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Project #6 - Bridge Rehabilitation: Runway 16L/34R and Taxiway Bravo
Description and Agency Consultation
12/21/2025

The purpose of this appendix is to document the construction methods proposed for
Project #6 - Bridge Rehabilitation: Runway 16L/34R and Taxiway Bravo (Bridge
Rehabilitation Project). This includes:

e Description of the construction methods proposed
e Agency Consultation with U.S. Army Corps of Engineers (USACOE) and Virginia
Department of Environmental Quality (VADEQ)

1. Description of Construction Method

The Bridge Rehabilitation Project is needed to strengthen the existing Runway 16L/34R
Bridge and the Taxiway Bravo Bridge for routine operations by Group Il aircraft (737-800
and A320). Figure A11, Appendix A" illustrates the locations that would be subject to the
Bridge Rehabilitation Project which would occur in 2026-2027. The Bridge rehabilitation
was determined through engineering investigations performed by the engineering firm,
Walter P. Moore and Associates (WPM). Their report is titled: HEF Manassas Airport Bridge
Assessments, Structural Evaluation Results, Walter P Moore Dated August 22, 2025, and is
included as Attachment #1 in this Appendix.

In summary, the recommendations provided by WPM for the Bridge Strengthening are
shown in Figure A12, Appendix A and involve the stabilization of the earth (soil)
supporting each bridge to increase the soil bearing capacity for each bridge. Soil
Stabilization involves the installation of soil nails? under each bridge. The soil nails are
steel rods that would be driven into the soil under each side of the bridges. Once the soil
nails are installed, a concrete retaining wall is to be poured to secure the ends of the soil
nails and thereby stabilize the soil and increase the load bearing capacity of the bridges.
The soil nails coupled with the concrete retaining wall will provide the added bridge
strengthening to support routine operations by Group lll aircraft.

"The Figures referenced in this Appendix are located in Appendix A of this EA.

2Soil nailing is a common ground improvement technique used to enhance the stability of soil or rock
masses. It involves the insertion of slender reinforcing elements, typically steel bars or rods, into the ground
at a predetermined angle.



In order to complete the proposed stream bank and under bridge work, the stream water
from Broad Run would need to be maintained at the seasonal low flow level. Maintaining
Broad Run at low flow would keep the water level below the bridge footings, allowing
construction crews to full access to the Bridge structure. In addition, maintaining low flow
will preserve mussel species downstream of the Bridges. In this Appendix, see the memo
titled “Memorandum — Preliminary Concept for Maintaining Broad Run Minimum Water Flow
During Construction at HEF Manassas Airport” December 12, 2025, from Walter P. Moore for
details on construction methods. This memoisincluded as Attachment #2 in this Appendix.

The primary work area is marked by the yellow and orange stripe on Figure A11, Appendix A.
It would require contractor workspace on the north and south sides of Broad Run, with a
width of 75-100 feet. Within these workspaces, there would be minor grading to create
stable, level pads for construction equipment and to prevent ruts/ponding. Timber mats/rig
mats may be used to minimize ground disturbance. The workspaces would be bounded by
super silt fence. There would be stabilized construction entrances and, if needed, turbidity
curtains may be set in wet areas to preserve water quality. The contractor’s Stormwater
Pollution Prevention Plan (SWPPP) would include a Spill Prevention and Response Plan as
heavy equipment would be in use. The construction equipment may include a 20 to 30-ton
excavator (plus one long-reach), a D4/D5 dozer, a wheeled loader, a skid steer, six to twelve
inch diesel pumps (primary + standby), a water truck, tandem dumps, and a small crane or
60-100-ton crane if picks are needed.

A contractor’s yard would be in place at the south end of Observation Road (Figure A11,
Appendix A). This area also would contain construction support equipment. The workers
and equipment would enter into the construction area using an existing Airport roadway
and that road would not need to be enhanced. The existing riprap at the base of Broad Run
would be removed and stockpiled within the construction area. Upon completion of the
stream bank work and the under bridge strengthening, the bypass channel’s north
diversion opening would be closed, and the temporary dam would be removed restoring
full flow to Broad Run.

2. Agency Consultation

When the construction methods were defined for the Bridge Rehabilitation project, the
ASG team conducted a series of coordination calls with the interested agencies — U.S.
Army Corps of Engineers (USACE) and Virginia Department of Environmental Quality
(VADEQ). These meetings were focused on the Pre-Application process with USACE and
VADEQ. The conference calls occurred on October 23, 2025 (initial meeting) and
November 13, 2025 (follow-up meeting).

In summary, the meetings discussed the permitting process and the other interested
agencies, including a discussion that the Virginia Marine Resources Commission (VMRC)



would likely issue a statement that the project is exempt from permitting from their agency
as no permanent changes to Broad Run are proposed. The bridge rehabilitation would
result in two potential impacts:

1. Temporary placement of dredged and fill material within Broad Run to the proposed
dams that will help to moderate flow through the construction zone.

2. One PEM wetland would be temporarily impacted when overflow waters from Broad
Run are diverted through it, so that Broad Run maintains only seasonal low-flow
conditions during the bridge work.

Both of these impacts would be permitted under the VADEQ Individual Permit (IP) and
would additionally be authorized under a USACE State Programmatic General Permit
(SPGP) or Nationwide Permit (NWP), depending on final impact amounts. Specific
conditions of these permits would allow for the aforementioned impacts and would outline
the conditions required to generate no water quality issues, including but not limited to the
previously discussed SMMP, CHASP, PPC plans, and the existing VPDES permit
(VAR050985), etc. The USACE and VADEQ see no reason that the above-mentioned permits
would not be authorized so long as all permit conditions are met and proper mitigation is
provided. Detailed minutes from the pre-application meetings held with VADEQ and
USACE on October 23, 2025, and November 13, 2025, are included in Appendix Q.

Furthermore, concurrence with this methodology for limiting impacts was received from
VADWR on December 18, 2025 (Attachment #3). As part of their concurrence, VADWR
requested to have an opportunity to review and comment on the final Project #6 plan
before construction and to ensure that a flow monitoring plan would be developed. Given
this, no significant impacts to the mussel population in Broad Run would occur.
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Bridge Assessments, Structural Evaluation
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August 22, 2025

Abel Garcia
President

V-1 Consulting, LLC
528 Clayton St
Denver, CO 80206

RE: HEF Manassas Airport Bridge Assessments
Structural Evaluation Results
Walter P Moore Project No. D01.24004.00

Dear Abel:

We have completed and compiled the results of our HEF Manassas Airport Bridges structural
assessment, load testing, and geotechnical investigation.

Executive Summary

The runway and taxiway bridges were originally designed for aircraft with a maximum total
take-off weight of 108,000-pounds, or 108 kips. V-1 Consulting requested both runway and
taxiway bridges be evaluated for the potential to structurally support Group lll aircraft with a
maximum total take-off weight of 210 kips.

The bridges are composed of the following assemblies that required separate analysis of each
component:
1. Superstructure (multiple concrete box beams);
2. Substructure (foundation walls and Mechanically Stabilized Earth (MSE) retaining
walls); and
3. Connection between Superstructure and Substructure (dowels and pads).

SUPERSTRUCTURE

The limiting factor of the superstructure to support 210 kips was found to be the distribution of
the aircraft live load onto the beams, called the live load Distribution Factor (DF). The live load
DF is the maximum portion of the total live load assigned to any one individual box beam from

each strut of the rear wheels. The original design designated a DF of 0.50.

Walter P Moore performed field load testing of each bridge to justify a DF of 0.35 (the live load
is actually distributed onto approximately three adjacent beams instead of the assumed
original design of two beams). The demonstrated increased load distribution enables the
superstructure to support Group Ill aircraft of 210 kips gross total weight.

SUBSTRUCTURE

The substructure originally had two limiting factors as outlined below to support 210 kips, but
further analysis eliminated one limiting factor. The second limiting factor listed below can be
remediated as explained.

1700 K St NW Suite 1050, Washington, DC 20006
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1. The original drawings indicated a soil bearing resistance of 3500 pounds per square
foot (psf) at the base of the existing abutment footings at both bridges, which was
inadequate to support 210 kips. However additional geotechnical investigations and
analysis were performed and the in-situ soil bearing resistance was determined to be
4000 psf, which is sufficient to support 210 kips aircraft.

2. The Mechanically Stabilized Earth (MSE) retaining walls were analyzed and determined
to have the capacity to support up to 165 kips aircraft, or approximately 20% deficient
of the strength required to support 210 kips aircraft. This condition can be remediated
as recommended below.

RECOMMENDATIONS
1. Option 1: Take No Remedial Action
a. The Mechanically Stabilized Earth (MSE) retaining walls were analyzed and
determined to be approximately 20% deficient of the strength required to
support 210 kips aircraft. However, both the taxiway and runway bridges are
expected to withstand an aircraft weight of 165 kips without remedial action
for a period of 5 years from today (for a 50-year lifespan from original
construction).

2. Option 2: Perform Remedial Action on the MSE Wall
a. Strengthen the MSE Retaining Walls with a soil nail system. The design of this
system will take the existing soil bearing capacity into account and enable the
system to support 210 kips aircraft.
b. The total cost of the recommended remediations is expected to be in the
$3.75MM to $6.025MM range.

Additional evaluations are recommended for both bridges, such as investigating and/or
installing box beam drain holes, performing top side test pits and underside material testing to
assess the box beams condition, and hydraulic analysis for narrowed flow area as outlined
further in the Recommendations section of this report.

The following components were beyond our scope and were not analyzed as part of this study:
1. Safety areas (i.e., portions of bridges not directly underneath the runway and taxiway
pavement); and
2. Pavement concrete and subbase performance over time.

Background

The existing runway and taxiway bridges at the HEF Manassas Airport span over a 40-ft-wide
stream crossing under the runway. The bridges were originally constructed circa 1983, and an
extension was added circa 2013 to widen each bridge. The original drawings specify that the
bridges were designed for a 737-200 aircraft with 108-kip total gross weight (dual rear gear with
48.5 kips per strut). The intent of the current study was to analyze, and load test the structural
capacity of the existing bridge components to determine if the reserve capacity (if any) is
adequate to support Group lll aircraft with a maximum gross weight of 210 kips and dual rear
gear strut loads of 100 kips per strut.

Based on the original structural drawings by HDR dated July 1983, the existing runway and
taxiway bridge structures generally consist of the following structural components and design:


https://D01.24004.00

August 22, 2025

DRAFT HEF Manassas Bridge Assessments
Walter P Moore Project No. D01.24004.00
Page 30f 10

[ )
°
e Steel Dowel pin connection (1
°
(1-1/2 in. diameter embedded steel rod) —
L)
further verified),
[ )

strips).

Prestressed concrete box beams (2 ft-9in. deep x 4 ft-0 in. wide),

Elastomeric bearing pads (6 in.x12 in.x1/2in., 70 durometer, 2 per beam end),
.5” Dia. X2’-6” long, 1 per box beam & 1 side only)
Foundation stem wall (18-in. thick) supporting each end of each box beam, with dowel
one end only with the other end free,
Strip footing (2 ft-6 in. thick x 6 ft-0 in. wide with 3,500 psf soil bearing capacity (to be

Extracted partial drawings of the runway bridge from the original structural drawings are
provided in Figures 1 through 7. Refer to the full set of original structural drawings for further
runway and taxiway bridge information.

Mechanically Stabilized Earth (MSE) retaining wall (5-1/2 in. thick, 4 ksi precast panels
anchored into fill with 60mm wide x 5mm thick x 23 ft long 36 ksi steel reinforcing

At the runway bridge, two different box beam configurations were originally designed. Only the
portions of the bridge where the box beams are directly below the runway pavement have been

analyzed. Box beams within the safety zone (outside of the runway and taxiway concrete

pavement portions) have not been analyzed as part of this study.
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Figure 2 (left) - Cross sectional view of strip footing at runway bridge.
Figure 3 (right) — Plan view of beam ends showing 2 bearing pads per beam.
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Load Testing and Subsurface Investigations
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From April 28, 2025 to May 9, 2025 representatives from Walter P Moore performed load
testing and visual condition assessment of the bridges, from above and below, to evaluate the
following:

e Distribution Factor (DF): The live load distribution factor is the maximum portion of
the total live load assigned to any one individual box beam. The original design
guidelines and our initial calculations followed a prescribed assumption of DF = 0.50
(for one strut, point load). In other words, 50% of the live load (100 kips) from one
airplane strut was assigned to the design of each box beam. Load testing was
performed by Walter P Moore using a 70-kip forklift simulating the rear strut of an
aircraft and the resulting box beam deflections were measured with redundant
instrumentation to determine an appropriate distribution factor. Based on field load
testing, the DFs were determined to be 0.22 for the runway bridge and 0.32 for the
taxiway bridge which are significantly lower than the previously used value of 0.50. To
account for the uncertainty of existing conditions and the age of the bridges, for
purposes of this study, a conservative DF of 0.35 for one strut point load was assumed
for both the runway and the taxiway.

e Visual Observations Summary: The following summarizes visual observations made
during the April-May 2025 field assessment. The majority of structural components
were in “Good” condition, with isolated areas in “Fair” condition as outlined below:

o Box beams do not appear to have drain holes on the underside, as was
specified in the original drawings. Interior conditions of the box beams were
not directly observed, and it remains unknown whether water or
condensation has accumulated inside the beam cavities. Water
accumulation within closed box beams is common and undesirable.

o Minor concrete spalls were observed on the exposed faces of the MSE wall
panels. Based on visual assessment, none of the spalls appear to impact the
structural load-carrying capacity at this time.

o Active water leakage and prior staining were observed at several beam-to-
beam joints, particularly near the edges of the paved runway.
o Vertical steel dowels connecting adjacent MSE wall panels were generally

found to be in good condition. However, two dowels exhibited visible surface
corrosion at exposed sections and may warrant further evaluation to
determine the extent of deterioration.

o Minor displacement and rotation of the retaining wall top coping was
observed, along with localized soil settlement behind the wall, some soil
washout, joint widening, and visible misalignment of panels. The amount of
movement observed is consistent with MSE retaining walls of this age.

The original drawings indicate a maximum allowable soil bearing resistance of 3,500 psf.
Additional geotechnical assessment was performed by Walter P Moore’s subconsultant and
included eight additional borings. The additional geotechnical assessment determined that the
in situ allowable soil bearing resistance is 4,000 psf. Walter P Moore utilized the new allowable
resistance of 4,000 psfin the revised structural analysis of the MSE walls.

The load testing results and geotechnical reports are provided in the Appendices for more
detail.
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Analysis Methodology
In general, Walter P Moore analyzed the structural capacity of the bridges and abutments to
withstand design aircraft loads.

The following bridge guidelines and industry guidelines were used:
e AASHTO LRFD Bridge Design Specifications 9™ Edition 2020,
e  AASHTO The Manual for Bridge Evaluation 3 Edition, 2018 (AASHTO MBE), and
e ACI 343R-95 Analysis and Design of Reinforced Concrete Bridge Structures
a. Section 5.10 - Airport runway bridge loads.

Per the AASHTO Manual of Bridge Evaluation (MBE), the load capacity evaluation of in-service
bridges consists of three load-rating procedures at three different levels. The Design Load
Rating at Inventory level (Live Load factor of 1.75) of reliability was selected for this study, as
this is the same reliability adopted for new bridges per AASHTO LRFD Bridge Design
Specifications.

While the AASHTO load rating procedures were developed for vehicular traffic, similar
principles can be applied to aircraft loads. The following components were reviewed in our
analysis:
1. Superstructure
a. PGSuper software was used to analyze the Prestressed concrete box beams;
b. The top lid of the concrete box beams was analyzed separately with hand
calculations; and
c. Superstructure to Substructure connections (dowel and bearing pads) were
reviewed with hand calculations.
2. Substructure
a. Abutment (Strip footing and stem walls) were reviewed with hand
calculations; and
b. Mechanically Stabilized Earth retaining walls were analyzed using MSE Wall
GEOS5 software.

The following assumptions were made during our analysis:

e Thetwo Group lll aircraft considered are the Airbus A321 Neo and the Boeing B737
Max 9, per the FAA Aircraft Characteristics Database and the Aircrafts Characteristics
Airport and Maintenance Planning documents. Refer to Figures 8 and 9 for geometric
data on the two aircraft.

e The following loading assumptions were made based on A321 Neo (WV080)
specifications (which is the heavier of the two aircraft examined) unless noted
otherwise:

a. Maximum Takeoff Weight (MTOW): 209.4 kips
Maximum Landing Weight (MALW): 174.6 kips
Braking Force at Steady Braking: 32.7 kips (per strut)
Braking Force at Instant Braking: 80.0 kips (per strut)
Axle configuration,
i. Wheelbase Length (centerline to centerline of front and back wheel
axles): 55.4 ft
ii. Centerline distance between rear axle wheels: 24.9 ft
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1. B737 Max 9rear axle wheels are spaced at 18 ft-9 in. instead.
A center to center spacing of 17 ft-0 in. was conservatively
assumed for this study.
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Figure 8. Axle and Tires Configuration for Airbus A321 Neo
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Figure 9. Axle and Tire Configuration for Boeing B737 Max 9

e The overburden assembly consists of the following layers, and associated
dimensions, based on the provided drawings:
a. Runway total overburden depth =3.13 ft
i. Original pavement/select fill = 2.38 ft
ii. 9-in. overlay (installed in 2000s)
b. Taxiway total original overburden depth =2.76 ft
i. Original pavement/select fill=2.01 ft
ii. 9-in. overlay (installed in 2000s)
e |mpact Factors per ACI 343R-95 Section 5.10.2
a. Taxiway Impact Factor =40%
b. Runway Impact Factor=100%
e |oadFactors
a. DC (dead load of structural components and nonstructural components) and
DW (dead load of wearing surfaces and utilities) Dead Loads: ypc = yow = 1.25
i. Per AASHTO MBE Section 6A.2.2.3 if the wearing surface thickness is
field measured the LRFD load factor for wearing surfaces and utilities
may be taken as 1.25
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ii. The runway and taxiway pavements and overburden over the top of
box beams were treated as DW for our analysis.
b. Live Loads (LL): Evaluations of existing bridges per AASHTO MBE concerns
three load ratings. The following ratings were considered:
i. Design Load Rating: Assess performance of existing bridges based on
design standards. Per table 6A.4.3.2.2.1 of AASHTO MBE:
1. Strength | Limit State
2. Load Factor based on Evaluation Level
a. Inventory: y.=1.75
b. Operating: y. =1.25 (not used in this study)
e Condition and System Factors: Per AASHTO MBE the following was assumed:
a. Condition Factor ®,=1.00 (Good or Satisfactory per Table 6A.4.2.3-1)
b. System Factor ®;=1.00 (“All other girder bridges” per Table 6A.4.2.4-1)
e Loaddistribution
a. Based ontesting performed as part of this study, a conservative DF of 0.35
was established for both runway and taxiways based on load tests performed
by Walter P Moore.

Results and Discussion

The allowable Design Load Weight Limit for Group Ill aircraft of 210 kips gross total weight is
permissible for the runway and taxiway bridges, other than the item listed below.

e  Substructure: The allowable MSE retaining wall capacity is 20% less than total loads
imposed by Group Il aircraft using code required factors of safety. While the walls still
meet a lower factor of safety for potential short-term use, this does not satisfy current
factors of safety required by AASHTO for typical bridge designs and ultimately would
need to be strengthened.

Other items of concern identified during our evaluation include:

e Box Beam Stirrup Reinforcement Detailing: The existing box beam stirrups are spaced
at 12 in. on center. While this spacing meets AASHTO requirements from the time of
construction, it does not meet current AASHTO maximum spacing requirements at the
box beam ends. However, the current spacing provides adequate design strength by
calculations. This will require further evaluations should there be any future
modifications to the bridges.

e Bearing Pads: While the existing neoprene bearing pads can withstand the proposed
design airplane loads, they may require further investigation and evaluation based on
shear deformation requirement. This AASHTO requirement is primarily dependent on
the horizontal thermal expansion and contraction of the bridge and not on airplane
load. Based on limited field visual observations by Walter P Moore, the exposed edge
of these bearing pads generally appeared to be intact (free of cracks or tears when
observed with a borescope), and still performing well after over likely 40 years in
service. As they near the end of their service life, they should be monitored
periodically to determine when remedial actions or replacement are required.
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Recommendations

Continued use of the existing bridges will need to follow one of the following options :

1.

Option 1: Take No Remedial Action
a. The Mechanically Stabilized Earth (MSE) retaining walls were analyzed and
determined to be approximately 20% deficient of the strength required to
support 210 kips aircraft. However, both the taxiway and runway bridges can
withstand an aircraft weight of 165 kips without remedial action for a period of
Syears.

2. Option 2: Perform Remedial Action on the MSE Wall to Increase the Aircraft

Capacity to 210 kips Aircraft.
a. Strengthening of MSE Retaining Walls: Install a soil nail retaining wall
system, including reinforced shotcrete facing along both sides of the existing
MSE wall under the runway and taxiway pavement. This approach abandons
the existing MSE wall in place and uses the soil nail wall system as a new,
permanent retaining wall system. The design of this system will take the 4,000
psf soil bearing resistance into account.

b. The above strengthening measures are required to achieve 210 kips Aircraft
capacity of the entire system for a 100 year lifespan.

c. Walter P Moore prepared conceptual reinforcing sketches, a preliminary
opinion of probable costs, and a preliminary construction schedule in the
June 13, 2025 slide deck included in the Appendices of this report. The total
cost of the recommended remediations is expected to be in the $3.75MM to
$6.025MM range.

The following items will be required, regardless of which options above are selected:

1.

Structural Health Monitoring: A robust Structural Health Monitoring system is
installed and should be maintained to monitor changes over time. Periodic visual
observations will also be required at the underside of the bridges to inspect for signs
of deterioration or potential damage from flooding to supplement the structural health
monitoring system.

Bearing Pads Maintenance: Future displacement or deterioration of bearing pads
could result in bearing pad failure and damage to the bridge over time due to concrete-
on-concrete contact of the box beam superstructure against the foundation wall
substructure. The existing 2-in.-thick neoprene pads should be periodically monitored
for early detection of deterioration that could compromise bridge performance. This
recommendation is independent of airplane design load and applies to the bridge’s
continued use.

Additional recommended evaluations are still required for both bridges as follows:

1.

Investigate/Install Box Beam Drain Holes: The original drawings specify drain holes
(4 per beam) to allow drainage of any water inside the box beams. These holes were


https://D01.24004.00

August 22, 2025

DRAFT HEF Manassas Bridge Assessments
Walter P Moore Project No. D01.24004.00
Page 10 of 10

not observed based on our visual assessment and we were not able to observe the
interiors of the box beams. We recommend installing a preliminary number of drain
holes at both bridges to attempt to observe interior conditions, and if water drains out,
we may recommend additional investigations or installation of additional drain holes.

Top Side Test Pits: We previously recommended performing top-side test pits to
observe the existing condition of the concrete box beam lids, but we were not able to
perform this scope of work. We still recommend performing this investigation.

Concrete Box Beam Testing: We recommend performing laboratory testing on the
bottom side of the box beams for determining the depth of Chlorides and Carbonation
concentrations. We also recommend Petrographic analysis and strength testing to
confirm the composition and strength of the concrete.

Sincerely,

WALTER P. MOORE AND ASSOCIATES, INC.

el

AMIR MANAFPOUR

Lic jdo, 061970

v = / e, ﬁu

Amir Manafpour, PE, SE Steve Treser, AlA, PE
Senior Project Manager Managing Director / Principal
Diagnostics Group Diagnostics Group

Appendices:

App A-Runway and Taxiway Bridge Load Test Reports by Walter P Moore

App B - Geotechnical Analysis Report of Soil Bearing Capacity by Walter P Moore’s
subconsultant

App C - Bridge Superstructure Structural Analysis Calculations (Part 1 Runway and
Part 2 Taxiway) by Walter P Moore

App D - Bridge Substructure Structural Analysis Calculations by Walter P Moore
App E -Slide Deck on Conceptual Strengthening, Opinion of Probable Costs, and
Construction Schedule by Walter P Moore
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Appendix A — Runway and Taxiway Bridge
Load Test Reports by Walter P Moore
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August 8, 2025
Mr. Abel Garcia
Co-Founder & President
V-1 Consulting
528 Clayton St.
Denver, CO 80206
Re: Runway and Taxiway Bridge Load Tests
HEF Manassas Airport Bridge Assessments
10600 Harry J Parrish Blvd, Manassas, VA 20110
Walter P Moore Project No. D01.24004.00
Dear Abel:
We have completed the Runway and Taxiway Bridge Load Tests of the referenced HEF Manassas Airport
Bridge Assessments in accordance with our proposal 24-1089 ASR #3 dated February 6, 2025.
Included in this report is the load test procedure, the load test results, and our conclusions and
conceptual recommendations.
We very much appreciate this opportunity to provide these services to you. Please do not hesitate to
contact us if we can further assist you with the follow-up evaluation and development of repair
documents for the distress conditions described in the following report.
Sincerely,
Walter P. Moore and Associates, Inc.
Shengyi Shi, Ph.D. Amir Manafpour, P.E., S.E.
Graduate Engineer Senior Project Manager
Diagnostics Group Diagnostics Group

walterpmoore.com

1700 K Street NW, Suite 1050 - Washington DC 20006
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HEF MANASSAS AIRPORT BRIDGE
ASSESSMENTS

RUNWAY AND TAXIWAY BRIDGE LOAD
TESTS

10600 Harry J Parrish Blvd, Manassas, VA
20110

GENERAL INFORMATION

Year Built Circa 1983 Bridge Type Precast Concrete Box Girder

Runway Bridge 40 ft x 120 ft
Taxiway Bridge 40 ft x 60 ft

EXECUTIVE SUMMARY

Walter P. Moore and Associates, Inc. (Walter P Moore) has completed load testing of the referenced Runway and
Taxiway bridges located at the Manassas Regional Airport. The overall scope of the bridge assessment project was
to analyze the structural capacity of the existing bridge structure to determine its reserve capacity (if any) to
withstand dual gear Group Il aircraft with up to a maximum gross takeoff weight of 210 kips. As part of the overall
effort, load tests were conducted to determine the distribution factors on both bridges. The obtained distribution
factors were utilized in the analytical analysis of the bridges in a different phase of the bridge assessment project.
This report presents the load test procedures, data analysis and conclusions.

Bridge Footprint Feature Carried Vehicular and Aircraft Access

Various types of sensors, including tilt rods, LVITs (Linear Variable Inductive Transducers) and strain transducers,
were utilized to instrument the bridges for load testing. These sensors were selected both to capture the flexural
response of the bridge near midspan during testing and to remain functional under potential flood conditions at
the site. Walter P Moore developed the instrumentation plans and load test plans for both bridges. Temporary
scaffolding platforms were constructed by others to provide access beneath the bridges over the river. Sensor
installation was carried out by Walter P Moore representatives with assistance from the contractor team. Load
testing for the Runway Bridge was conducted on the night of May 5, 2025, during a scheduled runway closure. A
forklift loaded with steel plates was used as the test vehicle. A series of static load tests were performed under the
supervision of Walter P Moore personnel. The same forklift was used to test the Taxiway Bridge on the night of
May 8, 2025.

The load test results collected from both the Runway and Taxiway Bridges were processed and analyzed to
determine their live load distribution characteristics. For dual-strut aircraft loading scenarios, the live load
distribution factor was conservatively estimated to be approximately 0.35 for both bridges. The conclusions drawn
from these load tests are applicable to the current structural conditions of the bridges and to the published aircraft
loading scenarios and anticipated use cases. Load testing provides insights into the behavior of the referenced
structure but does not provide a guarantee of future performance and does not capture the full magnitude and
range of load applications that may occur in real world use under aircraft operations. Walter P Moore recommends
implementing a long-term structural health monitoring program and conducting condition assessments of both
bridges at six-month intervals. This monitoring strategy, coupled with enhanced visual inspections, is designed to
help the client understand the performance of the bridges and the accumulation of representative potential
damage if it occurs in the future.

D01.24004.00 | August 8, 2025 1
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BACKGROUND

The Runway Bridge and Taxiway Bridge constructed in 1983 share a similar structural design. Both bridges consist
of simple-span precast, pretensioned, prestressed concrete box beam superstructures supported by stub
abutments on spread footings located behind mechanically stabilized earth (MSE) walls. Figure 1 shows the box
beam section and soil fill of the Runway Bridge. Each concrete box beam is 4 feet in width, 2 feet 9 inches in depth,
and spans 40 feet 8 inches in length. Although structurally similar, the bridges differ in the depth of overburden
(soil) fill. The Runway Bridge has an overburden depth of approximately 3.13 feet, while the Taxiway Bridge has an
overburden depth of approximately 2.76 feet. Figure 2 shows the plan view of both bridges.

The purpose of the load test is to determine the distribution factors on both bridges. Walter P Moore conducted
an initial condition assessment and performed preliminary structural calculations. However, due to the presence of
overburden fill on top of the concrete box beams, accurate estimation of live load distribution factors (ie the
percentage of load sharing between adjacent beams) could not be achieved through analytical methods alone. As
a result, a series of static load tests were planned to empirically determine the live load distribution factors. Due to
an aircraft being unavailable for use in the load test, a forklift was utilized to approximate the effects of a typical
210,000 Ib aircraft that would likely use the bridge.

}—Q R/W
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Figure 1. Box Beam Section and Soil Fill of Runway Bridge (Taxiway Bridge Similar).
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Figure 2. Plan View of the Runway and Taxiway Bridges at the Manassas Airport (Sketches by Walter P Moore Show
Approximate Locations of Box Beams).

INSTRUMENTATION PLAN AND TEST VEHICLE

Instrumentation Equipment

Instrumentation plans for the load testing of the Runway and Taxiway bridges were designed based on the
objectives of the project and site-specific conditions. Tilt Rods, Linear Variable Inductance Transducers (LVIT), and
strain transducers were installed on the test bridges to measure the structural response under test forklift loading.
Figure 3 shows selected photos of sensors and the data acquisition system (DAQ).

Tilt Rods

The tilt rods (named as Track Monitoring System per manufacture) utilized tilt meters and metal rods
manufactured by RST Instruments to measure angular rotation and detect differential movement across the
monitored structure. These rods were constructed using mechanical joints and stainless steel components for
durability. Each tilt rod was equipped with an RST biaxial MEMS tilt meter, capable of measuring rotation in two
perpendicular axes. The sensor features a measurement range of 15 degrees, a resolution of 0.0003°, and an
accuracy of £0.003° within the central range. Both 3 meter (~10 ft) and 2 meter (~6.5 ft) rods were utilized for this
project,.

LVITs

The linear displacement measurements were collected using the P103 LVIT manufactured by Positek. This sensor is
designed for high-precision displacement measurements. The P103 has a stainless steel body with a sealed IP67
rating, allowing for reliable operation in outdoor environments. The sensor used in this setup had a measurement
range of 0 to 20 mm (0.78 inches), with a linearity of +0.25% full-scale and a resolution limited only by the data
acquisition system. The Positek P103 was mounted to monitor relative displacement of the girders during load
tests.

D01.24004.00 | August 8, 2025 3
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Strain Gauges

The ST350 strain transducers (referred to as Strain Gauges in this report) produced by BDI were used in the
instrumentation. The ST350 reusable strain transducers are durable due to their rugged, waterproof construction.
The ST350 internal circuitry consists of a full Wheatstone bridge with four fully active 350Q foil gauges optimized
to provide high electrical output for a given strain magnitude. The strain gauge has a resolution of one microstrain
with an accuracy of £1%.

Data Acquisition (DAQ) Systems

A Campbell Scientific DAQ systems controlled and collected data from the tilt rods, strain transducers, and LVITs
setup. The GRANITE 10 all-digital measurement and control DAQ was designed as the core of the data-acquisition
network. For each bridge, one GRANITE VOLT 116 measurement module was integrated with the GRANITE 10. The
tilt rods were daisy-chained and connected to the datalogger for power supply and measurement records. The
LVITs and strain gauges were wired to the VOLT 116 expansion module for power supply, excitation and
measurement records. Walter P Moore developed the data acquisition and control programs for both bridge load
tests. The system was configured to measure and store sensor data at 30-second intervals throughout the testing
period.

Instrumentation Plan

Runway Bridge Instrumentation Plan

As shown in the instrumentation plan (Appendix Al), two LVITs were installed near the midspan of Beams D8 and
D10 to measure vertical deformation during the load test. Prior to sensor installation, scaffolding was erected
beneath the beam soffits, with the base of the scaffolding freestanding on a temporary platform. At each selected
beam, 12-inch-long mounting tubes were attached to the scaffolding posts to support the LVITs, positioning their
measurement tips in contact with the underside of the beams. Tilt rods were installed on beams E1, E3, E5 and E7,
and Beams D10 to D3. Each beam was instrumented with two 10 ft long tilt rods to obtain the approximate
midspan deformations. The tilt rods in green were detached after the Runway Bridge load test and reused for
Taxiway Bridge instrumentation. In addition, two strain gauges were installed on Beam D8 and E3 as comparisons.
The data acquisition system and all sensors were powered by a 12-volt battery on the day of testing.

Taxiway Bridge Instrumentation Plan

Tilt rods were installed on Beam Al to A5, and Beam B1 and B3 on the Taxiway Bridge as shown in Appendix A2.
Each beam started with a 6.5 ft long tilt rod and connected to a 10 ft long tilt rod due to the space limitation during
installation near the beam ends. Since the scaffolding and the temporary platform were not stable enough to
support the LVITs, two LVITs were installed on Beam B1 and A4 to monitor the bearing pad movement (if any). Two
strain gauges were installed on Beam B1 and A3.

D01.24004.00 | August 8, 2025 4
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(c) LVIT (d) Granite 10 Datalogger and Expansion Module

Figure 3. Sensors and DAQ Used During Load Tests.

Test Vehicle

An HTH 24.11 heavy-duty telescopic handler forklift with two axles was used as the test vehicle for the bridge load
tests. The front fork of the forklift was loaded with steel plates, and individual axle weights were measured on site
using portable scales. The Walz AXW-30 axle scales were used to measure the wheel weights. Each pad of the scale
has a 30,000 |b capacity with an accuracy of +1%. The GVW of the loaded forklift was measured to be
approximately 70,000 Ib. The axle and wheel spacing information were obtained from the manufacturer
specifications, and the measured axle loads of the forklift are shown in Figure 4.

D01.24004.00 | August 8, 2025 5
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50 kips

Figure 4. Weight and Axle Information of the Forklift (Dimension Unit is in Millimeters).

LOAD TEST

Runway Bridge Load Test

To evaluate the in-service performance of the bridge, a series of 12 static load tests were conducted using a forklift
in various positions. As shown in Figure 5, Tests 1 and 2 shared the same loading configuration, with the forklift
unladen in Test 1 and loaded with steel plates in Test 2. For subsequent tests, the loaded forklift was positioned
perpendicular to the bridge beams and moved sequentially from west to east. Figure 6 shows the load test pattern
at the Runway Bridge. Starting from Beam E9 in Test 3, the forklift was placed with its front axle approximately
centered over the beam for about 10 minutes per test. It was then repositioned on every other beam, continuing
this pattern until reaching Beam D1.

D01.24004.00 | August 8, 2025
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Figure 5. Position for Test 1 and Test 2 at Runway Bridge.

Figure 6. Load Test Pattern at unway Bridge.
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Following the completion of on-site logistics and baseline data collection, load testing on the Runway Bridge
started at 12:15 AM on May 6, 2025, and concluded at 4:00 AM the same day. During testing, real-time data from
the sensors were monitored by Walter P Moore engineers. In addition to real-time monitoring, vertical
displacement data (collected via tilt rods and LVITs), and strain data (captured by strain gauges) were recorded
after the forklift was removed from the bridge to evaluate potential residual deformations. Figure 7 shows the
loaded forklift positioned on the Runway Bridge during one of the load tests.

Figure 7. Loaded Forklift on the Runway Bridge.

Taxiway Bridge Load Test

A series of seven (7) static load tests were conducted at the Taxiway Bridge using the same forklift used at the
Runway Bridge in various positions. The loaded forklift was positioned perpendicular to the bridge beams and
moved sequentially from Beam B3 to Beam A5. Figure 8 shows the load test pattern at the Taxiway Bridge.

D01.24004.00 | August 8, 2025
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Figure 8.

LOAD TEST RESULTS ANALYSIS

Runway Bridge Load Test Results

The measured data from the instrumented beams for each test were collected and processed. Baseline data
collected from each sensor was utilized as an offset during the data processing. There were several assumptions as
part of the data processing:

e The bridge beams behaved as simply supported spans.
e  The forklift’s wheel loads could be treated as concentrated forces.

Tilt Rod Results Analysis

The tilt rods measured the linear displacement along the length of the sensor. Figure 9 illustrates the method used
to convert rotation angles into midspan displacements. These measured displacements were subsequently used to
calculate the live load distribution factors for each instrumented beam. The distribution factor for a beam was
determined by dividing its individual midspan displacement by the total displacement of all measured beams
during a given load test. Figure 10 presents an example of this calculation for Beam D8 using data from the series
of static load tests. In the figure, the X-axis represents the relative position (number of beams) of the forklift’s front
axle with respect to Beam D8. A value of 0 indicates that the front axle was directly above Beam D8, negative
values correspond to positions west of Beam D8, while positive values correspond to positions east.

This approach enables the response of Beam D8 across multiple tests to be interpreted as the response of various
beams when the load is applied directly over Beam D8. To ensure conservative estimates of the worst single load
case, an envelope force effect method was utilized. The right side of the dataset was used to create a mirrored plot
for distribution factor calculation (orange line in Figure 10). Based on this approach, the distribution factor for
Beam D8 was calculated to be 0.17 when the load was applied on one side of the bridge. Using the same
methodology, the distribution factors for other beams were calculated with a range from 0.13 to 0.17..

D01.24004.00 | August 8, 2025 9
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Figure 9. Displacement Calculation from Tilt Rod Data.
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Figure 10. Example of Tilt Rod Plot for Distribution Factor Calculation with Envelope Force Effect.

Strain Gauge Results Analysis

The distribution factor based on strain gauge measurements was calculated by dividing the midspan strain of an
individual beam by the total strain measured from all instrumented beams during a given load test. For the
Runway Bridge, only two beams (D8 and E3) were instrumented with strain gauges. The strain data was processed
using a similar approach to that applied to the tilt rod measurements. Specifically, the strain response of the
instrumented beam (D8 or E3) across multiple load tests was interpreted as representing the response of various
beams when the load is applied directly over the instrumented beam.

To ensure consistency and conservatism, only the right side of the dataset was used to create a mirrored plot for
calculating the distribution factor using the envelope force effect method. Based on this method, the distribution
factor was calculated to be 0.14 for Beam D8 and 0.13 for Beam E3.

Distribution Factor Analysis for Target Aircraft

D01.24004.00 | August 8, 2025 10
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The target aircraft is supported by two main struts with a minimum spacing of 16 feet. When the aircraft travels
along the centerline of the Runway Bridge, each strut is positioned on either side of the bridge centerline,
effectively distributing the load across both sides of the structure, as illustrated in Figure 11.To estimate the live
load distribution factor for this loading scenario, results from the tilt rod measurements were used.

The previously reconstructed distribution plot was mirrored along the X-axis to simulate the presence of a second,
symmetrically placed load. A superposition approach was then applied to combine the effects of both loads, as
illustrated in Figure 11. Based on this analysis, the live load distribution factor for the dual-strut aircraft loading
condition was determined to be 0.22.
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Figure 11. Example of Dual-Strut Aircraft Loading Condition Distribution Factor Calculation at Runway Bridge.

Taxiway Bridge Load Test Results
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The measured data collected from the Taxiway Bridge load tests were processed and analyzed following the same
methodology utilized in Runway Bridge load tests. The live load distribution factor for the dual-strut aircraft
loading condition of the Taxiway Bridge was estimated to be 0.32 based on the tilt rod results from Beam B3, as
shown in Figure 12.

Dual-Strut Condition DF Calculation on Beam B3 Displacement
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Figure 12. Example of Dual-Strut Aircraft Loading Condition Distribution Factor Calculation at Taxiway Bridge.

CONCLUSION

The Runway and Taxiway Bridges were instrumented with different types of sensors to measure the responses
from load tests. A series of static load tests was performed with a heavy-duty forklift loaded with steel plates. The
objective of the load tests was to determine the live load distribution factors of the bridges. Measured data from
various sensors were collected and analyzed to determine the live load distribution characteristics. For the Runway
Bridge analysis indicated that a conservative live load distribution factor for a worst case single concentrated load
scenario was 0.17, based on tilt rod measurements. For the dual-strut aircraft loading condition, the calculated
distribution factor was 0.22. However, due to the presence of overburden above the concrete beams and
uncertainty regarding the performance of the shear keys between adjacent box beams, a more conservative
approach was adopted. Specifically, the distribution factor for the dual-strut scenario was conservatively taken as
twice that of the single-load case, resulting in a value of 0.35. In addition, results from the Taxiway Bridge indicated
a distribution factor of 0.32. This implies that a concentrated load will be distributed across approximately three
adjacent beams. The obtained distribution factor will be utilized to assess both bridges’ load capacity to withstand
dual gear Group Il aircraft with up to a maximum gross takeoff weight of 210 kips.

The conclusions made from the load tests are applicable to the current state of both bridges. Load testing provides
insights into the behavior of the referenced structure but does not provide a guarantee of future performance and
does not capture the full magnitude and range of load applications that may occur in real world use under aircraft
operations. Walter P Moore recommends implementing a long-term structural health monitoring program and
conducting condition assessments of both bridges at six-month intervals.
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LIMITATIONS

This report has been prepared to assist V-1 Consulting in understanding the live load distribution factors of the
existing Runway and Taxiway Bridges located in Manassas Regional Airport, Virginia.

Walter P Moore has no direct knowledge of, and offers no warranty regarding the condition of concealed
construction or subsurface conditions beyond what was revealed in our review. Any comments regarding
concealed construction or subsurface conditions are our professional opinion, based on engineering experience
and judgment, and derived in accordance with current standard of care and professional practice.

Comments in this report are not intended to be comprehensive but are representative of observed conditions and
load test results. In this study, we did not include review of the design, review of concealed conditions, or detailed
analysis to verify adequacy of the structure to carry the imposed loads and to check conformance to the applicable
codes.

We have made every effort to reasonably present the various areas of concern as a result of the load tests
performed on the existing Runway and Taxiway Bridges. If there are perceived omissions or misstatements in this
report regarding the comments made, we ask that they be brought to our attention as soon as possible so that we
have the opportunity to fully address them in a timely manner.

This report has been prepared on behalf of, and for the exclusive use of V-1 Consulting. This report and the
findings contained herein shall not, in whole or in part, be disseminated or conveyed to any other party or used or

relied upon by any other party, in whole or in part, without our prior written consent.

We very much appreciate this opportunity to provide these services to you. Please do not hesitate to contact us if
we can further assist you.

D01.24004.00 | August 8, 2025 13
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Figure A1. Runway Bridge Instrumentation Plan.
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Figure A2. Taxiway Bridge Instrumentation Plan.
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Appendix B — Geotechnical Analysis
Report of Soil Bearing Capacity by Walter
P Moore’s Subconsultant



10621 Gateway Blvd., Suite 200
Manassas, VA 20110-2055

T703257 9280
wdpa.com

July 30,2025

Walter P. Moore

1700 K Street, NW
Suite 1050
Washington, DC 20006

Attention: Mr. Steve Treser — Principal
Mr. Amir Manafpour — Project Manager

Subject: Report of Geotechnical Engineering Services
Manassas Regional Airport — Existing MSE Walls Evaluation
10600 Harry Parrish Boulevard
City of Manassas, Virginia 20110
WDP Project No. 25177

Reference: Proposalfor Geotechnical Engineering Services
Manassas Regional Airport — Existing MSE Walls Evaluation
10600 Harry Parrish Boulevard
City of Manassas, Virginia 20110
WDP Proposal No: 25177, dated July 3, 2025

Gentlemen:

WDP & Associates Consulting Engineers, Inc. (WDP) is pleased to submit this Report of
Geotechnical Engineering Services for the Manassas Regional Airport — Existing MSE Walls
Evaluation project atthe Manassas Regional Airportin the City of Manassas, Virginia. WDP’s
services were authorized by Walter P. Moore, referenced hereafter as the “Client,” and
performed in accordance with the referenced WDP proposal.

