000 -5.582
16:LOAD GENI 6.554 -1.630 0.000 0.000 0.000 -6.925
17:LOAD GENI 5.762 -1.559 0.000 0.000 0.000 -71.717
18:LOAD GENI 4.855 -1.390 0.000 0.000 0.000 -7.525
19:LOAD GENI 3.860 -1.126 0.000 0.000 0.000 -6.293
20:LOAD GENI 2.907 -0.869 0.000 0.000 0.000 -5.058
21:LOAD GEN| 2.017 -0.623 0.000 0.000 0.000 -3.819
22:LOAD GEN| 3.244 3.244 0.000 0.000 0.000 0.104
23:LOAD GEN| 4.194 3.110 0.000 0.000 0.000 3.224
24:LOAD GEN| 5.143 2.977 0.000 0.000 0.000 6.343
25:LOAD GEN| 5.957 2.412 0.000 0.000 0.000 10.302
26:LOAD GEN| 6.736 1.739 0.000 0.000 0.000 14.471
27:LOAD GEN| 7.341 1.094 0.000 0.000 0.000 14.233
28:LOAD GEN| 7.822 0.489 0.000 0.000 0.000 12.537
29:LOAD GEN| 8.179 -0.060 0.000 0.000 0.000 10.495
30:LOAD GEN| 8.352 -0.538 0.000 0.000 0.000 7.000
31:LOAD GEN| 8.365 -0.937 0.000 0.000 0.000 3.520
32:LOAD GEN| 8.209 -1.249 0.000 0.000 0.000 0.244
33:LOAD GEN| 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 Fy Fz Mx My Mz
(kip) (kip) (kip) (kipft) (kipft) (kipft)
34:LOAD GEN| 7.410 -1.607 0.000 0.000 0.000 -5.036
35:LOAD GEN| 6.782 -1.653 0.000 0.000 0.000 -6.809
36:LOAD GEN| 6.017 -1.601 0.000 0.000 0.000 -7.741
37:LOAD GEN| 5.101 -1.402 0.000 0.000 0.000 -7.153
38:LOAD GEN| 4.157 -1.186 0.000 0.000 0.000 -6.427
39:LOAD GEN| 3.184 -0.946 0.000 0.000 0.000 -5.455
40:LOAD GENI 2.189 -0.681 0.000 0.000 0.000 -4.224
41:LOAD GENI 1.362 -0.447 0.000 0.000 0.000 -2.979
42:LOAD GENI 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 GENI -8.244 0.215 0.000 0.000 0.000 -10.252
11:LOAD GENI -8.370 0.670 0.000 0.000 0.000 -8.123
12:LOAD GENI -8.333 1.044 0.000 0.000 0.000 -5.810
13:LOAD GENI -8.129 1.330 0.000 0.000 0.000 -3.503
14:LOAD GENI -7.760 1.527 0.000 0.000 0.000 -1.345
15:LOAD GENI -7.233 1.630 0.000 0.000 0.000 0.512
16:LOAD GENI -6.554 1.630 0.000 0.000 0.000 1.856
17:LOAD GENI -5.762 1.559 0.000 0.000 0.000 2.867
18:LOAD GENI -4.855 1.390 0.000 0.000 0.000 3.202
19:LOAD GENI -3.860 1.126 0.000 0.000 0.000 2.792
20:LOAD GENI -2.907 0.869 0.000 0.000 0.000 2.356
21:LOAD GEN| -2.017 0.623 0.000 0.000 0.000 1.881
22:LOAD GEN| -3.244 -3.244 0.000 0.000 0.000 9.984
23:LOAD GEN| -4.194 -3.110 0.000 0.000 0.000 6.450
24:LOAD GEN| -5.143 -2.977 0.000 0.000 0.000 2.917
25:LOAD GEN| -5.957 -2.412 0.000 0.000 0.000 -2.799
26:LOAD GEN| -6.736 -1.739 0.000 0.000 0.000 -9.061
27:LOAD GEN| -7.341 -1.094 0.000 0.000 0.000 -10.832
28:LOAD GEN| -7.822 -0.489 0.000 0.000 0.000 -11.017
29:LOAD GEN| -8.179 0.060 0.000 0.000 0.000 -10.683
30:LOAD GEN| -8.352 0.538 0.000 0.000 0.000 -8.674
31:LOAD GEN| -8.365 0.937 0.000 0.000 0.000 -6.434
32:LOAD GEN| -8.209 1.249 0.000 0.000 0.000 -4.130
33:LOAD GEN| -7.889 1.473 0.000 0.000 0.000 -1.931
34:LOAD GEN| -7.410 1.607 0.000 0.000 0.000 0.037
35:LOAD GEN| -6.782 1.653 0.000 0.000 0.000 1.668
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Job Title | AKE PARK ARCH BRIDGE LOAD RATING
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By DWC
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Chd SFH

Client

File | ake Park Arch - H5 Trucl|Date/Time 07_Ayug-2018 07:51

Beam End Forces Cont...

