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EXECUTIVE SUMMARY

JMT was tasked by the National Park Service (NPS) to perform the following work at the Carter Barron
Amphitheater in Rock Creek Park:

e A structural load assessment of the existing stage floor.
e Complete an earlier design for installation of accessible handrails along an existing pathway.

e Verify compliance of the maximum pathway slope for complying with the Architectural Barriers Act
Accessibility Standard (ABAAS) and the American Disabilities Act (ADA) .

The stage floor, built in the 1950s, is constructed with a monolithically poured concrete frame consisting of
concrete beams, slabs and columns. The original stage floor was subsequently modified by filling in floor
openings with concrete. A painted, wood sleeper and plywood floor currently overlays the concrete slab of
the stage. Historical documentation indicates steel truss systems supporting fabric covers, curtains,
backgrounds and lighting systems were once in place. These truss systems have been removed.

A previous report completed in 2014 noted areas of considerable water penetration, cracking, spalling and
rusted reinforcing at the concrete stage. The report also noted chloride contaminated concrete at the front
of the stage. A structural load and stress analysis was not performed at that time.

JMT performed a structural load analysis using the original design loads from the historic documents. The
forces and stresses obtained from this analysis were compared and checked against the structure’s capacity
based on current Codes and Standards. Concrete strength was indicated on the historic documents and JMT
obtained core samples for testing to confirm the material properties of the concrete. Results of the core
testing show that the concrete strength is higher than the original design strength and that the concrete is in
generally good condition.

Based on current Codes, the structural load analysis indicates the structure is currently subjected to forces
and stresses above its allowable design capacity in shear strength solely with the dead load of the structure.
Therefore, subjecting the stage area to additional live loads for any type of Code defined or classified use is
not recommended. Use of the structure as a stage should be suspended as the current Code requires a 150
psf live load until at such time the structure can be replaced, or strengthened and repaired to allow for the
application of stage loads.

As further discussed in the conclusions and recommendations section of this report, it is recommended that
the NPS:

1. Suspend operations on the stage structure for use as a stage or other loadings as would be
defined by any of the IBC, Chapter 3, Use and Occupancy Classifications.

2. The NPS should consider implementing a temporary shoring systems as soon as possible,
until the structure could be replaced or strengthened and repaired.
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3. The structure could be removed and replaced, or strengthened and repaired, to allow for the

application of stage loads. This would generally provide for the direct construction and account
of quantities and costs. This option results in a new stage structure with a 75 to 100-year use.
For comparison, a preliminary order of magnitude estimate for removal and replacement could
be $520,000 to $620,000.

Another option could be to strengthened and repair the structure by installing carbon fiber
systems with the conventional repair of damaged areas. This option may be considered as it
allows for the existing structure to remain in place. Complete strengthening and repair could
result in a fully rehabilitated stage structure with a 50 to 75-year use. Generally, repair projects
of this type have in-direct costs with cost changes during construction. For comparison, a
preliminary order of magnitude estimate for carbon fiber and repair could be $460,000 to
$560,000.

Planning for the future work is recommended to further define and detail project requirements,
direction, schedule, scope, costs, and funding.

The pathway from the promenade to mid-section of the amphitheater is currently designated as an accessible
route for disabled persons. As tasked by the NPS, JMT provided separate construction documents apart
from this report for a railing system which meets structural requirements based on a previous design. We
were asked to verify this existing pathway is in compliance with Architectural Barriers Act Accessibility
Standard (ABAAS). JMT performed a field survey and used this data to calculate the running and cross
slopes of the pathway. These calculations indicate that both the running slope and cross slope are steeper
than the maximum slopes as allowed, and therefore, do not comply with ABAAS. Providing an accessible
pathway meeting ABAAS requirements requires rework of the pathway itself and subsequent coordination of
the railing profile. Due to the non-compliant slope of the pathway the railings should not be installed without
correcting the pathway.
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REPORT OVERVIEW

Johnson, Mirmiran & Thompson (JMT), was tasked by the National Park Service (NPS), to perform a
structural load assessment of the stage floor, and to complete an earlier design for installation of accessible
handrails along an existing pathway. We were also asked to verify compliance of the maximum pathway
slope permitted for complying with the Architectural Barriers Act Accessibility Standard (ABAAS) and the
American Disabilities Act (ADA).

PROJECT BACKGROUND

The Carter Barron Amphitheater stage floor structural system was constructed circa 1950s. The annual
attendance for performing arts attractions is approximately 70,000 patrons. The stage floor consists of a wood
sleeper and plywood finished floor over a reinforced concrete supporting structural system. Historic
documentation has shown stage truss framing systems supporting enveloping stage curtains, backgrounds
and lighting with sound systems. The truss framing system has since been removed.

Concern for the reinforced concrete supporting structural system was raised in a previous condition assessment
report completed in February 2014 by Protection Engineering Group. The report indicated areas of
compromised strength of the concrete, including evidence of excessive calcium chloride calcification,
particularly at the proscenium. Other damages resulting from calcification, such as rusting of reinforcing and
spalling, were noted. A structural load and stress analysis was not performed as part of this report.

Previous work, including new seating, lighting and approaches, along with the removal of the overhead stage
trusses, was completed under a contract in early 2004. (Reference Historic Photo on Page 1.

Funding limitations precluded the installation of handrails to a newly paved asphalt pathway at the
amphitheater leading from the promenade to the mid-section. NPS tasked JMT to finalize a structural design
for an Architectural Barriers Act Accessibility Standard (ABAAS) compliant handrail system along this
pathway, with the intent to match existing railings based on Rehabilitate Carter Barron Amphitheater, Phase |,
04-11-2003 drawings that were supplied by the NPS. New work includes the fabrication and installation of
approximately 512 linear feet of handrails from the promenade to the mid-section of the amphitheater to match
the existing bronze-colored anodized aluminum railings. Previous survey information of the pathway was not
available; therefore, survey work was required to verify existing pathway slopes for compliance to applicable
ABAAS/ADA Codes and Standards.

EXISTING AVAILABLE DOCUMENTS

Existing documents reviewed included but not limited to:

e Amphitheater, Revision A, 3/14/50, drawing no 55.9-41-S1A

¢ Rehabilitate Carter Barron Amphitheater, 11-16-2001.

o Rehabilitate Carter Barron Amphitheater, Phase |, 04-11-2003.
o Rehabilitate Carter Barron Amphitheater, Phase Il, 5-7-2003.
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e Structural Assessment of Cater Barron Amphitheater, Condition Assessment Report, Protection
Engineering Group, February 2014.

These documents and their contents are further referenced in the remainder of this report.

EXISTING CONDITIONS

STAGE

The stage area (indicated by the red hatch in Figure 1) is approximately 72-feet wide by 78-feet deep,
and stands 12-feet tall above grade. It is constructed with a reinforced concrete one-way slab and beam
system, and bidirectional moment-resisting frames for lateral resistance. Columns appear to be bearing
on spread footings, though this could not be verified without exploratory excavation. Existing drawings
indicate that the structure was built in the 1950s; a reproduction of which can be referenced in Appendix
C. This framing plan indicates six floor openings framed between the concrete beams. These openings
likely allowed for stage production operations. Also, originally, a front portion of the stage floor appeared
to have been framed with sheathing over a lumber joist system.

STAGE AREA

)
H
|
=

Figure 1: Stage Area Location
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On August 25, 2016, JMT traveled on-site to observe and document the existing condition of the structure,
which included items such as concrete damage (e.g. spalls, cracks, water damage), notable deflections,
general conformance to existing drawings, and to determine coring locations for subsequent concrete
sampling and testing for strength and petrographic analysis. Access to underneath the stage was readily
available, and the general condition of the underside of the stage structure can be seen in Figure 2.

Figure 2: Picture at the Underground Entrance Looking Up at the Stage Structure

The six original framed openings and the bay at the
front potion of the stage have been in-filled with
concrete. The in-fill slab is supported by thickened
slab ends bearing on top of steel angles (Figure 3).
Documentation for the construction of the in-fill slabs
was not available. Also, there were several
instances where spalls were observed at the in-fill
areas which appear to have been caused by rusted
rebar. Locations of spalls, cracks and other damage
can be found in Appendix D.

Figure 3: Concrete Fill at Trapdoor Opening w/ Spall
Damage
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At the northeast and northwest corners, the two staircase landings showed signs of undermining below
the elevated slabs (Figure 4). The landings were constructed without retaining walls. Continuance of
the undermining will eventually lead to instability or compromising of the landings and staircases.

Figure 4: Stair Landing at Northwest Corner with Soil Falling Out from Underneath Slab

PATHWAY

The pathway at the amphitheater leading from the
promenade to the mid-section of the seating area
is approximately 4-feet wide by 270 feet long with
an elevation change of approximately 12 feet. Itis
primarily constructed with asphalt with a few
segments being concrete. Existing handrails are
provided at limited portions along the pathway
(Figures 5 & 6). A field survey of the pathway was
performed by JMT on August 25, 2016. Results of
the survey is shown on the drawings titled Existing
Conditions — Topographic Worksheet, which can
be found in Appendix A.

Figure 5: Existing Railing

Page 8



7

Page

Stage Load Assessment & Accessible Handrail Installation
December 9™, 2016
Final Report, Rev. February 1, 2017

Figure 6: Existing Lower Path and Handrails
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STAGE LOAD ANALYSIS

JMT’s load analysis was based on current standards, as well as a review of a historically based analysis that
would have been performed circa 1950s. The structure was modeled in RAM Elements software (by Bentley)
to ascertain the applied forces. The RAM Elements software was used to then check the applied structural
forces and stresses of the members against the members’ capacities that were calculated in accordance
with The Building Code Requirements for Structural Concrete, ACI 318-14, and Commentary on Building
Code Requirements for Structural Concrete, ACI 318R-14. Original design live load and material properties
were indicated on the existing drawings as follows:

e Stage Floor Design Live Load = 100 psf.

e Soil Bearing Capacity = 4000 psf.

o Concrete (Class B) = 2500 psi.

¢ Reinforcing Steel (Intermediate Grade) = 20 ksi allowable (40 ksi yield)

As a part of the scope of work, JIMT hired ECS Mid-Atlantic (ECS) to obtain concrete cores for compressive
and petrographic sample testing. The purpose was to confirm the 2500 psi design concrete strength, and to
obtain a general condition of the concrete matrix through petrographic analysis. JMT and ECS performed
field sampling on September 28, 2016 to obtain five cores (three for compression testing and two for
petrographic analysis). To avoid damaging the exterior stage wood finish, cores where obtained by drilling
up from underneath the slab (Figure 7). Locations of the five cores can be found in Appendix D.

Figure 7: ECS Obtaining a Compression Core with an Underside Surface Mounted Drill Rig
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After the cores where taken, holes were patched with dry-pack grout. A typical core sample is shown in
Figure 8.

Figure 8: Core Sample

On October 6, 2016, JMT received the results of the three compressive break tests from ECS, which can be
referenced in Appendix F. Results are summarized in the table below:

Core I.D. Corrected Strength (psi) Average Strength (psi)
1 4560
2 4970 4500
3 3980

A compressive strength of 4000 psi (lower bound) was used for member capacity calculations.

On October 30, 2016, JMT received the results of the two petrographic analysis, which can also be
referenced in Appendix F. Generally, the petrographic analysis showed that the concrete samples were in
good condition, but were of poor quality for modern exterior concrete due to the lack of an adequate air void
system to offer resistance to cyclic freezing and thawing while in a saturated condition. No evidence of
freeze-thaw related damage was observed in either sample — an indication that the samples were not, or
rarely, in a saturated condition when experiencing cycles of freezing and thawing. ACI recommends an
average air content of 5 to 6% (+/- 1.5%) for exterior concrete with 1” aggregate in moderate to severe
conditions. Sample P-1 indicated an air void content of 1.8% and sample P-2 indicated an air content of
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2.0%. Both were below the recommended values of ACI. It is possible that the waterproofing membrane,
wood sleeper and plywood floor, or combination thereof, provide some protection from freezing and thawing
damage.