PROJECT BACKGROUND / PROJECT UNDERSTANDING

Based on scoping discussions with and preliminary information provided by Mr. Treser and
Mr. Manafpour, both with the Client, WDP understands that the Client desires to have
geotechnical information regarding the select backfill materials within the select backfill
zone of the existing MSE walls adjacent to Runway 16L/34R and Taxiway B. More specifically,
the Client desires to know if the select MSE wall backfill materials are adequate to support
a 4,000 pound per square foot (PSF) bearing pressure as part of their structural
analysis/evaluation of the existing MSE Walls and the runway/taxiway bridge beams and
supporting stub abutment foundations. According to the Client, and based on available plan
information, the existing bridge beams/stub abutment foundations were designed for a
3,500 psf allowable bearing pressure.

II CREATING LASTING SOLUTIONS
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Manassas Regional Airport — Existing MSE Walls Evaluation
WDP Project No. 25177

July 30, 2025

FIELD INVESTIGATION / TEST BORINGS

The test boring layout (Test Borings B-1 through B-8) was performed and coordinated with
the Client and Manassas Airport Regional Operations personnel onJuly 9, 2025. Test boring
locations were selected by WDP and the Client for purposes of investigating the existing MSE
wall backfill materials in support of the purpose of this investigation and evaluation. Test
borings were field located by WDP and the Client, with support from Manassas Regional
Airport Operations personnel, using plans provided by the Client, existing site features, and
pacing methods. Ground surface elevations at each test boring location were estimated
from the elevations and contours indicated on the civil plans provided by the Client.

After the test boring layout, predrill coordination for utility damage prevention was
performed and coordinated by the Client and Manassas Regional Airport Operations
personnel. The approximate test boring locations are presented on the WDP Test Boring
Location Plan attached to this report. NOTE - Test Boring B-5 was located slightly
behind/beyond the existing MSE wall backfill zone, and subsurface materials encountered
at Test Boring B-5 do not represent the existing MSE wall select backfill zone conditions. The
remaining test borings were located and drilled within the existing MSE wall select backfill
zone.

Field investigation was performed on the evenings of July 20 and 21, 2025 by WDP and Free
State Drilling personnel, with field escort support from the Client. Prior to mobilizing the drill
rig and crew each evening, the Client and Manassas Regional Airport Operations personnel
provided and coordinated necessary closures of Taxiway B and Runway 16L/34R as required
by FAA and Manassas Regional Airport safety procedures.

The field investigation was performed utilizing Standard Penetration Test Borings (ASTM D-
6151) advanced through the upper 2 to 3 feet of overburden fill soils and then within the
underlying select MSE wall backfill materials until auger refusal was experienced upon the
underlying shale/siltstone bedrock at depths ranging from 21.5 to 23.5 feet below existing
grade. Samples of the subsurface soils and MSE wall select backfill from the test borings
were obtained using a split-spoon sampler and the Standard Penetration Test procedure
(ASTM D1586), with SPT sampling generally conducted at 2.5+ foot intervals within the upper
10 feet and then at 5+ foot intervals to auger refusal on shale/siltstone bedrock. NOTE — no
laboratory testing of collected samples was performed or requested/required.

The purpose of the test borings was to define the overburden soil and MSE wall backfill
profile, define depth to rock and groundwater (if at shallow depths), provide representative
samples where required, and identify conditions which will assist the Client with structural
evaluation/analysis. The test borings were backfilled with the soil/select backfill that was
augered at each test boring upon completion of each test boring, such that no test boring
holes were left open.
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Several pictures of the test boring/field investigation operations are presented below.

G R s

Test Boring B-1, east side of Taxiw“é'y' B, north of Broad Run

i

Test Brln B-2 east side of Taxiway B, south of Broad Run
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FIELD EXPLORATION RESULTS AND FINDINGS

Subsurface conditions encountered at the test boring locations are described below, noting
that Test Boring B-5 was performed behind/beyond the MSE wall select backfill zone. These
strata were encountered underlying approximately 4 to 6+ inches of grass/topsoil in
unpaved grass areas; no test borings were performed within Taxiway B or Runway 16L/34R.

Stratum | - Existing Fill - Overburden Soils

Stratum | existing fill overburden soil consist primarily of moist to very moist, brown, silty to
fine sandy lean CLAY (USCS CL) to fat CLAY (USCS CH) with variable fine sand and gravel
content in a firm to stiff consistency based upon the SPT results recorded during drilling.
This stratum was encountered below the grass/topsoil and was approximately 2.5 to 3 feet
in thickness, and above the underlying MSE wall select backfill materials of stratum Il. The
stratum | existing fill overburden soil are likely the result of original airport development and
construction and any subsequent improvements. WDP understands and assumes the
existing bridge stub abutment foundations do not bear within these existing fill overburden
soils as they are not adequate in their present condition to warrant a 4,000 psf allowable
bearing pressure.

NOTE - As indicated within this report, Test Boring B-5 was performed behind/beyond the
MSE wall select backfill zone. The subsurface soils/materials encountered at Test Boring B-
5 consisted of brown and red brown, sandy lean CLAY (USCS CL) and fat CLAY (USCS CH)
within the upper 9.5 feet in a moist and firm to stiff consistency based upon the SPT results
recorded during drilling. Gray, crushed angular aggregate with some brown clay soils mixed
within the aggregate materials was encountered at 9.5 feet deep, extending to 18 feet deep
whereupon native residuum soil was encountered. Native residuum soils at 18 feet deep to
the underlying shale/siltstone bedrock at 23.5 feet deep consisted of brown, moist, silty fat
CLAY (USCS CH) in a firm consistency based upon the SPT results recorded during drilling.

Stratum Il - Fill - MSE Wall Select Backfill

Stratum Il fill materials encountered beneath the upper existing fill overburden soils were
comprised of gray, crushed angular aggregate with little to some fine sand contentinadamp
condition, and resembled an AASHTO No. 57 stone material to possibly VDOT 21A aggregate
base material. These aggregate materials were loose to medium dense within the first
sampled interval upon encountering them, and that is attributed to the absence of greater
overburden pressure and lateral confinement. With depth, the aggregate materials generally
increased in stiffness due to increasing overburden pressure and lateral confinement. The
gray crushed angular aggregate materials were in a medium dense to dense relative density
based upon the SPT results recorded during drilling. WDP understands and assumes the
existing bridge stub abutment foundations bear within these higher modulus, aggregate
materials, which are more suitable in their present condition to warrant a 4,000 psf
allowable bearing pressure.
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CONCLUSIONS AND RECOMMENDATIONS

Based on WDP’s understanding of the scope and purpose of this field investigation and
geotechnical evaluation and analysis, and the existing MSE wall select backfill materials
comprised of medium dense to dense crushed angular aggregate, it is WDP’s opinion that
the use of 4,000 pounds per square foot (psf) is warranted for existing stub abutment
foundation evaluation and supported by the findings and analysis of this study. WDP had
performed a geotechnical investigation with recommendations in 2011 for four (4) new
bridge extensions at Taxiway B and Runway 16L/34R crossings over Broad Run. WDP had
recommended a 4,000 psf allowable bearing pressure for the new bridge stub abutment
foundations that would bear within the recommended 21A/crushed angular aggregate
materials used for MSE wall select backfill.

While the primary purpose of this study and analysis were to determine if the existing MSE
wall select backfill materials condition would warrant and justify a 4,000 psf allowable
bearing pressure, WDP recommends that this increased bearing value —from original 3,500
psf to recommended 4,000 psf — consider any increased lateral surcharge loading on the
existing MSE wall system. This lateral pressure analysis of the existing MSE walls was not
part of WDPs scope of services for this project.

WDP appreciates your confidence in our firm, and the opportunity to assist and support this
project. Should you have any questions after review of this report, please contact me.

Respectfutly submitted
_—~ WDP & Associates Consult—ilﬁEngineers, Inc.

Robert J. Niber, P&
Principal
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WDP Test Boring Location Plan

Manassas Regional Airport
City of Manassas, VA

: S -
WDP Project No. 25177 \ / B-1 through B-8
k

Approximate test boring locations
NOTE - Test Boring B-5 was located \

outside/beyond the MSE Wall ; N
Select Backfill Zone. :

MSE Wall Select Backfill Evaluatio \
]

Test Boring locations were approximated in
the field using existing site features \
and pacing methods.

Project : Y
North

Ruway 16L-34R \ Taxiway B




Architectural & .
‘NDP ‘ Engineering SoEutiQHSSOIL BORING: B-1

Depth: 22' Logged By: R. Niber Surface Elevation: 175'

Drilling Firm: Free State Drilling Date Started: 07/20/2025 Station/Offset: -/
Rig Type: - Date Completed: 07/20/2025 Coords Sys: Lat/Lon

Tooling: - Coordinates: ,

Comments Location: Taxiway B-Eastside, North of Broad Run

Samples Lab
— o
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FILL: brown, Sandy Clay (CL), trace fine black rock G"raSS/tOPsoil 4-
7 chips, firm, moist 1 2 P 6
_ 2
a 3.0 o
FILL: gray, crushed angular aggregate, little to some MSE wall, select
— fi 2 7 n backfill. Loose-
ine sand, damp 5
170 5 medium dense at
5 6 top
N 3 6 20
_ . 9
Medium Dense 1
165 |
4 6 53
_ 19
Dense 34
_ 5 14 10
5
160
B 5
15 Loose
_ 6 23 50
Dense-Very Dense 50/5"
155
20
_ i 220 7 \sor0"
Augur refusal at 22 feet on shale/siltstone. Backfilled
— upon completion.
_ The lines between various strata on the test boring
150 logs represent the approximate strata boundary;
25 however, the transition between strata may be more
_| gradual than shown, especially where indicated by a
broken line

Architectural &

WDP

Engineering Solutions

Depth Comment Project: MSE Walls Evaluation

Location: Manassas Regional Airport, 10600 Harry J Parrish Blvd,

Manassas, VA
- - Project Number: 25177

10621 Gateway Blvd., Suite 200, Manassas, VA 20110 | (703) 257-9280




Architectural & .
‘NDP ‘ Engineering SomtionsSOIL BORING: B-2

Depth: 22 Logged By: R. Niber Surface Elevation: 175'

Drilling Firm: Free State Drilling Date Started: 07/20/2025 Station/Offset: -/
Rig Type: - Date Completed: 07/20/2025 Coords Sys: Lat/Lon

Tooling: - Coordinates: ,

Comments Location: Taxiway B-Eastside, South of Broad Run

Samples Lab
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FILL: brown, Sandy Clay (CL), trace fine Gravel, G"raSS/tOPsoil 4-
7 stiff, moist 1 50 | 21 6
_ 15
a 3.0 6
FILL: gray, crushed angular aggregate, little to some MSE Wall,select
—| : 2 5 10 backfill. Loose-
fine sand, damp 5 :
170 medium dense at
5 S top
N 3 5 17
_ . 7
Medium Dense 10
1
65 104
4 1 26
— . 12
Medium Dense 14
_ 5 15 29
160 15— 18
Medium Dense - Dense
_ 6 15 22
1
155 20 - ) 1
Medium Dense
n 22.0
Augur refusal at 22 feet on shale/siltstone. Backfilled
— upon completion.
_ The lines between various strata on the test boring
150 logs represent the approximate strata boundary;
25 however, the transition between strata may be more
_| gradual than shown, especially where indicated by a
broken line
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Engineering Solutions

Depth Comment Project: MSE Walls Evaluation

Location: Manassas Regional Airport, 10600 Harry J Parrish Blvd,

Manassas, VA
- - Project Number: 25177

10621 Gateway Blvd., Suite 200, Manassas, VA 20110 | (703) 257-9280




Architectural & .
‘NDP ‘ Engineering SomtionsSOIL BORING: B-3

Depth: 22 Logged By: R. Niber Surface Elevation: 175'

Drilling Firm: Free State Drilling Date Started: 07/20/2025 Station/Offset: -/
Rig Type: - Date Completed: 07/20/2025 Coords Sys: Lat/Lon

Tooling: - Coordinates: ,

Comments Location: Taxiway B - Westside, south of Broad Run

Samples Lab
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1 3 6
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fine sand, damp 3 ackfill. Loose at
170 top
5 4
N 3 8 22
_ . 10
Medium Dense 12
1
65 104
4 13 29
— . 16
Medium Dense - Dense 13
_ 5 13 23
160 15— 11;
Medium Dense
_ 6 12 20
155 204 191
Medium Dense
n 22.0
Augur refusal at 22 feet on shale/siltstone. Backfilled
— upon completion.
_ The lines between various strata on the test boring
150 logs represent the approximate strata boundary;
25 however, the transition between strata may be more
_| gradual than shown, especially where indicated by a
broken line
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Depth Comment Project: MSE Walls Evaluation

Location: Manassas Regional Airport, 10600 Harry J Parrish Blvd,

Manassas, VA
- - Project Number: 25177

10621 Gateway Blvd., Suite 200, Manassas, VA 20110 | (703) 257-9280




Architectural & .
‘NDP ‘ Engineering SoEutiQHSSOIL BORING: B-4

Depth: 21.5' Logged By: R. Niber Surface Elevation: 175'

Drilling Firm: Free State Drilling Date Started: 07/21/2025 Station/Offset: -/
Rig Type: - Date Completed: 07/21/2025 Coords Sys: Lat/Lon

Tooling: - Coordinates: ,

Comments Taxiway B - Westside, north of Broad Run

Samples Lab
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B 1
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— Augur refusal at 21.5 feet on shale/siltstone. Backfilled
upon completion.
The lines between various strata on the test boring
— logs represent the approximate strata boundary;
150 25 however, the transition between strata may be more
gradual than shown, especially where indicated by a
— broken line
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Manassas, VA
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Architectural & .
‘NDP ‘ Engineering SoEutiQHSSOIL BORING: B-5

Depth: 23.5' Logged By: R. Niber Surface Elevation: 175'

Drilling Firm: Free State Drilling Date Started: 07/21/2025 Station/Offset: -/
Rig Type: - Date Completed: 07/21/2025 Coords Sys: Lat/Lon

Tooling: - Coordinates: ,

Comments Location: Runway 16L-34R - East side, north of Broad Run

Samples Lab
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] 23.5
— Augur refusal at 23.5 feet on shale/siltstone. Backfilled 7 50/0"
150 25 upon completion.
The lines between various strata on the test boring
I logs represent the approximate strata boundary;
— however, the transition between strata may be more
a gradual than shown, especially where indicated by a
broken line
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Architectural &
‘NDP ‘ Engineering SomtionsSOIL BORING: B-6

Depth: 22.5' Logged By: R. Niber Surface Elevation: 175'
Drilling Firm: Free State Drilling Date Started: 07/21/2025 Station/Offset: -/

Rig Type: - Date Completed: 07/21/2025 Coords Sys: Lat/Lon
Tooling: - Coordinates: ,

Comments Location: Runway 16L - 34R- East side, south of Broad Run
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_ Augur refusal at 22.5 feet on shale/siltstone. Backfilled
upon completion.
150 The lines between various strata on the test boring
25 logs represent the approximate strata boundary;
] however, the transition between strata may be more
gradual than shown, especially where indicated by a
N broken line
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SOIL BORING: B-7

Depth: 23’
Drilling Firm: Free State Drilling
Rig Type: -

Logged By: R. Niber

Date Started: 07/21/2025
Date Completed: 07/21/2025

Surface Elevation: 175'
Station/Offset: -/
Coords Sys: Lat/Lon

Tooling: - Coordinates: ,
Comments Location: 16L-34R-West side, north of Broad Run
Samples Lab
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Augur refusal at 23 feet on shale/siltstone. Backfilled
= upon completion.
150 25 | The lines between various strata on the test boring
| logs represent the approximate strata boundary;
however, the transition between strata may be more
— gradual than shown, especially where indicated by a
broken line
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Architectural & .
‘NDP ‘ Engineering SomtionsSOIL BORING: B-8

Depth: 23.5' Logged By: R. Niber Surface Elevation: 175'
Drilling Firm: Free State Drilling Date Started: 07/21/2025 Station/Offset: -/

Rig Type: - Date Completed: 07/21/2025 Coords Sys: Lat/Lon
Tooling: - Coordinates: ,

Comments Location: Runway 16L-34R - West side, south of Broad Run
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Augur refusal at 23 feet on shale/siltstone. Backfilled
— upon completion. 7 J|\s0/0"
150 25 | The lines between various strata on the test boring
logs represent the approximate strata boundary;
however, the transition between strata may be more
— gradual than shown, especially where indicated by a
broken line
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Appendix C — Bridge Superstructure
Structural Analysis Calculations (Part 1

Runway and Part 2 Taxiway) by Walter P
Moore



D01.24004.00 HEF Manassas Bridge Assessments
Bridge Superstructure Analysis PART 1: RUNWAY BRIDGE

Site: Manassas Airport

Client is using bridges with airplanes that are heavier than what the bridges were originally designed for.
We want to determine the maximum airplane weight these bridges can handle.

Please note, throughout the following calculation package, blue highlighted values are maximum
allowable demands that max out the yellow highlighted demand to capacity ratios.

Testing has been conducted by WPM to determine actual distribution factors for the bridges.

Runway - DF = 0.35 - unless noted otherwise (conservative since 0.22 was determined by Load Test)

Codes/Guidelines Utilized:
AASHTO LRFD 8th Edition

RUNWAY BRIDGE - MAX AIRPLANE WEIGHT BASED ON FOLLOWING CRITERIA:

- Box Lid Failure
- - Moment: 747 kip
- - Shear: 452 kip

- Box Girder - PGSuper Analysis

- - Design Limit State: 223 kip

- - The analysis does indicate that the existing structure does not meet current AASHTO shear
reinforcing steel detailing requirements at the ends of the girder. The stirrups in the box girder are #6 @
12" for almost the entire length of the member. 10" on each end, the two sets of stirrups are spaced 4"
apart. The box girder has adequate shear capacity, regardless.

- Foundation (Bearing Controlling): 384 kip

- Bearing Pads

- - Bearing pad thickness are inadequate per code however over 40 years of adequate in situ
performance indicates in situ performance is adequate.

- - Checks done:

- - - Service Level Compression Stress: 151 kip

- - - Deflection Check: PASS

- - - Shear Deformation Check: FAIL. Bearing pads fail due to shear deformation even WITHOUT any
plane load.

- - - Stability Check: PASS
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o DRILL HOLE FOR DOWEL..
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AR T
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R STRANDS AS DESCRIBED IN NOTE 1. ALL LATERIAL TIE POCKET
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TYPICAL SECTION & DETAILS

o

'RUNWAY BRIDGE OVER BROAD RUN

FOOTING & WINGWALL DETAILS. ST ERS em) o PR o A S o TOFLLLING KEYS NITH HON-SHRIM HORTAR AND.PLALTMG DOWELS. —TROTLCTTO.
| | IR , - o o - : | 4.  CURBS SHALL BE CAST-IN-PLACE AFTER BEAMS ARE ERECTED. | A 5-51-0030-01
— BEARING LAYOUT — | S éECTlON A-A— ~ —SECTION B-B— | | 5.  THE VERTICAL 3/4" JOINT FILLER MATERIAL SHALL BE RIGIDLY

sC ALE: 1/ 2,_,5,%,;;0,; I . ATTACHED TO THE SIDE OF ONE OF THE BOX BEAMS USING MECHANICAL

SCALE: 1/2°=1'-0" | ) cw sGALE' 1/2".,3 =0 FASTENERS OR NAILS.

6.  SEE ABUTMENT SHEETS FOR SILICONE JOINT SEALANT DETAILS.

/.  SEE LATERAL TIE DETAILS SHEET FOR CROWN JOINT"DETAII‘.’.
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RUNWAY BRIDGE

REINFORCING STEEL SCHEDULE

;SUBST RUCTURE - ABUTMENTS 1 & 2 - TAXIWAY

- MARK NO. |SIZE | LENGTH |WEIGHT | TYPE  |PINDIA. | 'REMARKS
:; FT-IN | LBS. [STRATGAT IN.
| SUPERSTRUCTURE - TAXTWAY
"BCO401 | 88 | 4 2-4 137 X CURB
BCOSOL | 4|6 | 41-6 249 X CURB
'BLO401 | 138 | 4 41-8 | 3,841 X
"BSO601 | 920 | 6 7-0 9,673 X 3-3/4
'BS0602 | 920 | 6 6-11 | 9,558 X 4-1/2
| BS0603 | 920 | 6 5-11 | 8,176 X 4-1/2
"BS0604 | 920 | 6 327 | 4,952 X ;
'BS0605 | 184 | 6 8-6 2,349 X 4-1/2 |END OF BEAMS
| SUPERSTRUCTURE TOTAL | 38,935

|

|

[t

"AFO%01 | 78 | 4 35-6 | 1,850 X

'AF0402 | 184 | 4 5-6 676 X

AFO60L | 192 | 6 5-6 | 1,586 X f

"AS0401 | 184 | 4 4-8 | 574 X 2 BEARING SEAT

ASO601 | 8| 6 48-5 582 X BEARING SEAT

AWO401 | 58| 4 4-3 165 X WING

“AWO402 | 16 | & a-11 53 X 3 WING

AWO404 | 42| 4 4-7 129 X 3 WING

AW0405 | 10| 4 7-11 53 X 3 WING

"AWO406 | 10| 4 6-5 43 X 3 WING

AW0407 | 10| 4 7-1 47 X 3 WING

'AWO408 | 10| 4 6-7 4 - X 3 WING

"AWOS0L | 2| 6 7-10 24 X 4-172 [WING

AWOG02 | 2| 6 6-4 19 X 4-1/2 |WING

AWO0603 | 2| 6 4-6 14 X | WING

“AWO604 | 2| 6 2-6 8 X WING

AM0605 | 2| 6 7-0 21 X 4-1/2 |WING

ASO606 | 2| 6 6-7 20 X 4-1/2  |MING

"AW0607 | 2| 6 3-6 11 X WING
SUBSTRUCTURE TOTAL 5,919

NOTES:

1. ALL BAR DIMENSIONS ARE OUT TO OUT,
2. LENGTH OF BARS INCLUDE REDUCTIONS FOR BENDS,
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Abutment Check

This section will cover 3 di erent design checks:

Strip Footing Bearing Load Check
Dowel Connection Check
Bearing Pad Check

GENERAL NOTES see 'KEYWAY DETAIL!
DESIGN SPECIFICATIONS:  AASHTO STANDARD SPECIFICATIONS FOR HIGHMAY BRIDGES, ik 1 SR i
1977, INCLUDING INTERIM SPECIFICATIONS, 1978, 1979, ; TQL-‘.}& — &, Cb rmoss
1980, 1961 & 1962. 3 7 P’
LOADING: 737-200 AIRCRAFT LOADING. TOTAL GROSS LOAD 108,000 - | £ "N TR ) A i
POUNDS - DUAL GEAR, 48,500 POUNDS EACH. % o W= 1 :
il ¥ [ ]
CONCRETE: CONCRETE IN PRESTRESSED MEMBERS - f'c = 5000 PSI. ‘ urdp " ) Gl ,
CONCRETE IN SUBSTRUCTURE - f'c = 3000 PSI. — msoesd 1
REINFORCING STEEL: REINFORCING STEEL SHALL CONFORM TO ASTM A-615, B e et »
GRADE 60. ALL REINFORCING BAR DIMENSIONS ON THE AR [y
DETAILED DRAWINGS ARE TO CENTERS OF BARS EXCEPT il by
WHERE OTHERWISE NOTED. ik (Y]
FOUNDATIONS: FOOTINGS FOR ABUTMENTS SHALL REST ON FIRM MATERIAL. o
BEARING CAPACITY OF FOUNDATION SHALL BE 3500 PSF. s
CHAMFER: ALL EXPOSED CORNERS OF CONCRETE SHALL BE CHAMFERED Al
WITH 3/4" x 3/4" MILLED CHAMFER STRIPS. =
i /
Site Geometry - R
'lbgog,ﬁg - PLACE ON TOF OF
LOWER RO OF /S STRANDS
Bridge Span (box beam Lypan =40 ft+8 in a'-o"
T — TYPICAL SECTION
) . : SCALE: 1% 1°-0"
Filland Pavement Height hyri=3.13 ft (INTERIOR BEAM SHOWN)
NOTES! )
L MaTAIW 2" CLR. LWLESS
W WUOTED OTHERYYISE,
&-0" N f .
Box Beam Width bpox =4 ft i ’gég&gﬁ%&;{é:?%
i 3. PLacE %' UT FILLER BETWEEL
“L ALL m‘_‘!‘! REECTIMNG FACES OF
- ) CAST- - PLACE COMCAETE €
REWNFOMCED EARTH WaLL
r | -—] ULESS NOTED OTHERWISE,
. o : L ; T £ SHEETS
Box Beam Height hpox:=2 ft+9 in . —— S onsn 7 a Zﬁf‘:ﬁﬁ%‘.ﬂ?ﬁ?
i_l B B “5°45; CONTHEY o ape TwPleAL SECTION
[ I I'=7" SHEET FOM BEAR LG
AFo4sE 4 [/ ~AS04S4=—"] Lol
b INEZEENG ‘ | L Py
Box Beam Area (cross Apox =766 in [ ————owome
sectional area) » we =1 | horoE cur coma
x 15 JAroas! K 4' conc. SLAB
- :{(_ T\ A mle"
Euioeirl

Footing Thickness Ntooting =2 ft+6 in

f
o

L.

V' U FILLER,
w/ JT. SEALANT
AT TOP

RENFORCED
EARTH WALL

—2TyYPICAL SECTION——

SCALE:1/2%1"'-0"

Footing Width brooting =6 ft

Max Stem Height

Stem Height
at Edge of Runway

Nstemmin = Nstemmax — 0-015 <50 ft=34 in

Average Stem Height Nstemavg = M€AN (Astemmax » Nstemmin) = 38.5 in

Astommaxi= 172 ft+3 in— (166 ft+2 in) — hyporing =43 in
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Stem Width Dgtem :=18 in
. A s .
Clear Cover of Footing CCpor:=3 in dyori= h,ootmg— CCpot + ) =26.625 in
CCropi=2 in Grop = Nrooting — (CCrop+ 1.5 Ulys) =26.875 in
Soil Height on Footing o= 178 ft+1.5 in— (166 ft+2 in) — hyyopne=9.458 ft
Dead Load
Specific Weight of Concrete y,:=150 pcf Conservatively assumed heaviest material (i.e., concrete) for
(and Fill) overburden dead weight
Live Load

Snippet below is from B737 aircraft specification sheets.

7.3 MAXIMUM PAVEMENT LOADS

7.3.1 Maximum Pavement Loads: All Models

Ve = MAXIMUM VERTICAL NOSE GEAR GROUND LOAD AT MOST FORWARD CENTER
OF GRAVITY

Vue = MAXIMUM VERTICAL MAIN GEAR GROUND LOAD AT MOST AFT CENTER OF
GRAVITY

H = MAXIMUM HORIZONTAL GROUND LOAD FROM BRAKING

NOTE: ALL LOADS CALCULATED USING AIRPLANE MAXIMUM DESIGN TAXI WEIGHT

- /I ———e
@ 0000000000000 O n::B Bunnj: 000CCo0000 r =
] —— )
O r .

B @gﬁi:,__l:l_f
& - — ©)
- 1
H
l Vs ' Ve
= Vi i H PER STRUT
<. g
b= =
W E % S5<u = ]
23 | o | 85| 84 |ron |BoE| 28| 8o
38 |5 | @8 | 55 |ez8d 3% | 528 | _223
] El < EXpg -0 EE?_, (n—éu
: S | g |EEteEzk| D2y “Eg
== o @
§ < b =0 a7 Iy
& 3 4
o LB | 177.500 | 18918 | 30637 | s28es | 27586 | 66203
KG | 80512 | 8581 | 13897 | 37567 | 12504 | 30,070
7ara/ LB | 182,700 | 15804 | 26282 | 85258 | 28,373 | 68,206
8-200 /
BBJMAx S | KG | 82871 | 7.209 | 11921 | 3se72 | 12870 | 30938
7379/ LB | 195200 | 15514 | 25630 | 91868 | 30315 | 73494
BBJMAXS | kG | 88541 | 7037 | 11830 | 41671 | 13751 | 33336
S LB | 198400 | 13613 | 23251 | 93679 | 30812 | 74944
* KG | 89,992 | 6175 | 10546 | 42492 | 13976 | 33994
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Allthe following calculations are relative to the sketch below for dimensions and distance

ASSUMED TO BE (-0, ’ s -

TO BE CONSERVATIVE"

Bearing Check
Bearing Capacity Qau
Per General Notes
Bearing Pad Geometry
Bearing Pad Width by,
Bearing Pad Length lp

Bearing Area

NOTES
B MasaITAM 1
WOTED ok

:=4000 psf

=6 in

:=12 in

Plane Weight

Distribution Factor

Gear Loading
Per Strut

WmaX_DF :=384.07 klp

DF:=0.35

Pyyrut bF 3= Winay, pr + 0.475 « DF = 63.852 kip

= som A:IUTMEMT SeEeET o
TIoH OF BPREAD
-c'crr NG c. G L DETAILS.

SCALE:

143%=1"-0"

Distribution Length - We've conservatively assumed 45 deg distribution within the concrete box beam down to

footing elevation

BOX GIRDER

FOOTING

[dw

BEARING

PAD
N\

i= Dy —2+2 in+2

2
Abearing = bfooting ly,=90.5 ft

Length for Single Bearing  lg,0nepaq =12 in+2

Pad

4#-BEARING LENGTH o’

hstemavg+hfooting —15.083 ft
tan (45 °) '
hstemavg+hfooting —12.417 ft
tan (45 °) '

Abearingonepad = bfooring * Idwonepad =74.5 ft
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Loads below are divided by two to distribute total load between two abutments on either end

L
Weight of Pavementand Fill - W=y +hye - =9.547 kif
Above per foot
. Lspan
Box Beam Weight Whox := Ve * Apox * =4.056 kif
per foot box
Footing Weight Wsw=Vc* (bfooting * hfooting+ bstem* hstemavg> =2.972 kif

<bfooting - bstem>

Soil on Footing Weight Wit =Vc * hgpy =3.192 kif
2
Wor+ Wpox + Wepy+ Wsoyy P
Bearing Pressure Qstrur = priT Thox TS Tsoll | T SULEE _ 3999983 psf
bfooting Abearing
qstrut:1 <1.0 0K

qau
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Strength Check Strength of Foundation not Controlling
NOTES!
. ManTaid 2" cLR. UNLESS
o WOTED OTHERYYISE,
<2 —i 2 PLACE 4' cone, sLABAS
BRG. S00M AS POSSIBLE AFTER
o T alol PLACIKG SPREAD F'OOTiLJ.&',
i 3 pLACE 34" UT FILLER BETWEEW
ALL IUTERSECTING FACES OF
2| 2 CAST- Il-PLACE COMCRETE €
T REINECORCED EARTH WALL
| UNLESS NOTED OTHERWISE,
|
: 4. SEE ABUTMENT 2 SHEETS
ASODGS2 coMST, JT FOR SILICOME JOINT
i N etne SEALAMNT DETAILS,
) [ ] ”5045; CONT. KEY o ape TvPICAL SECTION
T R gt SHEET FOR BEARING
AFO452 { | [/ as04s4 PERS.
) 455
'“FC"‘!":\\ | i sLopE T | 8"
sk S
s ML j“"l_ "'Lfegi , SO -cLP COPING ) . [ (Brctrg Ber 2
] . P
- R AFOGS! : L4 coue. sLaB
S rﬁ,—AFoq-Ew _\ il . Z d...—_‘[_
o O B sV
ELMoGirl Lo = e B RENFORCEDR Dicasy 10"
2cl W rRiLLER EARTH WALL
wf JT. DEALAMT -
AT TOP
J+.
— 2L 1YPICAL SECTION—— a. a2
SCALE:1/2%=1'-0" |
Distribution Factor DF=0.35
Max Strut Loading Pyt prm = 8000 Kip + 0.475 « DF = 1330 kip
(based on moment and
shear capacity) Pyt oy = 9000 Kip - 0.475 - DF = 1496.25 kip
. . W+ Wpox + Wsyy + Wi Psirut pFm
Ultimate Soil Pressure gumi=125 7P 4135 MM — 23 958 ksf
Strength Il bfooting Abearing
W+ Wpoy + Wy + Wi Pgirut DEV
qui=125 PP ot y1.35 PV —26.438 ksf
bfooting Abearing

Moment Demand
for 1 ft section

My:=qum-1 ft-

Shear Demand
for 1 ft section

My =quy-1ft.

bfooting— 18 in bfooting_ 18 in

bfooting_ 18 in bfooting_ 18 in

4

Biooting — 18 in
V, =Gy 1 ft- ( footing L dbor) =0.826 kip
2

2 4

=60.643 kip - ft

=66.921 kip - ft
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Concrete Propnerties

Initial Concrate Strength f'.;+==4000 psi
28-Day Concrete Strength f'.:=5000 psi
Concrete Specific Weight w, :=145 pcf

(Table: 3.5.1-1)
WCDL :=: 150 pl:f

Correction Factor K.:=1

1

Modulus of Elasticity
(Eg.5.4.2.4-1)

2 1 0.33

We fci . .

E.;:=120000 K+ ksi=3986.548 ksi
1000 pcf ksi

w 2 le 0.33
E.:=120000 K, « ] i ksi=-4291.186 ksi
1000 pcf ksi

Stress Block Factors (5.6.2.2)

a, (\x, =1lif x<10 ksi
” 0.85
else
I 002 {x 10 ksi) \
|| ma{0.85 - o /7 ,0.75
“ \ 1 Rsi ]
a/:=a, () =0.85
B, (\x/ =\l if x<4 ksi
I n.85
Il
else
[ 005 (x4 ksi) \
||max|0.85 - \ / ,0.65]
! 1 L
|| \ 4L NOI /
By:=P,(f)=0.8
Ultimate Compressive Strain Eq4+=0.003
Steel Reinforcement, Grade 60
Modulus of Elasticity f,:=60 ksi
Yield Strength E,:=29000 ksi
(1
Yield Strain €,:=min ,0.002 (=0.002

\& )
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Reinforcement Detailing Check

AASHTO 12.14 is related to Precast Reinforced Concrete Three-Sided Structures. This section may not be the most
applicable to the bridge we are analyzing, but let's use it as a baseline,

Justifications:
- Bridge is 3-sided
- precast box girders

Per12.14.5.8:

Minimum Reinforcement Asminshort i=0.002« 1 ft « hyyppine = 0.72 in’
Short Direction, per ft

Provided in Drawings Asprovshort 3= Apg + Aps = 0.64 in’ A <A

sminsho sprovshort — 0

Minimum Reinforcement Asmintong = 0-002 * By o1ing * Progting = 4.32 in’
Long Direction, per ft

<A

. . . . 2
Provided in Drawings Aspm,,,o,,g:: 12 Apy=24in Asm,n,ong_ sproviong = 0

Provided Reinforcement not meeting the minimum.
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Moment Cabpacitv

Reinforcement Gecometry, Assuming spacing for top and bottom reinforcementis @1'-0" O.C.

Top Reinforcemeant A=A,
Battom Reinforcement Apori=Aps
Assuming:

Bottom Reinforcement Yielding
Top Reinfcrcement Yielding, on Tension Side:

No PT
Aof A f =a, .t «B,+bC Fan.5.6.3.1.1-4
As 1= Abo.‘ A'S b — Atop b:=1ft
f.:=f, fl..=f.
3 52 3 y
Agefg—A T c 0.003
cu= © ° % %-0.353 in < =1 (5.6.2.1-1)
a;f'.+Byeb dpo: 0.003+¢,,
Checlks Feinforcement Assurnpt on c>d,, =0
- Correct Assumptions
c> hfooting_dtop:O
dpot—C Ntooting— Aion) — C
Check steelyielding assumptions Espot = o «£,,=0.223 E'stop = < foothe mp> +£,,=0.024
- Correct Assumptions ¢ ¢
Eshor > Ey=1 E'stop>€y=1
B;-c oo B;-cC .
M :=Agefse (dbot_ 5 +Afe <hfooting_ dtop) = 5 =61.248 kip - ft
o () =|lif e< g, P:=0 (Ssbor> =1
0.75

else if £<0.005
e—¢
0.7540.25 (e-5)
0.005—¢,
else

1

M
OM, = ¢ « M, =61.248 kip -t Y =099
oM,
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Shear Capacity

d,:=max (0.9 - dyor, 0.72 hyy,) =23.963 in

b,:==1ft
A

Area of Concrete A= oo Figure B5.2-1 shows half of cross-section to be considered
on Flexural Tension Side 2 as concrete on the flexural tension side
No Transverse Reinforcement,
none required per 5.7.2.3

¢,:=0.9

Ag:= Asprovshort

B Determination

M,J:= max (M, V, - d,) =66.921 kip - ft

V,=0.826 kip
V, v
v, = Y =0.003 ksi ! =6.385.107"
¢v'bv' dv f'c
Iteration 1

MLI
+0.5V,
d

ss::\ Y ) —9.139.10~

2 E,+ A,
6:=(29+3500 &) °=32.199 ° Eq.5.7.3.4.2-3 Bperore =0
Iteration 2

M
( d” +0.5 V,-cot (6)1

edi= \ G ) —9.205.10~

2 E,- A,

60— ebefore

6:=(29+3500 ;) °=32.222 ° =7.108-10"" Bperord =0
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Iteration 3

M
( d” +0.5 V,-cot (6)1
£di= ) —9.205.107

6:=(29+3500 ;) °=32.222 °

4.8
1= =2.84
14750 ¢,
f
Concrete Shear Capacity V,.:=0.0316.53-
Total Capacity OVieng =90, V. =51.927 kip

=-1.701-10"° End of Iterations

Eq.5.7.3.4.2-1,
for meeting minimum shear reinforcement

_ ksi-b,-d,=57.696 kip

=0.016
¢Vnend
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Dowel Check

At the one end the box beam is free but on the other end it is fixed to the
abutment with a 1-1/2" steel down shown in the sketch here. We need to check

FRED EMD § MASTIC
AT EXMALSION EUD

the capacity of this dowel to withstand braking forces from the aircraft ML ocEs T — ‘Ii

Yt Jm mLLEm

Dowel Properties
Dowel Diameter Ayower:=1.5 in

Yield Stress (Assumed) @:: 60 ksi

d 3
Plastic Section Z:= "' _0.563 in°
med t
Elastic Section S:= ' _0331in°
32
B):=1 ¢ni=1

n
Shear Capacity per AISC ¢V,:=0,-0.6f, . « Oyowe. =63.617 kip

Moment Capacity per AISC M,):= @, - min (f,-Z,1.6 f,+ S) =2.651 kip - ft

Passive Pressure

Consideration of the passive pressure from soil will allow for increase in dowel capacity.

psf

Passive Pressure Qpass =300 .
t

From Geotechnical Report
Passive Force Vpassive := 0.5 Gpass * (Mor+ Mpox) * + oy =20.745 kip

Factored Passive Force ’0.9Vpass,ve =V,

vassive * 0-9=18.67 kip

Table 3.4.1-1—Load Factors for Permanent Loads, 7,

SCALE: 1/2%1-0"

A - DUR
A WAALAIR
oY S
CORF OF EQUAL.

Type of Load, Foundation Type, and Lo Factor
Method Used 1o Caleulste Downdrag Maximum Minimum

I Component and Attachments 1.25 (K1)
D Strength TV only .50 1,90
DIy Downdrag | Piles, @ Tomlinson Method 140 025
Piles. & Method 105 0.30
Drilled shafis, 0"Neill and Reese (2010) Method 1.25 0.35
DW: Wearing Surfaces and Utilitics 1.50 .65

EH: Horizontal Earth Pressure
*  Active 1.50 0.90
*  Al-Rest 135 050
* _ AEP for anchored walls 1.35 N/A
EL: Locked-in Construction Siresses 1.00 1,00

o — — 300 PSF/FT EV: Ventical Earth Pressure

= Overall Stability 100 WA
_____ *  Retaining Walls and Abutments 135 1.00
o Rigid Buried Structure 130 090
*  Rigid Frames 1.35 0.9

#  Flexible Buried Structures
Metal Box Culvens, Structural Plate Culverts with Deep Corrugations, and 150 0.30
Sl | L = = Fiberglass Culverts 1.30 0.90
ok o Thermoplastic Culverts 1.95 0.90

_______________ All others
ES: Earth Surcharge 1.50 075
AASHTO LOAD FACTOR TABLE
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Determining the shear demand acting on the existing dowels.

Coe icient of friction U:=0.3

Conservatively, using 16 inches TWE&RW.H,,5vement =16 in

as the pavement thickness

Pavement selftweight PavementWeight := TW&RW.H,, emen: * Vo = 200 psf
Friction alculations between

pavement weight and soil Ui=FN —I> N:='u-F

Horizontal resisting force acting N1 :=pu - PavementWeight =60 psf

at bottom of pavement

Shear demand Viemang =60 pSfebpoy e Lsyn=9.76 kip

Final Shear demand V= (Vaemana * 1.75) = (10.9V,ps56) = —1.59 Kip

Based on Concrete Breakout Capacity

Breakout capacity was determined using Hilti Profis. See attached Hilti Profis calculation package.

Breakout Capacity OV preakout := 16839 Ibf

V,=—1.59 kip < OVrprenkour = 16.839 kip
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Bearing Pad Check

Demands

Values below divided by two because there are two bearing pads per box beam at each end

Airplane Load on Bearing Pad To Be Determined Based on Compressive Service Stress Capacity
W+ Wpey) = D
Dead Load on Bearing Pad PoLop = (Wor W) * Doos =27.205 kip
2
Geometry

Width (perpendicular to tra ic direction) Padyg = lpp =12 in
Length (parallel to tra ic direction) Padiengin:=bp, =6 in
Number of Steel Layers Nsteet tayers =0
Thickness of Exterior Elastomeric Layers Netast exe:=0.5+in
Thickness of Interior Elastomeric Layers Netast ine=0.5+in
Thickness of Steel Plates hg:=0-in
Minimum Shear Modulus of Elastomerer Gpin = 0.200 « ksi

AASHTO Table 14.7.6.2.1
Maximum Shear Modulus of Elastomerer Gpax:=0.300 « ksi

AASHTO Table 14.7.6.2.1
Total Elastomeric Material Thickness Byei=2+ Nogast ext+ (Nsteet tayers — 1) * Netast ine=0-5 in
Total Pad Thickness Npad =N+ Nsteer tayers * Ns = 0.5 in

Bearing Area of Pad Apaq = Palyig * PA gpgn =72 in®
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Compressive Stress Check

pad, ., » pad
Shape factor of the ith elastomeric layer Siext= wipe i =4
2+ hgpast ext* <padwidth + pad!ength)
pad,, » pad
Shape factor of the ith elastomeric layer S inei= i [ere =4
2+ hopast jnt * (padwidth + pad!ength>
Max Compressive Stress Limit for 0s:=min (1.0 Grin* Si ext» 800 psi) =800 psi
PEP (Plain Elastomeric Pad)
AASHTO 14.7.6.3.2
ACI 343R-95 10.5 Ihighspeeq = 0-40
Impact-Live Load
Itouchdown *= 1.00 Iuse = Itouchdown
Os+Apag—P
Maximum Airplane Load on Bearing Pad Ppianebp = il e A =151.723 kip
Based on Max Com i imi ; hpr
pressive Stress Limit for T4ig,-+|1— * ||.0.475-.0.25
PEP 10 ft
ACI 343R-9510.5.2
Airplane Braking Force Vunstantmax *= Ppianebp * 0-375
Compressive Deflection Check
No graph for 70 Durometer, Use 60 Durometer graph to be conservative.
S,_ x =4 Si_‘nt:4
i L 0,:=0,=0.8 ksi
F - At 60 Durometer, Approximately: Epepi=7-1%
i
2 AASHTO 8th Edition 14.7.6.3.3 EcpepLimit:=0.09=0.09

&
PP _0.79 <1, 0K

EcPEPLImIt

i "1 ——

Figure C14.7.6.3.3-1—Stress-strain Curves
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Estimate Bearing Pad Horizontal Deformations

Estimate the axial shortening of girders to check the bearing pads. Exclude elastic shortening from calculations
because this occurred in the precast yard.

Ag=Acp+Agy+ Ay +Agg

pP.L Fgr*hy \l
As = ( Y wcr +Espe Lspan + Etemp * Lspan +
\Ag -E. Grin 'Apad}

Loads:
PS: Post tensioning
CR: Creep
SH: Shrinkage
TU: Uniform Temperature
BR: Braking forces
Uniform Temperature Deformation

Uniform Temperature Change Diemp = (41 = 0) A°F

Table 3.12.3-1, Let's have T1-T3
: 6.0.10°° i

Temperature Strain Etemp = T3 *Aiepp=2.46+10

Deformation Aryi=Eemp * Lspan=0.12 in
Braking Forces Deformation

Vv
Longitudinal Braking Force Foi= "M = 14,224 kip
4
. . Fgr*hy .
Breaking Force Deformation Aggi= =0.494 in
Gmin * Apad

Creep Deformation (AASHTO 8th Edition 5.4.2.3.2)

Initial Strength f'.j:==4.0 - ksi

28-Day Strength f'd:=5.0 « ksi

Correction Factor Ky=1
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Initial Modulus of Elasticity
(AASHTO Eq. 5.4.2.4-1)

Initial Modulus of Elasticity
(ACI 318)

28-Day Modulus of Elasticity
(AASHTO Eq. 5.4.2.4-1)

28-Day Modulus of Elasticity

(ACI 318)

Girder Area

Girder Width

Volume to Surface Ratio

Assume for Release Age

Assume for Service

kef ksi

1.5 1
.