Axial Shear Torsion Bending
Beam Node L/C Fx Fy Fz Mx My Mz

(kip) (kip) (kip) (kipft) (kipft) (kipft)
36:LOAD GEN| -6.017 1.601 0.000 0.000 0.000 2.762
37:LOAD GEN| -5.101 1.402 0.000 0.000 0.000 2.791
38:LOAD GEN| -4.157 1.186 0.000 0.000 0.000 2.737
39:LOAD GEN| -3.184 0.946 0.000 0.000 0.000 2.514
40:LOAD GENI -2.189 0.681 0.000 0.000 0.000 2.105
41:LOAD GENI -1.362 0.447 0.000 0.000 0.000 1.589
42:LOAD GENI -0.786 0.258 0.000 0.000 0.000 0.915
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As-Built

BEAM 1

BEAM 2

BEAM 3

BEAM 4

MAX AXIAL
MIN AXIAL
MAX MOMENT
MIN MOMENT
MAX AXIAL
MIN AXIAL
MAX MOMENT
MIN MOMENT
MAX AXIAL
MIN AXIAL
MAX MOMENT
MIN MOMENT
MAX AXIAL
MIN AXIAL
MAX MOMENT
MIN MOMENT

F (kips)

318.657
261.428
283.016
297.069
317.138
259.851
281.204
295.786
315.485
258.194
279.295
294.384
313.711
256.466
299.833
270.345

Dead Load + 90 psf
M (k-ft)

147.222
143.871
249.777
64.519
146.404
133.982
215.867
64.917
121.117
105.464
161.664
64.917
72.832
59.489
93.867
38.454

F (kips)

H5 Truck
M (k-ft)

8.275 5.307

0.76 4.662
4.949 34.736
8.269 3.06
8.315 3.136

0.77 3.585
4.851 24.542
8.315 3.136
8.347 6.038
0.778 2.605
6.784 19.335
0.835 2.513

8.37 8.123
0.786 1.717

7.54 15.851
0.786 1.717

TOTAL

F (kips) M (k-ft)

326.932 152.529
262.188 148.533
287.965 284.513
305.338 67.579
325.453 149.54
260.621 137.567
286.055 240.409
304.101 68.053
323.832 127.155
258.972 108.069
286.079 180.999
295.219 67.43
322.081 80.955
257.252 61.206
307.373 109.718
271.131 40.171

Mx
152.529,
148.533 ,
284.513 ,

67.579,

149.54 ,
137.567 ,
240.409 ,

68.053,
127.155,
108.069 ,
180.999 ,

67.43 ,

80.955,

61.206 ,
109.718 ,

40.171,

o

~

O OO OO0 O0OO0OO0OO0OOoOOoOOo oo

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

KDOT Column Expert - Input
My

F
326.932
262.188
287.965
305.338
325.453
260.621
286.055
304.101
323.832
258.972
286.079
295.219
322.081
257.252
307.373
271.131
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As-Configured

BEAM 1

BEAM 2

BEAM 3

BEAM 4

MAX AXIAL
MIN AXIAL
MAX MOMENT
MIN MOMENT
MAX AXIAL
MIN AXIAL
MAX MOMENT
MIN MOMENT
MAX AXIAL
MIN AXIAL
MAX MOMENT
MIN MOMENT
MAX AXIAL
MIN AXIAL
MAX MOMENT
MIN MOMENT

F (kips)

334.554
277.325
298.913
312.966
333.051
275.764
297.117
311.699
331.399
274.108
295.209
310.298
329.612
272.368
315.734
286.246

Dead Load + 90 psf
M (k-ft)

149.854
144.802
250.708
67.969
149.854
137.433
219.318
69.265
125.465
109.812
166.012
69.265
76.538
63.195
97.573
42.16

F (kips)

H5 Truck
M (k-ft)

8.275 5.307

0.76 4.662
4.949 34.736
8.269 3.06
8.315 3.136

0.77 3.585
4.851 24.542
8.315 3.136
8.347 6.038
0.778 2.605
6.784 19.335
0.835 2.513

8.37 8.123
0.786 1.717

7.54 15.851
0.786 1.717

TOTAL

F (kips) M (k-ft)

342,829 155.161
278.085 149.464
303.862 285.444
321.235 71.029
341.366 152.99
276.534 141.018
301.968 243.86
320.014 72.401
339.746 131.503
274.886 112.417
301.993 185.347
311.133 71.778
337.982 84.661
273.154 64.912
323.274 113.424
287.032 43.877