The waterproofing membrane as indicated on the top surface of each sample also has protected the top
surface of the concrete from exposure from atmospheric carbon dioxide. Over time, exposure to carbon
dioxide leads to carbonation on concrete surfaces and weakens the concrete by reducing the effective depth
of the concrete cross section. Carbonation levels were generally observed as:

e Top surface: 1/8” to 1/32”
e Bottom surface: 1-1/16“ to 1-1/4”

These levels would be expected for concrete of this age.

e <

2\

Figure 9: Isometric View of the Analytical Model
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The coarse and fine aggregate in both samples were similar and generally appeared to be hard, sound and
durable. Each sample showed a water cement ratio between 0.45 and 0.50. Concrete Surface Profiles of
the concrete samples were a CSP3.

For the analytical model, a live load of 100 psf was first applied to the structure, as this was the original
design load indicated on Amphitheater, Revision A, 3/14/50, drawing no 55.9-41-S1A. According to the
International Building Code, IBC 2015, a stage floor is typically designed for 150 psf. An isometric graphic
of the analytical model can be seen in Figure 9.

The structural analysis calculations for the Structural Load Assessment of the Stage Floor are presented in
Appendix E, Structural Calculations. The concrete structure was analyzed following the Load and Resistance
Factored Design (LRFD) methodology, based on ACI 318-14.

Calculations indicate significant computational shear overstresses in the beams and girders with the original
design and applied live load of 100 psf. These results can be attributed to the following:

1. The additional dead and live load resulting from the trapdoor and bay in-fill areas has increased the
overall applied loads to the structure. This has produced higher bending and shear stress onto the
supporting concrete beams and girders which were not accounted for in the original design. Also,
when the in-fill areas were constructed, the beams and girders were not reinforced to allow for the
added loads. Furthermore, the in-fill areas do not offer any structural continuity of the existing slab.

2. Computer models more accurately distribute the applied loads to supporting members based on their
inherent stiffness and continuity of the structure, as opposed to hand analysis. The load analysis
originally performed in the 1950s would not have allowed for these applications, but would have been
based on more simplified hand analysis and design procedures.

3. Review of the existing documentation found that shear reinforcement (i.e. ties or stirrups) were, at
several instances, spaced too far apart to be included and accounted for in shear strength; therefore,
those instances could only consider concrete shear strength for un-reinforced shear sections. ACI
318-14 limits spacing to a maximum of d/2.

4. The current procedure to determine the shear capacity of a concrete beam without web reinforcement
is significantly different than the procedure used in the 1950s. In accordance with the current Code
of the American Concrete Institute, ACI 318-14, the allowable shear capacity is less than the
allowable shear capacity calculated from the 1950s. Research and testing has occurred since the
1950s and the industry has resulted in a better understanding of shear behavior in beams. Codes are
typically updated as new information (through testing or experience) becomes available. Limited
shear calculations following the Allowable Stress Design (ASD) methodology ACI 318-56, indicate
that the beams were designed appropriately for an unreinforced web section in shear for the historic
period.

Furthermore, when reviewing the analysis, it appears that the structure’s shear overstresses are triggered
with an application of the dead load only, which means that the structure’s self-weight has been performing
within the red zone (i.e. above the allowable design limit). Diagram 1 illustrates this concept, using Beam G1
as an example:
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Diagram 1: Beam G1 Shear Capacity vs. Applied Dead Load

Because the Load and Resistance Factor Design (LRFD) procedure is being used as required by ACI 318-
14, the shear strength inequality ¢Vn = Vy had to be rearranged to present the shear capacity in a Factor-of-
Safety (FOS) format. Therefore, the beam’s inherent FOS for shear following current design codes equates
to 3.733. Analysis shows that the applied shear due to un-factored dead load is 8.81 kips — greater than the
allowable capacity of 6.91 kips. However, this value is still relatively less than the nominal capacity of 25.8
kips. Approaching the nominal capacity would remove any strength factors as required by the ACI Code and
would increase the risk of inducing a structural overload on the members. Furthermore, applying loads
greater than the allowable capacity could result in permanent deformations being induced in the members.
The structural capacity of the member is deemed acceptable when the applied load in all its applied
combinations of dead, live, seismic, etc. is less than the allowable capacity as required by the applicable
design Code (i.e. Va > Va).

Other beams that are operating in the red zone are indicated in the structural calculations (Appendix E).

Page 14 = —
N

N

=

N
Y



V Stage Load Assessment & Accessible Handrail Installation
December 9", 2016

Final Report, Rev. February 1, 2017

Application of a 150 psf live load, as required by current codes, results in further theoretical shear
overstressing of the stage framing, since the current stage framing floor structure is not adequate to resist a
100 psf live load, nor even its own intrinsic self-weight.

A shear failure crack can be seen in Figure 10 (as was documented in the February 5, 2014 report). This is
evidence to support the fact that the structure is not adequately performing in shear.

8: Underside of the stage edge

Figure 10: Shear Failure Crack Photo Structural Assessment of Carter Barron Amphitheater,
Protection Engineering Group, Feb. 5, 2014.

The structure will perform adequately in flexure for the historical 100 psf live load. Beam G7 contains the
highest flexural stress ratio of 0.95 < 1.0. The structure, however, will be overstressed and operating in the
red zone for flexure to support the currently required 150 psf live load.

Existing documents (Figure 11) show that the stage floor was originally designed with a 2-inch topping;
however, the core samples taken (Figure 12) indicate a topping is not present. Rather, a painted wood
sleeper and plywood system currently overlays the stage floor (Figure 13). Based on the 2001 rehabilitation
drawings, it appears that the wood system is constructed with %" treated tongue-and-groove plywood over
2x4 sleepers spaced at 24 inches on-center (Figure 14). The wood sleepers bear on top of 6” x 6” x %” thick
rubber isolation pads at 12 inches on-center. The grade and species of the plywood and wood sleepers was
not indicated on the drawings. The plywood appears to be, overall, in poor condition, showing signs of
delamination of the plywood plies and separation at the joints.
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the concrete stage floor.

stage.

Figure 11: 1950s original drawings indicating a 2-inch topping over

Figure 12: Core sample does not contain
a 2-inch topping over the waterproofing
membrane.

TR 2x4 SLEEPERS AT

24" OC EA WAY H"30"x3/4"THK RUBBER. [2OLATION
PADS AT i2" OC UNDER SLEEPERS
PAINTED TR 3/4" 4-ont
TéG PLYWD -——\ "
4"
= pE
i
EXIST, CONC
STAGE SLAB- I
S

Figure 14: Existing wood sleeper system installed during
2001 rehabilitation work.
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As the pathway is presently marked as an ABAAS/ADA accessible route and leads to priority seating areas,
the pathway would be considered an accessible route (as defined by the 2010 ADA Standards for Accessible
Design). Therefore, the pathway can be considered as one of two possibilities; a ramp, or only a generic
walking surface. It seems the pathway most appropriately falls under a generic walking surface (a ramp is
essentially a steeper walking surface, with stricter requirements). The table below shows a basic side-by-
side comparison of requirements between a ramp and a walking surface:

Accessible Routes 8402 ADA

Walking Surface 8403

Ramp 8405

running slope < 1:20

cross slope < 1:48
Handrails not required

Edge protection not required
Clear width = 36”

If clear width is < 60”, a 60” x 60” passing zone must be
provided at every 200 feet*

running slope < 1:12
cross slope < 1:48

Handrails required on both sides (8505 for handrail
requirements)

Edge protection required on both sides
Clear width = 36"

Landings required at every 30” of rise, changes in
direction, and at the start and end of the ramp*

* For walking surfaces, no specific requirements at turns except at 180-degree turns; whereas a ramp requires a

landing at any change in direction.

On August 25, 2016, JMT performed a field topographic survey on the pathway (Appendix A) . The running
slopes and cross slopes were calculated using the rise and runs from survey point — to — survey point
(Appendix B). Any slope that did not meet the requirements is highlighted in yellow (Figure 15 is a picture
taken to depict the path’s cross slope). This cross slope is typical along the length of the pathway and more
pronounced at the switchback. Measured and surveyed conditions of the pathway indicate the following:

1. Running Slope(s) ranging from 1:5 to 1:43

a. Approximately 160 linear feet (60%) of the 270-foot pathway is sloping greater than the 1:20
requirement. (Reference Table 1016.7.1 Maximum Running Slope and Segment Length

ABAAS).

2. Cross Slope(s) ranging from 1:11 to 1:45 (100%) not meeting the 1:48 requirement. (Reference

1016.7.2 Cross Slope ABAAS).

3. The turning (switchback) space slope is steeper than 1:48 (Reference ABAAS 304.2).
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Figure 15: Depiction of cross slope at the bend. Clearance at the sticks is approximately 3 inches (a 1:48
cross slope for a 4-foot wide path equals 1 inch).

Based on the survey, the pathway currently does not meet the walking surface (and therefore ramp) slope
requirements per ABAAS/ADA. Furthermore, since the pathway has a clear width < 60 inches (5 feet), and
runs longer than 200 feet, the pathway will need a passing zone at some location — preferably within the
middle third. Therefore, for the pathway to be considered as an accessible route, additional work

needs to be performed. This will most likely entail demolishing the existing asphalt surface, regrading, and
repaving. Adding railings alters the pathway, and therefore, if the railings are added, the pathway must be
brought into compliance with ABAAS/ADA Standards.

CONCLUSIONS AND RECOMMENDATIONS

STAGE

The previous report prepared by Protection Engineering Group, Chantilly, VA, February 2014, indicated that
there was a concern for the performance of the stage floor structure due to observed damage such as
spalling, cracking, and calcification which could result in internal corrosion of the reinforcing due to chloride
levels in the concrete, as high chloride levels were recorded. This report recommended the following for the
stage floor:
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1. Full depth concrete replacement of the 6-inch south proscenium concrete slab and adjacent
beams.

2. Full depth concrete replacement of the chloride contaminated concrete at the front of the stage
including its front edge.

Structural calculations (Reference Appendix E, Structural Calculations) for the stage load assessment
indicate that the concrete floor structure is not able to support the current code required applied live load
based on the mechanical shear properties, and shear design strength of the stage floor structure itself.

Revisions, alterations, or certifications for the addition(s) of loads to the stage area for the use of stage
lighting, sound equipment, stage constructions, etc. would require analysis of the existing supporting
structure to determine if the structure could support the loads. The analysis would then show an immediate
overstress condition with the application of the revisions, alterations, or additions and would not be
incompliance with Chapter 34 of the IBC Code in which it defers to the International Existing Building Code
(IEBC). The International Existing Building Code applies to matters governing the repair, alterations, change
of occupancy, additions to and relocation of existing structures which include the application of or certification
for new loads.

As loads are applied and add to the current loads of the stage floor structure and alter its behavior, the IEBC
would consider this an “Alteration” and require the Owner to have a structural analysis of the existing building
made to determine the adequacy of the structural systems for the proposed alteration. Furthermore, the
IEBC requires the analysis be performed to the current Codes and Standards and may not be grandfathered
to previous Codes and Standards. The analysis must consider current Code seismic, live, and other loads
in combination with the applied dead loads. JMT’s analysis finds the following:

1. The structural analysis presented in Appendix E, Structural Calculations, is based on current Codes
and Standards (ACI 318-14), as is required by IBC/IEBC, and shows little to no available transient or
live load additional capacity. This is non-compliant with the 2015 IBC, Chapter 16, Table 1607.1 for
stage floors. Per our findings, any assignment of additional point loads or distributed loads, in any
form, is not recommended without implementing some regimen of strengthening.

2. The structure is, and has been operating, above the allowable design capacities as determined by
current ACI 318-14 and IBC 2015 Codes and Standards when subjected to current and/or any
additional transient live loads in any form. Therefore, it is recommended that no further point loads
or transient live loads be applied until action is taken to address the shear overstresses.