Eciaci= 33000-( Ve ) \/ “
kcf ksi

Eciuse :=min <EciAASHTO ) EciACl> =3834.254 ksi

y 2 fl' 0.33
E.anstro = 120000 K, ( ¢ ) ( C’) ksi=4266.223 ksi

+ ksi=3834.3 ksi

V 2 fl 0.33
Epastiro = 120000 K, « (kc:f) (ksci) ksi=4592.232 ksi

1.5 1

f
E.pcii=33000 - Vel 4 le
kcf ksi

Ecuse = min (Ecaasiiro > Ecaci) =4286.826 Ksi

+ ksi=4286.8 ksi

. 2
Agirder:: 766 in

byigen :=48 in

A
V.S:= ¢ —150958 in

Byiaen
t:=1 days Critical to Assume Earlier Age
t;:=41.365 days Current Age of Bridge ~ 41 years

V.S
ks::max(1,1.45—0.13-( - )):1
in
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Relative humidity for Manassas, H:=75%
Figure 5.4.2.3.3-1

H
Kyo:=1.56—0.008+  =0.96

1%
5
k,:: =1
fci
1+
ksi
t
kg (8) = p
61—4. ° +t
ksi

—0.118

¢/<T,T/> = 1.9 KgKpc * Ke* ki <t> *l;

Creep Coe icient at Service Y=y <ts , t,-) =1.819

Agsp=0.153 - in’

foui=270 ksi
E ective Forces Foi=30+Aggp+ (0.75+ f,,— 25+ ksi) =814.7 kip
Assume 25 ksi Loss per
PCI Handbook 7th edition 5.7.2
. Fe * Lspan L
Creep Deformation A= «Y.,=0.22in
Agirder' Ecuse

Shrinkage Deformation (AASHTO 8th Edition 5.4.2.3.3)

H
Ky:=2—0.014. =~ =0.95 (EQ.5.4.2.3.3-1)
1%
Shrinkage Strain at Service Esp 1=Ky = Kps + Kyo kg (t5) +0.48+10°=4.546-10~"
Shrinkage deformation Agyi=€gpLspan=0.222 in

Total Horizontal Deformation (per pad)

AS = 10 .ACR + 10 'ASH + 10 .ATU + 10 .ABR: 1056 in
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Shear Deformation Check

For PEP (14.7.6.3.4-1) - >1,NotOK
Without Braking Force
(no plane load), the deformation

check fails.

Rotation Check (14.7.6.3.5)

No Specific Limit for PEP

Stability Check (14.7.6.3.6)

Reinforcement Check (14.7.6.3.7)

Not Applicable to PEP

Bearing pad analysis summary: Max service load for compr ion determin Per calculation rin
in shear deformation. On site inspection, the bearing pads are ok. We will need to closely monitor performance
of the bearing pads.
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PGSuper is a bridge software analysis. With the software we were able to determine the capacity of the
bridge's single box girder and the maximum single axle point load that can be on the box girder. We
have defined two moving vehicle loads, which represent an airplane’s strut (Strength Limit State,
Fatigue Limit State). The airplanes we are concerned about have struts that are further apart than the
span of the bridge. Therefore, one "axle" is enough. Other static uniform or point loads can be placed
along the span of the bridge. The cross section of the box was inputed into the program.

The following pages show the geometry and assumptions we made in PGSuper and the results from it.
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B Design Live Loads

Dezign Limit States

Select the live loads to include in the Service
and Strength | limit state: envelopes

H10 .n
H&

HS20

HS525

Half 4321 Meo

b & Load - Dezign

b ax Load - Strength | [rventon

b aw Load - Strength | Legal Load
bdaw Load - Strength | Operating

bl aw Load - Strength |l Permit Load
ol

OL1 [Meq Moment)

oLz

OL2 [Meq Moment)

AN EEEE N EEEE

Dyramic Load Allowance [Impact)

Truck | B8.7| % Lane 0

i

Erveloped with wehicular live load

Live Load Event

Ewent & Final with Live Load

Fatigue Limit States

Select the live loads to include in the
Fatigue | limit state envelope

Permit Limit States

Select the live loads to include in the
Strength | limit state envelope

[ ]Emergency Vehicles ~ []Emergency Yehicles ~
[ ] Single-Unit SHY'z [ ]Single-Unit SHY'z
[ |Motional Rating Load (MRL) [ |Motional Riating Load [MRAL]
[ |AASHTO Legal Loads [ |&ASHTO Legal Loads
[ |Fatigue [ |Fatigue
[ ]HL-93 [ JHL-93
[ 4321 Meo [ ]4321 Meo
[ | Farklift [ Forklift
[ ]H10 [ JH10
[ |H5 [ ]H5
[ JH520 [ JHS20
[ JH525 [ JH525
[ |Half 4321 Meo [ JHalf 8321 Meo
[ |Max Load - Design [ |Max Load - Design
[ |Max Load - Strength | Inventory [ ]Max Load - Strength | Invventary
[ |Max Load - Strength | Legal Load o [ |Max Load - Strength | Legal Load .
Dynarmic Load Allowance [Irmpact] Diyramic Load Allowance [Irmpact)
Truck | B8.7| % Lare 0 % Truck | B8.7| ¥ Lane 0| %

Enveloped with vehicular live load

Live loads for rating are defined in the B ating Criteria dialog

Ernveloped with wehicular live load

Cancel Help

Type Event

Unifarm Event 4 Install composite averlay

DESIGN LIMIT STATE
STRUT LOAD: 37.09 KIP

Load Caze Location

oc All Spans, &l Girders, Entire Span

PLANE LOAD: 37.09 KIP/0.475/0.35 =223.09 KIP

td agnitude Description

1.878 kip/1t Fill + Pavement
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Spec Check Report
For Span 1 Girder A
May 15, 2025 2:51:26 pm

PGSuper (x64)

Copyright © 2025, WSDOT, All Rights Reserved

Version 8.0.6 - Built on Jul 9 2024

7- Washington State
 / ’ Department of Transportation
l Texas
Department
of Transportation

Project Properties

Bridge Manassas Airport Bridge
Name

Bridge ID

Company |WPM

Engineer |Jeffrey Liu

Job D012400400

Number

Comments

File C:\Users\JeffreyL\Walter P. Moore and Associates\D01-24004-00 HEF Manassas Bridge Assessments -

Documents\General\Diagnostics\2-Design\Analysis\Superstructure\JL Working\DF = 0.35\PGSuper1 - Manassas
Airport - Runway Bridge.pgs

Bridge: Manassas Airport Bridge Job: D012400400 5/15/2025



Configuration

Configuration Server: Default libraries installed with PGSuper

Configuration Name: PGSuper.com Community

Configuration Source: C:\PROGRAM FILES\WSDOT\BRIDGELINK\Configurations\WSDOT.lbr
Configuration Date Stamp: March 19, 2024 3:42:28 pm
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Library Entry Source
Girders Manassas Project Library
Traffic Barriers none

Project Library

Project Criteria TxDOT 2020 based on
IAASHTO LRFD Bridge Design Specifications, 9th Edition 2020

Project Library

Vehicular Live Load |[Max Load - Design

Project Library

Load Rating Criteria]MBE 2020 based on
The Manual for Bridge Evaluation, Third Edition 2018, with 2020 interim provisions

Project Library

Haul Trucks Old Haul Truck -0

Project Library

Trans. Reinforcement data for Girder A does not match Girder Library entry Manassas
Long. Reinforcement data for Girder A does not match Girder Library entry Manassas

Analysis Controls

Structural Analysis Method: Simple Span

Section Properties: Gross

Losses: Refined estimate per TxDOT Research Report 0-6374-2

Notes
Symbol Definition

L, Span Length of Girder at Release

L Span Length of Girder during Lifting

Ly Span Length of Girder during Storage

Ly, Span Length of Girder during Hauling

Lo Span Length of Girder after Erection

L Length of Span

Debond Point where bond begins for a debonded strand
PSXFR Point of prestress transfer

FoS Face of Support in final bridge configuration

ST Section Transitions

STLF Section Transitions, Left Face

STRF Section Transitions, Right Face

SDCR Start of Deck Casting Region

EDCR End of Deck Casting Region

Diaphragm Location of a precast or cast in place diaphragm
Bar Cutoff End of a reinforcing bar in the girder

Deck Bar Cutoff|]End of a reinforcing bar in the deck

CS Critical Section for Shear

SZB Stirrup Zone Boundary

H H from end of girder or face of support

1.5H 1.5H from end of girder or face of support

HP Harp Point

Pick Point Support point where girder is lifted from form
Bunk Point Point where girder is supported during transportation
Status ltems

Level Description

Information|Live Load Distribution Factors were User-Input.

Bridge: Manassas Airport Bridge Job: D012400400

5/15/2025
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Level Description

Warning |Span 1, Girder A: Either the Jacking stress is not equal to 0.75Fpu, or Debonded strands are present, or
Temporary strands are present, or the girder is Not Prismatic. Therefore, for the calculation of elastic shortening;

an iterative solution was used to find Fcgp after release rather than assuming 0.7*Fpu per the TxDOT design
manual.

Bridge: Manassas Airport Bridge Job: D012400400 5/15/2025



Specification Checks
Specification: TxDOT 2020

Stress Limitations on Prestressing Tendons [5.9.2.2]
Strand Stresses

Loss Stage Stress Straight Adjustable Straight
Limit [ strand |Status| Strand | Status
(KSI) | stress | (c/D) | Stress | (C/D)
(KSI) (KSI)
At Jacking (f..) 202.500]202.500] Pass| 0.000 Pass
pj
(1.00) (o0)
After All Losses and Elastic Gains|194.400]171.925] Pass 0.000 Pass
including Live Load (fpe) (1.13) (o)
Required Minimum Concrete Strengths
Required f; = 2.611 KSI = 2.700 KSI
Provided f',; = 4.000 KSI
Required f', = 3.322 KSI = 3.400 KSI
Provided f', = 5.000 KSI
Interval 2: Prestress Release : Service | Compression
For Temporary Stresses before Losses (LRFD 5.9.2.3.1)
Compression Stresses (LRFD 5.9.2.3.1a)
f'j=4.000 KSI
Compression stress limit = -0.65f ; = -2.600 KS|
Concrete strength required to satisfy this requirement = 2.611 KSI
Location from Location from |Pre-tension| Service | Demand |[Precompressed|Status
Left Support End of Girder Tensile Zone | (C/D)
ft ft
(ft) (ft) flf | f [f | f |f [Top|Bottom
(KSI)| (KSI) | (KSI) [(KSI)] (KSI) | (KSI)
(STRF) -0.750| (STRF, 0.0L,) 0.0000.000f 0.000] 0.000{0.000] 0.000| 0.000f No Yes| Pass
(=)
(STLF) 0.750 (STLF) 1.500]0.186|-0.688|-0.034]0.034| 0.153]-0.654] No Yes| Pass
(3.97)
(STRF) 0.750 (STRF) 1.500(0.043}-1.059|-0.043]0.043]-0.001|-1.016] No Yes| Pass
(2.56)
(PSXFR) 1.750 (PSXFR) 2.500{0.071}-1.766|-0.069]0.069] 0.002|-1.697| No Yes| Pass
(1.53)
3.317 (0.1L,) 4.067]0.071}-1.768]-0.107|0.107|-0.036|-1.661)  No Yes| Pass
(1.57)
7.383 (0.2L,) 8.133]0.071]-1.771]-0.189]0.189]-0.117]-1.582|  No Yes| Pass
(1.64)
11.450 (0.3L,) 12.200]0.071]-1.773]-0.247]0.247]-0.176]-1.526| No Yes| Pass
(1.70)
15.517 (0.4L,) 16.267]0.071]-1.774]-0.282]0.282|-0.211]-1.492| No Yes| Pass
(1.74)
(0.5L) 19.583 (0.5L,) 20.333]0.071|-1.775|-0.2940.294|-0.222|-1.481)  No Yes| Pass
(1.76)
23.650 (0.6L,) 24.400]0.071]-1.774]-0.282]0.282|-0.211]-1.492| No Yes| Pass
(1.74)
27.717 (0.7L,) 28.467]0.071]-1.773]-0.247]0.247]-0.176]-1.526| No Yes| Pass
(1.70)
31.783 (0.8L,) 32.533]0.071]-1.771]-0.189]0.189[-0.117]-1.582| No Yes| Pass
(1.64)
35.850 (0.9L,) 36.600]0.071|-1.768|-0.1070.107|-0.036|-1.661)  No Yes| Pass
(1.57)
(PSXFR) 37.417 (PSXFR) 38.167]0.071]-1.766]-0.069]0.069| 0.002}-1.697f No Yes| Pass
(1.53)

Bridge: Manassas Airport Bridge

Job: D012400400

Page 4 of 15
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Location from Location from |Pre-tension| Service | Demand [Precompressed|Status
Left Support End of Girder Tensile Zone | (C/D)
(ft) (ft) fo. [ f [ f [f | f | f, [Top[ Bottom
(KSI)| (KSI) | (KSI) |(KSI)] (KSI) | (KSI)

(STLF) 38.417 (STLF) 39.167]0.043}-1.059]-0.043]0.043]-0.001|-1.016] No Yes| Pass
(2.56)

(STRF) 38.417 (STRF) 39.167]0.186]-0.688|-0.034]0.034| 0.153}-0.654f No Yes| Pass
(3.97)

(STLF) 39.917|(STLF, 1.0L,) 40.667|0.000| 0.000| 0.000{0.000| 0.000| 0.000| No Yes| Pass
(=)

Interval 2: Prestress Release : Service | Tension

For Temporary Stresses before Losses (LRFD 5.9.2.3.1)
Tension Stresses (LRFD 5.9.2.3.1b)

;= 4.000 KSI

Tension stress limit in precompressed tensile zone without bounded reinforcement = N/A
Tension stress limit in areas other than the precompressed tensile zone and without bonded reinforcement = 0.2400%\/?’01. =

0.480 KSI

Tension stress limit in areas with sufficient bonded reinforcement = 0.240070/?’01. =0.480 KSI
Concrete strength required to satisfy this requirement = 0.406 KSI

Page 5 of 15

Location from Location from |Pre-tension| Service | Demand |[Tension Limit|Precompressed|Status|
Left Support End of Girder Tensile Zone | (C/D)
(ft) (ft) fy fy fy fy fy f, | Top |Bottom| Top | Bottom
(ksn| ks | (ks (ks (ksi) | (ksi) [ (KSD| (KSI)

(STRF) -0.750| (STRF, 0.0L,) 0.000{0.000] 0.000| 0.000{0.000] 0.000| 0.000{0.480 -l No Yes| Pass
©
(STLF) 0.750 (STLF) 1.500]0.186]-0.688|-0.034]0.034] 0.153]-0.6540.480 -l No Yes SP%ZS)
(STRF) 0.750 (STRF) 1.500]0.043}-1.059]-0.043]0.043}-0.001]-1.016{0.480 -1 No Yes (P.ass)
(PSXFR) 1.750 (PSXFR) 2.500]0.071|-1.766]-0.069]0.069] 0.002}-1.697{0.480 -1 No Yes Ij%(s-s)
+
3.317 (0.1L,) 4.067]0.071}-1.768]-0.107]0.107]-0.036|-1.661{0.480 -] No Yes (Pass)
7.383 (0.2L,) 8.133]0.071}-1.771]-0.189]0.189]-0.117|-1.582/0.480 -1 No Yes Pa(s_s)
11.450 (0.3L,) 12.200]0.071|-1.773]-0.247]0.247]-0.176|-1.5260.480 -1 No Yes Pai-s)
15.517 (0.4L,) 16.267]0.071|-1.774]-0.282|0.282]-0.211|-1.492/0.480 -1 No Yes Pa(s-s)
(0.5L) 19.583 (0.5L,) 20.333]0.071|-1.775]-0.294]0.2941-0.222|-1.481]0.480 -1 No Yes Pai,-s)
23.650 (0.6L,) 24.400]0.071|-1.774]-0.282|0.282]-0.211|-1.492/ 0.480 -] No Yes Pa(s-s)
27.717 (0.7L,) 28.467]0.071|-1.773]-0.247]0.247]-0.176|-1.5260.480 -1 No Yes Pai-s)
31.783 (0.8L,) 32.533]0.071}-1.771]-0.189]0.189]-0.117|-1.582/ 0.480 -1 No Yes Pa(s-s)
35.850 (0.9L,) 36.600]0.071}-1.768]-0.107]0.107]-0.036|-1.661{0.480 -1 No Yes Pai-s)
(PSXFR) 37.417 (PSXFR) 38.167]0.071}-1.766]-0.069]0.069] 0.002|-1.6970.480 -] No Yes F1’?)(s-s)
+
(STLF) 38.417 (STLF) 39.167]0.043}-1.059]-0.043]0.043}-0.001}-1.0160.480 -1 No Yes (Pass)
(STRF) 38.417 (STRF) 39.167]0.186]-0.688]-0.034]|0.034] 0.153}-0.654|0.480 -1 No Yes ?I’Dags)
(STLF) 39.917|(STLF, 1.0L,) 40.667]0.000] 0.000| 0.000]0.000| 0.000] 0.000{0.480 -1 No Yes (P.ass)
(=)

Bridge: Manassas Airport Bridge Job: D012400400 5/15/2025
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Interval 10: Install composite overlay, Apply User Defined Loads : Service | Compression

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Compression Stresses (LRFD 5.9.2.3.2a)

f=5.000 KSI

Compression stress limit = -0.6f, = -3.000 KSI
Concrete strength required to satisfy this requirement = 2.278 KSI

Location from |Pre-tension| Service | Demand |Precompressed|Status

Left Support Tensile Zone | (C/D)
(ft) folf | f |f | f | f, |Top| Bottom

(KSI)| (KSI) | (KSI) | (KSI)] (KSI) | (KSI)

(0.0L) 0.0000.083|-0.308] 0.000|0.000] 0.083|-0.308] No Yes| Pass

(9.76)

(STLF) 0.750]0.167]-0.616-0.058|0.058| 0.109|-0.558] No Yes| Pass

(5.38)

(STRF) 0.750{0.037|-0.920]-0.075|0.075|-0.038|-0.845] No Yes| Pass

(3.55)

(PSXFR) 1.750]0.062|-1.537|-0.170]0.170]-0.108|-1.367] No Yes| Pass

(2.19)

(0.1L5) 3.917]0.062|-1.546]-0.358|0.358|-0.296|-1.188]  No Yes| Pass

(2.53)

(0.2L,) 7.833|0.063|-1.558]-0.636]0.636[-0.573|-0.922] No Yes| Pass

(3.25)

(0.3L,) 11.750]0.063|-1.567]-0.835/0.835]-0.772]-0.732] No Yes| Pass

(3.89)

(0.4L) 15.667]0.063|-1.573]-0.954|0.954]-0.891[-0.619]  No Yes| Pass

(3.37)

(0.5L) 19.583]0.063|-1.574]-0.994|0.994]-0.930[-0.581]  No Yes| Pass

(3.22)

(0.6L,) 23.500]0.063|-1.573]-0.954]0.954]-0.891]-0.619] No Yes| Pass

(3.37)

(0.7L,) 27.417]0.063|-1.567]-0.835/0.835]-0.772]-0.732] No Yes| Pass

(3.89)

(0.8L,) 31.333|0.063|-1.558]-0.636]0.636[-0.573]-0.922] No Yes| Pass

(3.25)

(0.9L,) 35.250]0.062|-1.546]-0.358|0.358|-0.296|-1.188]  No Yes| Pass

(2.53)

(PSXFR) 37.4170.062|-1.537|-0.170]0.170}-0.108|-1.367] No Yes| Pass

(2.19)

(STLF) 38.417]0.037]-0.920]-0.075|0.075]-0.038|-0.845| No Yes| Pass

(3.55)

(STRF) 38.417]0.167|-0.616]-0.058]0.058] 0.109]-0.558] No Yes| Pass

(5.38)

(1.0L) 39.167]0.083|-0.308] 0.000|0.000] 0.083-0.308] No Yes| Pass

(9.76)

Interval 10: Install composite overlay, Apply User Defined Loads : Service | Tension

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Tension Stresses (LRFD 5.9.2.3.2b)

f',=5.000 KSI

Tension stress limit for components with bonded prestressing tendons that are subjected to not worse than moderate corrosion
conditions = 0-24007‘\/7"0 =0.537 KSI

Location from
Left Support
(ft)

Pre-tension

Service |

Demand

Tension Limit|P

recompressed
Tensile Zone

ft fb
(ks (ks

ft fb
(KsI) | (KsI)

ft fb
(Ks) | (ks1)

Top |Bottom
(KSI)| (KSI)

Top

Bottom

Status
(C/D)

(0.0L,) 0.000

0.083)-0.308

0.000]0.000

0.083}-0.308

-| 0.537

No Yes

Pass

)

Bridge: Manassas Airport Bridge

Job: D012400400

5/15/2025


https://5.9.2.3.2b
https://5.9.2.3.2a

Location from |Pre-tension| Service | Demand |Tension Limit|Precompressed|Status
Left Support Tensile Zone | (C/D)
(ft) fy fy f; fy f; f, | Top |Bottom| Top | Bottom
(ksn| (ks | (ks |(ksh)| (ks | (ks1) |(KSD| (KSI)
(STLF) 0.750]0.167|-0.616]-0.058]0.058] 0.109|-0.558 -| 0.537] No Yes| Pass
(STRF) 0.750]0.037]-0.920]-0.075[0.075|-0.038]-0.845 -| 0.537] No Yes Pa(s-s)
(PSXFR) 1.750]0.062|-1.537]-0.170]0.170]-0.108)-1.367 -] 0.537] No Yes Pa(s_s)
(0.1L,) 3.917]0.062|-1.546|-0.358|0.358|-0.296]-1.188 -] 0.537] No Yes Pa(s_s)
(0.2L,) 7.833)0.063|-1.558|-0.636]0.636|-0.573|-0.922 -] 0.537] No Yes Pa(s-s)
(0.3L) 11.750]0.063|-1.567]-0.835|0.835|-0.772|-0.732 -l 05371 No Yes Pa(s-s)
(0.4L,) 15.667|0.063|-1.573|-0.954]0.954|-0.891|-0.619 -] 0.537] No Yes Pa(s_s)
(0.5L,) 19.583]0.063|-1.574]-0.994]0.994/-0.930]-0.581 -] 0.537] No Yes Pa(s_s)
(0.6L) 23.500]0.063|-1.573]-0.954]0.954|-0.891|-0.619 -] 0.537] No Yes Pa(s-s)
(0.7L) 27.417]0.063|-1.567|-0.835]0.835|-0.772]-0.732 -l 0.537] No Yes Pa(s-s)
(0.8L) 31.333]0.063|-1.558]-0.6360.636|-0.573|-0.922 -| 0.537] No Yes Pa(s_s)
(0.9L,) 35.250]0.062]-1.546]-0.358]0.358|-0.296|-1.188 -] 0.537] No Yes Pa(s_s)
(PSXFR) 37.417]0.062|-1.537]-0.170]0.170]-0.108]-1.367 -] 0.537] No Yes Pa(s-s)
(STLF) 38.417]0.037]-0.920}-0.075|0.075|-0.038]-0.845 -| 0.537] No Yes Pa(s-s)
(STRF) 38.417|0.167]-0.616]-0.0580.058| 0.109|-0.558 -| 0.537] No Yes Pa(s_s)
(1.0L,) 39.167]0.083]-0.308] 0.000]0.000] 0.083}-0.308 -] 0.537] No Yes Pa:s_sz

Page 7 of 15

Interval 15: Open to Traffic, Roadway Geometry Control : Service | Compression without live load

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Compression Stresses (LRFD 5.9.2.3.2a)

.= 5.000 KS|

Compression stress limit = -0.45f', = -2.250 KSI
Concrete strength required to satisfy this requirement = 3.038 KSI

Bridge: Manassas Airport Bridge

Location from |Pre-tension| Service | Demand |Precompressed|Status
Left Support Tensile Zone | (C/D)
(ft) fo [ f | f [f | f | f, [Top| Bottom
(KSI)| (KSI) | (KSI) |(KSI)| (KSI) | (KSI)

(0.0L,) 0.0000.083]-0.308| 0.000]0.000] 0.083|-0.308] No Yes| Pass
(7.32)

(STLF) 0.750]0.167]-0.616]-0.058]0.058| 0.109]-0.558] No Yes| Pass
(4.03)

(STRF) 0.750]0.037]-0.920]-0.075]0.075]-0.038]-0.845] No Yes| Pass
(2.66)

(PSXFR) 1.750]0.062|-1.537]-0.170]0.170}-0.108}-1.367] No Yes| Pass
(1.65)

(0.1L,) 3.917]0.062|-1.546]-0.358]0.358]-0.296|-1.188]  No Yes| Pass
(1.89)

(0.2L,) 7.833|0.063|-1.558]-0.636]0.636[-0.573]-0.922] No Yes| Pass

Job: D012400400

5/15/2025


https://5.9.2.3.2a

Location from |Pre-tension| Service | Demand |Precompressed|Status
Left Support Tensile Zone | (C/D)
(ft) f. [ f | f [f | f | f, [Top[ Bottom
(KSI)| (KSI) | (KSI) |(KSI)| (KSI) | (KSI)

(2.44)

(0.3L,) 11.750]0.063|-1.567]-0.835/0.835]-0.772]-0.732] No Yes| Pass
(2.92)

(0.4L) 15.667]0.063|-1.573]-0.954|0.954]-0.891[-0.619]  No Yes| Pass
(2.53)

(0.5L) 19.583]0.063|-1.574]-0.994|0.994]-0.930[-0.581  No Yes| Pass
(2.42)

(0.6L,) 23.500]0.063|-1.573-0.954]0.954]-0.891]-0.619] No Yes| Pass
(2.53)

(0.7L,) 27.417]0.063|-1.567]-0.835/0.835]-0.772]-0.732] No Yes| Pass
(2.92)

(0.8L) 31.333]0.063|-1.558]-0.6360.636|-0.573|-0.922] No Yes| Pass
(2.44)

(0.9L,) 35.250]0.062|-1.546]-0.358|0.358|-0.296|-1.188]  No Yes| Pass
(1.89)

(PSXFR) 37.417]0.062]-1.537]-0.170]0.170]-0.108]-1.367] No Yes| Pass
(1.65)

(STLF) 38.417]0.037]-0.920]-0.075]0.075|-0.038]-0.845] No Yes| Pass
(2.66)

(STRF) 38.417]0.167|-0.616|-0.058]0.058| 0.109]-0.558] No Yes| Pass
(4.03)

(1.0L,) 39.167]0.083|-0.308] 0.000|0.000] 0.083-0.308] No Yes| Pass
(7.32)

Interval 15: Open to Traffic, Roadway Geometry Control : Service | Compression

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Compression Stresses (LRFD 5.9.2.3.2a)

f',=5.000 KSI

Compression stress limit = -0.6f, = -3.000 KSI
Concrete strength required to satisfy this requirement = 3.322 KSI

Location from |Pre-tension| Service | Demand |Precompressed|Status

Left Support Tensile Zone | (C/D)
(ft) fo | f | f [ f | f, | f, |Top| Bottom

(KSI)| (KSI) | (KSI) | (KSI)| (KSI) | (KSI)

(0.0L) 0.0000.083|-0.308] 0.000|0.000] 0.083|-0.308] No Yes| Pass

(9.76)

(STLF) 0.750]0.167|-0.616]-0.121]0.058] 0.046]-0.558] No Yes| Pass

(5.38)

(STRF) 0.750]0.037]-0.920]-0.155]0.075|-0.118]-0.845] No Yes| Pass

(3.55)

(PSXFR) 1.750]0.062|-1.537]-0.351]0.170]-0.290]-1.367] No Yes| Pass

(2.19)

(0.1L5) 3.917]0.062|-1.546]-0.741|0.358|-0.678|-1.188]  No Yes| Pass

(2.53)

(0.2L,) 7.833|0.063|-1.558|-1.316]0.636[-1.254]-0.922] No Yes| Pass

(2.39)

(0.3L,) 11.750]0.063|-1.567]-1.727]0.835]-1.664]-0.732] No Yes| Pass

(1.80)

(0.4L,) 15.667]0.063|-1.573]-1.974]0.954]-1.911]-0.619] No Yes| Pass

(1.57)

(0.5L) 19.583]0.063|-1.574]-2.056|0.994|-1.993|-0.581]  No Yes| Pass

(1.51)

(0.6L) 23.500]0.063|-1.573|-1.974|0.954]-1.911[-0.619]  No Yes| Pass

(1.57)

Bridge: Manassas Airport Bridge

Job: D012400400

Page 8 of 15
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Location from |Pre-tension| Service | Demand |Precompressed|Status
Left Support Tensile Zone | (C/D)
(ft) f. [ f | f [f | f | f, [Top[ Bottom
(KSI)| (KSI) | (KSI) |(KSI)| (KSI) | (KSI)

(0.7L,) 27.417]0.063|-1.567]-1.727]0.835]-1.664]-0.732] No Yes| Pass
(1.80)

(0.8L,) 31.333|0.063|-1.558]-1.316]0.636[-1.254]-0.922] No Yes| Pass
(2.39)

(0.9L,) 35.250/0.062|-1.546]-0.741]0.358]-0.678|-1.188] No Yes| Pass
(2.53)

(PSXFR) 37.417]0.062]-1.537]-0.351]|0.170]-0.290]-1.367] No Yes| Pass
(2.19)

(STLF) 38.417]0.037]-0.920}-0.155]0.075|-0.118]-0.845] No Yes| Pass
(3.55)

(STRF) 38.417]0.167|-0.616|-0.121]0.058| 0.046]-0.558] No Yes| Pass
(5.38)

(1.0L,) 39.167]0.083]-0.308 0.000]0.000] 0.083]-0.308] No Yes| Pass
(9.76)

Interval 15: Open to Traffic, Roadway Geometry Control : Service Ill Tension

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Tension Stresses (LRFD 5.9.2.3.2b)

f. = 5.000 KSI

Page 9 of 15

Tension stress limit for components with bonded prestressing tendons that are subjected to not worse than moderate corrosion
conditions = 0.190070/7"C <0.600 KSI = 0.425 KSI

Concrete strength required to satisfy this requirement = 2.203 KSI

Location from |Pre-tension| Service lll Demand |Precompressed|Status
Left Support Tensile Zone | (C/D)
(ft) fo|f | f [ f | f, | f, |Top| Bottom
(KSI)| (KSI) | (KSI) |(KSI)| (KSI) | (KSI)
(0.0L,) 0.0000.083]-0.308| 0.000]0.000] 0.083|-0.308] No Yes| Pass
(STLF) 0.750]0.167]-0.616|-0.058]0.109] 0.109]-0.507] No Yes Pa(s_i
(STRF) 0.750]0.037]-0.920{-0.075]0.140|-0.038]-0.780] No Yes Pa(s_s)
(PSXFR) 1.750|0.062|-1.537|-0.170]0.317]-0.108]-1.220] No Yes Pa(s-s)
(0.1L,) 3.917]0.062|-1.546]-0.358]0.669]-0.296|-0.877] No Yes Pa(s-s)
(0.2L,) 7.833|0.063|-1.558]-0.636]1.188]-0.573|-0.370] No Yes Pa(s_i
(0.3Lg) 11.750]0.063|-1.567]-0.835|1.559]-0.772|-0.008]  No Yes Pa(s_s)
(0.4L) 15.667]0.063|-1.573|-0.9541.782|-0.891] 0.210] No Yes ;’%%s)
(0.5L,) 19.583|0.063|-1.574]-0.994]1.856]-0.930] 0.282] No Yes (1st13)
(0.6L,) 23.500]0.063|-1.573-0.954]1.782]-0.891] 0.210] No Yes (2P%%s)
(0.7Lg) 27.417]0.063|-1.567]-0.835|1.559]-0.772[-0.008]  No Yes (P-ass?
(0.8L) 31.333]0.063|-1.558|-0.6361.188|-0.573|-0.370]  No Yes Pa(s_s)
(0.9L,) 35.250]0.062|-1.546]-0.358]0.669]-0.296]-0.877] No Yes Pa(s-s)
(PSXFR) 37.417]0.062|-1.537|-0.170]0.317|-0.108]-1.220] No Yes Pais_s;

Bridge: Manassas Airport Bridge

Job: D012400400

5/15/2025


https://5.9.2.3.2b

Left Support
(ft)

Location from

Pre-tension

Service lll

Demand

Precompressed

Tensile Zone

ft fb
(Ksh| (KsI)

ft fb
(KsI) | (KsI)

fe

(KSI)

fb
(KSI)

Top | Bottom

Status
(C/D)

(STLF) 38.417

0.037]-0.920

-0.075|0.140

-0.038

-0.780

No Yes

(STRF) 38.417

0.167]-0.616

-0.0580.109

0.109

-0.507

No Yes

(1.0L,) 39.167

0.083)-0.308

0.000]0.000

0.083

-0.308

No Yes

Interval 15: Open to Traffic, Roadway Geometry Control : Fatigue | Compression

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Compression Stresses (LRFD 5.9.2.3.2a)

f = 5.000 KSI

Compression stress limit = -0.4f . = -2.000 KS|I
Concrete strength required to satisfy this requirement = 1.709 KSI

Location from |Pre-tension| Fatigue | Demand |Precompressed|Status
Left Support Tensile Zone | (C/D)
ft
(ft) fo | f | f | f | f, | f, |Top| Bottom
(KSI)] (KSI) | (KSI) | (KSI)| (KSI) | (KSI)
(0.0L,) 0.00010.083]-0.308] 0.000]0.000] 0.042]-0.154] No Yes| Pass
(10+)
(STLF) 0.750]0.167]-0.616]-0.029]0.029] 0.054]-0.279] No Yes| Pass
(7.17)
(STRF) 0.750]0.037]-0.920]-0.038|0.038|-0.019]-0.422] No Yes| Pass
(4.74)
(PSXFR) 1.750]0.062|-1.537]-0.085]0.085]-0.054]-0.684] No Yes| Pass
(2.93)
(0.1L) 3.917]0.062]-1.546|-0.179]0.179|-0.148]-0.594| No Yes| Pass
(3.37)
(0.2L,) 7.833|0.063|-1.558-0.318]0.318]-0.287]-0.461] No Yes| Pass
(4.34)
(0.3L,) 11.750]0.063|-1.567]-0.417]0.417]-0.386|-0.366] No Yes| Pass
(5.18)
(0.4L,) 15.6670.063|-1.573|-0.477]0.477|-0.445]-0.309] No Yes| Pass
(4.49)
(0.5L,) 19.583|0.063|-1.574|-0.497]0.497]-0.465]-0.290] No Yes| Pass
(4.30)
(0.6L,) 23.500]0.063|-1.573-0.477]0.477]-0.445]-0.309] No Yes| Pass
(4.49)
(0.7L,) 27.417]0.063|-1.567]-0.417]0.417]-0.386]-0.366] No Yes| Pass
(5.18)
(0.8L) 31.333|0.063|-1.558|-0.318]0.318-0.287]-0.461| No Yes| Pass
(4.34)
(0.9L,) 35.250|0.062|-1.546|-0.179]0.179-0.148]-0.594| No Yes| Pass
(3.37)
(PSXFR) 37.417]0.062]-1.537]-0.085]|0.085]-0.054]-0.684] No Yes| Pass
(2.93)
(STLF) 38.417]0.037]-0.920|-0.038]0.038|-0.019]-0.422] No Yes| Pass
(4.74)
(STRF) 38.417]0.167|-0.616|-0.029]0.029| 0.054]-0.279] No Yes| Pass
(7.17)
(1.0L) 39.167]0.083]-0.308| 0.000]0.000f 0.042]-0.154| No Yes| Pass
(10+)

Ultimate Moment Capacity
Positive Moment Capacity for Strength | Limit State [5.6]

Bridge: Manassas Airport Bridge

Job: D012400400
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Location from M, oM, [¢M_ Min Status
Left ?#)PPW (kip-ft) | (kip-ft) | (kip-ft) [oM_Min <M _[M, < oM
(6M_ /oM Min) | (oM /M)
(0.0, 0.000] 0.00] 383.80] 0.00 Pass Pass
() ()
(0.1L¢) 3.917] 638.88] 1393.57] 849.71 Pass Pass
(1.64) (2.18)
(0.2L,) 7.833| 1135.55[ 1684.80] 1459.98 Pass Pass
(1.15)]  (1.48)
(0.3L) 11.750 1490.32[ 1773.99] 1464.90 Pass Pass
(121 (1.19)
(0.4L,) 15.667[ 1703.18[ 1774.11| 1467.85 Pass Pass
(121 (1.04)
(0.5L,) 19.583 1774.13] 1774.15| 1468.84 Pass Pass
(121  (1.00)
(0.6L,) 23.500[ 1703.18] 1774.11] 1467.85 Pass Pass
(121 (1.04)
(0.7L) 27.417[1490.32[ 1773.99] 1464.90 Pass Pass
(121  (1.19)
(0.8L) 31.333 1135.55[ 1684.80[ 1459.98 Pass Pass
(1.15)]  (1.48)
(0.9L,) 35.250[ 638.88]1393.57| 849.71 Pass Pass
(1.64) (2.18)
(1.0L,) 39.167[  0.00] 383.80]  0.00 Pass Pass
() ()

Ultimate Shear Capacity
Ultimate Shears for Strength | Limit State [5.8]

Location from| Stirrups | Stirrups | |V | oV, Status
Left ?ft:)pport Required|Provided| (kip) (kip) |@Vn'Vy)
(CS) 2.313 Yes Yes|166.23]264.78 Pass
(1.59)

(H) 3.000 Yes Yes|161.79|261.11 Pass
(1.61)

(0.1Lg) 3.917 Yes Yes|155.88|257.04 Pass
(1.65)

(1.5H) 4.375 Yes Yes|152.92|255.32 Pass
(1.67)

(0.2L) 7.833 Yes Yes|130.60]205.05 Pass
(1.57)

(0.3L,) 11.750 Yes Yes|105.32|156.36 Pass
(1.48)

(0.4L,) 15.667 Yes Yes| 80.04]|138.11 Pass
(1.73)

(0.5L) 19.583 Yes Yes| 54.76]136.10 Pass
(2.49)

(0.6L,) 23.500 Yes Yes| 80.04|138.11 Pass
(1.73)

(0.7L,) 27.417 Yes Yes|105.32|156.36 Pass
(1.48)

(0.8Lg) 31.333 Yes Yes|130.60]|205.05 Pass
(1.57)

(1.5H) 34.792 Yes Yes|152.92]|255.32 Pass
(1.67)

(0.9L,) 35.250 Yes Yes|155.88]|257.04 Pass
(1.65)

Bridge: Manassas Airport Bridge Job: D012400400 5/15/2025
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Location from| Stirrups | Stirrups | |V | oV, Status

Left Support |[Required|Provided (kip) | (kip) (V,IV,)

(ft)
(H) 36.167 Yes Yes|161.79[261.11| Pass
(1.61)
. es es . . ass
CS) 36.854 Y Yes|166.23[264.78] P
(1.59)

[LRFD 5.7.3.2] The reaction introduces compression into the end of the girder. Load between the CSS and the support is
transferred directly to the support by compressive arching action without causing additional stresses in the stirrups. Hence, A /S

in this region must be equal or greater than A /S at the critical section.

Longitudinal Reinforcement for Shear Check - Strength | [5.7.3.5]

Af+ AT }{M” +{15N”+(F” v GSU) tHJ
i it e G — L co 5.7.3.5-1
" i ﬂzrqﬂf Pa @y ® ?
154
Acfy+ Apefos = (@—‘ —¥,—05 Ir‘;)cc:tt? 5.7.3.5-2
i
Apsfps = Asf::,'
Location from Capacity]Demand|Equation|Status Apsfps Asfy Status
Left ?ft:)pport (kip) (kip) (C/D) (kip) |(kip)
(FoS) 0.250] 238.56] 169.99| 5.7.3.5-2] Pass[238.56]0.00[ Pass
(1.40)
(Bar Develop.) 1.933] 599.26] 169.99| 5.7.3.5-2] Pass|599.26]0.00] Pass
(3.53)
(CS)2.313] 614.74] 361.25| 5.7.3.5-1] Pass|614.74]0.00] Pass
(1.70)
(H) 3.000] 642.77] 408.94| 5.7.3.5-1] Pass|642.77]0.00| Pass
(1.57)
(0.1L,) 3.917] 680.13| 469.72| 5.7.3.5-1] Pass|680.13|0.00 Pass
(1.45)
(1.5H) 4.375] 698.34] 498.78| 5.7.3.5-1] Pass|698.34|0.00| Pass
(1.40)
(0.2L,) 7.833| 833.36] 680.10f 5.7.3.5-1| Pass|833.36/0.00] Pass
(1.23)
(0.3Lg) 11.750] 881.77| 819.38] 5.7.3.5-1] Pass|881.77|0.00] Pass
(1.08)
(0.4L,) 15.667] 881.84] 900.34| 5.7.3.5-1] Pass*|881.84|0.00] Pass
(0.98)
(0.5L) 19.583] 881.86] 918.16| 5.7.3.5-1] Pass*|881.86| 0.00] Pass
(0.96)
(0.6Lg) 23.500] 881.84| 900.34] 5.7.3.5-1| Pass*|881.84]|0.00] Pass
(0.98)
(0.7Lg) 27.417| 881.77| 819.38] 5.7.3.5-1] Pass|881.77|0.00] Pass
(1.08)
(0.8L,) 31.333] 833.36] 680.10| 5.7.3.5-1] Pass|833.36|0.00 Pass
(1.23)
(1.5H) 34.792| 698.34] 498.78] 5.7.3.5-1] Pass|698.34]0.00| Pass
(1.40)
(0.9L,) 35.250] 680.13| 469.72] 5.7.3.5-1] Pass|680.13|0.00] Pass
(1.45)
(H) 36.167| 642.77] 408.94| 5.7.3.5-1] Pass|642.77]0.00] Pass
(1.57)
(CS) 36.854] 614.74] 361.25] 5.7.3.5-1] Pass|[614.74]0.00[ Pass
(1.70)
(Bar Develop.) 37.233] 599.26] 169.99| 5.7.3.5-2] Pass|599.26]0.00] Pass
(3.53)

Bridge: Manassas Airport Bridge Job: D012400400 5/15/2025



Location from Capacity]Demand|Equation|Status Apsfps Asfy Status
Left ?flt‘)pport (kip) (kip) (C/D) (kip) |(kip)
(FoS) 38.917|] 238.56] 169.99| 5.7.3.5-2] Pass|238.56]0.00] Pass
(1.40)

Page 13 of 15

* The area of longitudinal reinforcement on the flexural tension side of the member need not exceed the area required to resist the maximum

moment acting alone

Horizontal Interface Shear for Strength | Limit State
AASHTO LRFD BDS 5.7.4

Location from 5.7.4.5 5.7.4.2 5.7.41

Left ?fttl)pport (iz ) sr_nax Status| a, [a,¢minlStatus |Yui| ?vni Status
(in) (in%/ft)|(in2/ft) (kip/ft)| (kip/ft)| (#VniIVuil)
(O.OLS)O.OOO 12.000}33.100f Pass| 0.800) 0.000| Pass| 1.266|64.801 F;gis)
(FoS) 0.250]12.000]33.100| Pass| 0.800| 0.000] Pass| 1.266]64.801 (F;%ss
+
(Bar Develop.) 1.933]12.000/33.100[ Pass| 0.800f 0.000f Pass| 1.617]64.801 (Ij%ss)
+
(CS) 2.313|12.000]33.100] Pass| 0.800| 0.000| Pass| 1.617|64.801 (i’%si

+
(H) 3.000]12.000}33.100| Pass| 0.800f 0.000f Pass| 1.574|64.801 (I?%ss)

+
(0.1L) 3.917]12.000§33.100f Pass| 0.800f 0.000f Pass| 1.516/64.801 (F;e(a)ss)
+
(1.5H) 4.375]12.000]33.100] Pass| 0.800] 0.000] Pass| 1.487|64.801 (F1’e(1)ss)
+
(0.2L) 7.833]12.000{33.100| Pass| 0.800) 0.000f Pass| 1.270|64.801 %333
+
(0.3LS) 11.750]12.000]33.100] Pass| 0.800f 0.000] Pass| 1.024|64.801 (Iil’%ss)
+
(O.4LS) 15.667]12.000]33.100] Pass| 0.800f 0.000] Pass| 0.779]|64.801 (I:;%ss)
+
(0.5L) 19.583]12.000{33.100| Pass| 0.800) 0.000f Pass| 0.533|64.801 (F1)?)SS)
+
(0.6L) 23.500[12.000{33.100 Pass| 0.800) 0.000f Pass| 0.779|64.801 (Ij%si
+
(0.7LS) 27.417]12.000]33.100f Pass| 0.800] 0.000] Pass| 1.024|64.801 (F,;?)SS)
+
(O.SLS) 31.333]12.000]33.100f Pass| 0.800] 0.000] Pass| 1.270|64.801 (I?%ss)
+
(1.5H) 34.792]12.000]33.100| Pass| 0.800| 0.000f Pass| 1.487]|64.801 (Ii]’e(l)ss)
+
(0.9L,) 35.250[12.000{33.100| Pass| 0.800) 0.000f Pass| 1.516|64.801 (lj%si
+
(H) 36.167]12.000]33.100f Pass| 0.800| 0.000| Pass| 1.574]64.801 (F,;%SS)

+
(CS) 36.854/12.000]33.100f Pass| 0.800f 0.000[ Pass| 1.617|64.801 (I:;?)ss)
+
(Bar Develop.) 37.233]12.000]33.100| Pass| 0.800) 0.000] Pass| 1.617|64.801 (Ii]’e(l)ss)
+
(FoS) 38.917]12.000133.100) Pass| 0.800| 0.000[ Pass| 1.266]64.801 (Ij%ss)
+
(1.0L) 39.167]12.000{33.100] Pass| 0.800f 0.000f Pass| 1.266|64.801 Ei’%ssj
+

Principal Tensile Stresses in Webs
Principal Tensile Stresses in Webs limitations are not applicable.
Concrete strength does not exceed the 10.000 KSI threshold

Live Load Deflection Check [2.5.2.6.2]

Allowable deflection span ratio = L/800

Bridge: Manassas Airport Bridge

Job: D012400400

5/15/2025
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Allowable maximum deflection = + 0.587 in
Minimum live load deflection along girder = -0.476 in
Maximum live load deflection along girder = 0.000 in
Status = Pass

Check for Lifting in Casting Yard

Lifting analysis disabled in Project Criteria. No analysis performed.