Mx
155.161 ,
149.464 ,
285.444 ,

71.029,

152.99 ,
141.018 ,

243.86 ,

72.401 ,
131.503,
112.417,
185.347 ,

71.778 ,

84.661 ,

64.912 ,
113.424 ,

43.877 ,
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KDOT Column Expert - Input
My

F
342.829
278.085
303.862
321.235
341.366
276.534
301.968
320.014
339.746
274.886
301.993
311.133
337.982
273.154
323.274
287.032
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| Tran SETID TR DWC Date __ 8/3/2018 JobNo. _P402180060
PEHIEZ " Checked By SFH Date  8/3/2018

Calculations For: Lake Park Arch Bridge - Arch Rib Analysis

LOWER ARCH - AS-BUILT / AS-CONFIGURED
INVENTORY LEVEL (90 PSF PEDESTRIAN LOAD)
AXIAL-MOMENT INTERACTION DIAGRAM
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| Tran SETID TR Dwe Date___ 8/3/2018 JobNo. __P402180060
' YSEIS”  checked By SFH Date  8/3/2018
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36 HIGHWAY BRIDGES

3.24.3

B, unless more exact methods are used considering tire
contact area. The tire contact area needed for exact tneth-
ods is given in Article 3,30,

In Cases Aand B:

S = effective span length, in feet, as defined under
“Span Lengths™ Articles 3.24.1 and 8.8;

E = width of slab in feel over which a wheel load is
distributed;

P = load on one rear wheel of truck (Ps or Py):

Pis = 12,000 pounds for H 15 loading;

Py = 16,000 pounds for H 20 loading.

3.24.3.1 Case A—Main Reinforcement
Perpendicular to Trafflc (Spans 2 to 24
Feet Inclusive)

The iive load moment for simpie spans shail be deter-
tnined by the fellowing formulas (impact not in¢luded):

HS 20 Loading:

( S5 ] P,, = Moment in foot —ponnds (3-15)
32 per foot — width of slab

HS 15 Loading:

(S+2“\

32 P, = Moment in foot —pounds (3-18)

per foat — width of slab

Tn slabs continuous over three or more supports, a conti-
nuity factor of 0.8 shall be applicd to the above formulas
for both positive and negative moment.

3.24.3.2 Case B—Main Reinforcement Parallel
to Traffic

For wheel loads, the distribution width, E, shall be
(4 + 0.065) but shall not exceed 7.0 feet. Lane loads are
distributed over a width of 2E, Longitudinally reinforced
slabs shall be designed for the appropriate HS loading.

For simpie spans, the maximum live load moment per
foot width of slab, without fmpact, is closely approxi-
mated by the following formulas:

HS 20 Loading:

Spans up to and including 50 feet: LLM = 9008
foot-pounds
LLM = 1,000
(1.308-20.0)
foot-pounds

Spans 50 feet to 100 feet:

Jvaped by "HS Inder beanss wlih A4EHTO

+iepicAbon ur retacrhig perifdled sihgyl Soerse iom HS

HS 15 Leading:

Use % of the values obtained from the formulas for
HS 20 Loading

Maoments in continuous spans shall be determined by
suitable analysis using the truck or appropriate lanc
loading.

3.24.4 Shear and Bond

Slabs designed for bending moment in accordance
with Article 3.24.3 shall be considered satisfactory in
bond and shear,

3.24.5 Cantilever Slabs
3.24.5.1 Truck Loads

Under the following formulas for disteibution of loads
on cantilever slabs, the slab is designed to support the load
independently of the effects of any edge support along the
end of the cantilever, The distribution given includes the
elfect of wheels on parallel elements.

3.24.5.1.1 Cuse A—Reinforcement
Perpendicular 1o Traffic

Each wheel on the element perpendicular to traffic
shall be distributed over a width according to the follow-
ing formula:

E=08X +3.75 (3-17)

The moment per foot of slab shall be (P/E) X foot-
pounds, in which X is (he distance in feet from load 1o
point of support.

3.24.5.1.2 Case B—Reinforcement
Parailel to Traffic

The distribution width for each wheel load on the ele-
ment parallel to traffic shall be as follows:

E = 0.35X + 3.2, but shall not exceed 7.0 feet  (3-18)

The moment per foot of slab shall be (F/E) X foot-
pounds.

3.24.5.2 Railing Loads
Railing loads shall be applied in accordance with Arti-

cle 2.7, The effective length of slab resisting post loadings
shall be equal to E = 0.8X + 3.75 feet where no parapet
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