3. Structural analysis based on a historic Allowable Stress Design (ASD) procedure seems to indicate
that the concrete strength participating in shear may have been appropriately designed back in the
1950s. Some shear reinforcement seems to have been spaced to the limits at the time and by our
engineering judgement appears to be spaced too far apart in some instances to be effective.
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It is recommended that carbon fiber wrap be installed to strengthen and harden the structure for shear
to allow for the application of additional loads and effectively support the code applied superimposed
transient stage live loads. An example can be seen in Figure 16 below. Other solutions are available,
such as installing new columns, increasing the beam cross sections, or removing and rebuilding
sections of the stage. These alternate solutions, however, may not be as cost effective as installing
a carbon fiber wrap system.

L

|
l = L:EC’HC\N

% Y R I , i"‘*’l/ |

TYP,  CACBoN FiBER WRAP HAOENING ConcePT

Figure 16: Carbon Fiber Wrap Example

Any spalls should be repaired with typical concrete repair practices.

The undermining of the stair landings should be repaired. A concrete or masonry foundation wall
should be constructed, and the remaining voids grouted with a low-pressure system.

. The recommendations presented in the Protection Engineering Group, Chantilly, VA, dated February

2014, should be implemented and the areas noted in this report should also be repaired, replaced
and/or reinforced.

. The slab in-fills show exposed and rusted reinforcing, as may be attributed to water infiltration, and do

not offer or provide for a continuous monolithic slab system due to their attachment system to the
existing beams. The in-fills also altered the original loads to the supporting beams and have increased
the overall applied loads to the existing structure. Therefore, the in-fills should be removed and
replaced with a new system integrated into the existing structure, strengthened to accommodate the
in-fill areas.

Gy
2\
=
o]



V Stage Load Assessment & Accessible Handrail Installation
December 9", 2016

Final Report, Rev. February 1, 2017

Removing and replacing the infill areas with a lighter system without strengthening the surrounding
system would not reduce the applied load sufficiently enough to avoid strengthening the structural
system. This is due to the net difference in the reduction of about 10 psf to 15 psf would not be
enough to overcome the limiting state stress ratios for shear. Reference structural calculations page
48)

9. Observations of the plywood floor system show signs of delamination of the plies and separations at
the joints. The wood floor system has been exposed to weather since it was installed circa early 2001,
which would make it approximately 15+ years old. The grades or species of the wood system could
not be determined as would be needed to define the strength properties of the system. However, it is
likely weaker than the supporting concrete structure, which as discussed, cannot be certified for any
live loads without strengthening the concrete system. Therefore, at the time of strengthening the
concrete, it is also recommended to remove and replace the plywood and wood sleeper system.

As discussed, and based on current Codes, the structural load analysis indicates the structure is currently
subjected to forces and stresses above its allowable design capacity in shear strength solely with the dead
load of the structure. Therefore, subjecting the stage area to additional live load for any type of Code defined
or classified use is not recommended. Further use of the structure as a stage, as the current Code requires
a 150 psf live load, should be suspended until at such time the structure can be, replaced, supplemented, or
strengthened and hardened to allow for the application of stage loads.

As the stage floor was constructed in the 1950s, it is approximately 65 to 70 years old and quickly
approaching the end of its use. Also, as demonstrated by structural calculations, it does not meet current
Codes and Standards for use or construction. Therefore, it is recommended that:

1. The structural load indicates the stage floor structure is currently subjected to forces and stresses
above its allowable design capacity, therefore, the NPS should suspend operations on the structure
as would be defined by any of the IBC, Chapter 3, Use and Occupancy Classifications until the
structure can be replaced, or strengthened and repaired.

2. The NPS should consider implementing a temporary shoring systems as soon as possible to
provide positive control of the structure and mitigate the uncertainly of the behavior of the structure.

3. The structure could be removed and replaced, or strengthened and repaired. While conceptual
design of these systems is beyond the scope of this report, general methods would include:

a. Complete replacement would first involve the demolition of the monolithically poured concrete
frame consisting of the concrete slab, beams, and columns and footings. Removal of the stage
area would also remove the damaged concrete that was noted in the form of spalling, cracking,
and calcification. A new structure could then be built.

i. This option should be considered as the complete removal and replacement of the stage
would warrant a new stage structure fully designed to current Codes and Standards and
provide for a new 75 to 100-year structure.
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ii. This option allows for the un-imposed construction and direct account of quantities and costs.
These types of projects may be bid on a lump sum amount as the scope of construction may
be quantified based on the demolition and replacement construction documents.

iii. For comparison, a preliminary order of magnitude estimate for removal and replacement
could be $520,000 to $620,000.

b. As previously discussed, installing the carbon fiber wrap and repair of the damaged areas,
would strengthen and repair the structure to allow for the application of additional loads and
effectively support the Code applied superimposed transient stage live loads.

i.  This option may be considered as it allows for the existing structure to remain in place.
Complete strengthening and repair could result in a fully rehabilitated stage with a 50 to 75-
year structure.

ii. Repair projects of this type have in-direct costs and with cost changes during construction.
Normally, concrete repair projects are bid based on estimated quantities with individual bid
items extended from the contractor’s unit prices.

iii.  For comparison, a preliminary order of magnitude estimate for carbon fiber and repair could
be $460,000 to $560,000.

4. Other solutions may be available, such as installing new columns, increasing the beam cross
sections, or removing and rebuilding sections of the stage to increase the available live load. These
alternate solutions, however, may not be as cost effective as installing a carbon fiber wrap system,
or provide for the same use full life as complete demolition and replacement.

5. Planning for the future work is recommended to further define and detail project requirements,
direction, schedule, scope, costs, and funding.

PATHWAY AND RAILINGS

1. As shown in Appendix B, Lower Path Slope Calculations, the entire pathway does not meet
ABAAS/ADA requirements for the cross slope. Furthermore, about 60-percent of the pathway
exceeds the running slope requirements.

2. The existing pathway cannot be endorsed as ABAAS compliant or ADA accessible. For the pathway
to be endorsed as ABAAS/ADA compliant, it will need to be reworked, regraded, and repaved,
regardless if the pathway is to be considered a walking surface or a ramp.

3. Drawings, specifications, a Class A cost estimate, and a proposed schedule for construction for new
handrails have been supplied to the NPS. However, this design does not compensate for the non-
compliance of the pathway and should not be construed as voluntary assumption by JMT that the
pathway with the addition of the railings will meet ABAAS/ADA requirements. Adding railings without
correcting the pathway slope does not correct the noncompliant running and cross slope issues. Even
though the drawings supplied detail handrails able to resist the applied loads, as required by IBC,
they cannot be ABAAS/ADA compliant due to the non-compliant slope of the pathway and should not
be installed without correcting the pathway.

JMT reserves the right to amend this report as additional and/or new information becomes available.
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APPENDIX B

LOWER PATH SLOPE CALCULATIONS
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EXISTING STAGE FRAMING PLAN AND DETAILS
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APPENDIX D

SPALL & CORING LOCATIONS, AND REBOUND HAMMER
STATISTICS
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< Cs

= . |
_ : 11 ~/5 R o S AT

Ph, = 0.b5 [495(5) % 203.5(7/1)1%11 = %.(e-H
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'7 “ Project
: '/ ( ‘\.. Subject ___LATERAL ANALRG S § Column
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M, =
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58,0 k-ft

lLc@) © 04D+ LoE

b - O.ﬁ(és,t k-> = 53.¢k

My = O.‘\(I%,dr) ¥ 1.0(22.5>
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12D+ 16 L
Po= 12(6sa) + 16(454) -
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Ma- 12 (1s4) + 26 (ns) =
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\/22~ = 1.2(2.03) ¥ 1.6 (Lb'}) gk )

Vag = 1.2 (3%) + 1.6 (2.2¢) = 4550

\

V .
“esur © 5.19°% 4 9,882 = 1.2 % = CoNTasunNg

ottt e
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U‘ k . (100 PSF LL) SheetNo. 1 of !
A ® i =

Computed By __ NLL. Date ??;/ ‘i/ 1{, _ Checked By Date

Beam Design Stress Ratio Summary
Beam Designation Hinlk5tate
Flexure Shear Torsion
G1 0.66 2.16 0.56
G2 0.65 2.23 1.52
G3 0.75 2.79 1.94
G7 0.95 1.11 0.13
G8 0.94 3.08 0.05
G9S 0.85 3.15 0.45
G10 0.76 2.44 0.44
Bl 0.86 2.10 negl.
B2 0.81 2.00 negl.
B3 /B4 0.71 1.33 negl.
B15 0.21 0.43 negl.
B17 0.38 0.91 0.20
B21 0.87 2.48 negl.
B27 0.06 0.09 0.92
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g Be nﬂe U " Microsoft

Beam (1
Current Date: 11/9/2016 9:38 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces

M, @ BEND = —102.1 k-f > My »-49.2% L - (gg % 0-46) v Il Bending moment

Pra @ conT = -~ 180,56 L@ » Mo > -119.41 (Sﬁ= O.LL) v

PM, @ Mo = T 185, ¢ k-f > M. = & 105.25 1. (%L; g,5q>~/

(‘ MiD Qpay

M33=105.85[Kip*ft] M33=104.61[Kip*ft]
M33=77.93[Kip*ft]

G_T — .-. . 6.'] = _....‘.. - G‘I :
M33=-47.28[Kip*ft] M33=-46.15[Kip*ft]
M33=-98.12[Kip*ft] M33=-96.74[Kip*ft] :
Z i M33=-118.99[Kip*ft] M33=-11941[Kip*t]
END SPaN

C fo NTiNvou< SPAN"

N =

49




g Benﬂeg' Microsoft

Beam (1
Current Date: 11/9/2016 9:39 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces

@Vn = qask Z V“ - ZD'QI:. (%R; 2'“‘) A I shear force

|- 135"
3.8 o3

03" L : v i
o Ko s’
¢\lﬂ ‘n&‘“
Kot é \o&t
e o

-

(2=-13.58[Kip]

V2=-16.63[Kip]

- =

zZ X
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.E‘j Benﬂeg Microsoft EEAM G1

Current Date: 11/9/2016 9:39 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces

I Torsional moment

Pl = 4.25¢-H > Toa = 2421 8 (32: O.%> /

Tor=2.2[Kip*ft] Tor=2.27[Kip*ft]
Tor=2.2[Kip*ft] Tor=2.27[Kip*ft] Tor=2.12[Kip*ft] Tor=2.12[Kip*ft]

Tor=-2.11[Kip*ft] - Tor=-2.04[Kip*ft] * Tor=-2.42[Kip*ft]

N <




gsenﬂegf Microsoft 65‘*‘"\ GZ Q. GZ)

Current Date: 11/9/2016 9:50 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

o Internal forces
Beam (2.
— I Bending moment

PMq @ ConT = ~ 260,23 kB > Myu= -161.61 k. £ (3& s D.as) v

M, @ My = A 250, LA > M, =t 4087 k& (g,@_ = 0_361) v
Beam G’?)