Per LRFD 5.5.4.3, "Buckling and stability of precast members during handling, transportation, and erection shall be
investigated." Also see C5.5.4.3 and C5.12.3.2.1.

Check for Hauling to Bridge Site

Hauling analysis disabled in Project Criteria. No analysis performed.

Per LRFD 5.5.4.3, "Buckling and stability of precast members during handling, transportation, and erection shall be
investigated." Also see C5.5.4.3 and C5.12.3.2.1.

Constructability Checks
Girder Dimensions Detailing Check [5.12.3.2.2]

Dimension Minimum|Actual|Status

(in) (in)
Top Flange Thickness 2.000] 5.500] Pass
Web Thickness 5.000] 5.000] Pass
Bottom Flange Thickness 5.000] 5.500] Pass

Stirrup Detailing Check: Strength | [5.7.2.5, 5.7.2.6, 5.10.3.1.2]

Location from — [Bar Size[ S " Smax [Smin | A/S [A/Sn[Status] SEE STRUCTURAL DRAWINGS PAGE
i (in) | (i) |(inft)| (in%/ft) 25 OUT OF 41 (NEXT PAGE) FOR
(0.0L) 0.000 #6]12.000[10.297|2.745] 0.880] 0.141] Faill REINFORCING STEEL DETAILING.

(F0S) 0.250 #6|12.000| 10242|2.745| 0.880] 0.141] Fan| EXCERPTS OF RELEVANT CODE IS ON
(Bar Develop.) 1.933 #6[12.000] 0.010[2.745] 0.880] 0.1a1] ran| | HE PAGE AFTER. THE DRAWINGS
(CS) 2.313 #6]12.000] 9.002[2.745] 0.880 0.141] _Faill SHOW THAT #6 @ 1-0" STIRRUPS ARE
(H) 3.000 #6[12.000] 9.870[2.745] 0.880] 0.141] Fail]l USED. THE ENDS SHOW (2)#4 @ 0'-4
(0.1L) 3.917 #6[12.000[ 9.835[2.745] 0.880] 0.141] Faill FOR ~0'-10". THE BOX GIRDER DOES
(15H) 4.375 #6[12.000] 9.822|2.745| 0.880] 0.141] Fail] NOT MEET AASHTO DETAILING
(0.2L,) 7.833 #6]12.000]19.408[2.745] 0.880] 0.141] Pass| REQUIREMENTS.
(0.3L,) 11.750 #6[12.000[19.314]2.745| 0.880] 0.141] Pass
(0.4L,) 15.667 #6[12.000[19.314]2.745| 0.880] 0.141] Pass
(0.5L,) 19.583 #6[12.000[19.313|2.745| 0.880] 0.141] Pass
(0.6L) 23.500 #6[12.000[19.314]2.745| 0.880] 0.141] Pass
(0.7L,) 27.417 #6[12.000[19.314]2.745| 0.880] 0.141] Pass
(0.8L,) 31.333 #6[12.00019.408|2.745| 0.880] 0.141] Pass
(1.5H) 34.792 #6[12.000] 9.822|2.745| 0.880] 0.141] Fail
(0.9L,) 35.250 #6[12.000] 9.835|2.745| 0.880] 0.141| Fail
(H) 36.167 #6[12.000] 9.870]2.745| 0.880] 0.141] Fail
(CS) 36.854 #6[12.000] 9.902[2.745] 0.880] 0.141] Fail
(Bar Develop.) 37.233 #6[12.000] 9.919]2.745| 0.880] 0.141| Fail
(FoS) 38.917 #6[12.000|10.242|2.745| 0.880] 0.141] Fail
(1-0L,) 39.167 #6(12.000[10.297[2.745| 0.880] 0.141| Fail

Haunch Geometry Checks
Slab Offset ("A" Dimension)

This table compares the input slab offset to the rounded computed slab offset required to have the least haunch depth be equal
to the Fillet dimension. A failed status indicates that the top of the girder will encroach into the deck slab and the Slab Offset
dimension should be refined.

Bridge: Manassas Airport Bridge Job: D012400400 5/15/2025
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Span|Girder|Provided

(in)

Required| Status

(in)

Notes

1 A

5.000

0.500|ExcessiveThe difference between the minimum and maximum CL haunch depths along the
girder is 0.298 in. This exceeds one half of the slab depth. Check stirrup lengths
to ensure they engage the deck in all locations. Refer to the Haunch Details
chapter in the Details report for more information.
Provided Slab Offset exceeded Required by allowable tolerance of 0.500 in

Excess Camber Check
Haunch dead load is affected by variable haunch depth along the girder. Haunch depth along a girder is defined by the roadway

geometry, slab offset ("A"), and the parabolic girder camber defined by the user input Assumed Excess Camber at mid-span.
The table below compares the Assumed Excess Camber with the Computed Excess Camber. A failed status indicates the
assumed value is not within tolerance of the computed value - meaning that results dependent on haunch dead load may be

inaccurate. See the Haunch Details and Loading Details chapters in Details Report for more information.

Span|Girder]Computed|Assumed|Difference| Allowable |Status Notes
Excess | Excess (in) Difference
Camber | Camber (in)
(in) (in)
1 Al 0.298 0.000 0.298 +0.500] Pass]Assumed Excess Camber is within tolerance
Camber
Camber|

(in)

Screed Camber, C at mid-span] 0.166

Camber at 21 days, D,

0.465

Bridge: Manassas Airport Bridge

Job: D012400400

5/15/2025



D01.24004.00 HEF Manassas Bridge Assessments
Bridge Superstructure Analysis PART 2: TAXIWAY BRIDGE

Site: Manassas Airport

Client is using bridges with airplanes that are heavier than what the bridges were originally designed for.
We want to determine the maximum airplane weight these bridges can handle.

Please note, throughout the following calculation package, blue highlighted values are maximum
allowable demands that max out the yellow highlighted demand to capacity ratios.

Testing has been conducted by WPM to determine actual distribution factors for the bridges.
Taxiway - DF = 0.35 unless noted otherwiwse (conservative since 0.32 was determined by Load Test)

Codes/Guidelines Utilized:
AASHTO LRFD 8th Edition

TAXIWAY BRIDGE - MAX AIRPLANE WEIGHT BASED ON FOLLOWING CRITERIA:

- Box Lid Failure
- - Moment: 775 kip
- - Shear: 475 kips

- Box Girder - PGSuper Analysis

- - Design Limit State: 223 kip

- - The analysis does indicate that the existing structure does not meet current AASHTO shear
reinforcing steel detailing requirements at the ends of the girder. The stirrups in the box girder are #6 @
12" for almost the entire length of the member. 10" on each end, the two sets of stirrups are spaced 4"
apart. The box girder has adequate shear capacity, regardless.

- Foundation (Bearing Controlling): 564 kip

- Bearing Pads

- - Bearing pad thickness are inadequate per code however over 40 years of adequate in situ
performance indicates in situ performance is adequate.

- - Checks done:

- - - Service Level Compression Stress: 174 kip

- - - Deflection Check: PASS

- - - Shear Deformation Check: FAIL. Bearing pads fail due to shear deformation even WITHOUT any
plane load.

- - - Stability Check: PASS
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ESTIMATED QUANTITIES
CAST-IN-PLACE |PRESTRESSED CONCRETE|
CONCRETE | BOX BEAMS (4’-0"x2'-9") |
| C.Y. : EACH B |
ABUTMENT 1 o3.2
ABUTMENT 2 o3.2
| SUPERSTRUCTURE 2.3 ' e
| ToTaL 128.7 | 25

'DESIGN SPECIFICATIONS:

' LOADING:
/\ CONCRETE:

'REINFORCING STEEL:

FOUNDATIONS:

CHAMFER:

GENERAL NOTES

AASHTO STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES,
1977, INCLUDING INTERIM SPECIFICATIONS, 1978, 1979,
1980, 1981 & 1982, |

737-200 AIRCRAFT LOADING. TOTAL GROSS LOAD 108,000
POUNDS - DUAL GEAR, 48,500 POUNDS EACH. :

CONCRETE IN PRESTRESSED MEMBERS - f'c = 5000 PSI.
CONCRETE IN SUBSTRUCTWRE - f'c =4000PSI.

'REINFORCING STEEL SHALL CONFORM TO ASTM A-615,

GRADE 60. ALL REINFORCING BAR DIMENSIONS ON THE
DETAILED DRAWINGS ARE TO CENTERS OF BARS EXCEPT
WHERE OTHERWISE NOTED. -

FOOTINGS FOR ABUTMENTS SHALL REST ON FIRM MATERIAL.
BEARING CAPACITY OF FOUNDATION SHALL BE 3500 PSF.

ALL EXPOSED CORNERS OF CONCRETE SHALL BE CHAMFERED

WITH 3/4" x 3/4" MILLED CHAMFER STRIPS.

CHECKED BY: APPROVED BY
CMP PROJ. NO.
CMP 8305

AS NOTED

JULY 1983

Henningson, Durham & Richardson, Inc.

Engineers - Architects - Planners

Alexandria, Virginia

DESIGNED BY:

REM | KHG

REVISIONS

A |5/87] rev. s

MANASSAS, VIRGINIA

MANASSAS MUNICIPAL AIRPORT
PLAN & ELEVATION

PROJECT NO. |
AIP 5-51-0030=01
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e @ CENTER OF a4'-o" | TOP OF BOX BEAM
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( S 1 -
- —— TYPICAL SECTION — —
s o ~ BEAM DIMENSIONS - SCALE:1%:1'-07 SEALANT
TO THIS FOINT (INTERIOR BEAM SHOWN) FILL REMAINING
T N | YOID WITH
L LW  NOTES: ‘ . ;y?_" o NON - SHRINK
= < > s ) _ MORTAR
) T © &~ \ EDGE OF BEAM 1.  PRESTRESSING STRANDS SHALL BE 1/2" # STRESS-RELIEVED STRANDS,
" T = : \ y : ‘ GRADE 270. - THE INITIAL PRESTRESSING FORCE SHALL BE, 28,900
: Ay o POUNDS PER STRAND.
ooy ) o 2 0' 1
;:/ “‘:,@ N 2. PRESTRESSING STRANDS SHALL NOT BE RELEASED UNTIL THE coucRETE
- RO 'HAS REACHED A COMPRESSIVE STRENGTH OF 4000 PSI.
_}n) X o 3. LATERAL TIES SHALL BE TENSIONED TO 30,000 POUNDS AND MAY BE (
~ § EITHER 1-1/4" @ PLAIN STRUCTURAL RODS OR 1/2“ & PRESTRESSING 3, R Z —
STRANDS AS DESCRIBED IN NOTE 1. - ALL LATERIAL TIE POCKET = TTOM OF BOX BEAM
g{ | o RECESSES SHALL BE FILLED WITH NON-SHRINK MORTAR AFTER LATF.R?. =0 oF BOX B
= > _— TAll TIES ARE TENSIONED.. LATERAL TIES SHALL BE TENSIONED PRIOR TO
© =1 FILLING KEYS WITH NON-SHRINK MORTAR AND PLACING DOWELS. : CROWN JOlNT DETA'L
. u A N.T. 8. 4. CURBS SHALL BE CAST-IN-PLACE AFTER BEAMS ARE ERECTED. N.T.s.

AT THE CONTRACTOR'S OPTION, A BEVELED SECTION OF JOINT
FILLER MAY BE USED IN PLACE OF NON-SHRINK MORTAR FOR
THE AREA 6" BELOW THE TOP OF THE BEAM. NON-SHRINK

MORTAR WILL BE REQUIRED FOR THE TOP 6".
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g FT-IN | LBS. [STRRTGHTTBENT | IN. | | - | - ' | s G O
i | L 0o @f.
. L P >
| SUPERSTRUCTURE - TAXIWAY 52 S
'BCO401 | 88 | 4 2-4 137 X CURB . S 070 c)s
'BCO6Ol | 4|6 | 41-6 249 X CURB -,; - - < e
BLO401 | 138 | 4 41-8 | 3,841 X | - | - N R E
"BSOGOL | 920 | 6 7-0 | 9,673 X 3-3/4 i , " D o2 P
'BS0602 | 920 | 6 6-11 | 9,558 X 4-1/2 ‘ so” G o< £ >
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"BS0604 | 920 | 6 3-7 | 4,952 X ; | | - | C o cle %
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: o i) Z
SUPERSTRUCTURE TOTAL | 38,935 | I 0 2 o |«
‘z \ . . | I w<)g |z
Q 2 >
) : <. ~ -
 SUBSTRUCTURE - ABUTMENTS 1 & 2 - TAXIWAY
AFO401 | 78| 4 | 356 | 1,80 | X S - — 1 | |
"AF0402 | 184 | 4 5-6 676 X | z.g" "
AF0601 | 192 | 6 5-6 | 1,586 X .- — -— |
AT - PR L I o0s0s A 0s0m
AWO401 | 58 | 4 4-3 165 X WING BSO0O605 A 80401 - - AWO0402
“AW0402 | 16 | 4 4-11 53 X 3 WING |
AWO404 | 42| 4 4-7 129 X 3 WING
AW0405 | 10| 4 7-11 53 X 3 WING @
"AWO406 | 10| 4 6-5 43 X 3 WING Z
‘AWO0407 | 10| 4 7-1 47 X 3 WING o
AWO408 | 10| 4 6-7 44 X 3 WING 2
"AWOB0L | 2] 6 7-10 24 X 4172 |[WING i
AWO602 | 2| 6 6-4 19 X 4-1/2 |WING
(AW0603 | 2| 6 4-6 14 X | WING
AWOG04 | 2| 6 2-6 8 X WING , | ,
_AM0605 2| 6 7-0 21 X 4-1/2 |WING | o 1
AS0606 | 2| 6 6-7 20 X 4-1/2  |WING
"AW0607 | 2| 6 3-6 11 X WING I
| su?muc‘ruks r?m : 5,919
| T . o =
NOTES: . ‘ . 0 <M <
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Abutment Check

This section will cover 3 di erent design checks:

Strip Footing Bearing Load Check
Dowel Connection Check

Bearing Pad Check

GENERAL NOTES see 'KEYWAY DETAIL!
DESIGN SPECIFICATIONS:  AASHTO STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, TYPE e
1977, INCLUDING INTERIM SPECIFICATIONS, 1978, 1979,  ° TQL-‘.}& — &, Cb rmoss
1980, 1981 & 1962. 3, '-a'.L" - .
LOADING: 737-200 AIRCRAFT LOADING. TOTAL GROSS LOAD 108,000 - | £ "N TR ) A i
POUNDS - DUAL GEAR, 48,500 POUNDS EACH. T, ., W !
J ' L]
CONCRETE: CONCRETE IN PRESTRESSED MEMBERS - f'c = 5000 PSI. vty -1 QL. ,
CONCRETE IN SUBSTRUCTIRE - f'c = 3000 PSI. —msoosd ‘
e = 1= ] -
REINFORCING STEEL: REINFORCING STEEL SHALL CONFORM TO ASTM A-615, a5 E =
GRADE 60. ALL REINFORCING BAR DIMENSIONS ON THE AR [
DETAILED DRAWINGS ARE TO CENTERS OF BARS EXCEPT s T O
WHERE OTHERWISE NOTED. e N
FOUNDATIONS: FOOTINGS FOR ABUTMENTS SHALL REST ON FIRM MATERIAL. o
BEARING CAPACITY OF FOUNDATION SHALL BE 3500 PSF. s
CHAMFER: ALL EXPOSED CORNERS OF CONCRETE SHALL BE CHAMFERED Al
WITH 3/4" x 3/4" MILLED CHAMFER STRIPS. =
1 /
Site Geometry - R
'lbgog,ﬁg - PLACE ON TOF OF
LOWER RO OF /S STRANDS
Bridge Span (box beam Lypan =40 ft+8 in a'-o"
T — TYPICAL SECTION —
) . : SCALE: 1% 1°-0"
Filland Pavement Height hyri=2.01 ft (INTERIOR BEAM SHOWN)
NOTES!
L MaUTaM 2 cLR. UNLESS
W WUOTED OTHERYYISE,
-0 e i .
Box Beam Width bpox =4 ft i e %«EE&‘%‘%&E&%
i 3. PLacE %' UT FILLER BETWEEL
ALL INTERGECTING FACES OF
g“Lg' CAST- IlJ-PLACE COMCRETE &
REWNFOMCED EARTH WaLL
r | -—] ULESS NOTED OTHERWISE,
. . . - i T £ SHEETS
Box Beam Height hpox:=2 ft+9 in . —— S onsn 7 a Zﬁf‘:ﬁﬁ%‘.ﬂ?ﬁ?
B I AS | ™ - smmrmea swenow
AFoaz2 E ' / Asods4=——"~ Ll
b Amdﬂi—-—"\\ ‘ 0 _— S PP
Box Beam Area (cross Apox =766 in e ———ewon
sectional area) T we =1 | horoE cur coma
A . ,.:*535"?"—\ . 4! cone. sLaB
ENEE | S = oo we

Footing Thickness

Footing Width

Max Stem Height

Stem Height

at Edge of Runway

Average Stem Height

hfooting:: 2ft+6in

bfooring =6 ft

Agtommay = 171.61 ft —

Atommin :=170.95 ft —

{
| i |
: I REIFORCED
3ch B rRLLER EARTH WALL
w/ JT. SEALANT [
AT TOR B

—2TyYPICAL SECTION——

SCALE:1/2%1"'-0"

168.17 ft — Nyyoqng = 11.28 in

168.17 ft — hyooing = 3.36 in

hstemavg:: mean (hstemmaxa hstemmin) =7.32n
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Stem Width btem =18 in
. A dps .
Clear Cover of Footing CCpor:=3 In Apot = Ntooting = | CChor + ) =26.625in
CCropi=2 in Grop = Nrooting — (CCrop+ 1.5 Ulys) =26.875 in
Soil Height on Footing hsoii:=176.41 ft — 168.17 ft — hy,o4ipg=5.74 ft
Dead Load
Specific Weight of Concrete y,:=150 pcf Conservatively assumed heaviest material (i.e., concrete) for
(and Fill) overburden dead weight
Live Load

Snippet below is from B737 aircraft specification sheets.

7.3 MAXIMUM PAVEMENT LOADS

7.3.1 Maximum Pavement Loads: All Models

Ve = MAXIMUM VERTICAL NOSE GEAR GROUND LOAD AT MOST FORWARD CENTER
OF GRAVITY

Vue = MAXIMUM VERTICAL MAIN GEAR GROUND LOAD AT MOST AFT CENTER OF
GRAVITY

H = MAXIMUM HORIZONTAL GROUND LOAD FROM BRAKING

NOTE: ALL LOADS CALCULATED USING AIRPLANE MAXIMUM DESIGN TAXI WEIGHT

- /I ———e
@ 0000000000000 O n::B Bunnj: 000CCo0000 r =
] —— )
O r .

B @gﬁi:,__l:l_f
& - — ©)
- 1
H
l Vs ' Ve
= Vi i H PER STRUT
<. g
b= =
W E % S5<u = ]
23 | o | 85| 84 |ron |BoE| 28| 8o
38 |5 | @8 | 55 |ez8d 3% | 528 | _223
] El < EXpg -0 EE?_, (n—éu
: S | g |EEteEzk| D2y “Eg
== o @
§ < b =0 a7 Iy
& 3 4
o LB | 177.500 | 18918 | 30637 | s28es | 27586 | 66203
KG | 80512 | 8581 | 13897 | 37567 | 12504 | 30,070
7ara/ LB | 182,700 | 15804 | 26282 | 85258 | 28,373 | 68,206
8-200 /
BBJMAx S | KG | 82871 | 7.209 | 11921 | 3se72 | 12870 | 30938
7379/ LB | 195200 | 15514 | 25630 | 91868 | 30315 | 73494
BBJMAXS | kG | 88541 | 7037 | 11830 | 41671 | 13751 | 33336
S LB | 198400 | 13613 | 23251 | 93679 | 30812 | 74944
* KG | 89,992 | 6175 | 10546 | 42492 | 13976 | 33994
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Allthe following calculations are relative to the sketch below for dimensions and distance

NOTESL Pla ne Welght WmaX_DF = 56429 klp
ASSUMED TO BE (0", ’ w3 R - ¢
TO BE CONSERVATIVE' 2 rusce S Distribution Factor DF:=0.35
Gear Loading Pstrut pF = Winax pr* 0.475 « DF =93.813 kip
Per Strut

Bearing Check

Bearing Capacity G,y :=4000 psf
Per General Notes

Bearing Pad Geometry

Bearing Pad Width bp, =6 in

= som A:IUTMEMT SeEeET o
TIoH OF BPREAD
-c'crr NG c. G L DETAILS.

Bearing Pad Length lpp:=12 in

SOALE: 1/2%=1°-0°

Bearing Area

Distribution Length - We've conservatively assumed 45 deg distribution within the concrete box beam down to
footing elevation

BOX GIRDER
BEARING

FOOTING

PAD
N\

4#-BEARING LENGTH o’

h stemavg +h footing

Ly = Doy — 2+ 2 in+2 =9.887 ft
i tan (45 °)
2
Abearing = bfooting' l4y=159.32 ft
h + Py
Length for Single Bearing ly,onepaqi=12 in+2 " " M — 795 1t

Pad tan (45 °)

Abearingonepad = bfooring * Idwonepad =43.32 ft
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Loads below are divided by two to distribute total load between two abutments on either end

L
Weight of Pavementand Fill - W=y +hye - =6.131 kif
Above per foot
. Lspan
Box Beam Weight Whox := Ve * Apox * =4.056 kif
per foot box
Footing Weight Wsw=Vc* (bfooting * hfooting+ bstem* hstemavg> =2.387 klif

<bfooting - bstem>

Soil on Footing Weight Wit =Vc « hsoy =1.937 klif
2
Wor+ Wpox + Wepy+ Wsoyy P
Bearing Pressure Qstrur = prrT Thox TSI Tsoll | T SIWLDE _ 3999 99 psf
bfooting Abearing
qstrut:1 <1.0 0K

qau
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Strength Check Strength of Foundation not Controlling
NOTES!
. ManTaid 2" cLR. UNLESS
o WOTED OTHERYYISE,
<2 —i 2 PLACE 4' cone, sLABAS
BRG. S00M AS POSSIBLE AFTER
o T alol PLACIKG SPREAD F'OOTiLJ.&',
i 3 pLACE 34" UT FILLER BETWEEW
ALL IUTERSECTING FACES OF
2| 2 CAST- Il-PLACE COMCRETE €
T REINECORCED EARTH WALL
| UNLESS NOTED OTHERWISE,
|
: 4. SEE ABUTMENT 2 SHEETS
ASODGS2 coMST, JT FOR SILICOME JOINT
i N etne SEALAMNT DETAILS,
) [ ] ”5045; CONT. KEY o ape TvPICAL SECTION
T R gt SHEET FOR BEARING
AFO452 { | [/ as04s4 PERS.
) 455
'“FC"‘!":\\ | i sLopE T | 8"
sk S
s ML j“"l_ "'Lfegi , SO -cLP COPING ) . [ (Brctrg Ber 2
] . P
- R AFOGS! : L4 coue. sLaB
S rﬁ,—AFoq-Ew _\ il . Z d...—_‘[_
o O B sV
ELMoGirl Lo = e B RENFORCEDR Dicasy 10"
2cl W rRiLLER EARTH WALL
wf JT. DEALAMT -
AT TOP
J+.
— 2L 1YPICAL SECTION—— a. a2
SCALE:1/2%=1'-0" |
Distribution Factor DF=0.35
Max Strut Loading Pyt prm #=5000 Kip + 0.475 - DF =831.25 kip
(based on moment and
shear capacity) Pyt pry = 5000 Kip - 0.475 - DF = 831.25 kip
. . W+ Wpox + Wsyy + Wi Psirut pFm
Ultimate Soil Pressure gumi=125 7P 4135 MM —21.041 kst
Strength Il bfooting Abearing
W+ Wpoy + Wy + Wi Pgirut DEV
qui=125 PP Mt y1.35 PV —21.041 ksf
bfooting Abearing

Moment Demand
for 1 ft section

My:=qum-1 ft-

Shear Demand
for 1 ft section

My =quy-1ft.

bfooting— 18 in bfooting_ 18 in

bfooting_ 18 in bfooting_ 18 in

4

Biooting — 18 in
V, =Gy 1 ft- ( footing L dbor) =0.686 kip
2

2 4

=55.537 kip - ft

=55.537 kip - ft
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Concrete Propnerties

Initial Concrate Strength f'.;+==4000 psi
28-Day Concrete Strength f'.:=5000 psi
Concrete Specific Weight w, :=145 pcf

(Table: 3.5.1-1)
WCDL :=: 150 pl:f

Correction Factor K.:=1

1

Modulus of Elasticity
(Eg.5.4.2.4-1)

2 1 0.33

We fci . .

E.;:=120000 K+ ksi=3986.548 ksi
1000 pcf ksi

w 2 le 0.33
E.:=120000 K, « ] i ksi=-4291.186 ksi
1000 pcf ksi

Stress Block Factors (5.6.2.2)

a, (\x, =1lif x<10 ksi
” 0.85
else
I 002 {x 10 ksi) \
|| ma{0.85 - o 7 ,0.75
“ \ 1 Rsi ]
a/:=a, () =0.85
B, (\x/ =\l if x<4 ksi
I n.85
Il
else
[ 005 (x4 ksi) \
||max|0.85 - \ / ,0.65]
! 1 L
|| \ 4L NOI /
By:=P,(f)=0.8
Ultimate Compressive Strain Eq4+=0.003
Steel Reinforcement, Grade 60
Modulus of Elasticity f,:=60 ksi
Yield Strength E,:=29000 ksi
(1
Yield Strain €,:=min ,0.002 (=0.002

\& )
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Reinforcement Detailing Check

AASHTO 12.14 is related to Precast Reinforced Concrete Three-Sided Structures. This section may not be the most
applicable to the bridge we are analyzing, but let's use it as a baseline,

Justifications:
- Bridge is 3-sided
- precast box girders

Per12.14.5.8:

Minimum Reinforcement Asminshort i=0.002« 1 ft « hyyopine = 0.72 in’
Short Direction, per ft

Provided in Drawings Asprovshort 3= Apg + Aps = 0.64 in’ A <A

sminsho sprovshort — 0

Minimum Reinforcement Asmintong = 0-002 * By,o1ing * Progting = 4.32 in’
Long Direction, per ft

<A

. . . . 2
Provided in Drawings Aspm,,,o,,g:: 12 Apy=24in Asm,n,ong_ sproviong = 0

Provided Reinforcement not meeting the minimum.
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Moment Cabpacitv

Reinforcement Gecometry, Assuming spacing for top and bottom reinforcementis @1'-0" O.C.

Top Reinforcemeant A=A,
Battom Reinforcement Apori=Aps
Assuming:

Bottom Reinforcement Yielding
Top Reinfcrcement Yielding, on Tension Side:

No PT
Aof A f =a, .t «B,+bC Fan.5.6.3.1.1-4
As 1= Abo.‘ A'S b — Atop b:=1ft
f.:=f, fl..=f.
3 52 3 y
Agefg—A T c 0.003
cu= © ° % %-0.353 in < =1 (5.6.2.1-1)
a;f'.+Byeb dpo: 0.003+¢,,
Checlks Feinforcement Assurnpt on c>d,, =0
- Correct Assumptions
c> hfooting_dtop:O
dpot—C Ntooting— Aion) — C
Check steelyielding assumptions Espot = o «£,,=0.223 E'stop = < foothe mp> +£,,=0.024
- Correct Assumptions ¢ ¢
Eshor > Ey=1 E'siop>€y=1
B;-c oo B;-cC .
M :=Agefse (dbot_ 5 +Afe <hfooting_ dtop) = 5 =61.248 kip - ft
o () =|lif e< g, P:=0 (Ssbor> =1
0.75

else if £<0.005
e—¢
0.7540.25 (e-5)
0.005—¢,
else

1

M
OM, = ¢ « M, =61.248 kip -t ¢ =0.907
oM,


https://D01.24004.00

D01.24004.00 Manassas Bridge Assessments
Shear Capacity

d,:=max (0.9 - dyor, 0.72 hyy,) =23.963 in

b,:==1ft
A

Area of Concrete A= oo Figure B5.2-1 shows half of cross-section to be considered
on Flexural Tension Side 2 as concrete on the flexural tension side
No Transverse Reinforcement,
none required per 5.7.2.3

¢,:=0.9

Ag:= Asprovshort

B Determination

M,J:= max (M, V, - d,) = 55.537 kip - ft

V,=0.686 kip
u . VU
V= =0.003 ksi o= 0.001
¢v'bv' v fc
Iteration 1

MLI
+0.5V,
d

ggi= \ & ) ~0.001

2 E,+ A,
6:=(29+3500 ;) °=31.655 ° Eq.5.7.3.4.2-3 Bperore =0
Iteration 2

M
( Y405 V,-cot (6)1
\ dv )
= =0.001

2 E,- A,

60— ebefore
6:= (29+3500 ;) °=31.675 ° = 0.001 Bperord =0
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Iteration 3

M
( d” +0.5 V,-cot (6)1
ed:= J =0.001

g:=(29+3500 &) °=31.675 °

1= 48 =3.051
14750 ¢,
f
Concrete Shear Capacity V,.:=0.0316.53-
Total Capacity OVieng =0, V. =55.795 kip

End of Iterations

Eq.5.7.3.4.2-1,
for meeting minimum shear reinforcement

_ ksi-b,-d,=61.994 kip

=0.012
¢Vnend
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Dowel Check

At the one end the box beam is free but on the other end it is fixed to the
abutment with a 1-1/2" steel down shown in the sketch here. We need to check
the capacity of this dowel to withstand braking forces from the aircraft

Dowel Properties
Dowel Diameter Ayower:=1.5 in

Yield Stress (Assumed) @:: 60 ksi

d 3
Plastic Section Z:= "' _0.563 in°
6
med 3
Elastic Section S:= ' _0331in°

32
B):=1 ¢ni=1

n
Shear Capacity per AISC ¢V,:=0,-0.6f, . « Oyowe. =63.617 kip

Moment Capacity per AISC M,):= @, - min (f,-Z,1.6 f,+ S) =2.651 kip - ft

Passive Pressure

(-]

"-|q. =ma.
a'a HOLE CAST i DEAWM
DOWEL
i
L HOLES WiITH g
L B AT, i ]

armamnens d sl gL piat {
AT EXmALSION £ s o \
et UT FLLEm ! ]

‘r ’i‘-l_- DAL MOLE FOR DOWEL.
ARTER FLAC NG DEAM.
GROUT DOWE

i (T SO
I T = SR

= i MDA AR,
i oL DA

oY S
CORF OF EQUAL.

SCALE: 1/2%1-0"

Consideration of the passive pressure from soil will allow for increase in dowel capacity.

psf

Passive Pressure Qpass =300 .
t

From Geotechnical Report

Passive Force Vyassive := 0.5 Gpass * (Mor+ Mpox) > + oy =13.595 Kkip

Factored Passive Force 0.9V passive = Vpassive * 0.9 = 12.235 kip

Table 3.4.1-2—Load Factors for Permanent Loads, 7,

A — Type of Load, Foundation Type, and Lo Factor
= FOOTING Method Used 1o Caleulste Downdrag Maximum Minimum
F * ¥ . I Component and Attachments 1.25 0,90
D Strength TV only |50 1,90
DIy Downdrag | Piles, @ Tomlinson Method 140 015
Piles. & Method 105 0.30
demand passive forc Drilled shafis, 0"Neill and Reese (2010) Method 1.25 0.35
DW: Wearing Surfaces and Utilitics 1.50 .65
j EH: Horizontal Earth Pressure
*  Active 1.50 0.90
BOX BEAM s AtRest 135 0.90
* _ AEP for anchored walls 1.35 N/A
EL: Locked-in Construction Siresses 1,000 (K0
EV: Vertical Earth Pressure
= Overall Stability 100 WA
®  Retaining Walls and Abubments 135 1.0
*  Rigid Buried Structure 130 0.90
*  Rigid Frames 1.35 0.9
#  Flexible Buried Structures
Metal Box Culverts, Structural Plate Culverts with Deep Corrugations, and 1.50 0.90
WEE WALL Fiberglass Culverts 130 0.90
Thermoplastic Culverts 1.95 0.90
All others
ES: Earth Surcharge 1.50 075
AASHTO LOAD FACTOR TABLE
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Determining the shear demand acting on the existing dowels.

Coe icient of friction U:=0.3

Conservatively, using 16 inches TWE&RW.H,, 5 ement =16 in

as the pavement thickness

Pavement selftweight PavementWeight := TW&RW.H,, emen: * Vo = 200 psf
Friction alculations between

pavement weight and soil Ui=FN —I> N:='u-F

Horizontal resisting force acting N1 :=pu - PavementWeight =60 psf

at bottom of pavement

Shear demand Viemang =60 pSfebpoy e Lsyn=9.76 kip

Final Shear demand V= (Voemana * 1.75) = (10.9V,ps5e) = 4.845 kip

Based on Concrete Breakout Capacity

Breakout capacity was determined using Hilti Profis. See attached Hilti Profis calculation package.

Breakout Capacity OV preakout := 16839 Ibf

V,=4.845 kip < OVrprenkour = 16.839 kip
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Bearing Pad Check

Demands

Values below divided by two because there are two bearing pads per box beam at each end

Airplane Load on Bearing Pad To Be Determined Based on Compressive Service Stress Capacity
W+ Wpey) = D
Dead Load on Bearing Pad PoLop = (Wor W) * Doos =20.373 kip
2
Geometry

Width (perpendicular to tra ic direction) Padyg = lpp =12 in
Length (parallel to tra ic direction) Padiengin:=bp, =6 in
Number of Steel Layers Nsteet tayers =0
Thickness of Exterior Elastomeric Layers Netast exe:=0.5+in
Thickness of Interior Elastomeric Layers Netast ine=0.5+in
Thickness of Steel Plates hg:=0-in
Minimum Shear Modulus of Elastomerer Gpin = 0.200 « ksi

AASHTO Table 14.7.6.2.1
Maximum Shear Modulus of Elastomerer Gpax:=0.300 « ksi

AASHTO Table 14.7.6.2.1
Total Elastomeric Material Thickness Byei=2+ Nogast ext+ (Nsteet tayers — 1) * Netast ine=0-5 in
Total Pad Thickness Npad =N+ Nsteer tayers * Ns = 0.5 in

Bearing Area of Pad Apaq = Palyig * PA gpgn =72 in®
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Compressive Stress Check

pad, ., » pad
Shape factor of the ith elastomeric layer Siext= wipe i =4
2+ hgpast ext* <padwidth + pad!ength)
pad,, » pad
Shape factor of the ith elastomeric layer S inei= i [ere =4
2+ hopast jnt * (padwidth + pad!ength>
Max Compressive Stress Limit for 0s:=min (1.0 Grin* Si ext» 800 psi) =800 psi
PEP (Plain Elastomeric Pad)
AASHTO 14.7.6.3.2
ACI 343R-95 10.5 Ihighspeeq = 0-40
Impact-Live Load
Itouchdown *= 1.00 Iuse = Itouchdown
Os+Apag—P
Maximum Airplane Load on Bearing Pad Ppianebp = il e A =174.257 kip
Based on Max Com i imi ; hpr
pressive Stress Limit for T4ig,-+|1— * ||.0.475-.0.25
PEP 10 ft
ACI 343R-9510.5.2
Airplane Braking Force Vunstantmax *= Ppianebp * 0-375
Compressive Deflection Check
No graph for 70 Durometer, Use 60 Durometer graph to be conservative.
S,_ x =4 Si_‘nt:4
i L 0,:=0,=0.8 ksi
F - At 60 Durometer, Approximately: Epepi=7-1%
i
2 AASHTO 8th Edition 14.7.6.3.3 EcpepLimit:=0.09=0.09

&
PP _0.79 <1, 0K

EcPEPLImIt

i "1 ——

Figure C14.7.6.3.3-1—Stress-strain Curves
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Estimate Bearing Pad Horizontal Deformations

Estimate the axial shortening of girders to check the bearing pads. Exclude elastic shortening from calculations
because this occurred in the precast yard.

Ag=Acp+Agy+ Ay +Agg

PeL Fprehy \l
As = ( Y wcr +Espe Lspan + Etemp * Lspan +
\Ag < E. Grin 'Apad}

Loads:
PS: Post tensioning
CR: Creep
SH: Shrinkage
TU: Uniform Temperature
BR: Braking forces
Uniform Temperature Deformation

Uniform Temperature Change Diemp = (41 = 0) A°F

Table 3.12.3-1, Let's have T1-T3
: 6.0.10°°

Temperature Strain Etemp = 2o *Diemp=0

Deformation Aryi=Eemp * Lspan=0.12 in
Braking Forces Deformation

Vv
Longitudinal Braking Force Fopi= "M = 16.337 kip
4
. . Fgr*hy .
Breaking Force Deformation Aggi= =0.567 in
Gmin * Apad

Creep Deformation (AASHTO 8th Edition 5.4.2.3.2)

Initial Strength f'.j:==4.0 - ksi

28-Day Strength f'd:=5.0 « ksi

Correction Factor Ky=1
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Initial Modulus of Elasticity
(AASHTO Eq. 5.4.2.4-1)

Initial Modulus of Elasticity
(ACI 318)

28-Day Modulus of Elasticity
(AASHTO Eq. 5.4.2.4-1)

28-Day Modulus of Elasticity

(ACI 318)

Girder Area

Girder Width

Volume to Surface Ratio

Assume for Release Age

Assume for Service

kef ksi

1.5 1
.

Eciaci= 33000-( Ve ) \/ “
kcf ksi

Eciuse :=min <EciAASHTO ) EciACl> =3834.254 ksi

y 2 fl' 0.33
E.anstro = 120000 K, ( ¢ ) ( C’) ksi=4266.223 ksi

+ ksi=3834.3 ksi

V 2 fl 0.33
Epastiro = 120000 K, « (kc:f) (ksci) ksi=4592.232 ksi

1.5 1

f
E.pcii=33000 - Vel 4 le
kcf ksi

Ecuse = min (Ecaasiiro > Ecaci) =4286.826 Ksi

+ ksi=4286.8 ksi

. 2
Agirder:: 766 in

byigen :=48 in

A
V.S:= ¢ —150958 in

Byiaen
t:=1 days Critical to Assume Earlier Age
t;:=41.365 days Current Age of Bridge ~ 41 years

V.S
ks::max(1,1.45—0.13-( - )):1
in
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Relative humidity for Manassas, H:=75%
Figure 5.4.2.3.3-1

H
Kyo:=1.56—0.008+  =0.96

1%
5
k,:: =1
fci
1+
ksi
t
kg (8) = p
61—4. ° +t
ksi

—0.118

¢/<T,T/> = 1.9 KgKpc * Ke* ki <t> *l;

Creep Coe icient at Service Y=y <ts , t,-) =1.819

Agsp=0.153 - in’

foui=270 ksi
E ective Forces Foi=30+Aggp+ (0.75+ f,,— 25+ ksi) =814.7 kip
Assume 25 ksi Loss per
PCI Handbook 7th edition 5.7.2
. Fe * Lspan L
Creep Deformation A= «Y.,=0.22in
Agirder' Ecuse

Shrinkage Deformation (AASHTO 8th Edition 5.4.2.3.3)

H
Ky:=2—0.014. =~ =0.95 (EQ.5.4.2.3.3-1)
1%
Shrinkage Strain at Service Esn 1=Ky = Kps + Kye kig (t5) +0.48+207°=0
Shrinkage deformation Agyi=€gpLspan=0.222 in

Total Horizontal Deformation (per pad)

AS = 10 .ACR+ 10 'ASH+ 10 'Aru'l' 10 .ABR: 1129 in
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Shear Deformation Check

For PEP (14.7.6.3.4-1) - >1,NotOK
Without Braking Force
(no plane load), the deformation

check fails.

Rotation Check (14.7.6.3.5)

No Specific Limit for PEP

Stability Check (14.7.6.3.6)

Reinforcement Check (14.7.6.3.7)

Not Applicable to PEP

Bearing pad analysis summary: Max service load for compr ion determin Per calculation rin
in shear deformation. On site inspection, the bearing pads are ok. We will need to closely monitor performance
of the bearing pads.
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Spec Check Report
For Span 1 Girder A
May 22, 2025 11:30:37 am

PGSuper (x64)

Copyright © 2025, WSDOT, All Rights Reserved

Version 8.0.6 - Built on Jul 9 2024

7- Washington State
 / ’ Department of Transportation
l Texas
Department
of Transportation

Project Properties

Bridge Manassas Airport Bridge
Name

Bridge ID

Company |WPM

Engineer |Jeffrey Liu

Job D012400400

Number

Comments

File C:\Users\JeffreyL\Walter P. Moore and Associates\D01-24004-00 HEF Manassas Bridge Assessments -

Documents\General\Diagnostics\2-Design\Analysis\Superstructure\JL Working\DF = 0.35\PGSuper1 - Manassas
Airport - Taxiway Bridge.pgs

Bridge: Manassas Airport Bridge Job: D012400400 5/22/2025



Configuration

Configuration Server: Default libraries installed with PGSuper

Configuration Name: PGSuper.com Community

Configuration Source: C:\PROGRAM FILES\WSDOT\BRIDGELINK\Configurations\WSDOT.lbr
Configuration Date Stamp: March 19, 2024 3:42:28 pm
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Library Entry Source
Girders Manassas Project Library
Traffic Barriers none

Project Library

Project Criteria TxDOT 2020 based on
IAASHTO LRFD Bridge Design Specifications, 9th Edition 2020

Project Library

Vehicular Live Load |[Max Load - Design

Project Library

Load Rating Criteria]MBE 2020 based on
The Manual for Bridge Evaluation, Third Edition 2018, with 2020 interim provisions

Project Library

Haul Trucks Old Haul Truck -0

Project Library

Trans. Reinforcement data for Girder A does not match Girder Library entry Manassas
Long. Reinforcement data for Girder A does not match Girder Library entry Manassas

Analysis Controls

Structural Analysis Method: Simple Span

Section Properties: Gross

Losses: Refined estimate per TxDOT Research Report 0-6374-2

Notes
Symbol Definition

L, Span Length of Girder at Release

L Span Length of Girder during Lifting

Ly Span Length of Girder during Storage

Ly, Span Length of Girder during Hauling

Lo Span Length of Girder after Erection

L Length of Span

Debond Point where bond begins for a debonded strand
PSXFR Point of prestress transfer

FoS Face of Support in final bridge configuration

ST Section Transitions

STLF Section Transitions, Left Face

STRF Section Transitions, Right Face

SDCR Start of Deck Casting Region

EDCR End of Deck Casting Region

Diaphragm Location of a precast or cast in place diaphragm
Bar Cutoff End of a reinforcing bar in the girder

Deck Bar Cutoff|]End of a reinforcing bar in the deck

CS Critical Section for Shear

SZB Stirrup Zone Boundary

H H from end of girder or face of support

1.5H 1.5H from end of girder or face of support

HP Harp Point

Pick Point Support point where girder is lifted from form
Bunk Point Point where girder is supported during transportation
Status ltems

Level Description

Information|Live Load Distribution Factors were User-Input.