Im, @ Evp= —124.1 - f 7 M= -74.04 k& (S&= O.é3)‘/

P, e o= -25.3 b-ft > My = - g e

3 b fi (se= 0.75)

P Ma@ Moo=+ 2503 k& > g - 4 152,06 k. f (se- 0.01)

[ Mo Span
M33=153.05[Kip*ft] X

M33=96.87[Kip*ft]

M33=149.62[Kip*ft]

M33=-78.98[Kip*ft] M33=-79.09[Kip*ft]

M33=-161.61[Kip*t] M33=-158.56[Kip*t]
M33=-186.41[Kip*ft] * M33=-188.35[Kip*ft] =1
/ SPAN
CoNTiNvoU S . .
SPAN Y
i
§ X

b1




g BenﬂegxMicrosoft BEAm GZ € G3

Current Date: 11/9/2016 9:49 AM

Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Geam G2 Internal forces
SR B Shear force
Vo (0 the24) = 41.2% > \, = 29.62% (3& = o.(o'?) 4 2
~ 2
P\ (Z‘thu W) = 120k < Vi = 208" (%a = 2.23) X v 2 "§
g .
Cean G2 K $
Vo (0 tws 3L) = A12% 5>V, = 244t (sa= 0.04) vV L = o
< LN e
'ﬁ e | 2
PV (32 two Mo ) = 120k LV, - 355 (se- 2.99) %
o)
e
: )
e o \b
v +
v 6>
S AS-
/(L(’ k\‘l.ﬁ‘
V2=24.18[Kp] _‘-’ZT R B
- e -, I
T V2=-27.42[Kip] V2=-23.94[Kip]
V2=-3436[Kip] F—1— !
Y
A
£ X

5%




g Benﬂeg Microsoft

BeEaM (2 § (3
Current Date: 11/9/2016 9:49 AM ————

Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces
Ream (G2

I Torsional moment

=l

PTy = 6.55 k- f < Tow= 4.4 k-K (SQ-—* T ‘2) »

Beam G2

O Th = 6,55 kf < Tor = 1208 kf (Se= 1.44) 3

_ Tor=12.67[Kip*ft]

Tor=10.55[Kip*ft] Tor=9.92[Kip*ft]
b - ey Tor=1.89[Kip*ft] © Tor=1.03[KipHt] - Tor=2.06[Kip*ft]
Tor=-2.07(Kip*ft] G5 Tor=-1,29[Kip*ft] G2 Tor=-1.62[Kip*ft] G3

_Tor=-9.96[l(ip*ft]

: =) Tor=-10.54[Kip*ft]
Tor=-12.68[Kip*ft] ' e

= <

w
_P.




g BenﬂegTMicrosoft | Beam C7 € GB

Current Date: 11/9/2016 10:13 AM

Units system: English
File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\

Load condition: D2=1.2DL+1.6LL

Internal forces

Beanm GF
—— Il Bending moment

Phn, @ BND = — 12¢.1 & > My = - 51,29 k- (se_ = 0_41) v 4

M, @ conr = - 228.5 & & M, T - 22¢.00 k-G (59.: 7.03)&*

PHa@ Mo = 42286 ke > mos v 1994 b (se= 0.18)V

X Beam (7 s n INFLyence ARGEA = G Fr’“/' TheReFoE A LL
Bervenon oOF (0.25 it __..1'__5____) = 0.877%
de%e

o M = ],1(-53'4-&} 1 LL(O.B?_?)('BU’%) =T 2136 v -fa
[se = 0.45] v/

/\‘ MD SeaN
M33=177.41[Kip*ft] ﬂ . M33=176.17[Kip*ft]
W ook | MB=seEKp] seiice o N
.M3;3=-51.2'7[Klp*ft] G 3 - | G+ M33=-50.47[Kip*ft]
a ' M33=-214.56[Kip*ft] M33=-209.25[Kip*ft]
M 33 = ~88.19
CoNTNvpS . “
Sean Mag = -81.1%
Y
A
Beam (-8 ¢

P, e onr e -220.5 k- k> Mac - 2165 kA (Se= 0.44) v

Pm, @ Mp = 229,64 L& 7 N+ SL.62 L & (S‘Qz O.ZS) ‘/

55




g Benﬂeg' Microsoft

Peam CG7 & G&
Current Date: 11/9/2016 10:13 AM e

Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces
Beam G7F .
r force

Q’Vf\ (O Fney '3?-) s 41,?}“‘ £, Vu-‘- 45.'}l¢ (Sﬂ: 1]1) )( i‘_ﬂ"'& ‘e mcﬂ.‘a Cased

Ly dhe added wc.rah‘l‘
—pro.rq"ﬂ\-(_., in g,

AN (31%}\ Mo) = 12.0% <V 44,%
& . wZ® T4 sz 5.14
Beam GB Beans Canno”
e 6d
Y . K ; o vp e
n (o fnry $2) * qLa3% 2N =2t (Sﬂ_: D.‘12.> v o

|\ o'y
AV (2’2. wes [M.D): 12.0x 4 N, 73,4k (3‘2-: 34095’./ a)‘—)v’\

V-
KV « 7
A,q f\‘k
N +'\ 0\\« A
% o /kb‘ ’ \\lv
. # -
C O —— V2=45.7Kip]
V2=30.52[Kip] \ memp] e
‘;___ T - ! s g 7 : i
G - La
£ il |
s ] be A V2=-30.24[Kip]
. kel V2=-37.72[Kip]
\=ds8iKip] ot Ne=dRTelNp) .

oo <

ob




E Be ntleg' Microsoft

Current Date: 11/9/2016 10:13 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

beam G7 £ C%

Internal forces
Eﬁ.r’q M G'r‘}

B Torsional moment
0.862 k-H (SR e 0.13> >

@T_,m= é,es k- > Tor

_@Efcm (3

T, - (.55 k.fi » Toe

I

"

0.237 k- (39_: g,os)/

Tor=0.863[Kip*t]
Tor=0.612[Kip*ft] Tor=0.863[Kip*f]
Tor=0.612{Kip*ft] Tor=0.337[Kip*ft]
Tor=0.337[Kip*ft]
G Tor=-0.215[Kip*ft] [ iy

Tor=-0.847[Kip*ft] - | | . Tor=-0.76[Kip*ft] .

N <

5%




E Bentley yicrosoft

Current Date: 11/9/2016 10:39 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Peam Ga § Glo

Internal forces
Peam GA9
—_— I Bending moment

PMae e = -126.1 K& > M= - 20.29 - (‘32-— 0.2+> e

? = «
Ma@ ConT = 228,56k > p, - 145,02 4.0 (qe_.-. 0.8¢)

F’Ma@ Mo = Y 7222 S kf > m, =t 142.92 1 & (‘5‘2.: 0,5’5)/

EEAM G-1o

Pn, @ Cont. = = 228.5k- B > Mu= - 174.S2 v & (se : O.%)/

Pra@ mo: 42286 k-f > M, = t4409 ko h (se- 0.12) v~

p Mip  Seand

M33=143.92[Kip*ft] M33=143.68[Kip*ft]

M33=44.09[Kip*ft]

vi=sozker G4 Glo LA e

M33=-174.52[Kip*ft]

M33=-174.5[Kip*ft] END SPaN J
M33=-195.03[Kip*ft] | |1

© M33=-194.64[Kip*ft]

Conmsupus

SPan

oo <
b

>8




5> Benﬂel.'; Microsoft Beam G4 £ G1o
Current Date: 11/9/2016 10:39 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces
Bean Gc\ I Shear force

¥
AT (o *heo 37_): 41.9% = V. = 4218 % <3&= 1.05> j Caronst held deac

load oa!
AV (22 e "\l[_)) = 2.0 <\, - 27, gk (‘SE: 3.TS'> x o8 ?g

X Beaww A has an infivence area = T8 Fr"j hece Pore. a

LL redyetion foctor of
Coeiten 569 0.25 4 —I> vr_ 0. 311

e i G

V“‘au " 1.2_(15,(,9> x 1.{,(0,511\(15,2%) = 38, L%

N l:‘sa = O."t%] ~/

b

2
W2 N )
s \9 V2=43.11[Kip]
V2=29.76[Kip] 32— \e= ..5?'_[!:19] ; .
|_ , . G0 !

| | ) T
,qu,%  V2=-43.18[Kip] : L |
a™T VTS
T I ,
bg & '\"\/‘/ V_ = -15.212
Y
beam G10 Y
v

o\, (o m@z)ﬁ 4. 1< 5 \/“734.5’?k (9‘*: 0'“) ‘/

BVa (32 fws M0) = 2.0 < V= 24.3% (SU Z‘*"‘) o

Canna‘* hotd dLﬂ.d lDAd
Dr\h&

21




:Fi Benﬂegv Microsoft i %Eﬁm A § G110
Current Date: 11/9/2016 10:39 AM '
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces
Pean (A9 B Torsional moment
QﬁTJm = 6.55 k-fi > Toer 2494 & (aw 0.45> v
Beam (10

PTo= S.52¢h >Toe = 7.41 v & (Snlf 0.44) v

SRSy Tor=2.37[Kip*ft] Tor=2.55[Kip*ft]
G4 1o ¢4
Tor=-2.61[Kip*ft] Tor=-2.41[Kip*ft]

Tor=-2.61[Kip*t] Lo e .

N <
Y

0




g Benﬂeg‘ Microsoft

Current Date: 11/9/2016 11:02 AM ‘
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

BEAM B1

Internal forces
I Bending moment

PHa@ eb: - 92, 26ft P M, - -SLoe e bt (se=0.t1) /
PM, @ cor - 1220y Mu e - 09,42 kB (ge—— .5?)\/

IMa@ Mmoo * 129 e ft > M=t 11709 k& (%U Oﬁé)/

7 M33=43.93(Kip* ]
33=34.07(Kip*R]

=-591(Kp*]

( Co__u_ﬁuuclds SPan”
o

y M33=-69.91[h§;u] Mg ml_.D' s P.-m__

Kip*h]
M33=-8.6[Kip*ft]

END SPAN)

M33=-18.62(Kip*f] X

b1




g Benﬂeg! Microsoft beam &1

Current Date: 11/9/2016 11:03 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces

AV (0%1,.(_-,11): 2s.8% 5 N, = 29.728% <S‘l2= 0.‘32‘.) v/ Bl Shear force

dvﬂ(

12t 36 ) = 314k 5 V, - 25. 8% (se- 0.82) vV

stn, (gfo thiy ,nn.:;)

\

Lae U= 1 (se- Zo10) R < Cannot hotd doad
Imd Gﬂ\a_

V2=-14.18[Kip]

\‘D("' / = I9.25

bL




= Bentley yicrosor

Current Date: 11/9/2016 11:03 AM

Peam 61

Units system: English
File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

86 ingpfc-han Toesion S ﬂt’é“ fé)\'b'le
Tor=0.0143(KpR]
\_pr,a.nzqg;_r;di;‘*&]
k. _'":_"6.014;1[1,:5;;‘&]:? .

Tor=-0,0191{Kip*f]

“Tor=-0.004798[Kip*R]

Internal forces
B Torsional moment

¥
4

2

63




g Benﬂeg Microsoft

= YA
Current Date: 11/9/2016 11:18 AM . g kb % Z q 1
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

g B, Internal forces
_EA:___ZZ_ M Bending momen!

Proe ot = =728 S u 4 > M= -184.49 ¢ & (se- o.81) ¥

) o s ]
Mo @ Moo= Y 228 6 b > M, = + €L b'f*(aus O.Z‘iv v

Ream 821

dMn € BvD =" 1261 k-fr > M=~ 2748 v & <%¢= o.zz) ‘/
wi‘\.ﬂ@ ConT. = = 228,5k-H > M, - "I%.‘l"-)—k-Pﬂ-(se.: &8?)‘/

TMa@ o= *228.5ef > 1277, 24 k-ﬁ(gg_: o.se)/

Mo
SPAN ﬂ

M33=127.35[Kip*ft] M33=127.34[Kip*ft]
M33=66.79[Kip*ft]
M33=-27.37[Kip*ft] 7 ' | B2 B21 M33=-27.48[Kip*ft]
M33=-184.88[Kip*ft] M33=-184.97[Kip*ft] END j

M33=-198.97[Kip*ft]

/‘ ' M33=-198.87[Kip*ft] 5 0AN
t CoNTiNVou < :

Span

wo= <
>

b4




gBenﬂeU: Microsoft Peam B2 § B21

Current Date: 11/9/2016 11:18 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces
Bean & 5
B Shear force

@\, (DThru 20) = 4%.0* 5\, = 42.’%“‘(“‘ O'%) /

n bare! hold
P, (zo fnev 62) = 41.3% y N = 3’5.&"(Su= &81)/ - g
dead \oad ""'fgj

/
#Vn (62 tw po) = 12.0% 2N, = 200" (se-2.0) K=" tecefure | ey pinimal

Ve \pad

beam B721

AR [o Hnry ?o) = 49.56% s N, = %,?1L<ge. o,ﬂ.q) v

anot huld dead
Pa (25 62.> = 49, B PN * ’%%.8"(3& D.qc})\/ e

loag) oma,_
@V, (62*\1:\; MID) = 12.0% 2\ = 2%.%% ( Q@ - 2.45> 7_
e (7 —
70— | Vms2 34000 < CL 7 \2=46.71Kp)
V2=28.82[Kip] r—— oy
| B2
2 | o ] V2=-28.83[Kip]
—"2—"‘-% / \32=-46.:71[K|p] A [,/ el |
_2p.% ! , B
V.- 8% 18- I, 45 1
V, - 10,14« 1.4 = 14.2* — 7
s

65




g Be nﬂe g Microsoft

BEam B2 £ BZ1
Current Date: 11/9/2016 11:18 AM .
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

o Internal forces
gﬂ tnsrac,o‘ﬂ'on} Toesian g ncél‘g. kle.

B Torsional moment

Tor=0.0434[Kip*ft] Tor=0.0434[Kip*ft]
~ Tor=0.001657[Kip*ft] i i Tor=0.001657[Kip*ft]
‘ Tor=-0.0451[Kip*ft] Tor=-0.0451[Kip*ft]
Y
i
& X

LG




E Benﬂe'J Microsoft

Current Date: 11/9/2016 11:47 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

BEAM 53/54

Internal forces

QM,, @ Bio =" 20,5 kfh >M = - 4% & (%&: 0.3’I> ‘/ B Bending moment

o)V
0.58)

L]

Ime@ Cowt = ~SB. 2w ft > M - -41.40 L & (se

"

$rv, e ho=t B3 BL-f > M, - 24,00 f (s

& MID SPAN:

i,
M33=-7.53[Kip*ft]

M33=-9.47[Kip*ft]

-BMD)'

SPAn

e M33=-6.38[Kip*ft]

Conmvvoys
SPARS

M33=-9.23([Kip*ft]

*&1 '
M33 ‘!3_6.32‘29‘3 '.&.im
V4 | MI=3662Kp A\
M33=-7.52{Kip*ft] &7 N

L




g Benﬂegl Microsoft

Beam B3 / B4
Current Date: 11/9/2016 11:47 AM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces

PN, = 18.3% < V, =« 18,14k (32_._ 1,33>;§ I Shear force

%% = 12(s94) 4+ 10 L

v L= e

\ V2=-12.79[Kip]
. V2=-15.61(Kip] e
_ - V2=-11.81[Kip]
'uA : V2=t
._ © V2=-15.38[K) g
3 e ’
V2=-15.45[Kip] o
" N

b8




g Bentley uicrosoft BEAM B3 / B4

Current Date: 11/9/2016 11:48 AM

Units system: English
File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

ELa i(\SP‘_a‘hﬂn , TOLS'.ON 1S neal '5! b‘ﬂ

Tor=+0.0842[Kip*ft]
s Q’rortﬂ.mlﬂn‘n}
SN

#Tor=0.0134[Kip*ft]

v T6r20.0134[Kip* ] P
 Tor=-0.184(KipR) B il

or=0.0777[Kip*ft]

'pr-O_.IJ 168[Kip*ft]

Tor=-0.0918[Kip*ft]

Tor=-0.0918

Tor=-0.0624[Kip*ft]

Tor=-0,0624[Kip*ft]

Internal forces

B Torsional moment

- <

L4




E Benﬂeg-' Microsoft

Current Date: 11/9/2016 11:59 AM
Units system: English

Beam &1

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\

Load condition: D2=1.2DL+1.6LL

P, @ conr = - T4 kf > My,

Internal forces

= 16.71 k-f& (SP.F O, 21) / I Bending moment

Oha @ mio = 1999 k- fF > Mo+ 71,82 k-ﬁ(sa: o,u)/

f Mo Spad

M33=11.83[Kip*ft]

L

L

i

1 1M33=-16.11[Kip*ft:]
& CONTIN ypus
i 50AN

?fl33=’-1’0;24[l(ip*ft]f -

-<

M33=-10.42[Kip*ft]

M33=-15.91[Kip*ft]
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g Benﬂegt Microsoft

Current Date: 11/9/2016 12:00 PM B EAM P} 5
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces

(DVn (D‘mm 30) = ‘lq_sk > V*; 4,28k ('3&’— O.‘VS)’/ I Shear force

(/A (30 o min) = 12,95 5 \(, = §, 2% ( Sa = 0.23) v

V2=8.28[Kip]

5'7.35[1_09]

V2=-7.39[Kip]

20
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g 'Benﬂeg’ Microsoft

Current Date: 11/9/2016 11:59 AM
Units system: English

_gEAM

£15

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\

Load condition: D2=1.2DL+1.6LL

B% inspectipn ) ToesioN s n%lnﬁlblc

e

Tor=-0.0759[Kip*ft]

Tor=-0.0759[Kip*ft]

or=0.0554[Kip*ft]

Internal forces

B Torsional moment

TL




g Be nﬂeg Microsoft

Current Date: 11/9/2016 12:12 PM

Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Ceam R1F

Internal forces

M@ Courc - 1 Gy > M, - - 24.0S k.&,<u: 0,35)/ I Berviing moment

PM, @ M= + 4.1 H > Mo~ 6,82 b fa (‘3& = O.H)‘/

_M33=1.36[Kip*ft]
" M33=1.74[Kip*ft]

M33=-9.65[Kip*ft]
_M33=2.91[Kip*t] J
= M33=-12.57[Kip*ft] : -~ M33=2.26[Kip*ft]

M33=:17.76[Kip*ft] :
by M33=-13.58[Kip*ft]

Pl i _M33=2.Dl[|(lp*ﬁ]
| PR : _~M33=2.01[Kip*ft]

M33=-22.21[Kip*ft] o
- o ( SPAN

M33=-13.02[Kip*ft]

/7#15?:'-}5.82[Kip*ft] | M33=1.31[Kip*ft]
; : : _M33=1.71[Kip*ft]
M33=-21.97[Kip*ft]

' M33=-29.85[Kip*ft]

CouTinvpus j

Soan : : |
 M33=-25.96[Kip*ft] M33=-9.56[Kip*ft]
_
M33=-12.76[Kip*ft]
Y
M33=-17.57[Kip*ft] \
AN
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g Be nﬂeg Microsoft

Current Date: 11/9/2016 12:12 PM
Units system: English

BEAam R1F

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\

Load condition: D2=1.2DL+1.6LL

P, = 13.9% & V.\‘_ 12,42 * (%&:
T V2=-04(Kip]
V2=2.19[Kip]
-~ V2=-6.16[Kp]
V2=11.01[Kip]

4

V2=-12.42[Kip]

‘W2=11.91[Kip]

V2=-11.16[Kip]

Internal forces
I Shear force

V2=-0.041[Kip]

//- V2=-0.412[Kip]
V2=2.17[Kip]

V2=-6.2[Kip]

%




g 'Benﬂel_.{ Microsoft

Current Date: 11/9/2016 12:12 PM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

RBeam B 17

BTh - 2.65 wh > Tow= 0.5211 - (SL= 0.20) 4
/ Tor=-0, 113[IGD*ﬂ]
Tor=0.516[Kip*t] '
Tor=-0.113[Kip*ft]
Tor=0.516[Kip*ft] '

= =3

| : - Tor=0.105[Kip*ft]

/ Tor=-0.161[Kip*ft]

Tor-—0 161[K|p*ﬂ:} =P
Tor=-0.104[Kip*ft]
Tor=0.154[Kip*ft]

=0.154[Kip*ft] .

= ’To'r‘= -0. 10’4[Klp*ﬁ] .

/oréo.m[mp*ft]

Internal forces

B Torsional moment

r=0.111[Kip*ft]

Tor=-0.521[Kip*ft]

‘Tor=-0.521[Kip*ft]

-<

15




g Benﬂeui Microsoft

554 m BZ7
Current Date: 11/9/2016 12:21 PM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces
Prm, @ Neg = - 20.5 - f > Moz 1.58 k- & (Sa= 0,05) / I Bending moment

Mmoo Pos = T30.S k& > Moz 168 k-ﬁ'(@,g: 0,%)\/

M33=1.52[Kip*ft]
- /

‘M33=-1.2.tKip""'ft] :

M33=-1.58[Kip*ft] Zo N\

¢

Nca, Bend

‘16




E 'Benﬂel_.]‘ Microsoft

Current Date: 11/9/2016 12:21 PM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

_€>E«M 27

Pim 895 > Vs 120 (e p00) o

'.258[1(:;’:}

g

V2=-1.09[Kip]

.371[Kip]
V2=-1.23[Kip]

Internal forces
I shear force

1%
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% Benﬂeg Microsoft E’E’"‘;L

Current Date: 11/9/2016 12:20 PM
Units system: English

File name: C:\Users\nleonard\Documents\JMT Projects\Carter Barron Amphitheater\Stage Frame Analysis.etz\
Load condition: D2=1.2DL+1.6LL

Internal forces

QT% = 2,65 kB > Toe:= 2.44 v 4§ (9Q= 0'47_,3 \/

Tor=-2.43[Kip*ft]
Tor=-2.43[Kip*ft]

B Torsional moment

18




SAMPLE SHEAR CALCULATION PER
ACI 318 - 1956 (w/ comparison to a
calculation per ACI 318 — 2014)
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Design Maps Summary Report

2 USGS Design Maps Summary Report

User-Specified Input

Report Title Carter Barron Amphetheatre - Seismic Parameters
Fri October 14, 2016 18:20:30 UTC

Building Code Reference Document ASCE 7-10 Standard
(which utilizes USGS hazard data available in 2008)

Site Coordinates 38.95133°N, 77.03786°W
Site Soil Classification Site Class D - “Stiff Soil”
Risk Category I/II/III

USGS-Provided Output

Ss= 0.119¢ Sws= 0.190¢g Sis= 0.127g
sx = 0.051 g Sul = 0.122 g Sn; = 0.082 g
For information on how the SS and S1 values above have been calculated from probabilistic (risk-targeted) and

deterministic ground motions in the direction of maximum horizontal response, please return to the application and
select the "2009 NEHRP” building code reference document.

o MCEg Response Spectrum Design Response Spectrum
Eal 0144
o.lg
0.1¢ 0.121
0.14 0.10

3 S :"‘ 0,08 4

& 010 2 '
0.02 0.06 1
0.0 0.04 1
0.04
0.02 0.02 4
0,00 Ay 0.00 +———————— |

0.00 0,20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.820 2.00
Period, T (sec) Period, T (sec)
For PGAy, T, Css, and Cg, values, please view the detailed report.

Be



Design Maps Detailed Report

2JSGS Design Maps Detailed Report
ASCE 7-10 Standard (38.95133°N, 77.03786°W)

Site Class D - “Stiff Soil”, Risk Category I/II/III

Section 11.4.1 — Mapped Acceleration Parameters

Note: Ground motion values provided below are for the direction of maximum horizontal
spectral response acceleration. They have been converted from corresponding geometric
mean ground motions computed by the USGS by applying factors of 1.1 (to obtain Ss) and
1.3 (to obtain S,). Maps in the 2010 ASCE-7 Standard are provided for Site Class B.
Adjustments for other Site Classes are made, as needed, in Section 11.4.3.

From Figure 22-1™ Ss=0.119g
From Figure 22-2™ S, =0.051¢g

Section 11.4.2 — Site Class

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or
the default has classified the site as Site Class D, based on the site soil properties in
accordance with Chapter 20.