Bridge: Manassas Airport Bridge Job: D012400400

5/22/2025
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Level Description

Warning |Span 1, Girder A: Either the Jacking stress is not equal to 0.75Fpu, or Debonded strands are present, or
Temporary strands are present, or the girder is Not Prismatic. Therefore, for the calculation of elastic shortening;

an iterative solution was used to find Fcgp after release rather than assuming 0.7*Fpu per the TxDOT design
manual.

Bridge: Manassas Airport Bridge Job: D012400400 5/22/2025



Specification Checks
Specification: TxDOT 2020

Stress Limitations on Prestressing Tendons [5.9.2.2]
Strand Stresses

Loss Stage Stress Straight Adjustable Straight
Limit [ strand |Status| Strand | Status
(KS) | stress | (c/D) | stress | (c/D)
(KSI) (KSI)
At Jacking (f..) 202.500]202.500] Pass| 0.000 Pass
pj
(1.00) (o0)
After All Losses and Elastic Gains|194.400]173.230] Pass 0.000 Pass
including Live Load (fpe) (1.12) (o)
Required Minimum Concrete Strengths
Required f'; = 2.364 KSI = 2.400 KSI
Provided f',; = 4.000 KSI
Required f', = 2.988 KSI = 3.000 KSI
Provided f', = 5.000 KSI
Interval 2: Prestress Release : Service | Compression
For Temporary Stresses before Losses (LRFD 5.9.2.3.1)
Compression Stresses (LRFD 5.9.2.3.1a)
f'j=4.000 KSI
Compression stress limit = -0.65f ; = -2.600 KS|
Concrete strength required to satisfy this requirement = 2.364 KSI
Location from Location from |Pre-tension| Service | Demand |[Precompressed|Status
Left Support End of Girder Tensile Zone | (C/D)
ft ft
(ft) (ft) flf | f [f | f |f [Top|Bottom
(KSI)| (KSI) | (KSI) [(KSI)] (KSI) | (KSI)
(STRF) -0.750| (STRF, 0.0L,) 0.0000.000f 0.000] 0.000{0.000] 0.000| 0.000f No Yes| Pass
(=)
(STLF) 0.750 (STLF) 1.500]0.166|-0.623}-0.034]0.034| 0.133]-0.590f No Yes| Pass
(4.41)
(STRF) 0.750 (STRF) 1.500(0.034-0.963|-0.043]0.043]-0.009[-0.920f No Yes| Pass
(2.83)
(PSXFR) 1.750 (PSXFR) 2.500{0.057]-1.606|-0.069]0.069[-0.012]-1.536] No Yes| Pass
(1.69)
3.317 (0.1L,) 4.067]0.057-1.607]-0.107|0.107|-0.050|-1.500f  No Yes| Pass
(1.73)
7.383 (0.2L,) 8.133]0.057]-1.609]-0.189]0.189]-0.131]-1.421}  No Yes| Pass
(1.83)
11.450 (0.3L,) 12.200]0.057]-1.611]-0.247]0.247]-0.190[-1.364| No Yes| Pass
(1.91)
15.517 (0.4L,) 16.267]0.057]-1.613]-0.282]0.282]-0.225]-1.330| No Yes| Pass
(1.95)
(0.5L) 19.583 (0.5L,) 20.333]0.057|-1.613|-0.2940.294|-0.236|-1.319]  No Yes| Pass
(1.97)
23.650 (0.6L,) 24.400]0.057]-1.613]-0.282]0.282|-0.225]-1.330| No Yes| Pass
(1.95)
27.717 (0.7L,) 28.467]0.057]-1.611]-0.247]0.247]-0.190[-1.364| No Yes| Pass
(1.91)
31.783 (0.8L,) 32.533]0.057]-1.609]-0.189]0.189[-0.131]-1.421|  No Yes| Pass
(1.83)
35.850 (0.9L,) 36.600]0.057|-1.607|-0.1070.107|-0.050|-1.500f  No Yes| Pass
(1.73)
(PSXFR) 37.417 (PSXFR) 38.167]0.057]-1.606]-0.069]0.069|-0.012}-1.536] No Yes| Pass
(1.69)

Bridge: Manassas Airport Bridge

Job: D012400400

Page 4 of 15
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Location from Location from |Pre-tension| Service | Demand [Precompressed|Status
Left Support End of Girder Tensile Zone | (C/D)
(ft) (ft) f | f | f [f | f, | f, [Top| Bottom
(KSI)| (KSI) | (KSI) |(KSI)] (KSI) | (KSI)

(STLF) 38.417 (STLF) 39.167]0.034]-0.963]-0.043]0.043]-0.009|-0.920f No Yes| Pass
(2.83)

(STRF) 38.417 (STRF) 39.167]0.166]-0.623|-0.034]0.034| 0.133}-0.590f No Yes| Pass
(4.41)

(STLF) 39.917|(STLF, 1.0L,) 40.667|0.000| 0.000| 0.000{0.000| 0.000| 0.000| No Yes| Pass
(=)

Interval 2: Prestress Release : Service | Tension

For Temporary Stresses before Losses (LRFD 5.9.2.3.1)
Tension Stresses (LRFD 5.9.2.3.1b)

;= 4.000 KSI

Tension stress limit in precompressed tensile zone without bounded reinforcement = N/A
Tension stress limit in areas other than the precompressed tensile zone and without bonded reinforcement = 0.2400%\/?’01. =

0.480 KSI

Tension stress limit in areas with sufficient bonded reinforcement = 0.240070/?’01. =0.480 KSI
Concrete strength required to satisfy this requirement = 0.305 KSI

Page 5 of 15

Location from Location from |Pre-tension| Service | Demand |[Tension Limit|Precompressed|Status|
Left Support End of Girder Tensile Zone | (C/D)
(ft) (ft) fy fy fy fy fy f, | Top |Bottom| Top | Bottom
(ksn| ks | (ks (ks (ksi) | (ksi) [ (KSD| (KSI)

(STRF) -0.750| (STRF, 0.0L,) 0.000{0.000] 0.000| 0.000{0.000] 0.000| 0.000{0.480 -l No Yes| Pass
©
(STLF) 0.750 (STLF) 1.500]0.166]-0.623-0.034]0.034] 0.133]-0.590(0.480 -l No Yes 5%828)
(STRF) 0.750 (STRF) 1.500]0.034}-0.963]-0.043]0.043}-0.009]-0.920(0.480 -1 No Yes (P.ass)
(PSXFR) 1.750 (PSXFR) 2.500]0.057|-1.606}-0.069]0.069]-0.012]-1.536{0.480 -1 No Yes Pa(s-s)
3.317 (0.1L,) 4.067]0.057}-1.607]-0.107]0.107]-0.050}-1.500{0.480 -] No Yes Pai,-s)
7.383 (0.2L,) 8.133]0.057]-1.609]-0.189]0.189]-0.131|-1.421/0.480 -1 No Yes Pa(s_s)
11.450 (0.3L,) 12.200]0.057|-1.611]-0.247]0.247]-0.190|-1.3640.480 -1 No Yes Pai-s)
15.517 (0.4L,) 16.267]0.057|-1.613]-0.282|0.282]-0.225|-1.330{0.480 -1 No Yes Pa(s-s)
(0.5L) 19.583 (0.5L,) 20.333|0.057|-1.613|-0.294]0.294|-0.236-1.319]0.480 -1 No Yes Pags)
23.650 (0.6L,) 24.400]0.057|-1.613|-0.282]0.282|-0.225-1.330} 0.480 -1 No Yes Pa(s-s)
27.717 (0.7L,) 28.467]0.057|-1.611]-0.247]0.247]-0.190|-1.3640.480 -1 No Yes Pai-s)
31.783 (0.8L,) 32.533]0.057|-1.609[-0.189]0.189]-0.131}-1.4210.480 -1 No Yes Pa(s-s)
35.850 (0.9L,) 36.600]0.057}-1.607]-0.107]0.107]-0.050}-1.500{0.480 -1 No Yes Pai-s)
(PSXFR) 37.417 (PSXFR) 38.167]0.057]-1.606]-0.069]0.069}-0.012]-1.536{0.480 -] No Yes Pa(s-s)
(STLF) 38.417 (STLF) 39.167]0.034}-0.963]-0.043]0.043}-0.009}-0.920(0.480 -1 No Yes Pai-s)
(STRF) 38.417 (STRF) 39.167]0.166]-0.623]-0.034]|0.034] 0.133}-0.590|0.480 -1 No Yes ?I’D%(sz-s)
(STLF) 39.917|(STLF, 1.0L,) 40.667]0.000] 0.000| 0.000]0.000| 0.000] 0.000{0.480 -1 No Yes (P.ass)
(=)

Bridge: Manassas Airport Bridge Job: D012400400 5/22/2025
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Interval 10: Install composite overlay, Apply User Defined Loads : Service | Compression

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Compression Stresses (LRFD 5.9.2.3.2a)

f=5.000 KSI

Compression stress limit = -0.6f, = -3.000 KSI
Concrete strength required to satisfy this requirement = 2.126 KSI

Location from |Pre-tension| Service | Demand |Precompressed|Status

Left Support Tensile Zone | (C/D)
(ft) folf | f |f | f | f, |Top| Bottom

(KSI)| (KSI) | (KSI) | (KSI)| (KSI) | (KSI)

(0.0L) 0.000]0.075|-0.280] 0.000|0.000] 0.075}-0.280] No Yes| Pass

(10+)

(STLF) 0.750]0.150}-0.561]-0.045]0.045] 0.104]-0.516] No Yes| Pass

(5.82)

(STRF) 0.750]0.030[-0.842|-0.058|0.058|-0.028]-0.784] No Yes| Pass

(3.83)

(PSXFR) 1.750]0.050}-1.407]-0.131]0.131]-0.081]-1.276] No Yes| Pass

(2.35)

(0.1L5) 3.917]0.050|-1.413]-0.2760.276]-0.226-1.137] No Yes| Pass

(2.64)

(0.2L,) 7.833|0.051]-1.423]-0.490]0.490]-0.440]-0.933] No Yes| Pass

(3.22)

(0.3L,) 11.750]0.051]-1.430]-0.643]0.643]|-0.592]-0.786] No Yes| Pass

(3.82)

(0.4L) 15.667]0.051|-1.434]-0.735|0.735|-0.684-0.699]  No Yes| Pass

(4.29)

(0.5L) 19.583]0.051|-1.435]-0.7660.766|-0.715[-0.669] No Yes| Pass

(4.20)

(0.6L,) 23.500]0.051]-1.434]-0.735]0.735]-0.684]-0.699] No Yes| Pass

(4.29)

(0.7L,) 27.417]0.051]-1.430]-0.643]0.643]|-0.592]-0.786] No Yes| Pass

(3.82)

(0.8L,) 31.333|0.051]-1.423]-0.490]0.490[-0.440]-0.933] No Yes| Pass

(3.22)

(0.9L,) 35.250]0.050|-1.413]-0.276|0.276|-0.226-1.137] No Yes| Pass

(2.64)

(PSXFR) 37.417]0.050]-1.407]-0.131]0.131}-0.081]-1.276] No Yes| Pass

(2.35)

(STLF) 38.417]0.030[-0.842|-0.058]0.058|-0.028]-0.784] No Yes| Pass

(3.83)

(STRF) 38.417]0.150]-0.561|-0.045]0.045| 0.104]-0.516] No Yes| Pass

(5.82)

(1.0L,) 39.167]0.075|-0.280] 0.000|0.000] 0.075[-0.280] No Yes| Pass

(10+)

Interval 10: Install composite overlay, Apply User Defined Loads : Service | Tension

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Tension Stresses (LRFD 5.9.2.3.2b)

f',=5.000 KSI

Tension stress limit for components with bonded prestressing tendons that are subjected to not worse than moderate corrosion
conditions = 0-24007‘\/7"0 =0.537 KSI

Location from
Left Support
(ft)

Pre-tension

Service |

Demand

Tension Limit|P

recompressed
Tensile Zone

ft fb
(ks (ks

ft fb
(KsI) | (KsI)

ft fb
(Ks) | (ks1)

Top |Bottom
(KSI)| (KSI)

Top

Bottom

Status
(C/D)

(0.0L,) 0.000

0.075]-0.280

0.000]0.000

0.075]-0.280

-| 0.537

No Yes

Pass

)

Bridge: Manassas Airport Bridge

Job: D012400400

5/22/2025
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Location from |Pre-tension| Service | Demand |Tension Limit|Precompressed|Status
Left Support Tensile Zone | (C/D)
(ft) fy fy f; fy f; f, | Top |Bottom| Top | Bottom
(ksn| (ks | (ks |(ksh)| (ks | (ks1) |(KSD| (KSI)
(STLF) 0.750]0.150|-0.561]-0.045]0.045] 0.104|-0.516 -l 05371 No Yes| Pass
(STRF) 0.750[0.030}-0.842]-0.058]0.058|-0.028|-0.784 -| 0.537] No Yes Pa(s-s)
(PSXFR) 1.750]0.050|-1.407]-0.131]0.131]-0.081|-1.276 -] 0.537] No Yes Pa(s_s)
(0.1L,) 3.917]0.050|-1.413|-0.276]0.276|-0.226]-1.137 -] 0.537] No Yes Pa(s_s)
(0.2L,) 7.833]0.051]-1.423]-0.490]0.490]-0.440]-0.933 -] 0.537] No Yes Pa(s-s)
(0.3L) 11.750]0.051|-1.430]-0.643|0.643|-0.592|-0.786 -l 05371 No Yes Pa(s-s)
(0.4L,) 15.667|0.051]-1.434|-0.735|0.735|-0.684|-0.699 -] 0.537] No Yes Pa(s_s)
(0.5L,) 19.583]0.051]-1.435]-0.766]0.766]-0.715]-0.669 -] 0.537] No Yes Pa(s_s)
(0.6L) 23.500]0.051]-1.434]-0.735{0.735|-0.684|-0.699 -] 0.537] No Yes Pa(s-s)
(0.7L) 27.417]0.051]-1.430}-0.643]0.643|-0.592]-0.786 -l 0.537] No Yes Pa(s-s)
(0.8L) 31.333]0.051|-1.423]-0.4900.490|-0.440]-0.933 -| 0.537] No Yes Pa(s_s)
(0.9L,) 35.250]0.050[-1.413]-0.276]0.276[-0.226]-1.137 -] 0.537] No Yes Pa(s_s)
(PSXFR) 37.417]0.050|-1.407]-0.131]0.131|-0.081]-1.276 -] 0.537] No Yes Pa(s-s)
(STLF) 38.417]0.030[-0.842|-0.058]0.058]-0.028]-0.784 -l 05371 No Yes Pa(s-s)
(STRF) 38.417|0.150]-0.561]-0.045]|0.045| 0.104|-0.516 -| 0.537] No Yes Pa(s_s)
(1.0L,) 39.167]0.075]-0.280] 0.000]0.000] 0.075}-0.280 -] 0.537] No Yes Pa:s_sz

Page 7 of 15

Interval 15: Open to Traffic, Roadway Geometry Control : Service | Compression without live load

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Compression Stresses (LRFD 5.9.2.3.2a)

.= 5.000 KS|

Compression stress limit = -0.45f', = -2.250 KSI
Concrete strength required to satisfy this requirement = 2.835 KSI

Bridge: Manassas Airport Bridge

Location from |Pre-tension| Service | Demand |Precompressed|Status
Left Support Tensile Zone | (C/D)
(ft) fo [ f | f [f | f | f, [Top| Bottom
(KSI)| (KSI) | (KSI) |(KSI)| (KSI) | (KSI)

(0.0L,) 0.0000.075]-0.280] 0.000]0.000] 0.075|-0.280] No Yes| Pass
(8.04)

(STLF) 0.750]0.150]-0.561]-0.045]0.045| 0.104]-0.516] No Yes| Pass
(4.36)

(STRF) 0.750]0.030}-0.842]-0.058]|0.058]-0.028]-0.784] No Yes| Pass
(2.87)

(PSXFR) 1.750]0.050}-1.407]-0.131]0.131}-0.081]-1.276] No Yes| Pass
(1.76)

(0.1L,) 3.917]0.050]-1.413]-0.276]0.276]-0.226|-1.137] No Yes| Pass
(1.98)

(0.2L,) 7.833|0.051]-1.423]-0.490]0.490[-0.440]-0.933] No Yes| Pass

Job: D012400400

5/22/2025
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Location from |Pre-tension| Service | Demand |Precompressed|Status
Left Support Tensile Zone | (C/D)
(ft) f. [ f | f [f | f | f, [Top[ Bottom
(KSI)| (KSI) | (KSI) |(KSI)| (KSI) | (KSI)

(2.41)

(0.3L,) 11.750]0.051]-1.430]-0.643]0.643|-0.592]-0.786] No Yes| Pass
(2.86)

(0.4L) 15.667]0.051|-1.434]-0.735|0.735|-0.684-0.699]  No Yes| Pass
(3.22)

(0.5L) 19.583]0.051|-1.435[-0.7660.766|-0.715[-0.669] No Yes| Pass
(3.15)

(0.6L,) 23.500/0.051]-1.434]-0.735]0.735]-0.684]-0.699] No Yes| Pass
(3.22)

(0.7L,) 27.417]0.051]-1.430]-0.643]0.643]|-0.592]-0.786] No Yes| Pass
(2.86)

(0.8Lg) 31.3330.051|-1.423]-0.490|0.490|-0.440[-0.933] No Yes| Pass
(2.41)

(0.9L,) 35.250]0.050|-1.413]-0.2760.276|-0.226-1.137] No Yes| Pass
(1.98)

(PSXFR) 37.417]0.050]-1.407]-0.131]0.131}-0.081]-1.276] No Yes| Pass
(1.76)

(STLF) 38.417]0.030[-0.842|-0.058]0.058|-0.028]-0.784] No Yes| Pass
(2.87)

(STRF) 38.417]0.150]-0.561|-0.045]0.045| 0.104]-0.516] No Yes| Pass
(4.36)

(1.0L,) 39.167]0.075|-0.280] 0.000|0.000] 0.075[-0.280f No Yes| Pass
(8.04)

Interval 15: Open to Traffic, Roadway Geometry Control : Service | Compression

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Compression Stresses (LRFD 5.9.2.3.2a)

f',=5.000 KSI

Compression stress limit = -0.6f, = -3.000 KSI
Concrete strength required to satisfy this requirement = 2.988 KSI

Location from |Pre-tension| Service | Demand |Precompressed|Status

Left Support Tensile Zone | (C/D)
(ft) fo | f | f [ f | f, | f, |Top| Bottom

(KSI)| (KSI) | (KSI) | (KSI)| (KSI) | (KSI)

(0.0L) 0.000(0.075|-0.280] 0.000|0.000] 0.075}-0.280] No Yes| Pass

(10+)

(STLF) 0.750]0.150-0.561]-0.108]0.045] 0.041]-0.516] No Yes| Pass

(5.82)

(STRF) 0.750]0.030[-0.842|-0.139]0.058|-0.109]-0.784] No Yes| Pass

(3.83)

(PSXFR) 1.750]0.050}-1.407]-0.315]0.131]-0.265]-1.276] No Yes| Pass

(2.35)

(0.1L5) 3.917]0.050|-1.413]-0.664|0.276]-0.614-1.137] No Yes| Pass

(2.64)

(0.2L,) 7.833|0.051]-1.423|-1.180]0.490[-1.130]-0.933] No Yes| Pass

(2.66)

(0.3L,) 11.750]0.051]-1.430]-1.549]0.643|-1.498|-0.786] No Yes| Pass

(2.00)

(0.4L,) 15.667]0.051]-1.434]-1.770]0.735]-1.719]-0.699] No Yes| Pass

(1.75)

(0.5L) 19.583]0.051|-1.435[-1.844/0.766|-1.793|-0.669] No Yes| Pass

(1.67)

(0.6L) 23.500]0.051|-1.434]-1.770|0.735|-1.719]-0.699]  No Yes| Pass

(1.75)

Bridge: Manassas Airport Bridge

Job: D012400400
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Location from |Pre-tension| Service | Demand |Precompressed|Status
Left Support Tensile Zone | (C/D)
(ft) f. [ f | f [f | f | f, [Top[ Bottom
(KSI)| (KSI) | (KSI) | (KSI)] (KSI) | (KSI)

(0.7L,) 27.417]0.051]-1.430]-1.549]0.643|-1.498|-0.786] No Yes| Pass
(2.00)

(0.8L,) 31.333|0.051]-1.423]-1.180]0.490[-1.130]-0.933] No Yes| Pass
(2.66)

(0.9L,) 35.250/0.050[-1.413]-0.664]0.276]-0.614]-1.137] No Yes| Pass
(2.64)

(PSXFR) 37.417|0.050|-1.407}-0.315]0.131}-0.265|-1.276] No Yes| Pass
(2.35)

(STLF) 38.417]0.030|-0.842|-0.139|0.058]-0.109|-0.784] No Yes| Pass
(3.83)

(STRF) 38.417]0.150|-0.561|-0.108]0.045] 0.041]-0.516] No Yes| Pass
(5.82)

(1.0L,) 39.167]0.075]-0.280] 0.000]0.000] 0.075|-0.280] No Yes| Pass
(10+)

Interval 15: Open to Traffic, Roadway Geometry Control : Service Ill Tension

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Tension Stresses (LRFD 5.9.2.3.2b)

f. = 5.000 KSI

Page 9 of 15

Tension stress limit for components with bonded prestressing tendons that are subjected to not worse than moderate corrosion
conditions = 0.190070/7"C <0.600 KSI = 0.425 KSI

Concrete strength required to satisfy this requirement = 1.173 KSI

Location from |Pre-tension| Service lll Demand |Precompressed|Status
Left Support Tensile Zone | (C/D)
ft
(ft) fo|f | f [ f | f, | f, |Top| Bottom
(KSI)| (KSI) | (KSI) | (KSI)| (KSI) | (KSI)
(0.0L,) 0.000]0.075|-0.280] 0.000]0.000] 0.075|-0.280] No Yes| Pass
)
(STLF) 0.750]0.150-0.561]-0.045]0.096] 0.104]-0.465] No Yes| Pass
()
(STRF) 0.750]0.030[-0.842|-0.058|0.124|-0.028]-0.718] No Yes| Pass
()
(PSXFR) 1.750]0.050}-1.407]-0.131]0.280}-0.081]-1.126] No Yes| Pass
)
(0.1L,) 3.917]0.050]-1.413]-0.276]0.591]-0.226]-0.822] No Yes| Pass
)
(0.2L,) 7.833|0.051]-1.423]-0.490]1.050[-0.440]-0.372] No Yes| Pass
()
(0.3Lg) 11.750]0.051|-1.430[-0.643|1.378|-0.592[-0.051]  No Yes| Pass
()
(0.4L,) 15.667]0.051|-1.434]-0.735|1.575|-0.684 0.142] No Yes| Pass
(3.00)
(0.5L,) 19.583|0.051]-1.435]-0.766]1.641]-0.715] 0.206] No Yes| Pass
(2.06)
(0.6L,) 23.500]0.051]-1.434]-0.735]1.575]-0.684] 0.142] No Yes| Pass
(3.00)
(0.7Lg) 27.417]0.051|-1.430[-0.643|1.378|-0.592[-0.051]  No Yes| Pass
()
(0.8L) 31.3330.051|-1.423]-0.490|1.050|-0.440[-0.372|  No Yes| Pass
)
(0.9L,) 35.250/0.050[-1.413]-0.276]0.591]-0.226]-0.822] No Yes| Pass
()
(PSXFR) 37.417]0.050]-1.407]-0.131]0.280]-0.081]-1.126] No Yes| Pass
©)

Bridge: Manassas Airport Bridge

Job: D012400400
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Left Support
(ft)

Location from

Pre-tension

Service lll

Demand

Precompressed

Tensile Zone

ft fb
(Ksh| (KsI)

ft fb
(KsI) | (KsI)

fe

(KSI)

fb
(KSI)

Top | Bottom

Status
(C/D)

(STLF) 38.417

0.030]-0.842

-0.058|0.124

-0.028

-0.718

No Yes

(STRF) 38.417

0.150]-0.561

-0.045]0.096

0.104

-0.465

No Yes

(1.0L,) 39.167

0.075]-0.280

0.000]0.000

0.075

-0.280

No Yes

Interval 15: Open to Traffic, Roadway Geometry Control : Fatigue | Compression

Stresses at Service Limit State after Losses (LRFD 5.9.2.3.2)
Compression Stresses (LRFD 5.9.2.3.2a)

f = 5.000 KSI

Compression stress limit = -0.4f . = -2.000 KS|I
Concrete strength required to satisfy this requirement = 1.595 KSI

Location from |Pre-tension| Fatigue | Demand |Precompressed|Status

Left Support Tensile Zone | (C/D)
(ft) fo | f | f | f | f, | f, |Top| Bottom

(KSI)] (KSI) | (KSI) | (KSI)| (KSI) | (KSI)

(0.0L,) 0.0000.075]-0.280] 0.000]0.000] 0.037]-0.140] No Yes| Pass

(10+)

(STLF) 0.750]0.150}-0.561}-0.023]0.023] 0.052]-0.258] No Yes| Pass

(7.76)

(STRF) 0.750]0.030[-0.842|-0.029]0.029]-0.014]-0.392] No Yes| Pass

(5.10)

(PSXFR) 1.750]0.050]-1.407]-0.066]0.066]-0.041]-0.638] No Yes| Pass

(3.14)

(0.1L) 3.917]0.050]-1.413|-0.138]0.138-0.113]-0.569] No Yes| Pass

(3.52)

(0.2L,) 7.833|0.051]-1.423]-0.245]0.245]-0.220|-0.466] No Yes| Pass

(4.29)

(0.3L,) 11.750]0.051]-1.430]-0.322]0.322]-0.296]-0.393] No Yes| Pass

(5.09)

(0.4L,) 15.667|0.051]-1.434|-0.367]0.367|-0.342]-0.349] No Yes| Pass

(5.73)

(0.5L) 19.583|0.051|-1.435|-0.383]0.383|-0.357]-0.335| No Yes| Pass

(5.60)

(0.6L,) 23.500]0.051]-1.434]-0.367]0.367]-0.342]-0.349] No Yes| Pass

(5.73)

(0.7L,) 27.417]0.051]-1.430]-0.322]0.322]-0.296]-0.393] No Yes| Pass

(5.09)

(0.8L) 31.3330.051|-1.423|-0.245]0.245|-0.220]-0.466] No Yes| Pass

(4.29)

(0.9L,) 35.250|0.050]-1.413|-0.138]0.138}-0.113]-0.569] No Yes| Pass

(3.52)

(PSXFR) 37.417]0.050]-1.407]-0.066]|0.066]-0.041]-0.638] No Yes| Pass

(3.14)

(STLF) 38.417]0.030[-0.842|-0.029]0.029|-0.014]-0.392] No Yes| Pass

(5.10)

(STRF) 38.417]0.150]-0.561}-0.023]0.023| 0.052]-0.258] No Yes| Pass

(7.76)

(1.0L,) 39.167]0.075|-0.280| 0.000]0.000f 0.037]-0.140] No Yes| Pass

(10+)

Ultimate Moment Capacity
Positive Moment Capacity for Strength | Limit State [5.6]

Bridge: Manassas Airport Bridge

Job: D012400400
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Location from M, oM, [¢M_ Min Status
Left ?#)PPW (kip-ft) | (kip-ft) | (kip-ft) [oM_Min <M _[M, < oM
(oM, /6M_ Min) | (oM /M)
(0.0Lg) 0.000 0.00f 348.77 0.00 Pass Pass
(=) (=)
(0.1Lg) 3.917| 586.51|1273.91] 780.06 Pass Pass
(1.63) (2.17)
(0.2L,) 7.833] 1042.46| 1543.72| 1375.83 Pass Pass
(1.12) (1.48)
(0.3Lg) 11.750] 1368.13] 1628.68| 1379.54 Pass Pass
(1.18) (1.19)
(0.4L,) 15.667] 1563.53] 1628.76| 1381.77 Pass Pass
(1.18) (1.04)
(0.5L) 19.583| 1628.67| 1628.79| 1382.51 Pass Pass
(1.18) (1.00)
(0.6L) 23.500] 1563.53] 1628.76| 1381.77 Pass Pass
(1.18) (1.04)
(0.7Lg) 27.417] 1368.13] 1628.68| 1379.54 Pass Pass
(1.18) (1.19)
(0.8Lg) 31.333| 1042.46] 1543.72| 1375.83 Pass Pass
(1.12) (1.48)
(0.9L,) 35.250| 586.51|1273.91| 780.06 Pass Pass
(1.63) (2.17)
(1.0L,) 39.167 0.00| 348.77 0.00 Pass Pass
(=) (=)

Ultimate Shear Capacity
Ultimate Shears for Strength | Limit State [5.8]

Location from| Stirrups | Stirrups | |V | oV, Status
Left ?ft:)pport Required|Provided| (kip) (kip) |@Vn'Vy)
(CS) 2.318 Yes Yes|153.19]264.25 Pass
(1.72)

(H) 3.000 Yes Yes|149.33|260.93 Pass
(1.75)

(0.1Lg) 3.917 Yes Yes|144.15|257.03 Pass
(1.78)

(1.5H) 4.375 Yes Yes|141.56]|255.24 Pass
(1.80)

(0.2L) 7.833 Yes Yes|122.00}202.30 Pass
(1.66)

(0.3L,) 11.750 Yes Yes| 99.85|154.77 Pass
(1.55)

(0.4L,) 15.667 Yes Yes| 77.70|136.57 Pass
(1.76)

(0.5L) 19.583 Yes Yes| 55.56|134.38 Pass
(2.42)

(0.6L,) 23.500 Yes Yes| 77.70|136.57 Pass
(1.76)

(0.7L,) 27.417 Yes Yes| 99.85|154.77 Pass
(1.55)

(0.8Lg) 31.333 Yes Yes|122.00]|202.30 Pass
(1.66)

(1.5H) 34.792 Yes Yes|141.56]|255.24 Pass
(1.80)

(0.9L,) 35.250 Yes Yes|144.15|257.03 Pass
(1.78)

Bridge: Manassas Airport Bridge Job: D012400400 5/22/2025
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Location from| Stirrups | Stirrups | |V | oV, Status

Left Support |[Required|Provided (kip) | (kip) (V,IV,)

(ft)
(H) 36.167 Yes Yes|149.33]260.93 Pass
(1.75)
(CS) 36.849 Yes Yes|153.19]|264.25 Pass
(1.72)

[LRFD 5.7.3.2] The reaction introduces compression into the end of the girder. Load between the CSS and the support is
transferred directly to the support by compressive arching action without causing additional stresses in the stirrups. Hence, A /S

in this region must be equal or greater than A /S at the critical section.

Longitudinal Reinforcement for Shear Check - Strength | [5.7.3.5]

Acfy+ Apefos = { T e ( X Vo|— ﬂ.51;) catHJ 5.7.3.5-1
2y Pr Pa L
Afe+ Apefoe = (% —~ =05 Ir’;.) cotd 57.352
Apefos > Acfy
Location from Cap:acity Den_1and Equation|Status Apsfps Asfy Status
Left ?ft:)pport (kip) (kip) (C/D) (kip) |(kip)
(FoS) 0.250] 217.24] 156.37| 5.7.3.5-2 '13?3%8 217.24]0.00| Pass
(Bar Develop.) 1.933] 546.94| 156.37| 5.7.3.5-2 (?}j’%%s) 546.94] 0.00f Pass
(CS)2.318] 561.20] 331.89| 5.7.3.5-1 (1P%sgs) 561.20] 0.00| Pass
(H) 3.000] 586.31| 375.37|5.7.3.5-1 (1Pa5363) 586.31] 0.00| Pass
(0.1L4) 3.917]  620.10] 431.37| 5.7.3.5-1 (1Piis) 620.10] 0.00| Pass
(1.5H) 4.375] 637.00] 458.29| 5.7.3.5-1 (ngs) 637.00] 0.00| Pass
(0.2L,) 7.833] 761.08] 623.41] 5.7.3.5-1 (1Pazszs) 761.08] 0.00| Pass
(0.3Lg) 11.750] 806.32] 751.00f 5.7.3.5-1 (1P%s73) 806.32| 0.00| Pass
(0.4L,) 15.667| 806.37| 825.57| 5.7.3.5-1 I(DoagfssZ 806.37|0.00| Pass
(0.5L,) 19.583] 806.39] 842.62| 5.7.3.5-1 I(Doasg2 806.39] 0.00| Pass
(0.6Lg) 23.500] 806.37| 825.57| 5.7.3.5-1 (F:)aszz 806.37] 0.00| Pass
(0.7Lg) 27.417| 806.32] 751.00f 5.7.3.5-1 (1P;E1)s73) 806.32| 0.00| Pass
(0.8Lg) 31.333| 761.08] 623.41| 5.7.3.5-1 (1P3823) 761.08] 0.00| Pass
(1.5H) 34.792| 637.00] 458.29( 5.7.3.5-1 (Tgsgs) 637.00] 0.00| Pass
(0.9L,) 35.250] 620.10] 431.37| 5.7.3.5-1 (Tiis) 620.10] 0.00| Pass
(H) 36.167|] 586.31] 375.37| 5.7.3.5-1 (1P2%s) 586.31] 0.00| Pass
(CS) 36.849] 561.20] 331.89| 5.7.3.5-1 (1P%ZS) 561.20] 0.00| Pass
(Bar Develop.) 37.233| 546.94] 156.37| 5.7.3.5-2 E3Pa5%s; 546.94]0.00] Pass

Bridge: Manassas Airport Bridge Job: D012400400 5/22/2025



Location from Capacity]Demand|Equation|Status Apsfps Asfy Status
Left ?flt‘)pport (kip) (kip) (C/D) (kip) |(kip)
(FoS) 38.917] 217.24] 156.37| 5.7.3.5-2] Pass|217.24]0.00] Pass
(1.39)

Page 13 of 15

* The area of longitudinal reinforcement on the flexural tension side of the member need not exceed the area required to resist the maximum

moment acting alone

Horizontal Interface Shear for Strength | Limit State
AASHTO LRFD BDS 5.7.4

Location from 5.7.4.5 5.7.4.2 5.7.41

Left ?fttl)pport (iz ) sr_nax Status| a, [a,¢minlStatus |Yui| ?vni Status
(in) (in%/ft)|(in2/ft) (kip/ft)| (kip/ft)| (#VniIVuil)
(O.OLS)O.OOO 12.000}33.100f Pass| 0.800) 0.000| Pass| 1.167|64.801 F;gis)
(FoS) 0.250]12.000]33.100| Pass| 0.800| 0.000] Pass| 1.167]64.801 (F;%ss
+
(Bar Develop.) 1.933]12.000/33.100[ Pass| 0.800f 0.000f Pass| 1.490]64.801 (Ij%ss)
+
(CS) 2.318|12.000]33.100] Pass| 0.800| 0.000| Pass| 1.490]|64.801 (i’%si

+
(H) 3.000]12.000}33.100| Pass| 0.800f 0.000f Pass| 1.453|64.801 (I?%ss)

+
(0.1L) 3.917]12.000§33.100f Pass| 0.800f 0.000f Pass| 1.402|64.801 (F;e(a)ss)
+
(1.5H) 4.375]12.000]33.100] Pass| 0.800] 0.000] Pass| 1.377]64.801 (F1’e(1)ss)
+
(0.2L) 7.833]12.000{33.100| Pass| 0.800) 0.000f Pass| 1.187|64.801 %333
+
(0.3LS) 11.750]12.000]33.100] Pass| 0.800f 0.000] Pass| 0.971|64.801 (Iil’%ss)
+
(O.4LS) 15.667]12.000]33.100] Pass| 0.800f 0.000] Pass| 0.756]64.801 (I:;%ss)
+
(0.5L) 19.583]12.000{33.100| Pass| 0.800) 0.000f Pass| 0.540|64.801 (F1)?)SS)
+
(0.6L) 23.500[12.000{33.100 Pass| 0.800) 0.000f Pass| 0.756|64.801 (Ij%si
+
(0.7LS) 27.417]12.000)33.100f Pass| 0.800] 0.000] Pass| 0.971]|64.801 (F,;?)SS)
+
(O.SLS) 31.333]12.000]33.100f Pass| 0.800] 0.000] Pass| 1.187|64.801 (I?%ss)
+
(1.5H) 34.792]12.000133.100| Pass| 0.800| 0.000f Pass| 1.377|64.801 (Ii]’e(l)ss)
+
(0.9L,) 35.250[12.000{33.100| Pass| 0.800) 0.000f Pass| 1.402|64.801 (lj%si
+
(H) 36.167]12.000]33.100f Pass| 0.800| 0.000| Pass| 1.453]64.801 (F,;%SS)

+
(CS) 36.849|12.000]33.100f Pass| 0.800f 0.000[ Pass| 1.490|64.801 (I:;?)ss)
+
(Bar Develop.) 37.233]12.000]33.100| Pass| 0.800) 0.000] Pass| 1.490]64.801 (Ii]’e(l)ss)
+
(FoS) 38.917]12.00033.100| Pass| 0.800f 0.000| Pass| 1.167|64.801 (F;%ss)
+
(1.0L) 39.167]12.000{33.100] Pass| 0.800f 0.000f Pass| 1.167|64.801 Ei’%ssj
+

Principal Tensile Stresses in Webs
Principal Tensile Stresses in Webs limitations are not applicable.
Concrete strength does not exceed the 10.000 KSI threshold

Live Load Deflection Check [2.5.2.6.2]

Allowable deflection span ratio = L/800

Bridge: Manassas Airport Bridge

Job: D012400400

5/22/2025
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Allowable maximum deflection = + 0.587 in
Minimum live load deflection along girder = -0.476 in
Maximum live load deflection along girder = 0.000 in
Status = Pass

Check for Lifting in Casting Yard

Lifting analysis disabled in Project Criteria. No analysis performed.
Per LRFD 5.5.4.3, "Buckling and stability of precast members during handling, transportation, and erection shall be
investigated." Also see C5.5.4.3 and C5.12.3.2.1.

Check for Hauling to Bridge Site

Hauling analysis disabled in Project Criteria. No analysis performed.

Per LRFD 5.5.4.3, "Buckling and stability of precast members during handling, transportation, and erection shall be
investigated." Also see C5.5.4.3 and C5.12.3.2.1.

Constructability Checks
Girder Dimensions Detailing Check [5.12.3.2.2]

Dimension Minimum|Actual|Status
(in) (in)
Top Flange Thickness 2.000] 5.500] Pass
Web Thickness 5.000] 5.000] Pass
Bottom Flange Thickness 5.000] 5.500] Pass
Stirrup Detailing Check: Strength | [5.7.2.5, 5.7.2.6, 5.10.3.1.2]
Location from Bar Size| S Smax | Smin | A/S |A/Smin|Status
Left ?f‘t')p'”’t () | Gn) | (n) [inZfe)| (in2ist)
(0.0L,) 0.000 #6]12.000]10.275]2.745] 0.880] 0.141 Fail
(FoS) 0.250 #6]12.000]10.225]2.745] 0.880] 0.141 Fail
(Bar Develop.) 1.933 #6]12.000] 9.942]2.745] 0.880] 0.141 Fail
(CS) 2.318 #6]12.000] 9.927]2.745] 0.880] 0.141 Fail
(H) 3.000 #6]12.000] 9.899]2.745] 0.880] 0.141 Fail
(0.1L) 3.917 #6]12.000] 9.861]2.745] 0.880] 0.141 Fail
(1.5H) 4.375 #6]12.000] 9.842]2.745] 0.880] 0.141 Fail
(0.2L,) 7.833 #6]12.000]19.472]2.745] 0.880] 0.141] Pass
(0.3Lg) 11.750 #6]12.000]19.391]2.745] 0.880] 0.141] Pass
(0.4L) 15.667 #6]12.000]19.391]2.745] 0.880] 0.141] Pass
(0.5L) 19.583 #6]12.000]19.391]2.745] 0.880] 0.141] Pass
(0.6L) 23.500 #6]12.000]19.391]2.745] 0.880] 0.141] Pass
(0.7Ly) 27.417 #6]12.000]19.391]2.745] 0.880] 0.141] Pass
(0.8Lg) 31.333 #6]12.000|19.472]2.745] 0.880] 0.141] Pass
(1.5H) 34.792 #6]12.000] 9.842]2.745] 0.880] 0.141 Fail
(0.9L,) 35.250 #6]12.000] 9.861]2.745] 0.880] 0.141 Fail
(H) 36.167 #6]12.000] 9.899]2.745] 0.880] 0.141 Fail
(CS) 36.849 #6]12.000] 9.927]2.745] 0.880] 0.141 Fail
(Bar Develop.) 37.233 #6]12.000] 9.942]2.745] 0.880] 0.141 Fail
(FoS) 38.917 #6]12.000] 10.225]2.745] 0.880] 0.141 Fail
(1.0L,) 39.167 #6]12.000]10.275]2.745] 0.880] 0.141 Fail

Haunch Geometry Checks
Slab Offset ("A" Dimension)

This table compares the input slab offset to the rounded computed slab offset required to have the least haunch depth be equal
to the Fillet dimension. A failed status indicates that the top of the girder will encroach into the deck slab and the Slab Offset
dimension should be refined.

Bridge: Manassas Airport Bridge Job: D012400400 5/22/2025
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Span|Girder|Provided

(in)

Required| Status

(in)

Notes

1 A

5.000

0.500|ExcessiveThe difference between the minimum and maximum CL haunch depths along the
girder is 0.299 in. This exceeds one half of the slab depth. Check stirrup lengths
to ensure they engage the deck in all locations. Refer to the Haunch Details
chapter in the Details report for more information.
Provided Slab Offset exceeded Required by allowable tolerance of 0.500 in

Excess Camber Check
Haunch dead load is affected by variable haunch depth along the girder. Haunch depth along a girder is defined by the roadway

geometry, slab offset ("A"), and the parabolic girder camber defined by the user input Assumed Excess Camber at mid-span.
The table below compares the Assumed Excess Camber with the Computed Excess Camber. A failed status indicates the
assumed value is not within tolerance of the computed value - meaning that results dependent on haunch dead load may be

inaccurate. See the Haunch Details and Loading Details chapters in Details Report for more information.

Span|Girder]Computed|Assumed|Difference| Allowable |Status Notes
Excess | Excess (in) Difference
Camber | Camber (in)
(in) (in)
1 Al 0.299 0.000 0.299 +0.500] Pass]Assumed Excess Camber is within tolerance
Camber
Camber|

(in)

Screed Camber, C at mid-span] 0.107

Camber at 21 days, D,

0.406

Bridge: Manassas Airport Bridge

Job: D012400400

5/22/2025
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PROJECT:  HEF Manassas Bridge Assessment \v‘ ENGINEER: JCC
DESIGN: MSE Retaining Wall Calculation Package.mcdx DATE: 08/20/2025

01. DESCRIPTION
"

Conduct an analysis of the existing MSE retaining walls at the HEF Manassas Regional Airport, located at the taxiway and
runway bridges, to evaluate their structural utilization under anticipaed increased live loads from aircraft. The assessment will
consider the projected performance and capacity of the MSE walls for both 50-year and 100-year design lifespans. The bridge
structures are approximately 43 years old, and the design lifespans of 50 years and 100 years are measured from the original
time of construction.

1.2 Code References

AASHTO LRFD Bridge Design Specifications 9th Edition 2020

AASHTO The Manual for Bridge Evaluation 3rd Edition 2018

ACI 343R-95 Analysis and Design of Reinforced Concrete Bridge Structures Section 5.10 - Airport runway bridge loads
AISC 360 Steel Construction Manual 15th Edition

ACI 318-14 Building Code Requirements for Structural Concrete

1.3 Additional Ref

Manassas Municipal Airport original drawings by Campbell, McQueen, & Paris, Engineers dated July 1983.