Table 20.3-1 Site Classification

Site Class Vs N or N., s,

A. Hard Rock >5,000 ft/s N/A N/A

B. Rock 2,500 to 5,000 ft/s N/A ) N/A

C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 >2,000 psf

D. Stiff Sail 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf
E. Soft clay soil <600 ft/s <15 <1,000 psf

Any profile with more than 10 ft of soil having the characteristics:

= Plasticity index PI > 20,
¢ Moisture content w = 40%, and
 Undrained shear strength s, < 500 psf

F. Soils requiring site response See Section 20.3.1
analysis in accordance with Section
21.1

For SI: 1ft/s = 0.3048 m/s 1Ib/ft2 = 0.0479 kN/m?

8%



Design Maps Detailed Report

Section 11.4.3 — Site Coefficients and Risk-Targeted Maximum Considered Earthquake

Table 11.4-1: Site Coefficient F,

Site Class Mapped MCE i Spectral Response Acceleration Parameter at Short Period

Ss < 0.25 Ss = 0.50 Ss = 0.75 Ss = 1.00 Ss =z 1.25

A 0.8 0.8 0.8 0.8 0.8
B ) 1.0 1.0 1.0 1.0 1.0
c 1.2 1.2 14 1.0 1.0
Dt 1.6 & 1.4 1.2 1.1 1.0
E 2.5 . 1.7 1.2 0.9 0.9
CEF - See Section 11.4.7 of ASCE 7

Note:.Use straight-line interpolation for intermediate values of Ss

For Site Class = D and S; = 0.119 g, F. = 1.600

Table 11.4-2: Site Coefficient F,

Site Class Mapped MCE  Spectral Response Acceleration Parameter at 1-s Period

S; £0.10 S, =0.20 S, =0.30 S =0.40 S; 2 0.50

A 08 0.8 0.8 0.8 0.8
B 1.0 1.0 . 1.0 1.0 1.0
c 1.7 1.6 1.5 1.4 1.3
D 2.4 2.0 1.8 1.6 1.5
E 3.5 3.2 2.8 2.4 2.4

F See Section 11.4.7 of ASCE 7

VNote:WUsre strrariglﬂt-vliner ihitérbbié"cion for inte‘rme‘diéte valukes of S,

For Site Class = Dand S, = 0.051 g, F, = 2,400

88



Design Maps Detailed Report

Equation (11.4-1): Sws = F.Ss = 1.600x 0.119 = 0.190 g

Equation (11.4-2): Sw = F.S, = 2.400 x 0.051 = 0.122 g
Section 11.4.4 — Design Spectral Acceleration Parameters

Equation (11.4-3): Sos = % Sus = % x 0.190 = 0.127 g

Equation (11.4-4): Sor = % Sw = % x 0.122 = 0.082 g
Section 11.4.5 — Design Response Spectrum

From Figure 22-12"! T. = 8 seconds

Figure 11.4-1: Design Response Spectrum
T<T,:8,=85,(04+086T/T,)
T,sTST,:S,=8

Sps=0.127} - - T,<TST.:S,=8, /T

T>1,:8,=8,T, /T

Sy =0.082}

Ll
+
]
[
[
[
[
]
]
[
(]
1
I
'

Spectral Response Acceleration, Sa (g}

1
]
]
]
i
]
]
'
]
I
-
I
]
I
I
I
I
'
'
I
I
I
|
I
I
I
|
|
i
|

1

129 Ts=0.646 1.000
Period, T (sec)
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Design Maps Detailed Report

Section 11.4.6 — Risk-Targeted Maximum Considered Earthquake (MCEg) Response
Spectrum

The MCEg Response Spectrum is determined by multiplying the design response spectrum above by
1.5.

Sue=0.180F-~

Sum=0.122}§-

Spectral Resg_&nse Acceleration, Sa (g}

b i i

1
i
t
I
i
i
i
{
i
i
i
i
i
i
i
i
i
{
i
i

To=0.128 T.= 0642 1.000
Period, T (sec)
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Design Maps Detailed Report

Section 11.8.3 — Additional Geotechnical Investigation Report Requirements for Seismic
Design Categories D through F

From Figure 22-7"™ PGA = 0.056
Equation (11.8-1): PGAy = FessPGA = 1.600 x 0.056 = 0.09 g

Table 11.8-1: Site Coefficient Faca

Site Mapped MCE Geometric Mean Peak Ground Acceleration, PGA
Class
PGA < PGA = PGA = PGA = PGA =
0.10 0.20 0.30 0.40 0.50
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
G : 1.2 1.2 1.1 1.0 1.0
b= 1.6 < 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F See Section 11.4.7 of ASCE 7

Note: Use straight-line interpolation for intermediate values of PGA

For Site Class = D and PGA = 0.056 g, Frca = 1.600

Section 21.2.1.1 — Method 1 (from Chapter 21 - Site-Specific Ground Motion Procedures
for Seismic Design)

From Figure 22-17 % Crs = 0.893
From Figure 22-18'® Cw = 0.900

d1



Design Maps Detailed Report

Section 11.6 — Seismic Design Category

Table 11.6-1 Seismic Design Category Based on Short Period Response Acceleration Parameter

RISK CATEGORY
VALUE OF S,
IorII 111 v
Sos < 0.167g A A A
0.167g < S5 < 0.33g B B C
0.33g < Sus < 0.50g C C D
5 0.50g < Sps . : D D D

" ‘For Risk Category = I and S.s = 0.127 g, Seismic Design Category = A

, Table 11.6-2 Seismic Design Category Based on 1-S Period Response Acceleration Parameter

RN : RISK CATEGORY

;; VALUE OF S, ' . -

s e IorII 111 1V

| 0.067g<s..<0.133g | B B C

i T =

;; | 0.133gi<s.. <0209 | ! C c D ;
0.20g < S, D ) D :

For Risk Category = I and S;, = 0.082 g, Seismic Design Category = B

Note: When S, is greater than or equal to 0.75g, the Seismic Design Category is E for

buildings in Risk Categories I, II, and III, and F for those in Risk Category 1V, irrespective
of the above.

Seismic Design Category = “the more severe design category in accordance with
Table 11.6-1 0r 11.6-2" =B

Note: See Section 11.6 for alternative approaches to calculating Seismic Design Category.
References

1. Figure 22-1:
http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-1.pdf

2. FIGQUI 22-2% o e
Hhut‘t"p‘:‘ﬁeér:t/h'q”u’ak'e.usgs.éov/hazards/designrhaps/downloads/pdfs/ZO10__ASCE-7_Figure_22-2.pdf

3. Figure 22-12: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-
12.pdf

4. Figure 22-7:
http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/ZOlO_ASCE—7__Figure_22-7.pdf

5. Figure 22-17: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-
17.pdf

6. Figure 22-18: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/zo10_ASCE-7_Figure_22—
18.pdf
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‘ \Tc SNOW LOADS BY LOCATION

Applied Technology Council

Search Result

Elevation Limitation: ASCE 7* Ground Snow Load
Query Date: November 08, 2016

Latitude: 38.951334

Longitude: -77.037856

Elevation: 239.9 Feet

Any elevation: Ground Snow Load is 25 psf

All loading data is in pounds per square foot.

For a site-specific case study area, a case study is required to
establish ground snow loads.

*Based on Figure 7-1 Ground Snow Loads printed in ASCE
7-95 through ASCE 7-10.

Users should consult with local building officials to determine
if there are community-specific snow load requirements that
govern.

Red shaded area is the load specific boundaries.
Any darker red area is the overlapping load specific boundary.

- /Prows

CONNECTICUT \

PENNSYLVANIA

Pittsburgh
10 P
s
WEST
VIRGINIA
./
o Gresnsbore
o 2 oihrham - Al
" : NORTH
Gb« 9IE iniee CAROLINA i 4 Map duta 82078 Googe MEGH | Terms of |

GROUND SNOW LOAD WEBSITE DISCLAIMER

While the information presented on this website is believed to be correct, ATC and its sponsors and
contributors assume no responsibility or liability for its accuracy. The material presented in the
ground snow load report should not be used or relied upon for any specific application without
competent examination and verification of its accuracy, suitability and applicability by engineers or
other licensed professionals. ATC does not intend that the use of this information replace the sound
Judgment of such competent professionals, having experience and knowledge in the field of
practice, nor to substitute for the standard of care required of such professionals in interpreting and
applying the results of the ground snow load report provided by this website. Users of the
information from this website assume all liability arising from such use. Use of the output of this
website does not imply approval by the governing building code bodies responsible for building
code approval and interpretation for the building site described by latitude/longitude location in the

ground snow load report.

Sponsored by the ATC Endowment Fund * Applied Technology Council » 201 Redwood Shores Parkway, Suite 240 »

Redwood City, California 94065 « (650) 595-1542

9%



STRENGTH EVALUATION OF EXISTING CONCRETE BUILDINGS (ACI 437R-03) 13

Table 3.1—Reinforcing bar specifications and properties: 1911 to present (CRSI 2001)

Grade 33 Grade 40 Grade 50
Years (structural) (intermediate) (hard) Grade 60 Grade 75
ASTM Minimunl Maximum | Minimum [ Maximum| Minimum |Maximum | Minimum | Maximum | Minimum | Maximum
specification| Start | End | Steel type |yield, psi | yield, psi | yield, psi | vield, psi | yield, psi | yield, psi | yield. psi | yield, psi | yield, psi | yield, psi
T AlS 1911 | 1966 Billet 33,000 55,000 | 40,000 [ 70,000 | 50,000 80,000 - — - —
A 408 1957 | 1966 Billet 33,000 35,000 | 40,000 | 70,000 | 50,000 80,000 - — — —
A 432 1959 | 1966 Billet - — - — — - 60,000 | 90,000 - -
A 431 1959 | 1966 Billet = — —_ — — - — - 75,000 | 100,000
A 615 1968 | 1972 Billet o — 40,000 70,000 — — 60,000 90,000 | 75,000 | 100,000
A 615 1974 | 1986 Billet — — 40,000 70.000 — - 60,000 | 90,000 - —
A6lS 1987 |Present| Billet - — 40,000 70,000 — - 60,000 90,000 75.000 | 100,000
A 16 1913 | 1966 Rail — - — — 50,000 | 80,000 - — - —
Aol 1963 | 1966 Rail - — - — — — 60,000 90,000 - —
A6l6 1968 | 1999 Rail - — - - 50,000 80,000 | 60,000 90,000 — —
A 160 1936 | 1964 Axle 33,000 55.000 | 40,000 70,000 | 50,000 80,000 — — - —
A 160 1965 | 1966 Axle 33,000 55,000 | 40,000 70,000 | 50,000 80,000 | 60,000 90,000 — -
A6l7 1968 | 1999 Axle - - 40,000 | 70,000 — — 60,000 90,000 — -
A 996 2000 |Present| Rail, axle — — 40,000 70,000 | 50,000 80,000 | 60,000 90,000 — —
A 706 1974 |Present|Low-alloy — — = — — - 60,000 80,000 — —
A 955M | 1996 |Present| Stainless — - 40,000 70,000 — — 60,000 90,000 75,000 | 100,000

*1000 psi = 6.895 MPa.

compressive strength based on these indirect tests. See ACI
228.1R and Section 2.2.3 for further information.

3.2—Reinforcing steel

3.2.1 Determination of yield strength—The yield strength
of the reinforcing steel can be established by two methods.
Information from mill test reports furnished by the manufac-
turer of the reinforcing steel can be used if the engineer and the
building official are in agreement. Yield strengths from mill
test reports, however, tend to be greater than those obtained
from tests of field samples. When mill test reports are not
available nor desirable, sampling and destructive testing of
specimens taken from the structure will be required. Guide-
lines for this method are given in Section 3.2.3.

The Concrete Reinforcing Steel Institute (CRSI) provides
information on reinforcing systems in older structures (CRSI
1981). Information on reinforcing bar specifications, yield
strengths, sizes, and allowable stresses is also provided by
CRSI (2001). Table 3.1, adapted from the CRSI document,
summarizes ASTM specifications and corresponding ranges
of yield strength for bars manufactured from 1911 to present.

3.2.2 Sampling technigues—When the yield strength of
embedded reinforcing steel is determined by testing, the
recommendations listed below should be followed:

*  Tension test specimens shall be the full section of the
bar (ASTM A 370—Annex 9). Requirements for
specimen length, preparation, testing, and determina-
tion of the yield strength are provided by ASTM A 370.

* In the event that bar samples meeting the length
requirements of ASTM A 370 (Annex 9) cannot be
obtained, samples may be prepared (machined) according
to the general requirements of ASTM A 370 for testing
and determination of mechanical properties.

*  Samples should be removed at locations of minimum
stress in the reinforcement.

American Concrete Institute Copyrighted Material—www.concrete.org

* To avoid excessive reduction in member strength, no
two samples should be removed from the same cross
section (location) of a structural member.

*  Locations of samples in continuous concrete construction
should be separated by at least the development length
of the reinforcement to avoid excessive weakening of the
member.

*  For single structural elements having a span of less than
25 ft (7.5 m) or a loaded area of less than 625 ft2 (60 m2),
at least one sample should be taken from the main
longitudinal reinforcement (not stirrups or ties).

*  For longer spans or larger loaded areas, more samples
should be taken from locations well distributed through
the portion being investigated to determine whether the
same strength of steel was used throughout the structure.

*  Sampling of prestressed reinforcement, whether from
bonded or unbonded systems, is a complex undertaking
and beyond the scope of this report. Some discussion of
extraction of unbonded single-strand tendons for testing
can be found in ACI 423 4R.

3.2.3 Additional considerations—The strength evaluation
of concrete structures can require consideration of several
reinforcement-related factors in addition to the yield strength
of the reinforcement, such as development length, anchorage,
and reduction in cross section or bond due to corrosion.

Reinforcing bars manufactured before 1947 are some-
times smooth or have deformation patterns not meeting
modern requirements and, as a result, the bond and develop-
ment of these bars could be significantly different from those
of modern reinforcement CRSI (2001). Similarly, changes to
details and assumptions for standard hooks can affect the
development of hooked bars in older structures, For structures
with reinforcing bars manufactured before 1947, CRSI
(2001) conservatively recommends assuming that the
required development length is twice that based on current
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LETTER OF TRANSMITTAL

October 6, 2016
Johnson, Mirmiran & Thompson, Inc.

72 Loveton Circle
Sparks, MD 21152-0949

ATTN: Mr James Boisseau

RE: Carter Barron Amphitheater - IDIQ Contract
P14PC00241

ECS Job # 46:2391

Permits:
Location: Rock Creek Park (ROCR)

Washington, DC

We are enclosing:

_X  Materials Engineering Division Reports
_X  For your use

_X  Asrequested

ENCL:
Field Report # 3

10/06/2016

Results of comp. str

TNA Hewr -

Alexis Herr
Senior Project Engineer

This report (and any included attachments) shall not be reproduced, except in full, without the prior written approval of ECS.
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ECS Mid-Atlantic, LLC
14026 Thunderbolt Place, Suite 100

Chantilly, VA 20151-3232 FIELD REPORT

(703) 471-8400 [Phone]
(703) 834-5527 [Fax]

Project No. 46:2391
Report No. 3

Project Carter Barron Amphitheater - IDIQ Contract Day & Date  Thursday 10/06/2016
Location Washington, DC Weather
Client Johnson, Mirmiran & Thompson, Inc. - James Boisseau On-Site Time  0.00
Lab Time 0.25
Travel Time* (.00
Total 0.25
Remarks Results of comp. str Resdlmime: {0

Trip Charges* Tolls/Parking* Mileage* Time of  Arrival  Departure

Chargeable Items 04:00P  04:00P

* Travel time and mileage will be billed in accordance with the contract.

Summary of Services Performed (field test data, locations, elevations & depths are estimates) & Individuals Contacted.

Please find attached the results of compressive strength testing for the above referenced project.

One set of 3-cores was obtained, by core drilling, per ASTM C42, on September 28, 2016. The
cores were taken from the underside of the stage slab at locations provided by the SER.

Cores were returned to the ECS laboratory for compressive strength testing in accordance with
ASTM C39. Results of the testing are attached to this report.

By SUBCONTRACTOR 1200

16720



COMPRESSIVE STRENGTH TEST REPORT FOR DRILLED CORES (ASTM C42-13)

ECS PROJECT NO.:

46: 2391

ECS PROJECT NAME: Carter Barron Amphitheater
REPORT DATE: October 6, 2016
] - C?RE DIAMETER CROSS- CORE LENGTH‘A C?F\’_E LENGTH | CORE LENGTH . MASSW | cALc. | Ild | CORRI_ECTION ' e | UNCORRECTED 1 CORRECTED \ AVERAGE
CORE LOCATION | SETI.D.| COREI.D. DIA.#1 DIA.#2. AVG.DIA. | SECTIONAL (asreceived) (before capping) (after capping)  (before capping) BENSETY i RATIO : FACTOR STRENGTH STRENGTH i STRENGTH
{ini)w (in) (in) AREA (sg-in) ‘ (in) - (in) | (in) | (|b55 (pcf) | n \ (Ibf) (psi) (psi) (psi)
, ; 1 3.67 3.67 3.67 10.58 ‘ 5.60 5.54 | 5.79 4.80 142 1.58 0.97 } 49940 4720 4560
Set 1 ; 1 | 2 3.67 3.67 3.67 10.58 5.77 5_.6_9 : 5.94 5_.00 144 | 1.62 | 0.97 54240 5130 | 4970 ; 4500
! 3 3.67 i 3.67 3.67 10.58 5.34 5-.27 5.51 4.65" 144 ‘ 1.50 i 70.96 f 43950 | 4150 3980 |
! ; ! |
I S | | | | |
| ] ] | -
| | !I \
| | | ) | | | | | |
o | | | |
| ‘ -
? ' ‘ ‘ |
‘ | | ; : !
| —— | : | | | | |
. | ‘ i 7 ]
| ‘
SUPPLEMENTARY INFORMATION:
Date of Concrete Placement: Core Drill Barrel diameter (outside): 4.0"
Date of Field Coring: 9/28/2016 Testing Machine I.D. 8264
Date of Cores delivered to the lab: 9/28/2016 Deviations from ASTM C42 Test Requirements:
Date of Core Preparation (Ends/Capping): 9/29/2016 Nominal Size of Coarse Aggregate:
10/5/2016 No

Date of Core Testing:

Age of Concrete at Time of Coring Testing:
No. of Days Core Conditioned:

Avg. Strength and Age of standard Cylinders:

Design Strength of Concrete:

Apparent defects/flaws in Cores (Yes/No):

Loading direction vs. placement direction:

Technician Name obtained cores:

Technician Name prepared/tested cores:

Technician Name tested cores:

M. Mihranian & D. Dunfer

Miah Uzun

Nader A.
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REPORT OF CONCRETE ANALYSIS

PROJECT: REPORTED TO:
CARTER BARRON AMPHITHEATER ENGINEERING CONSULTING SERVICES
ECS PROJECT NO. 46:2391 MID-ATLANTIC, LLC

14026 THUNDERBOLT PLACE, STE 100
CHANTILLY, VA 20151-3232

ATTN: ALEXIS HERR

AET PROJECT NO: 24-01883 DATE: OCTOBER 31, 2016

INTRODUCTION

This report presents the results of laboratory work performed by our firm on two concrete core
samples, labeled P-1 and P-2, submitted by Ms. Alexis Herr of Engineering Consulting Services
Mid-Atlantic, LLC., on October 4, 2016. We understand the cores were procured from the Carter
Barron Ampbhitheater in Washington, DC which was constructed in the mid 1970's and is currently
under investigation. The scope of our work was limited to performing petrographic evaluation
upon the two cores to determine the condition and quality of the concrete.

CONCLUSIONS

Based on our observations and testing, we believe:

15 Both concretes were in good condition, but were of poor quality for exterior concrete due
to the lack of an adequate air void system to offer resistance to cyclic freezing and thawing
while in a saturated condition. No evidence of freeze-thaw related damage was observed
in either concrete, an indication that the concretes were not (or were rarely) in a saturated
condition when experiencing cycles of freezing and thawing. The American Concrete
Institute (ACI) recommends an average air content of 5 to 6% (+ 1.5%) for exterior
concrete with 1" nominal sized aggregate in moderate to severe service conditions (from
ACT201.2R-08). The sample P-1 contained a total air void content of 1.8% and sample P-
2 contained a total air content of 2.0%.

2. The coating system on the top surface of each concrete has protected the top surface
concrete from exposure atmospheric carbon dioxide. When exposed to carbon dioxide and
moisture, concrete undergoes a reaction known as 'carbonation' which lowers the pH of the
concrete from the range of 12 to 13 of fresh concrete to near neutral. Very little carbonation
was observed at the top surface of each sample; up to 3 mm (1/8") from the top surface of
P -1 and up to 1 mm (1/32") from the top surface of P-2. Carbonation at the unprotected
bottom surface of the cores proceeded up to 27 mm (1-1/16") and 32 mm (1-1/4") depth in
cores P-1 and P-2, respectively. Carbonation depths documented were not deeper than
would be expected of concrete of this age.

550 Cleveland Avenue North | Saint Paul, MN 55114
Phone (651) 659-9001 | (800) 972-6364 | Fax (651) 659-1379 | www.amengtest.com | AA/EEQ

This document shall not be reproduced, except in full, without written approval from American Engineering Testing, Inc
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3. The coarse and fine aggregate in both samples was similar and generally appeared to be
hard, sound and durable. The coarse aggregate was comprised of a natural siliceous gravel
made up of quartzite and chert. The sand was comprised of a natural quartz, feldspar, and
lithic sand. Each concrete was placed at a moderate water-to-cement ratio (w/cm)
estimated to be between 0.45 and 0.50.

4. The concretes were coated by a translucent epoxy-like primer and an aged, gray, more
resilient, and sanded polymer. The coating peeled from the perimeters of the cores during
coring. The surfaces of the concrete were mortar-eroded/abraded or had been prepped prior
to the application of the coating. Abundant, fine, sub-horizontal microcracking, 'micro-
bruising', occurring just below the top surface of each sample was likely induced by
abrasion/surface prep of the concretes. The concrete surfaces exhibited an estimated CSP
(concrete surface profile) of 3.

SAMPLE IDENTIFICATION
Sample ID: P-1 P-2
Sample Type: 95 mm (3-3/4") Diameter, Hardened Concrete Cores
Sample Length: 143 mm (5-5/8") 146 mm (5-3/4")
TEST RESULTS

Our complete petrographic analysis documentation appears on the attached sheets entitled 24-
LAB-001 "Petrographic Examination of Hardened Concrete, ASTM C856." A brief summary of
the general physical characteristics of the concrete is as follows:

1. The coarse aggregate in each sample was similar and was comprised of 25 mm (1") nominal
sized siliceous gravel made up of quartzite and chert. The coarse aggregate appeared well
graded and exhibited good (P-2) to fair (P-1) overall distribution. The fine aggregate in
both samples was a natural quartz, feldspar and lithic sand.

2. The overall paste color of both cores was similar to medium gray (Munsell® N5). The
paste hardness of each sample was judged to be moderate overall with the paste/aggregate
bond was considered to be fair (P-1) to poor (P-2).

3. The top surface condition of both samples was fairly rough and abraded. Carbonation
proceeded up to 3 mm (1/8") maximum depth from the top surfaces and up to 32 mm (1-
1/4") maximum depth from the bottom surfaces.