Manassas Regional Airport Evaluation Report by Athavale, Lystad & Associates dated November 2001.

Manassas Regional Airport - Runway 16L34R & Taxiway"B" Rehabilitation and Miscellaneous Improvements Drawings
(partial drawing set) by Campbell & Paris Engineers dated 07/09/2002.

Manassas Regional Airport - Runway 34R Extension and Related work Package 2 Bridge Structure Extensions (partial
drawing set) by RS & H dated 03/18/2013.

A321 Aircraft Characteristics - Airport and Maintenance Planning dated 06/01/2024.

WPM Draft HEF Manassas Airport Bridge Assessments Preliminary Structural Analysis dated 01/24/2025.

Original reinforcing strip report of chemical and physical properties by Reservco, Inc. dated 10/25/1983.

Record of Soil Exploration by Entech Engineers dated 03/26/2025.

1.4 Assumptions

Non aggresive soils for the reduction of reinforcing strips assumed per AASHTO section 11.10.6.4.2a)
Assuming 50 years of bridge lifespan

Assuming 100 years of bridge lifespan

AASHTO - Inextensible broken slip surface

Coefficient of friction = 0.3 (between pavement and soil)

1.5 Soft Utilized
MSE Wall Geo5 Software - This specialized module from the GEO5 suite enables detailed analysis and verification of
mechanically stabilized earth (MSE) and segmental retaining walls reinforced with geogrids. With a robust set of features—
including built-in material and geogrid libraries, support for multiple design codes (such as EN 1997-1, LRFD, AASHTO,

FHWA), sophisticated stability checks (slip, overturning, global, internal), bearing-capacity assessments, construction stage
modeling, and seismic loading analysis—the software delivers a comprehensive and efficient design workflow

1.6 Summary Results

MSE Wall Analysis — Runway & Taxiway (165-kip Aircraft Load)

Runway — 50-Year Lifespan
All verification checks satisfactory.
Controlling factor: reinforcing strip-to-panel connection (x99.6% utilization, governed by concrete breakout).
Overall capacity acceptable for 50-year design life.

Runway — 100-Year Lifespan

Reinforcement strip strength exceeds capacity (110%) — NOT OK.
100-year design life not feasible without strengthening/retrofit.

10f 22
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Taxiway — 50-Year Lifespan

All verification checks satisfactory.
Controlling factor: reinforcing strip-to-panel connection (287.4% utilization, governed by concrete breakout).
Acceptable for 50-year design life.

Taxiway — 100-Year Lifespan

All verification checks satisfactory.
Reinforcement strength increases to %95.5% utilization, still within capacity.
100-year design life is feasible.

Executive Summary:

The MSE wall evaluation under a 165-kip aircraft load indicates that both the Runway and Taxiway walls are capable of meeting
a 50-year design life, with performance governed by the reinforcing strip-to-panel connection at the facing panels. At a 100-
year design life, the Taxiway walls remain adequate with reinforcement strength utilization approaching but not exceeding
capacity. However, the Runway walls experience reinforcement overstress at this horizon, making the 100-year lifespan not
feasible without strengthening or retrofit measures.

2 of 22
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2.0 MATERIALS. GEOMETRY, AND LOADS

2.1 Material Densities
Per existing drawings "Manassas Municipal Airport original drawings by Campbell, McQueen, &paris, Engineers dated July 1983.
FYRepar := 60000 psi Peoncasin:= 150 pcf=150.000 pcf

FYreint strip == 36000 psi FuReint.strip = 58000 psi

Existing.fc := 4000 psi MSE Wall panel per original drawings

2.2 Geometry

Per existing drawings "Manassas Municipal Airport original drawings by Campbell, McQueen, & Paris, Engineers dated July 1983.

RunWay Geometry: see below and previous calculation package
Wall. Heightg, s, = 168.08 ft — 155 ft = 13.080 ft See below the highlighted elevations

Fil&Pavementg sy = 177.31 ft—174.18 ft=3.130 ft See below the highlighted elevations

TaxiWay Geometry: similar to RunWay with less overburden height therefore we are using RunWay overburden height
Wall. Height .y, == 170.08 ft — 155 ft = 15.080 ft See below the highlighted elevations

Fil&Pavement iy, = 176.34 ft —173.58 ft = 2.760 ft See below the highlighted elevations

128'-0" +

fe———LIMITS OF EXISTING BRIDGE

24484

B ="} ~seLecT L anD G
o PAVEMENT SECTION

VAR 0'-0;  50'-0° | 80°~0"  20'-07 VARIES
’ EL. l 1%" DROP (TYP.)
177.31%
IRy T ][ EXISTING SELECT FILL PORTION (TYP.)
i PROPOSED SELECT FILL PORTION (TYP.)

TOP OF CURB EL. 17418 TOP OF CURI
EL 172.82 — s g i
e W ol
EXISTING CURB (TYP)——— ]  _ _—w——=" T0P OF BEAM—" ~ ~===we__ i
B 27142 L —=="""BOTTOM OF BEAM e, [t S—
? . i
'N e a0 || T e .
= € CROWN AND §° o
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86 EXISTING BEAMS
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TYPICAL SECTION - RUNWAY

Runway 34R Extension and Related Work Package 2
Bridge Structure Extensions dwgs - Sheet $112

7™
I
128"-2K4°
400" T/W
6" | 26'-1%"  20'-07|20°-0" 20'-0" | 20°-0" 21'-1K") 6"
1%" DROP (TYR.)
EXISTING SELECT FILL PORTION (TYP.)
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Top OF cuRB - S
L 1red -1 La TOP OF CURE
i FiLL & - -~ EL 174.36
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EL 17358
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I
& s “—— EXISTING CURB (TYP.)
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ExemiG. 5 BISTNG GO " Bioo
BRIDGE BRIDGE
TYPICAL SECTION - TAXIWAY
SCALE: NTS
Runway 34R Extension and Related Work Package 2

Bridge Structure Extensions dwgs - Sheet $112
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(per original dwgs - sheet 40)
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2.3 Loads

2.3.1 RunWay Gravity Loads

Lopanrw =40 ft+ 8 in Bridge Span (box beam total length)

RW.hpe:=3.13 ft Fill and Pavement Height
bpoy =4 ft Box Beam Width
hpoy :=2.75 ft Box Beam height

Apox = 766 in’ Box Beam Area (cross sectional area)

Yo := 150 pcf Specific Weight of Concrete (and Fill)

Netommax == 172 ft + 3 in — (166 ft + 2 in) — hyygqng = 43.000 in
Agtommin = Netormay — 0.015 50 ft = 34.000 in
hstemavg = mean (hstemmax ’ hstemmin> =38.500 in

o= 178 ft + 1.5 in — (166 ft + 2 in) — hyyong = 9.458 ft

LspanRW

W=V, RW.hy =9.547 kif

FspanrW _ 4 056 kif

box

Whox = Ye  Apox

Wsw =Y <bfooting hfooting + bstem hstemavg> =2.972 kIf

(b footing — bstsm>

A hgyy=3.192 kif

Wsoil 3= Ve

(Wpf+ Whox + Wsw + Wsoil)

Total.DL := =:3294.440 psf

bfooting

Refining Overburden Dead Loads
(by using soil density for fill material)

exploration dated 03-26-2025

Lgrigge :=40.67 ft Length btw stem walls

. Liyia o« (s
DLRW:: DLRW.Bridge.Overburden ( ;ge) ] +{DLRW.SoiI.on.th (

(DLRw+ Whox + Wsw>

TotalDL gy := S
footing

=2922.936 psf

Total updated dead load along bottom of footing

Dead Load Determination from Previous Calculations

b, footing — b, stsm)

For the dead load calculation below, we used the concrete density to account for the overburden soil - this
is a conservative calculation to determine the total DL above the bridge y,= 150 pcf concrete density

Footing Width
Stem Width

bfooting =6 ft
bstem := 18 in

Htooting =2 ft+ 6 in  Footing Thickness

Conservatively assumed heaviest material (i.e., concrete) for overburden dead weight

Max Stem Height

Stem Height at Edge of Runway
Average Stem Height

Soil Height on Footing

Weight of Pavement and Fill Above per foot

Box Beam Weight
per foot

Footing & Stem Weight

Soil on Footing Weight

Total dead load along bottom of footing from previous calculations

“iax Stem Height Fgtemmar = 172 JT+3 om— {166 ft+2 0] — g =4
Loads below are divided by two to distribute total load between two abutments on either end

L -
Weight of Pavement and _w, 1=, sl =057 EIf

Hpavement =17 in Fill1 gy =6 in Fill2gy, =15 in _Fill dbove-per-foor—
Box Beam Weight Ml = +Ap, ,—’LJ =4.056 kif
Psoir =120 pcf Based on Emtech Engineers soil boring per foot 2 by

Footing Weight gy
and Stem Weight
Sail on-Eooting-Wekght— .HT____,Q...;.-_-‘-_“...M_IK. TR

REFINING LOADS FROM PREVIOUS CALCULATIONS

sing ™ Batem * Patemang) = 2:972 kif

DLRWBridge.Overburden = (Hpavement Vc> = (F””RW psoil> -+ (Fi”2RW psoil> =422.500 psf

DLrw sotonrtg ™= (Hpavement ¥o) + ((Filllgw + Fill2gy)  Pson) + (Pstemmax  Pson) = 852.500 psf

=10.510 kIf
2 .
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2.3.2 TaxiWay Gravity Loads
Refining Overburden Dead Loads

(by using soil density for fill material)

=17 in Fillpy = Fil&Pavement s iyay — Hpavemen: = 1.343 ft

Ps0) = 120 pef Based on Emtech Engineers soil boring
exploration dated 03-26-2025

Lpriggd :=40.67 ft Length btw stem walls

DLTW.Bridge.Overburden 1= (Hpavement Vc) =+ (F”ITW psoil) =373.700 psf

DLTW.Soil.on.th = (Hpavement Vc) + (Fi”TW psoil) + (hstemmax psoil) =803.700 psf

(Lsn'dge (brooting - bstem) '= 9.408 kif

) ] +'(DL TW.Soil.on.Ftg 2

DLy = DLTW.Bn‘dge.Overburden

(DLyw+ Wpox + Wsp)

TotalDL 1y, = =2739.244 psf

b, footing

Total updated dead load along bottom of footing

Hpave ment

Fill hoox
hstem
/- - f— hfooting
a <] a4 = Ja

T AT T T T— T T— (T—TTT—17T
f = =l

¢ BRIDGE
1

MSE WALL —ﬂ

REINFORCED ZONE -

TYPICAL REINFORCING v
STRIP LAYER

TYPICAL BRIDGE ANNOTATIONS
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2.3.3 RunWay & TaxiWay Gravity Live Loads

See below airplane loads per A321 Aircraft Characteristics - Airport and Maintenance Planning

SERGCENTAGE ON A/C A321neo-XLR
WEIGHT e | OF WEIGHT [NoSE GEAR TIRe|NOSEEFAR wing geaR TIRE WING GEAR
VARIANT MR- | onmaN SiZE PRESAE RE SIZE - -
GEAR GROUP
L 16908 =
A321NEO 95 400 kg 11,6 bar 15.7 bar = 455 1
WV0B0 (CG 36.535%)|(210 325 Iy 99-2% 30x8.8R15 (g8 ps) | 1270X455R22 | ioog gy
AIZINEQ 95 400 kg 11.6 bar 15.7 bar
WV0B0 (CG 36 46%)|(210 325 by 951% 30%8.8R15 (168 pay | 1270x455A22 | ome o
=
**ON A/C A321neo N

{1,640 1}

3. The following table gives characteristics of A321NEQO models, these data are specific to each
weight variant:

Aircraft Characteristics
WV067 W_\a"O?O wWvos0o
Maximum Take-Off Weight (MTOW) 90 000 kg 80 000 kg 95 000 kg
(198 416 Ib) (176 370 Ib) (209 439 Ib)
AIRPLANE A321NEO

A321NEO ) g

_p] 3'-1/2 [4_ —D] 3 1!’2"ﬂ—
b b
.5 | et e
AT
FILL & PAVEMENT ; ,w_ BOX BEAM
A f BEARING PAD
BOX GIRDER
] /|
FOOTING i 1
| 1,_
AT
147 17'-5/16" —’J L‘i 17-5/18" b
ASSUME 17FT SPREAD ASSUME 17FT SPREAD

Load Distribuition from Rear Plane Wheels to Pavement

Total LL pyipg 0ag := 165 kip = 165.000 kip Plane load not to exceed 165 kips load

'(770 psf bfootr’ng 17 ft) : . . .
RW&TW.MaxLL := 2=165.000 kip  95.2% or 0.952 = percentage of weight on main gear group (rear wheels)
. 0.952 . as shown above in the A321 Aircraft Characteristics - Airport and

Maintenance Planning

Using 770 psf load acting on base of footing will equal 165kip plane load
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C:\Users\jhonc\Walter P. Moore and Associates\D01-24004-00 HEF Manassas Bridge Assessments - General\Diagnostics\2-Design\Analysis\MSE Retaining Wall\MSE Retaining Wall Calculation Package.mcdx



o
7Y vav, walter
" AAY4 P moore

PROJECT:  HEF Manassas Bridge Assessment \v‘ ENGINEER: JCC
DESIGN: MSE Retaining Wall Calculation Package.mcdx DATE: 08/20/2025

2.3.4 RunWay & TaxiWay Horizontal Live Loads
Total Live Load Braking Force:

1 E 3 I 4 5 5
VinG) ViMG) (PER STRUT) H (PER STRUT)

weigHT | MRXIMUM | sTaTic Loap aT | STATIC BRAKING | sramic Loap AT | STEADY BRAKING | AT INSTANTANEOUS

VARIANT | \wEIGHT FWD CG DECELERATION AFT CG DECELERATION | COEFFICIENT = 0.8

‘“&%}3‘3%0 95400kg | BBA0Kg | 17.5% 14 100 kg 45380 kg | 36.46% 14 830 kg 36 300 kg

{210 325 Ib) | (19 050 Ib) | MAC (b} (31100 b) 100 050 b} MAG (@) | (32675 Ib) (c) {80025 Ib) (c)

(CG 36.46%)
LL stoady BrakeForce := 32675 Ibf = 32.675 kip Steady braking force as shown on A321NEO Aircraft

Characteristics above

LL stantaneous.BrakeForce *= 80025 Ibf = 80.025 kip Instantaneous braking force as shown on A321NEO Aircraft
Characteristics above

Max.Ramp.WT := 210325 Ibf Max Ramp weight as shown on A321NEO Aircraft Characteristics above

Determining % of Steady & Instantaneous Braking Force for 165 kips Plane Load:

LLSteady,BrakeForcs —0.155

Max.Ramp.WT Using this percentage, we can calculate the amount of horizontal
force (braking force) using 165 kip plane load

Percentage Steady.Brake =

LLI tant: BrakeF
Percentage/nsta_Brake - Instantaneous.BrakeForce —.0.380

Max.Ramp.WT

Horiztonal Load Using 165 kips Plane:
'165kip.Plane := 165 kip

p:=0.3 Coefficient of friction

TW&RW.Hpayement := 16 in Conservatively, using 16 inches as the pavement thickness
PavementWeight :== TW&RW.H,,ayement ¥V =200.000 psf Pavement selftweight

LL sgr654ip = (’165kip.PIane Percentag€sigaqy, B,ake) 2 =51.267 kip Steady braking force for 2 set of struts

LLgr165uip = ('1 65kip.Plane Percentage,,,sta.B,akQ 2 =125.559 kip Instantaneous braking force for 2 set of struts

Partially Counteracting Horizontal Load with Pavement Selftweight Friction

w=F N —> N:="u F
N1:=p PavementWeight = 60.000 psf Horizontal resisting force acting at bottom of pavement
LL sgr1654ip 2 ) .
Areaggr:= =854.451 ft Area needed to counteract plane horizontal force for Steady Braking
A LLigr165uip 2 - i
reagg = =2092.654 ft Area needed to counteract plane horizontal force for Instantaneous Braking

Calculating Minimum Trapezoidal Pavement Area to Resist Braking Force

g (@B, TR
4 Aser = h ] .
; d 2 hsgr:=26ft  bggr:=2 hggr=52.000 ft  Height for Steady braking force
higr:=38 ft bygr:=100 ft =100.000 ft Height for Instantaneous
braking force
a+b
Agpr = (8+bser) hggr =-897.000 ft® > Areaggy = 854.451 ft*
la+b
Agri= LB ) hjge =2223.000 ft* > Areaygy = 2092.654 ft’
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VISUALLY SHOWING APPROXIMATE PAVEMENT AREA ENGAGED TO RESIST INSTANTANE BRAKING FORCE

N1=60.000 psf Horizontal resisting force acting at bottom of pavement. This horizontal resisting force will be added
in the MSE wall software as lateral loads
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3.0 MSE Wall Analysis

3.1 RunWay & TaxiWay - Reinforcing Strip Capacity

Per existing drawings "Manassas Municipal Airport original drawings by Campbell, McQueen, &paris, Engineers dated July 1983.
Widthgeing strip = 60 mm = 2.362 in

Thicknessgeint strip == 5 mm = 0.197 in

Per AASHTO "Es" Sacrificial Thickness of metal for 50 years life duration

Per AASHTO section 11.10.6.4.2a, we are determining the structural capacity of the
reinforcing strips for a life duration of 50 years located at the runway MSE wall

Galv. Thickness := 3.5 Per reinforcing strip report (galvanization applied to metal is in mills)
ThicknessLoSSirst ayears = 0.58 2 =1.160 3.5 mills - 1.16 mills = 2.34 mills

. 2.34 ; P
ThicknessLoSSremaining.Galv.Loss = 518 =14.625 3.5 mills of galvanization = 14 years

ThicknessLosScaonsestionso = (50 — 16)  0.47 =15.980 16 mills loss in the steel section per face = 0.016 inch
Esg,:=(0.016 in) 2=0.032in  section loss per strip

Ecsp := Thicknessgein strip — ESs50=0.165 in new thickness of reinforcing strip for 50 years

Per AASHTO "Es" Sacrificial Thickness of metal for 100 years life duration
ThicknessLosScaonsestiontoo := (100 — 16) 0.47 =39.480 40 mills loss in the steel section per face = 0.040 inch

Es;p0:=(0.040 in) 2=0.080 in section loss per strip

Ec 90 := Thicknessggint strip — ES190=0.117 in new thickness of reinforcing strip for 100 years

Yield & Ultimate Strength of Reinforcing Strips:

FYReint.strip.36ksi = 36000 psi Based on specifications

FUgein strip.56ksi = 58000 psi Based on specifications 11.10.6.4.2a—Steel Reinforcements

Steel soil reinforcements shall comply with the
provisions of AASHTO LRFD Bridge Construction
Specifications, Anticle 7.6.4.2, “Steel Reinforcements.”

The structurnl design of steel soil reinforcements
and connections shall be made on the basis of a

thickness, £., as follows:

E=E-E {11L10.64.2a-1)

o— 1 - H l\'h ere:

T al.50Yrs. ReinfStrip36ksi *= (W’dthReinf.Sm‘p E050> FYReint strip.36ksi = 14019 kip ety
. r E. = thickness of metal reinforcement at end of
Tutt 50vrs. ReinfStrip58ksi = (VV’dthReinf.Strip ECso) FURein strip.5ksi = 22.586 kip service life as shown in Figure 11.10.64.1-1

{mil.)

E, nominal thickness of steel reinforcement at

construction (mil.)

E, sucrificial thickness of metal expected to be lost
by uniform corrosion during service life of
structure {mil.)

Tal.100¥rs. ReinfStrip36ksi = <W’dthReinf.Strip EC100> FYReint strip.36ksi = 9-937 kip

Tt 100¥rs. ReinfStrip58ksi = (W’dthReinf.Stn‘p Ec 100) FURgint strip.58ksi = 16-009 kip

For structural design, sacrificial thicknesses shall be
computed for each exposed surface as follows, assuming
that the soil backfill used is nonaggressive:

o Loss of galvanizing = 0.58 mil.yr. for first
2 years

= 0,06  miliyr for
subsequent years

#  Loss of carbon steel = 0.47 nul/yr. after zinc
depletion

AASHTO Section 11.10.6.4.2a
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RUNWAY MSE WALL REINFORCING STRIP LAYERS

TribWidthgeint sirip = 9 ft MSE Panels are repetitive at the taxiway & runway - we are using 9 ft as the average
length to calculate the strength of reinforcing strip per foot basis (see figure below)

2TYP. PANELS i =
—)} ik [‘1— e e 4. 82 jo 4 BEHD 167.42' To ¢ BEND S—
e " pre— T n-—-—+/—-—-—-—-—- i £ RUHT copina f
L oy o i e S o AL
Q—L«—..p-..'nuu R e e e ]|
e e ——i 32
T T JRim—lr ]~
i I 1 - g e e e e s UE 0= o= 0= o= 0s
. i ! ! wit | el e er] et et (et
5 — e Rle— e AqT AT aq97]  |MaT[ laaT] |AaT[  |AaT
‘‘‘‘‘‘‘ s s s Aot ol A Ao
R.S. 60x5mm % 23 LONG B2 |AsT[B5 [AsT |55 |AST[g> |AsT|Ba |AsT[gs |AsTpa |AsT
- grp® "
TYPICAL RUNWAY PANEL LAYOUT EEVELI%GBPAHMFETE"I!EJ' o
Laying out MSE Panels next to MSE Wall to TYPICAL RUNWAY MSE WALL PANEL LAYOUT
determine the typical # of reinforcing strips per foot
First.Reinf.Layeryofstrips := 9 # of anchors found on typical MSE wall for 2 panels - 1st layer from the top of wall
Second.Reinf.Layeryqssyips = 3 # of anchors found on typical MSE wall for 2 panels - 2nd layer from the top of wall
Third.Reinf.Layeryyrsyips = 9 # of anchors found on typical MSE wall for 2 panels - 3rd layer from the top of wall
Fourth.Reinf.Layeryqssyips = 7 # of anchors found on typical MSE wall for 2 panels - 4th layer from the top of wall
Fifth.Reinf.Layeryofstrips := 6 # of anchors found on typical MSE wall for 2 panels - 5th layer from the top of wall
Sixth.Reinf.Layeryfstips = 5 # of anchors found on typical MSE wall for 2 panels - 6th layer from the top of wall
TAXIWAY MSW WALL REINFORCING STRIP LAYERS
TribWidthgeint strig == 9 ft MSE Panels are repetitive at the taxiway & runway - we are using 9 ft as the average
length to calculate the strength of reinforcing strip per foot basis (see figure below)
a45.67"
ALONG FACE OF WALL
| AFiser 4197
2 _‘r’Pg t“;\'[l_s - REINFORCED ZONE 4 T,
p— G oo M oo oo Gt gr; Zul.f‘. Sien 4B+ Elp B
2P
g__%-\__'.__.u%___” I'lf'J oy | i » __'_____]I 5 10 15
A P LR g s = e——
L M TR F
e el e el Erligmitw pE] =] pai o=
5 LT AT At ||l 1 HAT | HT] A HIiT | H1T] Hi T | A
LR - e sy e w e | S ] Aa 8 Ag Ag 8 Ag
—A | 186 1 A, 1 A 1% 14 |
gz A BE 1A B T - m oy AT AT AT AT A 1A
: AsT B2 A‘ET@'Z Adl (g A'ETLB z AsTLEZ AET]az

R.S. 60x5mm x 23’ LONG . & REINF. CONC
4'-0" X 8" UNI o

TYPICAL TAXIWAY PANEL LAYOUT LEVELING PAD (TYP.)
Laying out MSE Panels next to MSE Wall to TYPICAL TAXIWAY MSE WALL PANEL LAYOUT

determine the typical # of reinforcing strips per foot

TW.First.Reinf.Layeryysyips := 9 # of anchors found on typical MSE wall for 2 panels - 1st layer from the top of wall
TW.Second.Reinf.Layery,ssyips = 3 # of anchors found on typical MSE wall for 2 panels - 2nd layer from the top of wall
TW.Third.Reinf.Layeryqfsiips := 8 # of anchors found on typical MSE wall for 2 panels - 3rd layer from the top of wall
TW.Fourth.Reinf.Layeryyssyips = 7 # of anchors found on typical MSE wall for 2 panels - 4th layer from the top of wall
TW.Fifth.Reinf.Layeryysyips := 6 # of anchors found on typical MSE wall for 2 panels - 5th layer from the top of wall
TW.Sixth.Reinf.Layeryossyrips = 5 # of anchors found on typical MSE wall for 2 panels - 6th layer from the top of wall
TW.Seventh.Reinf.Layeryyssyips := 4 # of anchors found on typical MSE wall for 2 panels - 7th layer from the top of wall
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50 YRS RUNWAY REINFORCING STRIP CAPACITY USING 45 KSI YIELD STRENGTH AND 62 KSI ULTIMATE STRENGTH:

Ultimate tensile strength of reinforcing strips per each layer:

Ibf

(Tu/t‘50Vrs‘RsinfStrip58ksi Fir. St'Remf'Layer#ofStrips> —.22585.802

‘50Yrs. Typg =
ult9 TribWidthgein strip

(Tut sovrs Reinfstripssksi - S€cond.Reinf.Layery,ssyins) Ibf

'50Yrs. Tyz:= L =.7528.601
TribWidthgein strip
, Ibf
50Yrs. T, 9 = 22585.802
T, infStri i Fourth.Reinf.Layer, i
'50Yrs. Tu/t7’: ( u/t‘50Vrs‘Rsmetrlp58‘ksl | i1 #ofStrlps) — 17566.735 Ibf
TribWidthge,s Strip
T, infStri i Fifth.Reinf.Layer, ;
'50Yrs. Tu/ts ! ( u/t‘50Vrs‘Rsmetrlp5.8ksl' Y/ #ofSths> — 15057.201 Ibf
TribWidthge,: Strip
T, infStri i Sixth.Reinf.Layerysyi
'50Yrs. Tu/t5 o ( u/t‘50Vrs‘Rsmetrlp5‘8ksl' Y/ #ofStrrps) —.12547.668 Ibf
TribWidthge,,: Strip
Tensile design strenath of reinforcing strips per each layer:
T, infStri i First.Reinf.Layer, i
'50YfS.Rt9 | ( al‘50VrsRsmetrlp3'6ksl' Y/ #ofStrlps) —.14018.774 Ibf
TribWidthgeint srip
50Yrs. Ry = (Tal‘50VrsRsinfStrip36k'si ‘?econd-Remf-Layer#ofStrips> Tak7b 4o Ibf
TribWidthgeins Strip
'50Yrs.Ryy=14018.774 fof
T, infStri i Fourth.Reinf.Layeryssti
'50YfS.Rt7:: ( al.50Yrs.ReinfStrip36ksi Y/ #ofStnps) —.10903.491 Ibf
TribWidthgein strip
50Yrs.Ryg = (Tal‘50VrsRsinfStrip3'6ksi 'F ifth.Reinf.Layerysssyips) _ 5345849 Ibf
TribWidthgeint srip
50Yrs.Ryg = (Tars0vrs Reintstripseksi Sixth.Reinf.Layerursiios) _\7788.908 Ibf

TribWidthgeint strip

At the 1st reinforcement layer from top of wall, we have 9 anchors

At the 2nd reinforcement layer from top of wall, we have 3 anchord

At the 3rd reinforcement layer from top of wall, we have 9 anchors

At the 4th reinforcement layer from top of wall, we have 7 anchors

At the 5th reinforcement layer from top of wall, we have 6 anchors

At the 6th reinforcement layer from top of wall, we have 5 anchors

At the 1st reinforcement layer from top of wall, we have 9 anchors

At the 2nd reinforcement layer from top of wall, we have 3 anchord

At the 3rd reinforcement layer from top of wall, we have 9 anchors

At the 4th reinforcement layer from top of wall, we have 7 anchors

At the 5th reinforcement layer from top of wall, we have 6 anchors

At the 6th reinforcement layer from top of wall, we have 5 anchors
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100 YRS RUNWAY REINFORCING STRIP CAPACITY USING 36 KSI YIELD STRENGTH AND 58 KSI ULTIMATE STRENGTH:

Ultimate tensile strength of reinforcing strips per each layer:

(Tu/moom‘ Reinfstripssksi First.Reinf.Layer, #ofStrips>

'"100Yrs. Ty :=
ult9 TribWidthgein strip

100Yrs. T 1= (Tu!t,700YrsReinfStrip58ksi SeCO"d-Ref”fLayer#ofStrips>
-z = ibWi
TI’IbWIdthRe,'n,{smp

100Yrs. o = 16009.424 "°F
(Tu/moom‘ Reinfstripssksi Fourth.Reinf.Layer, #ofStrips>

'"100Yrs. T 7 =
ult? TribWidthgeint strip

(Tu/moom‘ Reinfstripssksi Fifth.Reinf.Layer, #ofStrips)

'"100Yrs. Ty :=
ult6 TribWidthgein strip

(Tult, 100vrs.Reinfstipsaksi  Sixth.Reinf.Layer, #ofStrips)

'"100Yrs. T 5 :=
ults TribWidthgein strip

Tensile design strenath of reinforcing strips per each layer:

100Yrs.Rg = (Tal‘700Yrs,ReinfStrip:36ksi' First.Reinf.Layeryotsyips) T Ibf
TribWidthgeint strip
T, infStri i Second.Reinf.Layer, i
100Yrs. Rt3 L ( al.100Yrs.ReinfStrip36ksi i1 #ofStrlps> —.3312.295 Ibf

TribWidthgeint strip

'"100Yrs.Ryg = 9936.884 for

(Tal‘ 100vrs.Reinfstipasksi  ourth.Reinf.Layer, #ofStrips)

'"100Yrs.Ry; =
T TribWidth geit o
00Yrs.R e (Tar100vrs Reintstripseksi Fifth.Reinf.Layeryrsyiss) L 5604589 Ibf
ki THbWidtheint suip [
T, infStri i Sixth.Reinf.Layeryssyi
100Yrs.Ryg = ( al. 100Yrs. ReinfStrip36ksi Y/ #ofStnps) — 5520491 Ibf

TribWidthgeint strip

=+16009.424 fof

=5336.475 ! fAt the 2nd reinforcement layer from top of wall, we have 3 anchorg
t

=12451.774 18t
=10672.949 fof

=8894.124 tof

=7728.687 i

At the 1st reinforcement layer from top of wall, we have 9 anchors

At the 3rd reinforcement layer from top of wall, we have 9 anchors

At the 4th reinforcement layer from top of wall, we have 7 anchors

At the 5th reinforcement layer from top of wall, we have 6 anchors

At the 6th reinforcement layer from top of wall, we have 5 anchors

At the 1st reinforcement layer from top of wall, we have 9 anchors

At the 2nd reinforcement layer from top of wall, we have 3 anchord

At the 3rd reinforcement layer from top of wall, we have 9 anchors

At the 4th reinforcement layer from top of wall, we have 7 anchors

At the 5th reinforcement layer from top of wall, we have 6 anchors

At the 6th reinforcement layer from top of wall, we have 5 anchors
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50 YRS TAXIWAY REINFORCING STRIP CAPACITY USING 45 KSI YIELD STRENGTH AND 62 KS| ULTIMATE STRENGTH:
Ultimate tensile strength of reinforcing strips per each layer:
7 infStri i TW.First.Reinf.Layery,tsy;
TW.50YrsT g = (Tuesovs pansinn il YeTiorsips) —22585.802 "°f At the 1st reinforcement layer from top of wall, we have
TribWidthgein strip 9 anchors
7 infStri i TW.Second.Reinf.Layery,ssy;
TW.50YrsT 3 := (Tuesovs pansinn il Yeriarsips) =7528.601 "1 At the 2nd reinforcement layer from top of wall, we have
TribWidthgein strip 3 anchors
7 infStri i TW.Third.Reinf.Layery,s
TW.50YrsT = (Tuesovs pansinn il Yeriarsis) — 20076.268 "°f At the 3th reinforcement layer from top of wall, we have
TribWidthgeing strip 8 anchors
T infStri i TW.Fourth.Reinf.Layery,ssy
TW.50YrsT ;= (Tuesovs pansinn il YeTiarsips) =17566.735 "f At the 4th reinforcement layer from top of wall, we have
TribWidthgeint srip 7 anchors
T infStri i TW.Fifth.Reinf.Layery,tsy;
TW.50YrsT g := (Tuesovs pansinn T [ Yericrsips) —15057.201 ™°f At the 5th reinforcement layer from top of wall, we have
TribWidthgein strip 6 anchors
7 infStri i TW.Sixth.Reinf.Layeryyssy;
TW.50YrsT s = (Tuesovs pansinn il Yeriarsips) —12547.668 "°f At the 6th reinforcement layer from top of wall, we have
TribWidthgein strip 5 anchors
T infStri i TW.Seventh.Reinf.Layeryysy;
TW.50Yrs.T g = (Tuesovs ranspsonsi L Yeliorsips) ~10038.134 "®F Atthe 7th reinforcement layer from top of wall, we have
TribWidthgein strip 4 anchors
Tensile design strenath of reinforcing strips per each layer:
T, ] . TW.First.Reinf.Layer, ) At the 1st reinforcement layer from top of wall, we have
TVV.50YfS.Rt9 L ( a/,50Yrs,Remetnp36k'sr ' Y/ #ofStrlps) —.14018.774 Ibf 9 anchors
TribWidthgeint strip
T 1] . TW.Second.Reinf.Layer. | At the 2nd reinforcement layer from top of wall, we have
TW.50Yrs.Rys := ( al.50Yrs. ReinfStrip36ksi 17 ¢ #ofSths) _4672.925 Ibf 3 anchors
TribWidthgeins Strip
T, ] . TW.Third.Reinf.Layer. ) At the 3th reinforcement layer from top of wall, we have
Tw. 50YI'S.Rt8 L ( al.50Yrs.ReinfStrip36ksi i1 #ofStrlps) — 12461.132 Ibf 8 anchors
TribWidthggin strip
T 1] - TW.Fourth.Reinf.Layer, . At the 4th reinforcement layer from top of wall, we have
TW.50Yrs.Ryy = ( al.50Yrs.ReinfStrip36ksi i1 #ofStnps> — 10903.491 Ibf 7 anchors
TribWidthggin strip
T, ] - TW.Fifth.Reinf.Layer, ) At the 5th reinforcement layer from top of wall, we have
TVV.50YfS.Rt6 L ( a/,50Yrs,Remetnp36k'sr ' Y/ #ofStrlps> — 9345.849 Ibf 6 anchors
TribWidthgeint strip
T, ] . TW.Sixth.Reinf.Laver. | At the 6th reinforcement layer from top of wall, we have
TW.50Yrs.Rys := ( a/,50Yrs,Remetnp36ks'/ . Y/ #ofSths> _.7788.208 Ibf 5 anchors
TribWidthgeins Strip
T, ] . TW.Seventh.Reinf.Layer, . At the 7th reinforcement layer from top of wall, we have
TVV.50Y(S.RM L ( al.50Yrs.ReinfStrip36ksi ' . ¢ #ofStrrps> —.6230.566 Ibf 4 anchors
TribWidthggins Strip
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100 YRS TAXIWAY REINFORCING STRIP CAPACITY USING 45 KSI YIELD STRENGTH AND 62 KSI ULTIMATE STRENGTH

Ultimate tensile strength of reinforcing strips per each layer:

i infstriossksi 1 W.First.Reinf.Layeryyssy
TW.100YrsT g := (Tu 100w Rastnpsass YeTiarsips) ~16009.424 " Atthe 1t reinforcement layer from top of wall, we have
TribWidthgein strip ft  9anchors
i infstriossksi 1 W.Second.Reinf.Layeryyssy
TW.100YrsT 5 := (Tue s00v Rastnpsass Yeriarsips) =5336.475 "7 At the 2nd reinforcement layer from top of wall, we have
TribWidthgein strip ft 3 anchors
i infstriossksi 1 W. Third.Reinf.Layeryyssy;
TW.100YrsT g := (Tu 100w Rastnpsans Yefiorsiips) ~14230509 " At the 3th reinforcement layer from top of wall, we have
TribWidthgeint strip ft 8 anchors
1= infstriossksi 1 W.Fourth.Reinf.Layery s,
TW.100YrsT 7 := (Tu 100w Rastnpsans Yeriarsips) =12451.774 "F At the 4th reinforcement layer from top of wall, we have
TribWidthgeint strip ft 7 anchors
1= infstriossksi 1 W.Fifth.Reinf.Layeryyssy
TW.100YrsT 6 := (Tut 100w Rastnpsans YeTiarsips) =10672.949 "f At the 5th reinforcement layer from top of wall, we have
TribWidthgein strip ft 6 anchors
i infstriossksi 1 W.Sixth.Reinf.Layery,tsyy;
TW.100YrsT 5 := (Tu 100w Rastnpsass Veriorsis) —8894.124 PF Atthe 6th reinforcement layer from top of wall, we have
TribWidthgein strip ft 5 anchors

<Tu”‘ 100vss ReiiSiipssksi T W-Seventh. Reinf L ayeryorsiap S> =.7115.300 b1 At the 7th reinforcement layer from top of wall, we have

TW.100Yrs. Ty = I
TribWidthgen strip ft 4 anchors

Tensile design strenath of reinforcing strips per each layer:

TW.100Yrs.Ryg:= <Ta/~700VrS,ReinfStrip35k'Si TWF”St'Remf'Lay riovs) _ gq3 gaq 1OF Qtatr?shl?;remfomement TP
TribWidthgep strip f
TW.100Yrs.R3:= (Tal.100Vrs,ReinfStrip36kS"' TV'V'SeCO"d.ReinfLayef#ofStripS> =3312.295 Ibf état:(?hi?: PR PP ETeT
TribWidthgens strip &
TW.100Yrs.Ryg = <Ta/.mOV,s,Re;nfsmaskff T,W' Third.Reinf.Layericisios) _ g5 76 10F gtatgshitrz i
TribWidthgeip strip .
TW.100Yrs.Ryy = <Ta/.mOV,s,Re;nfsmasksf TW’Fourth'Remuayer#"fs"’”s> _7728.687 "°f '?tat:fhitri il i o i
TribWidthgeint strip f
TW.100Yrs.Rg:= (Tal.100Vrs,ReinfStrip36k'Si TW-Fifth.ReinﬁLayer#ofsmps> —6624.580 " Qtatgshitrz il A
TribWidthgens strip f
TW.100Yrs.Rys:= (Tal.100Vrs,ReinfStrip36k'Si 7'-VV-SiXth.ReinfLayef#ofStripS> 5520491 "f gtat:(?hztrg e P P R T
TribWidthgens strip f
: -1 o Solont Aot Laber ) At the 7th reinforcement layer from top of wall, we have
TW.100Yrs.R,y = ( artooves penfsipanis TV Yeliorsies) _ aa16.393 " 4 amehore
TribWidthgeint srip f
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3.4 MSE Wall Panel Connection Checks

Per existing drawings "Manassas Municipal Airport original drawings by Campbell, McQueen, &paris, Engineers dated July 1983.

:= 36000 psi := 58000 psi

Esso.por:=+0.016 in section loss per strip for 50 year corrosion reduction

Es 400,801t :="0.04 in section loss per strip for 100 year corrosion reduction
Tie Strip.Width :=-2.375 in

TieStrip. Thickness :=0.1345 in  Tie strip thickness #10GA with no reduction

TieStrip. Thicknesssg,,s :=«(2  TieStrip. Thickness) — (2 Essg) =0.205 in Reducing the thickness per AASHTO 50 year corrosion
reduction for 2 tie strips

TieStrip. Thickness ooy :=+(2  TieStrip. Thickness) — (2 Es;45) =<0.109 in Reducing the thickness per AASHTO 50 year corrosion
reduction for 2 tie strips

TieStrip.Areasg,,s :=-TieStrip. Thicknesssg, « TieStrip. Width =0.487 in®
TieStrip.Areagg,rs :=+TieStrip. Thickness 199,  TieStrip. Width =-0.259 in®

2.2 REINFORCING STRIPS AND TIE STRIPS. Tie strips shall be sho
abricated of hot rolled steel conforming to the minimum requirements o¥
ASTM A-570-79, Grade 36 or equivalent, Galvanization shall conform to the
minimum requirements of ASTM A-123 or equivalent. Reinforcing strips shall
be hot rolled from bars to the required shape and dimensions., Their
hysical and mechanical properties shall conform to either ASTM A-36 or
RS%"H A-572 Grade 65 or equal. Galvanization shall conform to ASTM A-123.

All reinforcing strips and tie strips shall be carefully inspected to

ensure they are true to size and free from defects that may impair their
strength and durability.

MSE WALL SPECIFICATIONS

Tie Strip Connection Capacity

'50YRS. T2t Reintstrip =:'<Ti93t’ ip.Are easoyrs> FUgeint strip =+28.239 kip > T it 50Vrs. Reinfstripssksi = 22586 Kip
'50YRS. T, :=-TieStrip.Areaso,rs  FYreint strip =+17-528 kip > T at.50vrs.Reinfstrip36ksi =*14-019 kip
"100YRS. T2, einfstrip = (TieStrip.Area,ooy,S> + FUgeint strip = 15.015 kip < Tutt 100vrs Reinfstripseksi = 16.009 Kip
"100YRS. T, :=-TieStrip.Area oo, FYRreintstrip ="9-320 Kip > T at.100rs.Reintstrip3eksi ="9-937 Kip

ECsotiestrip :=*TieStrip. Thicknesss, =40.205 in

EC100tiestrip = TieStrip. Thickness 149, = 0.109 in

FUpate = FUgeint sirip =*58.000 ksi  (per specifications) [ FROVT Face of penel
T — o
Fupg,;:=+120 ksi (per specifications) 3| \* - {
1 [ A %
Ic:=1.5in (edge distance see tie strip detail) ' ] |,‘g _I e
O Ga 1
$:=075 | =
4 | =
|
500l :=(0.5 in — Ess p0) =0.484 in 100 =+(0.5 in — Esyop o) =0.460in 1 =
2 2 2l I' et || o woLe
- (5600, - ('100d, % 1 L s
'50A o =+ (0d0r) =0.184 in® 1004 g =+ (700d0:") =0.166 in® l 4
3
AL 4I |

TIE STRIP DETAIL
(per original dwgs - sheet 41)
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PROJECT:  HEF Manassas Bridge Assessment \v‘ ENGINEER: JCC
DESIGN: MSE Retaining Wall Calculation Package.mcdx DATE: 08/20/2025

50Yr Bolt Shear Strength Check:

Bearing Check = RNgearingso = 3.0 '60dpo; ECsptiestrip FUpiate = 17-264 kip  Per AISC J.3.11a
Tearout Check = RNpearuso=1.5 Ic ECspiestrip FUprate = 26.753 kip Per AISC J.3.11a

50Yr Reinforcing Strip and Tie Strip Tear out Check:

Bearing Check = Rngys0:=0.75 '50A,,; Fupg.; = 16.559 kip Per AISC J.3.8

We will be using Bearing Check capacity for our connection strength  Rng,;50 = 16.559 kip

Rn, First.Reinf.Layer, i
50YrSTIESTRIP.R g9 := (Rnsorso Veriarsups) _ 16558.581 ° Layer with 9 anchors
TribWidtheging sirip ft
RNgeari TW.Third.Reinf.Layeryssyi
'50YrSTIESTRIP.Rygpg = (Rnzoaringso Yeriarsips) —15346.027 "°f Layer with 8 anchors
TribWidtheeint siip ft
Rn, Second.Reinf.Layerysyi
'50YrSTIESTRIP.Rygp5 = (Rnsorso YeTiarsips) —5519.507 °f Layer with 3 anchors
TribWidthggint stip ft
Rn, Fourth.Reinf.Layer, i
'50YrSTIESTRIP. Ry, = (Rnsorso YeTiorsips) —12878.896 'O Layer with 7 anchors
TribWidthgeint st ft
Rn, Fifth.Reinf.Layer, ;
50YrSTIESTRIP.R gp5 = (Rnsorso Veriorsps) _ 11039.054 ™°f Layer with 6 anchors
TribWidtheging sirip ft
Rn, Sixth.Reinf.Layer, ;
50YrSTIESTRIP.R g5 = (Rnsorso YeTiarsips) —9199.212 "Pf Layer with 5 anchors
TribWidtheging stip ft
RNgeari TW.Seventh.Reinf.Layer, i
'50YrSTIESTRIP.Rygpg = (Rnzoaringso Yeriarsips) —7673.013 Layer with 4 anchors
TribWidtheging strip ft

COMPARE THESE VALUES TO THE CONCRETE CAPACITY CONNECTION BREAK OUT VALUES
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DESIGN: MSE Retaining Wall Calculation Package.mcdx DATE: 08/20/2025

100Yr Bolt Shear Strength Check:

Bearing Check = Rngearingr00:= 3.0 '100dp0; ECspiestrip FUpiate = 16.408 kip  Per AISC J.3.11a
Tearout Check = RNpearuroo =15 I ECioptiestrip FUpiate = 14.225 kip Per AISC J.3.11a

100Yr Reinforcing Strip and Tie Strip Tear out Check:

Bearing Check = Rngy109:=0.75 '100A,o; Fupge;= 14.957 kip Per AISC J.3.8

We will be using Bearing Check capacity for our connection strength  Rnyy,.0ut100 = 14.225 kip

Rn First.Reinf.Layeryssyi
“100YrsTIESTRIPR 50 := (R sarurroo Veriorsips) _ 14224.500 " Layer with 9 anchors
TribWidtheeint sirip ft
Rn TW.Third.Reinf.Layer, i
"100YrsTIESTRIP.R g5 = (R sarurroo Veriorsups) _ 12644.000 " Layer with 8 anchors
TribWidtheeint sirip ft
Rn Second.Reinf.Layer, ;
"100YrSTIESTRIP.R g5 = (RN sarourroo YeTiorsips) —a741.500 P Layer with 3 anchors
TribWidtheeit sirip ft
Rn Fourth.Reinf.Layeryssti
"100YrsTIESTRIP.R 5,7 = (RN sarurroo Veriarss) _ 11063.500 ™°f Layer with 7 anchors
TribWidtheeing sirip ft
Rn Fifth.Reinf.Layer, i
“100YrsTIESTRIPR 56 := (RN sarurroo YeTiarsips) —.9483.000 Layer with 6 anchors
TribWidtheeint siip ft
Rn Sixth.Reinf.Layer, ;
“100YrsTIESTRIPR 55 := (R sarurroo YeTiorsips) =7902.500 "°f Layer with 5 anchors
TribWidtheeint sirip ft
Rn TW.Seventh.Reinf.Layer, i
"100YrSTIESTRIP.R g4 = (RN sarurroo Yerirsips) —6322.000 " Layer with 4 anchors
TribWidthgeint sir ft

COMPARE THESE VALUES TO THE CONCRETE CAPACITY CONNECTION BREAK OUT VALUES
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DESIGN: MSE Retaining Wall Calculation Package.mcdx DATE: 08/20/2025
Concrete Break out Capacity:
Assuming tie strips to be a headed anchor to determine its capacity per ACI 318-14 chapter 17
Abrg :=«( TieStrip. Thickness - 2) TieStrip. Width =-0.639 in® (tie strip area)
Existing.fc =4.000 ksi @anchor:="0.7 per ACI 318-14 section 17.3.3.3
it
Np:=8 - A,y Existing.fc =20.444 kip Pull out strength of a single anchor v |
per ACI 318-14 section 17.4.3.4 'l
Concrete Break Strength of Anchors in Tension: . 7 b ”
(" b tle 2
Ke =24 Nominal concrete breakout strength per ACI 17.4.2.6 ; J'_] -+ —— =t :"'"I“ E
1 | ; r{: 1%
Ayi=1.0 Nominal factor for lightweight concrete ‘fél"-’ e H J _g J
|
H,r:=4 in Effective embedment depth of anchor T ,} li = Jf 8
ey:=0.0 in Eccentricity of tensile load o
TYPICAL MSE WALL PANEL DETAIL
Wen:=1.0 Modificattion factor for cracked concrete (per original dwgs - sheet 41)
Wepn=1.0 Modificattion factor for post installed anchor
Weon = ! =+1.000 Nominal breakout strenght —Anc
1 (2 L 9N> when tensile force is eccentric : =/ \
+ A |
(3 Hap )- 1.5her §
H— )
1.5hy )
Camint = (6.625 in — 1.5625 in) = 5.063 in (edge anchor) : =4
| i T A= (Cay + 1.50)(2 % 1.5hqs)
Comnp=14.375 in— 23751 _ 13 185in  (center anchor) el
- ——-...--—1.—;--" ~
I !-.Fﬂ 5 of \‘1| Ape
, . 1.5hy A !
'4ANChOrgpacing =+10 in % = |
"5ANChOrgpaging = 7.5 in 1.5h, {
)
e e
— Ape= (Cg1 + $1+ 1.5h,0)(2 % 1.5h,)
if Copiny =5.063in 1< 1.5+ Hy=6.000 in N <1y a0y = S
C. .. L \
Weanodge =0.7 +0.3 (Camm) _ 0.953 P /A
(1.5-Hy) il | 1%
a 1|+ * —
B =
el
if Caming=13.188 i >0 1.5+ H,=6.000 in then  Wey n.center :=+1.0 Ac= (Ca1 + 1+ 1.5hy)(Cag + 82+ 1.5her)
if ey and g3 < 1.5hy
and syand $; < 3hy
2 ACI FIG. R17.4.2.1
Ny=Ke A, /4000 (4)'5 (Ibf) = 12143.146 Ibf  Basic conc break out strenght for
a single anchor per ACI 17.4.2.6
Anco.1=9 Hef2 =144.000 in® Max. area of concrete cone break out around
a single anchor under tension laod
perACl 17.4.2.1¢c S}
o~
=
02 4
o
+ 3
2
o L}
ANao &
| Cva | Cva |
Plan view
Anag = (zcm)z Plan view
ACI FIG. R17.4.5.1
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Determining Concrete Breakout Capacity using 4 ksi Concrete Strength

Concrete Break Strength of 1 Anchor located at the center:

Avcr=((2 1.5 Hy)) (2 1.5 Hy)=144.000 in Actual breakout area per ACI 17.4.2.1
A
Nep1.aksi = A NG WedN.center Wen Wepn Np=+12.143 kip Calculated tensile strength to resist cone break out per ACI 17.4.2.1
NCO.1

Concrete Break Strength for 2 Anchor located at edges of panel:

Ancedge = ((Camint) + (15 Hep) (2 1.5 Hg) =132.750 in’ Actual breakout area per ACl 17.4.2.1

-A .
NC-odgs WedNedge Won Wopn Np| 2=:21.339 kip  Calculated tensile strength to resist cone break out per ACI 17.4.2.1

*7INCO.1 *

Ncbg2. 4ksi =

Concrete Break Strength for 4 Anchor in a row:

Anca=(((2 Caminr) + (3 4ANCHOrgacing))) ((2 1.5 Hg) +4 in) =642.000 in’ Actual breakout area per ACI 17.4.2.1

A
Nobga.asi = y: NeA WYodNedge Won Wopn Np=951.600 kip Calculated tensile strength to resist cone break out per ACI 17.4.2.1

NCO.1
Concrete Break Strength for 5 Anchor in a row:

Ancs=(((2 Caminr) + (3 BANGHOrgacing))) ((2 1.5 Hg) +4 in) =522.000 in® Actual breakout area

A
Nobgs. aisi = y Ne2 WYodNedge Won Wopn Np=+41.956 kip Calculated tensile strength to resist cone break out per ACI 17.4.2.1

NCO.1

Concrete Break out Capacity of Tie Strips in MSE Conc Panel:

N, i+ N, ]

UKSi.R oo = ( o e gt hs) —10395.109 "°f Layer with 9 anchors
TribWidtheging siip ft
N, i+ N, ]

UKSi.R pong = ( i g hs) —1466.770 Layer with 8 anchors
TribWicthegint sirip ft
N, i+ Nop asi

UK. R popg = ( oog e oot k) —3720.288 ' Layer with 3 anchors
TribWidthgeint strip ft
N, i+ N, i+ N, i

YKSi.R o7 = (Netgs asi+ Noogz sk + N aks) —0453.673 P Layer with 7 anchors

TribWictheeint strip ft

N, i+N, i+ N, i+N, i

4KSi. Ry = ( cbg2.4ksi T Neb1.4ksi T Nebg2. aksi cb7,4ks:> — 7440576 Ibf Layer with 6 anchors

TribWicthgein sirip ft

N, i+N, i+ N, i

UKSI.R o5 = (Netgz asi+ Noos o+ Nevgz k) —6001.337 P Layer with 5 anchors

TribWictheeint strip ft

N, i+ N, ]

UKSi.Rpopg = ( opg e eeg2 hs) —4742.099 P Layer with 4 anchors
TribWictheeint sirip ft

USE CONCRETE BREAK OUT CAPACITY VALUES SINCE THESE VALUES ARE LOWER THAN THE TIE STRIP CONNECTION VALUES
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3.2 Internal Stability - RUNWAY 100 & 50 Year Results
Soil parameters per Engineering & Materials Technologies, inc.
No. Name Type of reinforcement Line type Reinfarcement strength Coefficient Reon
Tun [Ibfffi] Ry [ibf/fi] Cas [-] G-l [Ibfff]
1 1st Layer - 9 anchors user-defined i 16009.42 993688 060 0.70| 10395.11
2 2nd Layer - 3 anchors user-defined - 533648 331230| 060 070| 372029
3 4th Layer - 7 anchors user-defined — i 1245177 772869 060 0.70 945367
4 SthLayer - 6 anchors user-defined — e 10672.95 662450 060 070 744058
5  6th Layer - 5 anchors user-defined e 8894.12 552049 0.60 070 6091.34
Reinforcing Strip & Connection Input Values for 100 years
No. Name Type of reinforcement Line type Reinforcement strength Coefficient Reon
Tur [Ibf/ft] Ry [Ibf/fi] Casl-] Gl (Ibf/fi]
1 ist Layer - 9 anchors user-defined e 22585.80 1401877 0.60 um_ 1039511
2  2nd Layer - 3 anchors user-defined e L 752860 467292 0.60 070 372029
3 4th Layer - 7 anchors user-defined =i 17566.74 1090349 0,60 070 945367
4 5th Layer - 6 anchors user-defined et 1505720 934585 0.60 070 744058
5 | 6th Layer - 5 anchors user-defined S L e 1254767 778821 0,60 0.70 6091.34
Reinforcing Strip & Connection Input Values for 50 years
S0 S 15t Layer - 9 anchors {user-defined)
e '_" - | —— = — 2nd Layer - 3 anchors {user-defined)
od — — = — 18t Layer - 9 anchors [user-chefined)
4 IY: 4th Layer - 7 anchors (user-defined)
R ) G 000 S Sth Layer - & anchors (user-defined)
1.50 4 % {user-defined)
MSE Wall Model - Elevation View
Verification Verification
OVERTURNING : SATISFACTORY (124%) OVERTURNING : SATISFACTORY (124%)
SLIP: SATISFACTORY (116%) SLIP: SATISFACTORY (116%)
Verification Verification
ECCENTRICITY: SATISFACTORY (6.8%) ECCENTRICITY: SATISFACTORY (6.8%)
FOUNDATION SOIL: SATISFACTORY (42.8%) FOUNDATION SOIL: SATISFACTORY (42.8%)
Reinforcement capacity Reinforcement capacity
STRENGTH NOT OK.  (109.9%) STRENGTH SATISFACTORY  (77.9%)
PULLOUT SATISFACTORY  (21.0%) PULLOUT SATISFACTORY  (21.0%)
CONNECTION | SATISEACTORY. " C19.5%) CONNECTION  SATISFACTORY  (99.6%)
Dimensioning Dimensioning
SLIP SATISFACTORY (13.9%) SLIP SATISFACTORY (13.9%)
100 Year Summary Resuls 50 Year Summary Resuls
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HEF Manassas Bridge Assessment

ENGINEER: JCC
DATE: 08/20/2025

PROJECT:
DESIGN: MSE Retaining Wall Calculation Package.mcdx
3.4 Internal Stability - TAXIWAY 50 Year Results
Soil parameters per Engineering & Materials Technologies, inc.
No. Name Type of reinforcement Line type Reinfarcement strength Coefficient Reon
T Db/l | Relibf/f Cal-l GH [ibf/f]
1 1stlayer - 9 anchors user-defined i 1600942 9936.88 050, 0.70| 10395.11
2 2nd Layer - 3 anchors user-defined - 533648 331230, 060 070| 372029
3 4th Layer - 7 anchors user-defined i 1245177 772869 0.60 070 945367
4  5th Layer - 6 anchors user-defined e e T 1067295 6624.59 0.60 u.?o_ 7440.58
5 6th Layer - 5 anchors user-defined - 8894.12 552049 060 0.70 6091.34
Reinforcing Strip & Connection Input Values for 100 years
No. . Name Type of reinforcement Line type Reinforcement strength Coefficient Reon
Ton Tof/ft] Re [bffit] Cas [-] Gl [ibf/f]
1 st Layer - 9 anchors user-defined i 22585.80 1401877 060, 070, 10395.11
2 |2nd Layer - 3 anchors user-defined - 752860 467292 060 070, 372029
3 4th Layer - 7 anchors user-defined 3 e e 17566.74 10903 49 0.60 070 945367
4 5th Layer - 6 anchors user-defined — i 15057.20 934585 050 070 744058
S 6th Layer - 5 anchors user-defined - - 1254767 7788.21 0.60 0.70 6091.34
Reinforcing Strip & Connection Input Values for 50 years
= e
—=
= |
vason | RUNGUEON
— 15t Layer - 9 anchors (user-defined;
i Ind Layer - 3 anchors (user-defined)
=L Ird Layer - 8 anchivs (user-defined)
Lo 4th Layer - 7 anchors (user-defined
6.00 = o = Sth Layer - & anchors (user-defined)
ks, B S e S T Rt 1, S e 6th Layer - 5 anchors (user-defined
ol 1 Layer - 4 anchors (user-defined
MSE Wall Model - Elevation View
Verification Verification
OVERTURNING : SATISFACTORY (11.3%) OVERTURNING : SATISFACTORY (11.3%)
SLIP: SATISFACTORY  {10.9%) SLIP: SATISFACTORY  (10.9%)
Verification Verification
ECCENTRICITY: SATISFACTORY (0.5%) ECCENTRICITY: SATISFACTORY (0.5%)
FOUNDATION SOIL: SATISFACTORY (44.1%) FOUNDATION SOIL: SATISFACTORY (44.1%)
Reinforcement capacity Reinforcement capacity
STRENGTH SATISFACTORY (95.5%) STRENGTH SATISFACTORY (684%)
PULLOUT SATISFACTORY (204%) PULLOUT SATISFACTORY (20.8%)
CONNECTION SATISFACTORY (85.1%) CONNECTION SATISFACTORY (87.4%)
Dimensioning Dimensioning
SLIP SATISFACTORY (13.5%) SLIP SATISFACTORY (13.5%)
100 Year Summary Resuls 50 Year Summary Resuls
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Analysis of reinforced slopes

Input data
Date : 3/3/2025

Settings
(input for current task)

Materials and standards
Concrete structures : ACI 318-19

Wall analysis

Verification methodology : according to LRFD
Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : Mononobe-Okabe

Shape of earth wedge : Consider always vertical

Allowable eccentricity : 0.333

Internal stability : AASHTO - Inextensible (broken slip surface)

Load factors

Design situation - Streng_;th I

Minimum Maximum
Dead load of structural components : DC = 0.90 [-] 1.25 [H]
Dead load of wearing surfaces : DW = 0.65 [] 1.50 []
Earth pressure - active : EHp = 0.90 [] 1.50 [-]
Earth pressure - at rest : EHR = 0.90 [] 1.35 [-]
Earth surcharge load (permanent) : ES = 0.75 [] 1.50 [-]
Vertical pressure of earth fill : EV = 1.00 [] 1.35 [-]
Live load surcharge : LL = 0.00 [] 1.75 [-]
Water load : WA = 1.00 [] 1.00 [-]
Resistance factors
Design situation - Strength |
Resistance factor on overturning : oo = 0.90 [-]
Resistance factor on sliding : o= 1.00 [H]
Resistance factor on bearing capacity : op = 0.65 [-]
Resistance factor on passive pressure : dvE = 0.75 [-]
Stability analysis
Verification methodology : according to LRFD
Load factors
Design situation - Strength |

Minimum Maximum
Earth surcharge load (permanent) : ES = 0.75 [] 1.50 [-]
Live load surcharge : LL = 0.00 [-] 1.75 [-]

[GEO5 - MSE Wall (64 bit) | version 5.2025.35 | 32129 Walter P. Moore (Business) |Fine spol. s r.o. | www.finesoftware.eu]
[Gintegro, LLC | 201.204.9560| info@gintegro.com| www.gintegro.com]


www.gintegro.com
mailto:info@gintegro.com
www.finesoftware.eu
https://5.2025.35

Resistance factors
Design situation - Strength |

Resistance factor on stability : ¢ss = 0.65 [-]
Geometry of structure
Embankment height h, = 13.00 ft
Embankment length I, = 0.00 ft
Cover thickness tc = 046 ft
Material
Cover material
Unit weight y = 150.00 pcf
Shear resistance Rq = 0.0 psf
Types of reinforcements
Name _Type & Line type Reinforcement strength Coefficient
No. reinforcement
Tuit[Ibf/ft] R¢[Ibf/ft] Casl-1 Cil-1
1 IstLayer-9 anchors user-defined — — - 2258580  14018.77 0.60 0.70
(user-defined)
o  2ndLayer-3 anchors user-defined N 752860  4672.92 0.60 0.70
(user-defined)
3 4thlayer-7 anchors user-defined —— - 17566.74  10903.49 0.60 0.70
(user-defined)
4 OthLayer-6 anchors user-defined —— - 1505720  9345.85 0.60 0.70
(user-defined)
5  6thlLayer-5 anchors user-defined —— - 1254767 778821 0.60 0.70
(user-defined)

Reinforcement details

1. 1st Layer - 9 anchors (user-defined)
Short-term char. strength Ty = 22585.80 Ibf/ft
Long-term design strength Ry = 14018.77 Ibf/ft

Design connection strength Rgn, = 10395.11 Ibf/ft

2. 2nd Layer - 3 anchors (user-defined)
Short-term char. strength T,y = 7528.60 Ibf/ft

Long-term design strength Ry = 4672.92 Ibf/ft

Design connection strength Rqon = 3720.29 Ibf/ft

3. 4th Layer - 7 anchors (user-defined)
Short-term char. strength Ty = 17566.74 Ibf/ft

Long-term design strength Ry = 10903.49 Ibf/ft

Design connection strength Rqon = 9453.67 Ibf/ft

4. 5th Layer - 6 anchors (user-defined)
Short-term char. strength Ty = 15057.20 Ibf/ft

Long-term design strength Ry = 9345.85 Ibf/ft

Design connection strength Rqon = 7440.58 Ibf/ft

5. 6th Layer - 5 anchors (user-defined)
Short-term char. strength Ty = 12547.67 Ibf/ft

Long-term design strength Ry = 7788.21 Ibf/ft

[GEO5 - MSE Wall (64 bit) | version 5.2025.35 | 32129 Walter P. Moore (Business) |Fine spol. s r.o. | www.finesoftware.eu]
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Design connection strength Ron = 6091.34 Ibf/ft

Reinforcement

No.

Number

of reinforcements

Type of
reinforcement

Spacing of
reinforcements
h,[ft]

Height of first
reinforcement

y[ft]

Reinforcements geometry

1

6th Layer - 5
anchors
(user-defined)

5th Layer - 6
anchors
(user-defined)

4th Layer - 7
anchors
(user-defined)
1st Layer -9
anchors
(user-defined)

1st Layer -9
anchors
(user-defined)
2nd Layer - 3
anchors
(user-defined)

1.00

1.00

1.00

1.00

1.00

1.00

1.50

4.00

6.50

9.00

11.50

10.25

identical length of reinforcements

identical length of reinforcements

identical length of reinforcements

identical length of reinforcements

identical length of reinforcements

identical length of reinforcements

Reinforcement details
Reinforcement No. 1

Reinforcement type : 6th Layer - 5 anchors (user-defined)

Number of reinforcements 1

Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft

N End Height from bottom Length
o lofft] ylft] It
1 0.00 23.00 1.50 23.00
Reinforcement No. 2
Reinforcement type : 5th Layer - 6 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
No End Height from bottom Length
i I2[ft] ylft] I[ft]
1 0.00 23.00 4.00 23.00
Reinforcement No. 3
Reinforcement type : 4th Layer - 7 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
No End Height from bottom Length
i I2[ft] ylft] I[ft]
1 0.00 23.00 6.50 23.00
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Reinforcement No. 4

Reinforcement type : 1st Layer - 9 anchors (user-defined)

Number of reinforcements 1

Reinforcement geometry : identical length of reinforcements

Reinforcement length : 23.00 ft

N Origin End Height from bottom Length
o.
1[ft] I2[ft] yift] I[ft]
1 0.00 23.00 9.00 23.00
Reinforcement No. 5
Reinforcement type : 1st Layer - 9 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
11[ft] I2[ft] yift] I[ft]
1 0.00 23.00 11.50 23.00
Reinforcement No. 6
Reinforcement type : 2nd Layer - 3 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
11[ft] I2[ft] yift] I[ft]
1 0.00 23.00 10.25 23.00
Name : Reinforcement \Stage -analysis : 1 -0
KIXIXXTXX X X
nsofy | SEECTCEOARCROARReR L L L L L L DO e 1st Layer - 9 anchors (user-defined)
o 10'35, |l - - - - — - - — = — = - = = = = gy AL Ly~ ST T — = = 2nd Layer - 3 anchors (user-defined)
23.00
9eft | _ _ _ _ _ _ _ _ _ _ _ _ _ SO 1st Layer - 9 anchors (user-defined)
23.00
Les0f o DOt 0 4th Layer - 7 anchors (user-defined)
23.00
L Vs ay v 5th Layer - 6 anchors (user-defined)
23.00
RS0 [ e T s 6th Layer - 5 anchors (user-defined)
23.00
I 4]
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Soil parameters

34 DEG

Basic data

Unit weight :

Internal friction angle :
Cohesion :

Friction angle structure-soil :

Uplift pressure
Uplift calculation :

Unit weight of saturated soil :

View

Soil pattern :

38 DEG

Basic data

Unit weight :

Internal friction angle :
Cohesion :

Friction angle structure-soil :

Uplift pressure
Uplift calculation :

Unit weight of saturated soil :

View

Soil pattern :

24 DEG

Basic data

Unit weight :

Internal friction angle :
Cohesion :

Friction angle structure-soil :

Uplift pressure
Uplift calculation :

Unit weight of saturated soil :

View

Soil pattern :

y =125.0 [pcf]
Qef = 34.00 [°]
Cef = 0.0 [psf]
6 =23.00["]

standard
Ysat = 130.0 [pcf]

y = 140.0 [pcf]
Qef = 38.00 [°]
Cef = 0.0 [psf]
5 =20.00[°]

standard
Ysat = 140.0 [pcf]

y =120.0 [pcf]
Qef = 24.00 [°]
Cef = 0.0 [psf]
0 =24.00[°]

standard
Ysat = 130.0 [pcf]

Geological profile and assigned soils

Position information
Terrain elevation = -9.75 ft

Geological profile and assigned soils

Thickness of layer Depth Elevation . .
No. A | P
o ¢ [ft] 2 [ft] [f] ssigned soi attern
1 0.01 0.00..0.01 -9.75..-9.76 24 DEG
2 12.99 0.01..13.00 -9.76 ..-22.75 34 DEG

5
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Thickness of layer Depth Elevation

No. Assigned soil

Pattern

t [ft] Z [ft] [ft]
3 7.00 13.00 .. 20.00 -22.75 .. -29.75 38 DEG -
4 - 20.00 .. 22075 ..- 38DEG -

Terrain profile

No Coordinates Depth
' x [ft] z [ft]
1 0.00 0.00
2 7.00 0.00
3 7.00 -7.75
4 8.00 -7.75

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

Ground water table at height 10.00 ft from structure heel.
Input surface surcharges

No Surcharge Action Mag.1 Mag.2 Ord.x Length Depth
' new change [Ibf/ft2] [Ibf/ft2] x [ft] | [ft] z [ft]
1 Yes permanent 2922.90 1.00 6.00 1.25
2 Yes variable 770.00 1.00 6.00 1.25
No. Name
1 DL
2 LL
Input concentrated surcharges
No Surcharge Action Magnitude Ord.x Length Width Depth
' new change [Ibf] x [ft] | [ft] b[ft] z [ft]
3 Yes variable 0.10 10.00 2.00 19.00 on terrain
No. Name
3 LL
Resistance on front face of the structure
Resistance on front face of the structure: at rest
Soil on front face of the structure - 34 DEG
Soil thickness in front of structure h = 1.00 ft
Terrain in front of structure is flat.
Applied forces acting on the structure
Force . Name Action Type ! < b2
new edit [ft] [Ibf/ft2] [Ibf/ft2]
1 Yes Earth Passive Pressure permanent trapezoid 7.50 0.0 1875.0

Settings of the stage of construction

Reduction of soil/soil friction angle : do not reduce
Design situation : Strength |

[GEO5 - MSE Wall (64 bit) | version 5.2025.35 | 32129 Walter P. Moore (Business) |Fine spol. s r.o. | www.finesoftware.eu]
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Verification No. 1
Forces acting on construction

Name Fhor App.Pt. Evert App.Pt. Coeff. Coeff. Coeff.
[Ibf/ft] z [ft] [Ibf/ft] x [ft] overtur. sliding stress

Weight - reinforced soil 0.0 -10.96 38684.5 12.85 1.000 1.000 1.350
Active pressure 5451.6 -7.98 3398.5 23.00 1.500 1.500 1.500
Water pressure 0.0 -20.75 0.0 46.00 1.000 1.000 1.000
DL 0.0 -11.75 17537.4 4.00 0.750 0.750 1.500
LL 0.0 -11.75 4620.0 4.00 0.000 0.000 1.750
LL 0.0 -20.75 0.0 11.00 0.000 0.000 1.750
Earth Passive Pressure -7031.2 -15.50 0.0 0.00 0.650 0.650 1.500
Verification of complete wall

Check for overturning stability

Resisting moment Mg = 663888.9 Ibfft/ft

Overturning moment Mg, = 65248.5 Ibfft/ft

Capacity demand ratio CDR = 10.17

Wall for overturning is SATISFACTORY

Check for slip

Resisting horizontal force Hes = 44482.75 Ibf/ft

Active horizontal force Hact = 3607.03 Ibf/ft

Capacity demand ratio CDR = 12.33

Wall for slip is SATISFACTORY

Overall check - WALL is SATISFACTORY

Verification No. 2

Forces acting on construction

Name Fhor App.Pt. Fyert App.Pt. Coeff. Coeff. Coeff.

[Ibf/ft] z [ft] [Ibf/ft] x [ft] overtur. sliding stress

Weight - reinforced soil 0.0 -10.96 38684.5 12.85 1.000 1.000 1.350
Active pressure 5451.6 -7.98 3398.5 23.00 1.500 1.500 1.500
Water pressure 0.0 -20.75 0.0 46.00 1.000 1.000 1.000
DL 0.0 -11.75 17537.4 4.00 0.750 0.750 1.500
LL 0.0 -11.75 4620.0 4.00 0.000 0.000 1.750
LL 0.0 -20.75 0.0 11.00 0.000 0.000 1.750
Earth Passive Pressure -7031.2 -15.50 0.0 0.00 0.650 0.650 1.500
Verification of complete wall

Check for overturning stability

Resisting moment Mg = 663888.9 Ibfft/ft

Overturning moment Mg, = 65248.5 Ibfft/ft

Capacity demand ratio CDR = 10.17

Wall for overturning is SATISFACTORY

Check for slip

Resisting horizontal force Hgs = 44482.75 Ibf/ft

I 7]
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Active horizontal force

Hact =

3607.03 Ibf/ft

Capacity demand ratio CDR = 12.33
Wall for slip is SATISFACTORY

Overall check - WALL is SATISFACTORY
Bearing capacity of foundation soil

Design load acting at the center of footing bottom

No. Moment Norm. force Shear Force Eccentricity Stress
[Ibfft/ft] [Ibf/ft] [Ibf/ft] [-1 [psf]
1 30770.3 91712.97 -2369.54 0.015 4107 .4
2 -17649.6 56935.33 3607.03 0.000 2475.4
3 30770.3 91712.97 -2369.54 0.015 4107 .4
4 -17649.6 56935.33 3607.03 0.000 2475.4
Service load acting at the center of footing bottom
No. Moment Norm. force Shear Force
[Ibfft/ft] [Ibf/ft] [Ibf/ft]
1 9530.3 64240.43 -1579.69
2 -25119.7 59620.43 -1579.69
3 9530.3 64240.43 -1579.69
4 -25119.7 59620.43 -1579.69
Verification of foundation soil
Stress in the footing bottom : rectangle
Eccentricity verification
Max. eccentricity of normal force e = 0.015
Maximum allowable eccentricity eg,, = 0.333
Eccentricity of the normal force is SATISFACTORY
Verification of bearing capacity
Ultimate bearing capacity of found. soll R = 15000.0 psf
Partial factor on bearing capacity YRy = 0.65
Max. stress at footing bottom o = 4107.4 psf
Allowable bearing capacity of foundation soil Ry = 9750.0 psf
Capacity demand ratio CDR = 2.4
Bearing capacity of foundation soil is SATISFACTORY
Overall verification - bearing capacity of found. soil is SATISFACTORY
Verification of slip on georeinforcement No. 1
Forces acting on construction (verification of most utilized reinforcement)
Name Fhor App.Pt. Fvert App.Pt. Design
[Ibf/ft] z [ft] [Ibf/ft] x [ft] coefficient
Active pressure 4159.1 -7.09 30111 23.00 1.500
Earth Passive Pressure -7031.2 -14.00 0.0 0.00 0.650
Weight - reinforced soil 0.0 -10.11 36698.1 12.92 1.000
DL 0.0 -10.25 17537.4 4.00 0.650
LL 0.0 -10.25 4620.0 4.00 0.000

8]
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Name Fhor App.Pt. Fvert App.Pt. Design
[Ibf/ft] z [ft] [Ibf/ft] x [ft] coefficient

LL 0.0 -19.25 0.0 11.00 0.000

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90.00 °

Overall normal force acting on reinforcement = 52614.05 Ibf/ft

Coefficient of reduction of slip along geo-textile = 0.60

Resistance along geo-reinforcement = 21293.18 Ibf/ft

Wall resistance = 0.00 Ibf/ft

Overall bearing capacity of reinforcements = 0.00 Ibf/ft

Check for slip:

Resisting horizontal force H;es = 21293.18 Ibf/ft

Active horiz. force Hact = 1668.38 Ibf/ft

Capacity demand ratio CDR = 12.76

Slip along geotextile is SATISFACTORY

Calculation of internal stability No. 1

Calculated forces and strength of reinforcements

No Name Fx Depth R¢ Utiliz. Tp Utiliz.| Reon | Utiliz.
i [Ibfift] | Zz[ft] [Ibf/ft] [%] [Ibf/ft] [%] | [Ibfift] | [%]

1  6th Layer - 5 anchors (user-defined) -4352.09 11.51 5841.16 74.51 37084.89 11.74 4568.50 95.26
2  5th Layer - 6 anchors (user-defined) -4575.01  9.01 7009.39 65.27 30007.91 15.25 5580.44 81.98
3  4th Layer - 7 anchors (user-defined) -4738.33 6.51 8177.62 57.94 2359491 20.08 7090.25 66.83
4  1stLayer - 9 anchors (user-defined) -3678.05 4.01 10514.08 34.98 19360.23 19.00 7796.33 47.18
5  2nd Layer - 3 anchors (user-defined) -2483.33 2.76 3504.69 70.86 17246.59 14.40 2790.22 89.00
6  1stLayer - 9 anchors (user-defined) -536.70 1.51 10514.08 5.10 15132.96 3.55 7796.33 6.88

Check for tensile strength (reinforcement No.1)

Tension strength R; = 5841.16 Ibf/ft

Force in reinforcement Fy, = 4352.09 Ibf/ft

Capacity demand ratio CDR = 1.34
Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.3)
Pull out resistance Tp = 23594.91 Ibf/ft

Force in reinforcement Fy 4738.33 Ibf/ft

Capacity demand ratio CDR = 4.98
Reinforcement for pull out resistance is SATISFACTORY

Verification of connection strength (reinforcement No.1)
Connection strength  Rgon = 4568.50 Ibf/ft

Force in reinforcement Fy, = 4352.09 Ibf/ft

Capacity demand ratio CDR = 1.05
Connection strength is SATISFACTORY

Overall verification - reinforcement is SATISFACTORY
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Global stability analysis No. 1
Parameters of input slip surface

Center S = (-5.87;-8.98) ft
Radius r = 22.77 ft
Angle aq = 0.00 °

ap = 0.00 °

Analysis has not been performed.
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WPM
JCC
RW Analysis_100Yrs_4ksi conc & 36ksi reinf strips

Analysis of reinforced slopes

Input data
Date : 3/3/2025

Settings
(input for current task)

Materials and standards
Concrete structures : ACI 318-19

Wall analysis

Verification methodology : according to LRFD
Active earth pressure calculation:  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : Mononobe-Okabe

Shape of earth wedge : Consider always vertical

Allowable eccentricity : 0.333

Internal stability : AASHTO - Inextensible (broken slip surface)

Load factors
Design situation - Strength |

Minimum Maximum
Dead load of structural components : DC = 0.90 [-] 1.25 [-]
Dead load of wearing surfaces : DW = 0.65 [-] 1.50 []
Earth pressure - active : EHp = 0.90 [] 1.50 [-]
Earth pressure - at rest : EHR = 0.90 [] 1.35 [-]
Earth surcharge load (permanent) : ES = 0.75 [] 1.50 [-]
Vertical pressure of earth fill : EV = 1.00 [-] 1.35 []
Live load surcharge : LL = 0.00 [-] 1.75 [-]
Water load : WA = 1.00 [-] 1.00 [-]
Resistance factors
Design situation - Strength |
Resistance factor on overturning : o = 0.90 [-]
Resistance factor on sliding : o= 1.00 [H]
Resistance factor on bearing capacity : op = 0.65 [-]
Resistance factor on passive pressure : dve = 0.75 [-]
Stability analysis
Verification methodology : according to LRFD
Load factors
Design situation - Strength |

Minimum Maximum
Earth surcharge load (permanent) : ES = 0.75 [] 1.50 [-]
Live load surcharge : LL = 0.00 [-] 1.75 [-]
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WPM
JCC
RW Analysis_100Yrs_4ksi conc & 36ksi reinf strips

Resistance factors
Design situation - Strength |

Resistance factor on stability : dss = 0.65 [-]
Geometry of structure
Embankment height h, = 13.00 ft
Embankment length I, 0.00 ft
Cover thickness tc = 046 ft
Material
Cover material
Unit weight y = 150.00 pcf
Shear resistance Rq = 0.0 psf
Types of reinforcements
Name . Ly TEDCll Line type Reinforcement strength Coefficient
No. reinforcement
Tui[Ibf/ft] R¢[Ibf/ft] Cysl-1] Cil-1
1 IstLayer-9 anchors user-defined ~ — - 1600942  9936.88 0.60 0.70
(user-defined)
o 2ndLayer-3 anchors user-defined - 533648  3312.30 0.60 0.70
(user-defined)
3 ‘4thlayer-7 anchors user-defined —— - 1245177 772869 0.60 0.70
(user-defined)
4 OthlLaver-6 anchors user-defined —— - 1067295  6624.59 0.60 0.70
(user-defined)
5  6thLayer-5anchors user-defined —— - 889412  5520.49 0.60 0.70

(user-defined)

Reinforcement details

1. 1st Layer - 9 anchors (user-defined)
Short-term char. strength Ty = 16009.42 Ibf/ft
Long-term design strength Ry = 9936.88 Ibf/ft

Design connection strength Rqgn, = 10395.11 Ibf/ft

2. 2nd Layer - 3 anchors (user-defined)
Short-term char. strength Ty = 5336.48 Ibf/ft

Long-term design strength Ry = 3312.30 Ibf/ft

Design connection strength Ron = 3720.29 Ibf/ft

3. 4th Layer - 7 anchors (user-defined)
Short-term char. strength Ty = 12451.77 Ibf/ft

Long-term design strength Ry = 7728.69 Ibf/ft

Design connection strength Ron = 9453.67 Ibf/ft

4. 5th Layer - 6 anchors (user-defined)
Short-term char. strength Ty = 10672.95 Ibf/ft

Long-term design strength Ry = 6624.59 Ibf/ft

Design connection strength R.on = 7440.58 Ibf/ft

5. 6th Layer - 5 anchors (user-defined)
Short-term char. strength Ty = 8894.12 Ibf/ft

Long-term design strength R; = 5520.49 Ibf/ft
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WPM
JCC
RW Analysis_100Yrs_4ksi conc & 36ksi reinf strips

Design connection strength Ron, = 6091.34 Ibf/ft
Reinforcement

Type of Spacing of
No. LI reinforcement | reinforcements

of reinforcements h,[ft]

Height of first
reinforcement

y[ft]

Reinforcements geometry

1 1 6th Layer -5 1.00
anchors
(user-defined)

2 1 5th Layer - 6 1.00
anchors
(user-defined)

3 1 4th Layer -7 1.00
anchors
(user-defined)

4 1 1stLayer-9 1.00
anchors
(user-defined)

5 1 1stLayer-9 1.00
anchors
(user-defined)

6 1 2nd Layer - 3 1.00
anchors
(user-defined)

1.50

4.00

6.50

9.00

11.50

10.25

identical length of reinforcements

identical length of reinforcements

identical length of reinforcements

identical length of reinforcements

identical length of reinforcements

identical length of reinforcements

Reinforcement details

Reinforcement No. 1

Reinforcement type : 6th Layer - 5 anchors (user-defined)
Number of reinforcements 1

Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft

N Origin End Height from bottom Length
o.
4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 1.50 23.00
Reinforcement No. 2
Reinforcement type : 5th Layer - 6 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 4.00 23.00
Reinforcement No. 3
Reinforcement type : 4th Layer - 7 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 6.50 23.00
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WPM
JCC
RW Analysis_100Yrs_4ksi conc & 36ksi reinf strips

Reinforcement No. 4

Reinforcement type : 1st Layer - 9 anchors (user-defined)
Number of reinforcements 1

Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft

N Origin End Height from bottom Length
o.
l4[ft] I2[ft] yIft] I[ft]
1 0.00 23.00 9.00 23.00
Reinforcement No. 5
Reinforcement type : 1st Layer - 9 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
l4[ft] I2[ft] yIft] I[ft]
1 0.00 23.00 11.50 23.00
Reinforcement No. 6
Reinforcement type : 2nd Layer - 3 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
l4[ft] I2[ft] yIft] I[ft]
1 0.00 23.00 10.25 23.00

Name : Reinforcement \Stage -analysis: 1 -0

77777 1st Layer - 9 anchors (user-defined)

— — — — 2nd Layer - 3 anchors (user-defined)

o U U R D L g e 24 N 1st Layer - 9 anchors (user-defined)

— — — — 4thLayer - 7 anchors (user-defined)

02

5th Layer - 6 anchors (user-defined)

LASef\ o

77777 6th Layer - 5 anchors (user-defined)
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WPM
JCC

RW Analysis_100Yrs_4ksi conc & 36ksi reinf strips

Soil parameters

34 DEG

Basic data

Unit weight :

Internal friction angle :
Cohesion :

Friction angle structure-soil :

Uplift pressure
Uplift calculation :

Unit weight of saturated soil :

View
Soil pattern :

38 DEG

Basic data

Unit weight :

Internal friction angle :

Cohesion :

Friction angle structure-soil :

Uplift pressure
Uplift calculation :

Unit weight of saturated soil :

View
Soil pattern :

24 DEG

Basic data

Unit weight :

Internal friction angle :
Cohesion :

Friction angle structure-soil :

Uplift pressure
Uplift calculation :

Unit weight of saturated soil :

View
Soil pattern :

y =125.0 [pcf]
®ef = 34.00 [°]
Cef = 0.0 [psf]

5 =23.00[]

standard
Ysat = 130.0 [pcf]

y = 140.0 [pcf]
Qi = 38.00 [°]
Cef = 0.0 [psf]

5 =20.00 [°]

standard
Ysat = 140.0 [pcf]

y =120.0 [pcf]
Qef = 24.00 [°]
Cef = 0.0 [psf]

0 =24.00 [°]

standard
Ysat = 130.0 [pcf]

Geological profile and assigned soils

Position information
Terrain elevation = -9.75 ft

Geological profile and assigned soils

Thickness of layer Depth Elevation . .
No. A I P
o ¢ [ft] 2 [ft] [ft] ssigned soi attern
1 001 000.001 -975.-976 24DEG (]
2 12.99 0.01.13.00 -9.76.. -22.75 34 DEG Vo
5
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Thickness of layer Depth Elevation . .
A | P
¢ [ft] 2 [ft] [ft] ssigned soi attern
3 7.00 13.00 .. 20.00 -22.75 .. -29.75 38 DEG e
4 - 2000..  -2975.- 38DEG A

Terrain profile

No Coordinates Depth
) x [ft] z [ft]
1 0.00 0.00
2 7.00 0.00
3 7.00 -7.75
4 8.00 -7.75

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

Ground water table at height 10.00 ft from structure heel.
Input surface surcharges

No. Surcharge Action Mag.1 Mag.2 Ord.x Length Depth
new change [Ibf/ft2] [Ibf/ft2] x [ft] | [ft] z [ft]
1 Yes permanent 2922.90 1.00 6.00 1.25
2 Yes variable 770.00 1.00 6.00 1.25
No. Name
1 DL
2 LL
Input horizontal surcharges
Surcharge . Mag.1 Ord.x Length Depth
Ll . change Action [Ibf/ft2] x [ft] I [ft] 2 [ft]
4 Yes variable 60.00 7.00 38.00 on terrain
No. Name
4  Braking Force
Input concentrated surcharges
No Surcharge Action Magnitude Ord.x Length Width Depth
) new change [1bf] x [ft] | [ft] b[ft] z [ft]
3 Yes variable 0.10 10.00 2.00 19.00 on terrain
No. Name
3 LL

Resistance on front face of the structure

Resistance on front face of the structure: at rest
Soil on front face of the structure - 34 DEG
Soil thickness in front of structure h = 1.00 ft

Terrain in front of structure is flat.
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Applied forces acting on the structure

Force . | Ax1 Ux2
. Name Action Type
new edit [ft] [Ibf/ft2] [Ibf/ft2]
1 Yes Earth Passive Pressure permanent trapezoid 7.50 0.0 1875.0
Settings of the stage of construction
Reduction of soil/soil friction angle : do not reduce
Design situation : Strength |
Verification No. 1
Forces acting on construction
Name Fhor App.Pt. Fyert App.Pt. Coeff. Coeff. Coeff.
[Ibf/ft] z [ft] [Ibf/ft] x [ft] overtur. sliding stress
Weight - reinforced soil 0.0 -10.96 38684.5 12.85 1.000 1.000 1.350
Active pressure 5451.6 -7.98 3398.5 23.00 1.500 1.500 1.500
Water pressure 0.0 -20.75 0.0 46.00 1.000 1.000 1.000
Braking Force 890.4 -10.93 0.0 23.00 1.750 1.750 1.750
DL 0.0 -11.75 17537.4 4.00 0.750 0.750 1.500
LL 0.0 -11.75 4620.0 4.00 0.000 0.000 1.750
LL 0.0 -20.75 0.0 11.00 0.000 0.000 1.750
Earth Passive Pressure -7031.2 -15.50 0.0 0.00 0.650 0.650 1.500
Verification of complete wall
Check for overturning stability
Resisting moment  M,os = 663888.9 Ibfft/ft
Overturning moment Mg, = 82278.0 Ibfft/ft
Capacity demand ratio CDR = 8.07
Wall for overturning is SATISFACTORY
Check for slip
Resisting horizontal force H;es = 44482.75 Ibf/ft
Active horizontal force Hyet = 5165.20 Ibffft
Capacity demand ratio CDR = 8.61
Wall for slip is SATISFACTORY
Overall check - WALL is SATISFACTORY
Verification No. 2
Forces acting on construction
Name Fhor App.Pt. Fyert App.Pt. Coeff. Coeff. Coeff.
[Ibf/ft] z [ft] [Ibf/ft] x [ft] overtur. sliding stress
Weight - reinforced soil 0.0 -10.96 38684.5 12.85 1.000 1.000 1.350
Active pressure 5451.6 -7.98 3398.5 23.00 1.500 1.500 1.500
Water pressure 0.0 -20.75 0.0 46.00 1.000 1.000 1.000
Braking Force 890.4 -10.93 0.0 23.00 1.750 1.750 1.750
DL 0.0 -11.75 17537.4 4.00 0.750 0.750 1.500
LL 0.0 -11.75 4620.0 4.00 0.000 0.000 1.750
LL 0.0 -20.75 0.0 11.00 0.000 0.000 1.750

7|
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Bearing capacity of foundation soil is SATISFACTORY

Overall verification - bearing capacity of found. soil is SATISFACTORY
Verification of slip on georeinforcement No. 1

Forces acting on construction (verification of most utilized reinforcement)

Name Fhor App.Pt. Fvert App.Pt. Design
[Ibf/ft] z [ft] [Ibf/ft] x [ft] coefficient
Active pressure 4159.1 -7.09 30111 23.00 1.500
Braking Force 732.6 -9.81 0.0 23.00 1.750
Earth Passive Pressure -7031.2 -14.00 0.0 0.00 0.650
Weight - reinforced soil 0.0 -10.11 36698.1 12.92 1.000
DL 0.0 -10.25 17537.4 4.00 0.650
LL 0.0 -10.25 4620.0 4.00 0.000
LL 0.0 -19.25 0.0 11.00 0.000
Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)
Inclination of slip surface = 90.00 °
Overall normal force acting on reinforcement = 52614.05 Ibf/ft
Coefficient of reduction of slip along geo-textile = 0.60
Resistance along geo-reinforcement = 21293.18 Ibf/ft
Wall resistance = 0.00 Ibf/ft
Overall bearing capacity of reinforcements = 0.00 Ibf/ft
Check for slip:
Resisting horizontal force H;es = 21293.18 Ibf/ft
Active horiz. force Hact = 2950.48 Ibf/ft
Capacity demand ratio CDR = 7.22
Slip along geotextile is SATISFACTORY
Calculation of internal stability No. 1
Calculated forces and strength of reinforcements
No. Name Fy Depth R¢ Utiliz. Tp Utiliz.. Rcon | Utiliz.
[Ibf/ft] z[ft] @ [Ibf/ft] [%] [Ibf/ft] [%] | [Ibfift] @ [%]
1  6th Layer - 5 anchors (user-defined) -4552.03 11.51 4140.37 109.94 37084.89 12.27 4568.50 99.64
2  5th Layer - 6 anchors (user-defined) -4770.00 9.01 4968.44 96.01 30007.91 15.90 5580.44 85.48
3  4th Layer - 7 anchors (user-defined)  -4946.01 6.51 5796.52 85.33 23594.91 20.96 7090.25 69.76
4  1stLayer - 9 anchors (user-defined) -3725.83 4.01 7452.66 49.99 19360.23 19.24 7796.33 47.79
5  2nd Layer - 3 anchors (user-defined) -2483.33  2.76 2484.23 99.96 17246.59 14.40 2790.22 89.00
6  1st Layer - 9 anchors (user-defined) -536.70 1.51 7452.66 7.20 1513296 3.55 7796.33 6.88

Check for tensile strength (reinforcement No.1)

Tension strength Rt = 4140.37 Ibf/ft
Force in reinforcement Fy, = 4552.03 Ibf/ft

Capacity demand ratio CDR = 0.91

Reinforcement for tensile strength is NOT SATISFACTORY

Check for pull out resistance (reinforcement No.3)

23594.91 Ibf/ft
4946.01 Ibf/ft

Pull out resistance Tp
Force in reinforcement Fy
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Capacity demand ratio CDR = 4.77
Reinforcement for pull out resistance is SATISFACTORY

Verification of connection strength (reinforcement No.1)
Connection strength Rgon = 4568.50 Ibf/ft

Force in reinforcement Fy, = 4552.03 Ibf/ft
Capacity demand ratio CDR = 1.00
Connection strength is SATISFACTORY

Overall verification - reinforcement is NOT SATISFACTORY
Global stability analysis No. 1
Parameters of input slip surface

Center S = (-5.87;-8.98) ft
Radius r = 22.77 ft
Angle aq = 0.00 °

ap = 0.00 °

Analysis has not been performed.
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Analysis of reinforced slopes

Input data
Date : 3/3/2025

Settings
(input for current task)

Materials and standards
Concrete structures : ACI 318-19

Wall analysis

Verification methodology : according to LRFD
Active earth pressure calculation:  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : Mononobe-Okabe

Shape of earth wedge : Consider always vertical

Allowable eccentricity : 0.333

Internal stability : AASHTO - Inextensible (broken slip surface)

Load factors
Design situation - Strength |

Minimum Maximum
Dead load of structural components : DC = 0.90 [-] 1.25 [-]
Dead load of wearing surfaces : DW = 0.65 [-] 1.50 []
Earth pressure - active : EHp = 0.90 [] 1.50 [-]
Earth pressure - at rest : EHR = 0.90 [] 1.35 [-]
Earth surcharge load (permanent) : ES = 0.75 [] 1.50 [-]
Vertical pressure of earth fill : EV = 1.00 [-] 1.35 []
Live load surcharge : LL = 0.00 [-] 1.75 [-]
Water load : WA = 1.00 [-] 1.00 [-]
Resistance factors
Design situation - Strength |
Resistance factor on overturning : o = 0.90 [-]
Resistance factor on sliding : o= 1.00 [H]
Resistance factor on bearing capacity : op = 0.65 [-]
Resistance factor on passive pressure : dve = 0.75 [-]
Stability analysis
Verification methodology : according to LRFD
Load factors
Design situation - Strength |

Minimum Maximum
Earth surcharge load (permanent) : ES = 0.75 [] 1.50 [-]
Live load surcharge : LL = 0.00 [-] 1.75 [-]
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Resistance factors

Design situation - Strength |

Resistance factor on stability : dss = 0.65 [-]
Geometry of structure
Embankment height h, = 15.00 ft
Embankment length I, = 0.00 ft
Cover thickness tc = 046 ft
Material
Cover material
Unit weight y = 150.00 pcf
Shear resistance Rq = 0.0 psf
Types of reinforcements
Name _Type 2 Line type Reinforcement strength Coefficient
No. reinforcement
Tui[Ibf/ft] R¢[Ibf/ft] Casl-1 Ci[-1
1 IstLayer-9 anchors user-defined - - — -  22585.80  14018.77 0.60 0.70
(user-defined)
o 2ndLayer-3 anchors user-defined  — - — - 752860  4672.92 0.60 0.70
(user-defined)
3 ‘4thlayer-7 anchors user-defined - - — -  17566.74  10903.49 0.60 0.70
(user-defined)
4 OthlLaver-6 anchors user-defined - - — -  15057.20  9345.85 0.60 0.70
(user-defined)
5  bthLayer-5 anchors user-defined - — — - 1254767  7788.21 0.60 0.70
(user-defined)
g JrdLayer-8anchors user-defined 20076.27  12461.13 0.60 0.70
(user-defined)
7  Ithlayer-4 anchors user-defined 10038.13  6230.57 0.60 0.70
(user-defined)

Reinforcement details

1. 1st Layer - 9 anchors (user-defined)
Short-term char. strength Ty = 22585.80 Ibf/ft
Long-term design strength R 14018.77 Ibf/ft

Design connection strength Rqgn, = 10395.11 Ibf/ft

2. 2nd Layer - 3 anchors (user-defined)
Short-term char. strength Ty = 7528.60 Ibf/ft
Long-term design strength Ry = 4672.92 Ibf/ft

Design connection strength Ron = 3720.29 Ibf/ft

3. 4th Layer - 7 anchors (user-defined)
Short-term char. strength Ty = 17566.74 Ibf/ft

Long-term design strength Ry = 10903.49 Ibf/ft

Design connection strength Rqon = 9453.67 Ibf/ft

4. 5th Layer - 6 anchors (user-defined)
Short-term char. strength Ty = 15057.20 Ibf/ft

Long-term design strength Ry = 9345.85 Ibf/ft
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Design connection strength R = 7440.58 Ibf/ft

5. 6th Layer - 5 anchors (user-defined)
Short-term char. strength Ty = 12547.67 |bf/ft

Long-term design strength Ry = 7788.21 Ibf/ft

Design connection strength Rgon = 6091.34 Ibf/ft

6. 3rd Layer - 8 anchors (user-defined)
Short-term char. strength Ty = 20076.27 Ibf/ft

Long-term design strength Ry = 12461.13 Ibf/ft

Design connection strength Rgon = 11466.77 Ibf/ft

7. 7th Layer - 4 anchors (user-defined)
Short-term char. strength Ty = 10038.13 Ibf/ft
Long-term design strength Ry = 6230.57 Ibf/ft

Design connection strength Rgon = 4742.10 Ibf/ft
Reinforcement

Number Type of Spacing of Height of first
No. reinforcement  reinforcements reinforcement

of reinforcements h,[ft] y[ft]

Reinforcements geometry

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

1 1 6th Layer -5 1.00 3.50 identical length of reinforcements

2 1 5th Layer - 6 1.00 6.00 identical length of reinforcements

3 1 4th Layer -7 1.00 8.50 identical length of reinforcements

4 1 3rd Layer - 8 1.00 11.00 identical length of reinforcements

5 1 1stLayer-9 1.00 13.50 identical length of reinforcements

6 1 2nd Layer - 3 1.00 12.25 identical length of reinforcements

7 1 7th Layer -4 1.00 1.50 identical length of reinforcements

Reinforcement details

Reinforcement No. 1

Reinforcement type : 6th Layer - 5 anchors (user-defined)
Number of reinforcements 1

Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft

N Origin End Height from bottom Length
o l4[ft] 1,[ft] ylft] I[ft]
1 0.00 23.00 3.50 23.00
Reinforcement No. 2
I 3]
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Reinforcement type : 5th Layer - 6 anchors (user-defined)
Number of reinforcements 1

Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft

N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 6.00 23.00
Reinforcement No. 3
Reinforcement type : 4th Layer - 7 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 8.50 23.00
Reinforcement No. 4
Reinforcement type : 3rd Layer - 8 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 11.00 23.00
Reinforcement No. 5
Reinforcement type : 1st Layer - 9 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
14[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 13.50 23.00
Reinforcement No. 6
Reinforcement type : 2nd Layer - 3 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 12.25 23.00
Reinforcement No. 7
Reinforcement type : 7th Layer - 4 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
14[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 1.50 23.00
| 4]
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Name : Reinforcement

\Stage - analysis : 1 -0

AAAAAMAAA A AIATA A
VANANAANANAANTAAA

X A A
1350f4 | BRESSERRRReRRe e L L L L st Layer - 9 anchors (user-defined)
23.00
f25fT_—_— — _— _— _— _ _ _ _ _ _ _ _ _ _ _ 2nd Layer - 3 anchors (user-defined)
23.00
11,001 3rd Layer - 8 anchors (user-defined)
23.00
8s5f | _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4th Layer - 7 anchors (user-defined)
23.00
gooOf o 5Sth Layer - 6 anchors (user-defined)
23.00
J350fe| . _ _ _ _ _ _ _ _ _ 6th Layer - 5 anchors (user-defined)
23.00
150 f8 7th Layer - 4 anchors (user-defined)
23.00
+X
Soil parameters
34 DEG
Basic data
Unit weight : y =125.0 [pcf]
Internal friction angle : Pef = 34.00 [°]
Cohesion : Cef = 0.0 [psf]
Friction angle structure-soil : & = 23.00 [°]
Uplift pressure
Uplift calculation : standard

Unit weight of saturated soil :

View

Soil pattern :

38 DEG

Basic data

Unit weight :

Internal friction angle :
Cohesion :

Friction angle structure-soil :

Uplift pressure
Uplift calculation :

Unit weight of saturated soil :

View

Soil pattern :

Ysat = 130.0 [pcf]

y = 140.0 [pcf]
Qef = 38.00 [°]
Cef = 0.0 [psf]
0 =20.00 [°]

standard
Ysat = 140.0 [pcf]
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24 DEG

Basic data

Unit weight : y = 120.0 [pcf]
Internal friction angle : Pef = 24.00 []
Cohesion : Cef = 0.0 [psf]

Friction angle structure-soil : & =24.00 [°]

Uplift pressure
Uplift calculation : standard

Unit weight of saturated soil : Ysat = 130.0 [pcf]
View

Geological profile and assigned soils

Position information
Terrain elevation =-9.75 ft
Geological profile and assigned soils

No. Thickm:s[fst]of layer Dze[;;tt]h Ele\[’; ]t lon Assigned soil Pattern
1 0.01 0.00..0.01 -9.75.-9.76 24 DEG (]
2 14.99 0.01..15.00 -9.76..-24.75 34 DEG Vo
3 5.00 15.00 .. 20.00 -24.75 .. -29.75 38 DEG A
4 - 2000.  -2975.- 38DEG RS

Terrain profile

No Coordinates Depth
) x [ft] z [ft]
1 0.00 0.00
2 7.00 0.00
3 7.00 -7.75
4 8.00 -7.75

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

Ground water table at height 10.00 ft from structure heel.
Input surface surcharges

No Surcharge Action Mag.1 Mag.2 Ord.x Length Depth
' new change [Ibf/ft2] [Ibf/ft2] x [ft] | [ft] z [ft]
1 Yes permanent 2739.20 1.00 6.00 1.25
2 Yes variable 770.00 1.00 6.00 1.25
No. Name
1 DL
2 LL
I 6]
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Input horizontal surcharges
Surcharge . Mag.1 Ord.x Length Depth
M change Action [Ibf/t2] x [ft] I [ft] 2 [ft]
4 Yes variable 60.00 7.00 38.00 on terrain
No. Name
4  Braking Force
Input concentrated surcharges
No. Surcharge Action Magnitude Ord.x Length Width Depth
new change [Ibf] x [ft] | [ft] b[ft] z [ft]
3 Yes variable 0.10 10.00 2.00 19.00 on terrain
No. Name
3 LL
Resistance on front face of the structure
Resistance on front face of the structure: at rest
Soil on front face of the structure - 34 DEG
Soail thickness in front of structure h = 1.00 ft
Terrain in front of structure is flat.
Applied forces acting on the structure
No. Force . Name Action Type : < "
new edit [ft] [Ibf/ft2] [Ibf/ft2]
1 Yes Earth Passive Pressure permanent trapezoid 7.50 0.0 1875.0
Settings of the stage of construction
Reduction of soil/soil friction angle : do not reduce
Design situation : Strength |
Verification No. 1
Forces acting on construction
Name Fhor App.Pt. Fyert App.Pt. Coeff. Coeff. Coeff.
[Ibf/ft] z [ft] [Ibf/ft] x [ft] overtur. sliding stress
Weight - reinforced soil 0.0 -12.01 44204.5 12.68 1.000 1.000 1.350
Active pressure 6600.2 -8.60 4173.3 23.00 1.500 1.500 1.500
Water pressure 0.0 -22.75 0.0 46.00 1.000 1.000 1.000
Braking Force 968.8 -11.96 0.0 23.00 1.750 1.750 1.750
DL 0.0 -13.75 16435.2 4.00 0.750 0.750 1.500
LL 0.0 -13.75 4620.0 4.00 0.000 0.000 1.750
LL 0.0 -22.75 0.0 11.00 0.000 0.000 1.750
Earth Passive Pressure -7031.2 -17.50 0.0 0.00 0.650 0.650 1.500

Verification of complete wall

Check for overturning stability

Resisting moment  M,gs = 750328.6 Ibfft/ft
Overturning moment Mg, = 105430.8 Ibfft/ft

Capacity demand ratio CDR = 7.12
Wall for overturning is SATISFACTORY
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No. Moment Norm. force Shear Force
[Ibfft/ft] [1bf/ft] [Ibf/ft]
2 -31502.2 64813.01 537.73
3 3147.8 69433.02 537.73
4 -31502.2 64813.01 537.73

Verification of foundation soil
Stress in the footing bottom : rectangle

Eccentricity verification
Max. eccentricity of normal force e 0.011
Maximum allowable eccentricity egy = 0.333

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Ultimate bearing capacity of found. soil R = 15000.0 psf
Partial factor on bearing capacity YRy = 0.65
Max. stress at footing bottom o = 4383.2 psf
Allowable bearing capacity of foundation soil Ry = 9750.0 psf
Capacity demand ratio CDR = 2.2

Bearing capacity of foundation soil is SATISFACTORY

Overall verification - bearing capacity of found. soil is SATISFACTORY
Verification of slip on georeinforcement No. 1

Forces acting on construction (verification of most utilized reinforcement)

Name Fhor App.Pt. Fvert App.Pt. Design
[Ibf/ft] z [ft] [Ibf/ft] x [ft] coefficient

Active pressure 5186.4 -1.77 3733.6 23.00 1.500

Braking Force 811.1 -10.82 0.0 23.00 1.750

Earth Passive Pressure -7031.2 -16.00 0.0 0.00 0.650

Weight - reinforced soil 0.0 -11.14 42448.1 12.73 1.000

DL 0.0 -12.25 16435.2 4.00 0.650

LL 0.0 -12.25 4620.0 4.00 0.000

LL 0.0 -21.25 0.0 11.00 0.000

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90.00 °

Overall normal force acting on reinforcement = 58731.37 Ibf/ft

Coefficient of reduction of slip along geo-textile = 0.60

Resistance along geo-reinforcement = 23768.88 Ibf/ft

Wall resistance = 0.00 Ibf/ft

Overall bearing capacity of reinforcements = 0.00 Ibffft

Check for slip:
Resisting horizontal force Hos = 23768.88 Ibf/ft
Active horiz. force Hact 4628.61 Ibf/ft

Capacity demand ratio CDR = 5.14
Slip along geotextile is SATISFACTORY
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Analysis of reinforced slopes

Input data
Date : 3/3/2025

Settings
(input for current task)

Materials and standards
Concrete structures : ACI 318-19

Wall analysis

Verification methodology : according to LRFD
Active earth pressure calculation:  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : Mononobe-Okabe

Shape of earth wedge : Consider always vertical

Allowable eccentricity : 0.333

Internal stability : AASHTO - Inextensible (broken slip surface)

Load factors
Design situation - Strength |

Minimum Maximum
Dead load of structural components : DC = 0.90 [-] 1.25 [-]
Dead load of wearing surfaces : DW = 0.65 [-] 1.50 []
Earth pressure - active : EHp = 0.90 [] 1.50 [-]
Earth pressure - at rest : EHR = 0.90 [] 1.35 [-]
Earth surcharge load (permanent) : ES = 0.75 [] 1.50 [-]
Vertical pressure of earth fill : EV = 1.00 [-] 1.35 []
Live load surcharge : LL = 0.00 [-] 1.75 [-]
Water load : WA = 1.00 [-] 1.00 [-]
Resistance factors
Design situation - Strength |
Resistance factor on overturning : o = 0.90 [-]
Resistance factor on sliding : o= 1.00 [H]
Resistance factor on bearing capacity : op = 0.65 [-]
Resistance factor on passive pressure : dve = 0.75 [-]
Stability analysis
Verification methodology : according to LRFD
Load factors
Design situation - Strength |

Minimum Maximum
Earth surcharge load (permanent) : ES = 0.75 [] 1.50 [-]
Live load surcharge : LL = 0.00 [-] 1.75 [-]
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Resistance factors

Design situation - Strength |

Resistance factor on stability : dss = 0.65 [-]
Geometry of structure
Embankment height h, = 15.00 ft
Embankment length I, = 0.00 ft
Cover thickness tc = 046 ft
Material
Cover material
Unit weight y = 150.00 pcf
Shear resistance Rq = 0.0 psf
Types of reinforcements
Name _Type 2 Line type Reinforcement strength Coefficient
No. reinforcement
Tui[Ibf/ft] R¢[Ibf/ft] Casl-1 Ci[-1
1 IstLayer-9 anchors user-defined - - — -  16009.42  9936.88 0.60 0.70
(user-defined)
o 2ndLayer-3 anchors user-defined  — - — - 533648  3312.30 0.60 0.70
(user-defined)
3 4thLayer-7 anchors user-defined - — — - 1245177  7728.69 0.60 0.70
(user-defined)
4 OthlLaver-6 anchors user-defined - - — -  10672.95  6624.59 0.60 0.70
(user-defined)
5  GthlLayer-5 anchors user-defined  — - — - 8894.12  5520.49 0.60 0.70
(user-defined)
g  ordLayer-8 anchors user-defined 14230.60  8832.79 0.60 0.70
(user-defined)
7  Ithlayer-4 anchors user-defined 711530 4416.39 0.60 0.70
(user-defined)

Reinforcement details

1. 1st Layer - 9 anchors (user-defined)
Short-term char. strength Ty = 16009.42 Ibf/ft
Long-term design strength R; 9936.88 |bf/ft

Design connection strength Rqgn, = 10395.11 Ibf/ft

2. 2nd Layer - 3 anchors (user-defined)
Short-term char. strength Ty = 5336.48 Ibf/ft

Long-term design strength Ry = 3312.30 Ibf/ft

Design connection strength Ron = 3720.29 Ibf/ft

3. 4th Layer - 7 anchors (user-defined)
Short-term char. strength Ty = 12451.77 Ibf/ft

Long-term design strength Ry = 7728.69 Ibf/ft

Design connection strength Rqon = 9453.67 Ibf/ft

4. 5th Layer - 6 anchors (user-defined)
Short-term char. strength Ty = 10672.95 Ibf/ft

Long-term design strength Ry = 6624.59 Ibf/ft
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Design connection strength R = 7440.58 Ibf/ft

5. 6th Layer - 5 anchors (user-defined)
Short-term char. strength Ty = 8894.12 Ibf/ft

Long-term design strength Ry = 5520.49 Ibf/ft

Design connection strength Rgon = 6091.34 Ibf/ft

6. 3rd Layer - 8 anchors (user-defined)
Short-term char. strength Ty = 14230.60 Ibf/ft

Long-term design strength Ry = 8832.79 Ibf/ft

Design connection strength Rgon = 11466.77 Ibf/ft

7. 7th Layer - 4 anchors (user-defined)
Short-term char. strength Ty = 7115.30 Ibf/ft

Long-term design strength Ry = 4416.39 Ibf/ft

Design connection strength Rgon = 4742.10 Ibf/ft
Reinforcement

Number Type of Spacing of Height of first
No. reinforcement  reinforcements reinforcement

of reinforcements h,[ft] y[ft]

Reinforcements geometry

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

anchors
(user-defined)

1 1 6th Layer -5 1.00 3.50 identical length of reinforcements

2 1 5th Layer - 6 1.00 6.00 identical length of reinforcements

3 1 4th Layer -7 1.00 8.50 identical length of reinforcements

4 1 3rd Layer - 8 1.00 11.00 identical length of reinforcements

5 1 1stLayer-9 1.00 13.50 identical length of reinforcements

6 1 2nd Layer - 3 1.00 12.25 identical length of reinforcements

7 1 7th Layer - 4 1.00 1.50 identical length of reinforcements

Reinforcement details

Reinforcement No. 1

Reinforcement type : 6th Layer - 5 anchors (user-defined)
Number of reinforcements 1

Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft

N Origin End Height from bottom Length
° l4[ft] 1,[ft] ylft] I[ft]
1 0.00 23.00 3.50 23.00
Reinforcement No. 2
I 3]
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Reinforcement type : 5th Layer - 6 anchors (user-defined)
Number of reinforcements 1

Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft

N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 6.00 23.00
Reinforcement No. 3
Reinforcement type : 4th Layer - 7 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 8.50 23.00
Reinforcement No. 4
Reinforcement type : 3rd Layer - 8 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 11.00 23.00
Reinforcement No. 5
Reinforcement type : 1st Layer - 9 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
14[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 13.50 23.00
Reinforcement No. 6
Reinforcement type : 2nd Layer - 3 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
I4[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 12.25 23.00
Reinforcement No. 7
Reinforcement type : 7th Layer - 4 anchors (user-defined)
Number of reinforcements 1
Reinforcement geometry : identical length of reinforcements
Reinforcement length : 23.00 ft
N Origin End Height from bottom Length
o.
14[ft] I2[ft] y[ft] I[ft]
1 0.00 23.00 1.50 23.00
| 4]
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Name : Reinforcement

\Stage - analysis : 1 -0

X A A A
1350f4 | BRESSECRERReRR e L L st Layer - 9 anchors (user-defined)
23.00
25fT_—_— — — _— _— _ _ _ _ _ _ _ _ _ _ _ 2nd Layer - 3 anchors (user-defined)
23.00
11,001 3rd Layer - 8 anchors (user-defined)
23.00
8s5f | _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4th Layer - 7 anchors (user-defined)
23.00
gooOfO o 5Sth Layer - 6 anchors (user-defined)
23.00
J350fel . _ _ _ _ _ _ _ _ _ 6th Layer - 5 anchors (user-defined)
23.00
150 f8 7th Layer - 4 anchors (user-defined)
23.00
+X
Soil parameters
34 DEG
Basic data
Unit weight : y =125.0 [pcf]
Internal friction angle : Pef = 34.00 [°]
Cohesion : Cef = 0.0 [psf]
Friction angle structure-soil : & = 23.00 [°]
Uplift pressure
Uplift calculation : standard

Unit weight of saturated soil :

View

Soil pattern :

38 DEG

Basic data

Unit weight :

Internal friction angle :
Cohesion :

Friction angle structure-soil :

Uplift pressure
Uplift calculation :

Unit weight of saturated soil :

View

Soil pattern :

Ysat = 130.0 [pcf]

y = 140.0 [pcf]
Qef = 38.00 [°]
Cef = 0.0 [psf]
0 =20.00 [°]

standard
Ysat = 140.0 [pcf]
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24 DEG

Basic data

Unit weight : y = 120.0 [pcf]
Internal friction angle : Pef = 24.00 []
Cohesion : Cef = 0.0 [psf]

Friction angle structure-soil : & =24.00 [°]

Uplift pressure
Uplift calculation : standard

Unit weight of saturated soil : Ysat = 130.0 [pcf]
View

Geological profile and assigned soils

Position information
Terrain elevation =-9.75 ft
Geological profile and assigned soils

No. Thickm:s[fst]of layer Dze[;;tt]h Ele\[’; ]t lon Assigned soil Pattern
1 0.01 0.00..0.01 -9.75.-9.76 24 DEG (]
2 14.99 0.01..15.00 -9.76..-24.75 34 DEG Vo
3 5.00 15.00 .. 20.00 -24.75 .. -29.75 38 DEG A
4 - 2000.  -2975.- 38DEG RS

Terrain profile

No Coordinates Depth
) x [ft] z [ft]
1 0.00 0.00
2 7.00 0.00
3 7.00 -7.75
4 8.00 -7.75

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

Ground water table at height 10.00 ft from structure heel.
Input surface surcharges

No Surcharge Action Mag.1 Mag.2 Ord.x Length Depth
' new change [Ibf/ft2] [Ibf/ft2] x [ft] | [ft] z [ft]
1 Yes permanent 2739.20 1.00 6.00 1.25
2 Yes variable 770.00 1.00 6.00 1.25
No. Name
1 DL
2 LL
I 6]
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WPM
JCC
TW Analysis_100Yrs_4ksi conc & 36ksi reinf strips
Input horizontal surcharges
Surcharge . Mag.1 Ord.x Length Depth
M change Action [Ibf/t2] x [ft] I [ft] 2 [ft]
4 Yes variable 60.00 7.00 2.00 on terrain
No. Name
4  Braking Force
Input concentrated surcharges
No Surcharge Action Magnitude Ord.x Length Width Depth
’ new change [Ibf] x [ft] | [ft] b[ft] z [ft]
3 Yes variable 0.10 10.00 2.00 19.00 on terrain
No. Name
3 LL
Resistance on front face of the structure
Resistance on front face of the structure: at rest
Soil on front face of the structure - 34 DEG
Soil thickness in front of structure h = 1.00 ft
Terrain in front of structure is flat.
Applied forces acting on the structure
F |
No. oree . Name Action Type < "
new edit [ft] [Ibf/ft2] [Ibf/ft2]
1 Yes Earth Passive Pressure permanent trapezoid 7.50 0.0 1875.0
Settings of the stage of construction
Reduction of soil/soil friction angle : do not reduce
Design situation : Strength |
Verification No. 1
Forces acting on construction
Name Fhor App.Pt. Fyert App.Pt. Coeff. Coeff. Coeff.
[Ibf/ft] z [ft] [Ibf/ft] x [ft] overtur. sliding stress
Weight - reinforced soil 0.0 -12.01 44204.5 12.68 1.000 1.000 1.350
Active pressure 6600.2 -8.60 4173.3 23.00 1.500 1.500 1.500
Water pressure 0.0 -22.75 0.0 46.00 1.000 1.000 1.000
DL 0.0 -13.75 16435.2 4.00 0.750 0.750 1.500
LL 0.0 -13.75 4620.0 4.00 0.000 0.000 1.750
LL 0.0 -22.75 0.0 11.00 0.000 0.000 1.750
Earth Passive Pressure -7031.2 -17.50 0.0 0.00 0.650 0.650 1.500

Verification of complete wall

Check for overturning stability
Resisting moment

Overturning moment Mgy, =

Capacity demand ratio CDR = 8.81
Wall for overturning is SATISFACTORY

Check for slip

Mres = 750328.6 Ibfft/ft
85147.8 Ibfft/ft

[GEO5 - MSE Wall (64 bit) | version 5.2025.35 | 32129 Walter P. Moore (Business) |Fine spol. s r.o. | www.finesoftware.eu]

[Gintegro, LLC | 201.204.9560| info@gintegro.com| www.gintegro.com]


www.gintegro.com
mailto:info@gintegro.com
www.finesoftware.eu
https://5.2025.35

[woo-0ibsjuIB-Mmm |wod-oiBajuIB@ojul [0956°402°1L0Z | 017 ‘cibejuIn]
[ne-aiemyosauy mmm | 04 s "jods auld| (sseuisng) 8100 "d J8)EM 6ZLZE | GE'GZ0T'S UOISIaA | (NG ¥9) Ilep ISIN - SOTO]

E |
€0'LEY- 20°ce69 G'Zhv8- €
€0'LEY- 10°€18%9 G'Z60EY- 4
€0'LEY- 20°cev69 G'Zhv8- L
isaill [isall nuail o
92404 1edys 99210} "WJION JUBWIOAI
wojoq bujooy Jo 19juad oy} je buijoe peoj 89IAI8S
00€.2 0000 20°0£€S G8'06.29 8'G5¥9¢- v
9'v0eY 2000 ¥G 919~ G8'€/986 1'118€ €
00€.2 0000 20°0€€S G8'06.29 8'G5¥9z- 4
9'v0eY 2000 ¥G 919~ G8'€/986 1'118€ L
[3sd] [-] pail [isall nuail o
ssals A1o1L3ueno3] 92404 1edys 99210} "WJION JUBWIOA
wopoq bujooy Jo 19juad oy} je bunde peo| ubisaqg
|los uoljepunoy jo Ajioedes Bulieag
AYOLOVASILYS S! TTVM - %99y |[eJaA0
AYOLOVHSILYS s! diIs 1o} [lep
0Z'6 = YA ones puewsp Ayoede)d
WAl 20'0€eS = P°H  90I0j [ejuoziioy SAROY
WAl 65° /G067 = S°'H 82lo} |eyuoziioy Bunsisay
dis 1o} ¥29y9
AYOLOVHSILVYS S! Buluinjiano 1oy [lepy
188 = YA ones puewasp Ayoede)
WAl 827168 = O\ juswow BujuinpaaQ
WAHAl 9°82€0S. = SN Juswow Bupsisey
Ajjigels BuluinuaAo 1o} ¥23y9
llem 93ajdwo9d Jo uoljesylian
00S°1 0590 0590 000 00 0S°/L- 2'1€0.- ainssald aAIssed yue3
0S8l 0000 0000 00'LL 00 G122 00 1
0S.°L 0000 0000 00'% 0'029% GLEl- 00 1
00G'L 0G0 0G0 00t ZSev9L  GL€L- 00 1a
000’} 000°L 000'L 00'9% 00 6.2 00 ainssaid Joyep
00G'1 00G'1 00G'L 00'€Z eelly 09'8- 2'0099 ainssaid aAlOY
0S€’L 000'L 000'L 89ClL Syozyy  1L0°CL- 00 |los padJojutal - JyBIAN
ssalns Bupiis "IN}BAO [1] x [iail ]z [iail
"}J909 "}J909 "}J809 ‘}d-ddy Hany }d'ddy ouy aweN

uoI3oNJISU0D uo Buljoe sadlo4
¢ 'ON uonedsyyIsA
AHOLIOVASILYS S! TTVM - 4199Y92 ||eldAQ

AYOLOVHSILYS s! dijs Joj |leM
0Z'6 = YO onel puewsp Ayoede)
= Pey 9910} [BJUOZIIOY BAIIOY
S8 8010} [elUOZIIOY Bunsisey

W44l 20°0€€s
B4l 65506

sduys juial ISY9E @ OUOD Idy SIAQ0) SISAleuy ML
o0r
NdM



www.gintegro.com
mailto:info@gintegro.com
www.finesoftware.eu
https://5.2025.35
https://49057.59
https://49057.59

WPM
JCC
TW Analysis_100Yrs_4ksi conc & 36ksi reinf strips

No Moment Norm. force Shear Force
) [Ibfft/ft] [Ibf/ft] [Ibf/ft]
4 -43092.5 64813.01 -431.03
Verification of foundation soil
Stress in the footing bottom : rectangle
Eccentricity verification
Max. eccentricity of normal force e = 0.002
Maximum allowable eccentricity egy, = 0.333
Eccentricity of the normal force is SATISFACTORY
Verification of bearing capacity
Ultimate bearing capacity of found. soil R = 15000.0 psf
Partial factor on bearing capacity YRy = 0.65
Max. stress at footing bottom o = 4304.6 psf
Allowable bearing capacity of foundation soil Ry = 9750.0 psf
Capacity demand ratio CDR = 2.3

Bearing capacity of foundation soil is SATISFACTORY

Overall verification - bearing capacity of found. soil is SATISFACTORY
Verification of slip on georeinforcement No. 1

Forces acting on construction (verification of most utilized reinforcement)

Name Fhor App.Pt. Fvert App.Pt. Design
[Ibf/ft] z [ft] [Ibf/ft] x [ft] coefficient

Active pressure 5186.4 -1.77 3733.6 23.00 1.500

Earth Passive Pressure -7031.2 -16.00 0.0 0.00 0.650

Weight - reinforced soil 0.0 -11.14 42448 .1 12.73 1.000

DL 0.0 -12.25 16435.2 4.00 0.650

LL 0.0 -12.25 4620.0 4.00 0.000

LL 0.0 -21.25 0.0 11.00 0.000

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90.00 °

Overall normal force acting on reinforcement = 58731.37 Ibf/ft

Coefficient of reduction of slip along geo-textile = 0.60

Resistance along geo-reinforcement = 23768.88 Ibf/ft

Wall resistance = 0.00 Ibffft

Overall bearing capacity of reinforcements = 0.00 Ibffft

Check for slip:
Resisting horizontal force Hyeg =
Active horiz. force Hact

Capacity demand ratio CDR = 7.41
Slip along geotextile is SATISFACTORY

Calculation of internal stability No. 1
Calculated forces and strength of reinforcements

23768.88 Ibf/ft
3209.27 Ibf/ft

[GEO5 - MSE Wall (64 bit) | version 5.2025.35 | 32129 Walter P. Moore (Business) |Fine spol. s r.o. | www.finesoftware.eu]
[Gintegro, LLC | 201.204.9560| info@gintegro.com| www.gintegro.com]
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WPM

JCC

TW Analysis_100Yrs_4ksi conc & 36ksi reinf strips
No Name Fy Depth R¢ Utiliz. Tp Utiliz. Rcon | Utiliz.

i [Ibf/ft] z[ft] @ [Ibf/ft] [%] [Ibf/ft] [%] [Ibf/ft] [%]

1  7th Layer - 4 anchors (user-defined) -1688.32 13.51 3312.29 50.97 40998.94 4.12 3556.58 47.47
2  6th Layer - 5 anchors (user-defined) -3867.23 11.51 4140.37 93.40 35071.77 11.03 4568.50 84.65
3  5th Layer - 6 anchors (user-defined) -4479.56  9.01 4968.44 90.16 28260.39 15.85 5580.44 80.27
4  4th Layer - 7 anchors (user-defined) -4651.50 6.51 5796.52 80.25 22846.53 20.36 7090.25 65.60
5  3rd Layer - 8 anchors (user-defined) -3549.63 4.01 6624.59 53.58 18752.05 18.93 8600.08 41.27
6  2nd Layer - 3 anchors (user-defined) -2373.66  2.76 2484.23 95.55 16704.81 14.21 2790.22 85.07
7  1st Layer - 9 anchors (user-defined) -517.46 1.51 7452.66 6.94 1465757 3.53 7796.33 6.64

Check for tensile strength (reinforcement No.6)

Tension strength Rt = 2484.23 Ibf/ft

Force in reinforcement Fy, = 2373.66 Ibf/ft

Capacity demand ratio CDR = 1.05

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.4)

Pull out resistance Tp = 22846.53 Ibf/ft

Force in reinforcement Fy, = 4651.50 Ibf/ft

Capacity demand ratio CDR = 4.91

Reinforcement for pull out resistance is SATISFACTORY

Verification of connection strength (reinforcement No.6)

Connection strength Rggn = 2790.22 Ibf/ft

Force in reinforcement Fy, = 2373.66 Ibf/ft

Capacity demand ratio CDR = 1.18

Connection strength is SATISFACTORY

Overall verification - reinforcement is SATISFACTORY

Global stability analysis No. 1

Parameters of input slip surface

Center S = (-6.16;-8.02) ft

Radius r = 23.85 ft

Angle aq = 0.00 °

ap = 0.00 °
Analysis has not been performed.
I 10]
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HEF Manassas Bridge Assessments
Conceptual Strengthening, Opinion of
Probable Costs, and Construction
Schedule

Steven Treser, PE, AlA

Managing Director — Walter P Moore

Amir Manafpour, PE, SE

Senior Project Manager — Walter P Moore
Walter P Moore Project No. D01-24004-00



Existing Taxiway and Runway Bridge Cross Section
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Original Load Distribution - AASHTO Method

Each strut load is
distributed over
approximately 2 box beams
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New Load Distribution — Based on Load Tests Performed by WPM
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MSE Wall - Conceptual Strengthening Extents (Runway)
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MSE Wall - Conceptual Strengthening Extents (Taxiway)

Approximate Extent of
Reinforcing Zone
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MSE Wall - Conceptual Strengthening Soil Nail Wall
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MSE Wall - Conceptual Rerouting of Broad Run
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MSE Wall - Rerouting Broad Run from circa 2013

Temporary
Pump System |
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PRELIMINARY Opinion of Probable Costs - Summary (Updated 8/22/25)

Engineering Engineering Design and Construction $450k $900k 2-3 months
Administration (~10%) (~20%)

Site Work Re-routing Broad Run, Remove Rip-Rap, 1-2 months
Scaffolding

Soil Nailing and Wall Installing, Tensioning Soil Nails, Reinforced $1.45MM $2.2MM 2-3 months

Shotcrete Shotcrete Wall, Drainage Mat, Weep Holes

Finish Site Work Earthwork, Replace Rip-Rap $150K $225k 1-2 months

Subtotal=  $3.1MM $4.9MM
Night Contingency (30%) Nighttime Work Instead of Daytime $900k $1.5MM 1-2 months

TOTAL= $3.75MM  $6.025MM 8-14 months

13
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Attachment #2 — Preliminary Concept for
Maintaining Broad Run Minimum Water
Flow During Construction at HEF Manassas
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December 12, 2025

Abel Garcia
Principal

V-1 Consulting, LLC
Denver, Colorado

Re: Memorandum - Preliminary Concept for Maintaining Broad Run Minimum Water
Flow During Construction at HEF Manassas Airport
Walter P Moore Project Number: D01.24004.00

Dear Abel:

Walter P Moore is pleased to submit this Memorandum to describe Preliminary Concepts for
maintaining Broad Run minimum water flow during bridge strengthening construction at the
HEF Manassas Airport.

Walter P Moore Engineers have conducted assessments, testing and observations of the
runway and taxiway bridges over Broad Run. As a result of our investigation, we have
recommended strengthening the retaining walls supporting the above-mentioned bridges, as
an alternative to full replacement of each bridge.

While strengthening each bridge’s foundation provides a significant economic benefit, doing
so without adversely affecting both the quantity and quality of base flow in Broad Run presents
a challenge. Protecting Broad Run both within the work zone and immediately downstream
will be a primary focus throughout design and construction.

Recent base flowrate measurements estimate Broad Run’s base flow to be in arange of 7to 8
cubic feet per second (cfs). To help minimize the environmental impact on the stream
ecosystem, including the mussels recently identified, we have discussed the following
considerations during construction:

1. Design stream modifications to temporarily maintain minimum Broad Run base flow
through the work zone area and divert remaining stream flow around the work zone,
reconnecting to Broad Run further downstream.

2. Construct atemporary working surface within the work zone utilizing precast concrete
Double-Tees (see Image #1).

3. Inthe event Broad Run base flow can not be maintained through the work zone due to
flow rate or water quality limitations, an alternative will be developed to pipe Broad
Run’s base flow instead using either gravity flow through a minimum of two pipes or
mechanical pumping with back up.

The above considerations will at a minimum ensure Broad Run’s base flow will be protected
and maintained immediately downstream of the work zone. Walter P Moore will strive to
devise methods to also maintain Broad Run’s flow through the work zone. However, these
Preliminary considerations are provided prior to the following steps:

1. Conducting additional investigations regarding the elevation of the retaining wall
foundation relative to the stream height during low flow

202.481.7685 main

1700 K Street NW, Suite 1050 - Washington, DC 20006


https://D01.24004.00

Memorandum - Preliminary Concept for Maintaining Broad Run Minimum Water Flow
HEF Manassas Airport — Broad Run Stream
Page 2 of 2

2. Providing preliminary design details

3. Consultation with a qualified Contractor for Means and Methods during construction

Additional concepts will be explored once the above steps are completed and throughout the
design process.

[y

.Image #1 - Preliminary Concept - Double-Tees as WorIZing surface to maintain stream flow
underneath.

We very much appreciate the opportunity to provide this Memorandum and look forward to
working with you on this Project.

Sincerely,
WALTER P. MOORE AND ASSOCIATES, INC.

A e rnine

Steven Treser, PE, AIA
Principal

cc: Managing Director
Principalin Charge
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Peter Byrne

From: Ryan Schwegman <Ryan@BioSurveyGroup.com>

Sent: Thursday, December 18, 2025 4:00 PM

To: Peter Byrne

Cc: Jamie Morgan (); Carol Weed

Subject: FW: ESSLog# 46422_Manassas Regional Airport Terminal Redevelopment

Project DWR_AEM20251218

See below.

From: Martin, Amy (DWR) <Amy.Martin@dwr.virginia.gov>

Sent: Thursday, December 18, 2025 2:59 PM

To: Ryan Schwegman <Ryan@BioSurveyGroup.com>

Cc: Schul, Hannah (DWR) <Hannah.Schul@dwr.virginia.gov>; Watson, Brian (DWR) <Brian.Watson@dwr.virginia.gov>;
Strawderman, Nicole (DWR) <Nicole.Strawderman@dwr.virginia.gov>; AKing@avports.com

Subject: ESSLog# 46422 Manassas Regional Airport Terminal Redevelopment Project. DWR_AEM20251218

Mr. Schwegman,

We have received and reviewed the Manassas Regional Airport — Broad Run Mussel Survey Report prepared by
Davey Resource Group along with the Preliminary Concept for Maintaining Broad Run Minimum Water Flow During
Construction at the HEF Manassas Airport for the subject project and offer the following comments and
recommendations regarding the protection of mussels known from Broad Run downstream of the proposed work

area.

We concur with the findings of the mussel survey, believe it was performed appropriately, and that it was done in
coordination with our State Malacologist, Brian Watson. We also are agreeable to the maintenance of a minimum
flows within Broad Run of at least 7.48 cfs and the preliminary plan to achieve that goal. We would like to see a
final plan to maintain minimum flows in Broad Run that includes a plan for monitoring flows (monitoring locations
and frequency of monitoring) and a plan to address any interruptions to flow that includes contacting DWR’s
Environmental Program Manager, Hannah Schul, at Hannah.Schul@dwr.virginia.gov or 804-968-8546.

Assuming the following, we have determined that the project has minimized impacts upon freshwater mussels to
the greatest extent practicable and therefore has satisfied our concerns for their protection:

1. That DWR has the opportunity to review and weigh in on the final plan to maintain minimum flows;
2. Thatthe final plan includes the information we requested above; and
3. That minimum flows of 7.48 cfs are maintained in Broad Run within and downstream of the work site.

We appreciate your willingness to work cooperatively to minimize impacts upon wildlife associated with the
project. Please do not hesitate to reach out if you need anything additional.

Thank you, Amy

Amy Martin

{she/her/hers)

Manager, Nongame and Endangered Species Program
Cell: 804-481-3296

Virginia Department of Wildlife Resources

www.dwrvirginia.gov
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