4. The w/cm was estimated to be between 0.40 and 0.45 with approximately 4 to 6% residual
portland cement clinker particles.
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Air Content Testing

Sample ID

voids > Imm (0.040") 0.4 0.6

TEST PROCEDURES

Laboratory testing was performed on October 5, 2016 and subsequent dates. Our procedures were
as follows:

Petrographic Analysis

Petrographic analysis was performed in accordance with AET Standard Operating Procedure 24-
LAB-001, "Petrographic Examination of Hardened Concrete," ASTM C856-latest revision. Each
petrographic analysis consisted of reviewing the cement paste and aggregate qualities on a whole
basis on sawcut and lapped, and fractured sections. Reflected light microscopy was performed
under an Olympus SZX-12 binocular stereozoom microscope at magnifications up to 160x. The
depth of carbonation was documented using a phenolphthalein pH indicator solution applied on
freshly sawcut and lapped surfaces of the concrete sample. The paste-coarse aggregate bond
quality was determined by fracturing a sound section of the concrete in the laboratory with a rock
hammer.

The water/cementitious of the concretes were estimated by viewing a thin section of the concrete
under a Nikon E600 polarizing light microscope at magnifications of up to 1000x. Thin section
analysis was performed in accordance with Standard Operating Procedure 24-LAB-009,
"Determining the Water/Cement of Portland Cement Concrete, AET Method." An additional,
smaller, sawcut subdivision of each concrete sample was epoxy impregnated, highly polished, and
then attached to a glass slide using an optically clear epoxy. Excess sample was sawcut from the
glass and the thin slice remaining on the slide was lapped and polished until the concrete reaches
25 microns or less in thickness. Thin section analysis allows for the observation of portland cement
morphology, including: phase identification, an estimate of the amount of residual material, and
spatial relationships. Also, the presence and relative amounts of supplementary cementitious
materials and pozzolans may be identified and estimated.

Air Content Testing

Air content testing was performed using Standard Operating Procedure 24-LAB-003,
"Microscopical Determination of Air Void Content and Parameters of the Air Void System in
Hardened Concrete, ASTM (C457-latest revision." The linear traverse method was used. The
concrete core was saw cut perpendicular with respect to the horizontal plane of the concrete as
placed and then lapped prior to testing.
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REMARKS

The test samples will be retained for a period of at least sixty days from the date of this report.
Unless further instructions are received by that time, the samples may be discarded. Test results
relate only to the items tested. No warranty, express or implied, is made.

Report Prepared By: Report Reviewed By:

American Engineering Testing, Inc. Amggican Engineering Testing, Inc.
e 1T

U’lﬁ 18 W

Christine A. Tillema Geraxd Mo If, PG
Senior Petrographer Vice President/Princi
Phone: 651-659-1353 MN License #30023
ctillema@amengtest.com Phone: 651-659-1346
emoulzolf@amengtest.com




24-LAB-001 Petrographic Examination of Hardened Concrete
ASTM C856

Project No.  24-01883 Date: 10-11-2016 Date reviewed:  10-26-2016
Sample ID:  P-1 Performed by:  S. Massignan Reviewed by: C. Tillema

I.  General Observations

Sample Dimensions: Our analysis was performed on the 142 mm (5-9/16") thick concrete portion of two 143 mm (5-
5/8"y x 93 mm (3-11/16") x 45 mm (1-3/4") thick lapped profile sections and a 76 mm (3") x 52 mm (2") thin section
that were sawcut and prepared from the original 95 mm (3-3/4") diameter x 143 mm (5-5/8") long core.

Surface Conditions:
Top: Fairly rough, mortar eroded/abraded surface. Overlain by a coating.
Bottom: Fairly smooth, planar, formed surface; placed in formwork.

Reinforcement: None observed.

General Physical Conditions: The concrete was overlain by an approximately 1 mm (1/32") thick coating system
consisting of a thin layer of translucent yellow epoxy-like primer overlain by a medium light gray more resilient
polymer material with fine sand broadcast into the top surface. Several of the fine sand particles were observed to have
been "plucked out," leaving an impression in the coating. The coating was poorly to fairly bonded to the concrete.
Approximately 20% of the coating was missing upon sample receipt, possibly from sample procurement.
Approximately 20% of the remaining coating had peeled away or de-bonded from the concrete, along the cored
perimeter of the sample. The surface of the concrete appears to have been abraded/prepped prior to the application of
the coating; with abundant fine aggregate particles exposed at the top surface. We estimate the CSP (concrete surface
profile) to be 3. Fine sub-horizontal microcracking, or “micro-bruising” produced by the abrasion, was observed within
the top 0.5 mm of the concrete. A few sub-vertical microcracks proceeded from the top surface of the concrete up to 9
mm (3/8") depth. The microcracks proceeded primarily around aggregate particles. Several sub-vertical microcracks
were observed proceeding from the bottom surface up to 5 mm (3/16") depth. The top at least 0.5 mm up to 3 mm
(1/8") of the paste was darker than the paste in the body of the concrete, apparently due to a component of the coating
or a related adhesive penetrating into the concrete paste. The depth of carbonation ranged from 1 mm (1/32") up to 2
mm (1/16") depth from the top surface of the concrete, and "spiked" up to 3 mm (1/8") along sub-vertical
microcracking. Carbonation generally followed the darker paste but occasionally proceeded deeper. Carbonation
ranged from 9 mm (3/8") up to 27 mm (1-1/16") depth from the bottom surface. Several entrained- and entrapped-sized
air voids were observed on the formed bottom surface. White, acicular ettringite was observed lining many air voids
and filling several of the smallest air voids throughout the non-carbonated paste. The concrete was air-entrained, with a
total air content of 1.8% and entrained air content of 1.4%. The concrete exhibited a spacing factor of 0.019" and
specific surface of 430 in%in®. The air void system was not consistent with current American Concrete Institute (ACI)
recommendations for freeze-thaw resistance. Darker, denser areas of paste with fewer air voids were observed in the
recessed notches of a few coarse aggregate particles.

II. Aggregate

1.

2

Coarse: 25 mm (1") nominal sized naturally occurring siliceous gravel consisting of chert and quartzite. The particles
were mostly rounded to sub-angular in shape. The coarse aggregate appeared well graded and exhibited fair
overall distribution. Few coarse aggregate particles greater than 10 mm (3/8") diameter were observed
within the top 19 mm (3/4") of the sample.

Fine: Natural quartz, feldspar, and lithic sand (quartzite, meta-granite, chert, siltstone and shale particles). The
grains were mostly sub-rounded to sub-angular with many smaller angular particles. The fine aggregate
appeared fairly graded and exhibited good overall uniform distribution.

III. Cementitious Properties

1
2.

(5]

Air Content: 1.8% total

Depth of carbonation: ~ Ranged from | mm (1/32") up to 2 mm (1/16") depth from the top surface of the concrete, and
"spiked" up to 3 mm (1/8") along sub-vertical microcracking, Ranged from 9 mm (3/8") up to
27 mm (1-1/16") depth from the bottom surface of the concrete,

Paste/aggregate bond:  Fair

Paste color: Similar to medium gray (Munsell® N5) overall, becoming medium dark gray within the top
3 mm (1/8"). Similar to light olive gray (Munsell® 5Y 6/1) on the formed bottom surface.

Paste hardness: Moderate (Mohs =3),



Microcracking:

Secondary deposits:
wicm:

Cement hydration:

24-LAB-001 Petrographic Examination of Hardened Concrete
AET Project No. 24-01883 - Page 2 of 2
Sample ID: P-1

A few sub-vertical microcracks were observed proceeding from the top surface of the concrete
up to 9 mm (3/8") depth. The microcracks proceeded primarily around aggregate particles.
Several sub-vertical microcracks were observed proceeding from the bottom surface up to 5
mm (3/16") depth. Concentrated, fine sub-horizontal microcracking, or “micro-bruising” was
observed within the top 0.5 mm of the concrete.

White, acicular ettringite was observed lining many air voids and filling several of the smallest
air voids throughout the non-carbonated paste.

Estimated at between 0.45 and 0.50 with approximately 4 to 6% residual portland cement
clinker.

Alites: Fully

Belites: Well to fully



24-LAB-001 Petrographic Examination of Hardened Concrete
ASTM C856

Project No.  24-01883 Date: 10-14-2016 Date reviewed:  10-26-2016
Sample ID:  P-2 Performed by:  S. Massignan Reviewed by: C. Tillema

L

IL.

1.

General Observations

1.

Sample Dimensions: Our analysis was performed on the 145 mm (5-11/16") thick concrete portion of two 146 mm (5-
3/4") x 93 mm (3-11/16") x 45 mm (1-3/4") thick lapped profile sections and a 76 mm (3") x 52 mm (2") thin section
that were sawcut and prepared from the original 95 mm (3-3/4") diameter x 146 mm (5-3/4") long core.

Surface Conditions:
Top: Fairly rough, mortar eroded/abraded surface; overlain by a coating.
Bottom: Fairly smooth, planar, formed surface; placed in formwork.

Reinforcement: None observed.

General Physical Conditions: The concrete was overlain by an approximately 1 mm (1/32") thick, coating system
consisting of a thin, discontinuous layer of translucent yellow, epoxy-like polymer overlain by a medium gray, more
resilient polymer material with fine sand broadcast into the surface. Several of the fine sand particles were observed to
have been "plucked out," leaving an impression in the coating. The coating system was poorly to fairly bonded to the
concrete. Approximately 20% of the coating was missing upon sample receipt, possibly from sample procurement.
Approximately 20% of the remaining coating was observed to have peeled away or de-bonded from the concrete, along
the cored perimeter of the sample. The top surface of the concrete appeared to be abraded/prepped prior to the
application of the coating; with abundant fine aggregate particles exposed at the top surface. We estimate the CSP
(concrete surface profile) to be 3. Concentrated, fine sub-horizontal microcracking, or “micro-bruising”, was observed
within the top 1 mm (1/32") of the concrete. Several sub-vertical microcracks were observed proceeding from the top
surface of the concrete up to 10 mm (3/8") depth. A single sub-vertical microcrack was observed proceeding from the
top surface of the concrete up to 23 mm (7/8") maximum depth, proceeding through a couple of fine aggregate
particles. A few sub-vertical microcrack were observed proceeding from the bottom surface up to 16 mm (5/8") depth.
A 4 mm (3/16") long, sub-horizontal microcrack was observed within the bottom 1 mm (1/32") of the sample. The
depth of carbonation ranged from negligible up to 1 mm (1/32") depth from the top surface of the concrete.
Carbonation ranged from 4 mm (5/32") up to 32 mm (1-1/4") from the bottom surface. Several entrained- and
entrapped-sized air voids were observed on the formed bottom surface. White, acicular ettringite was observed lining
many air voids and filling several of the smallest air voids throughout the non-carbonate paste. The concrete was air-
entrained, with a total air content of 2.0% and entrained air content of 1.4%. The concrete exhibited a spacing factor of
0.014" and specific surface of 490 in*in’. The air void system was not consistent with current American Concrete
Institute (ACI) recommendations for freeze-thaw resistance. Darker, denser areas of paste with fewer air voids were
observed in the recessed notches of a few coarse aggregate particles.

Agpgregate

1.

2.

Coarse: 25 mm (1") nominal sized naturally occurring siliceous gravel consisting of chert and quartzite. The particles
were mostly rounded to sub-angular in shape. The coarse aggregate appeared well graded and exhibited
good overall distribution.

Fine: Natural quartz, feldspar, and lithic sand (quartzite, meta-granite, chert, siltstone and shale particles). The
grains were mostly sub-rounded to sub-angular with many smaller angular particles. The fine aggregate
appeared fairly graded and exhibited good overall uniform distribution.

Cementitious Properties

1.
2.

=

Air Content: 2.0% total
Depth of carbonation:  Ranged from negligible up to 1 mm (1/32") depth from the top surface of the concrete.
Ranged from 4 mm (5/32") up to 32 mm (1-1/4") depth from the bottom surface of the

concrete.
Paste/aggregate bond:  Poor
Paste color: Similar to medium gray (Munsell® N5) overall. Similar to light olive gray (Munsell® 5Y 6/1)

on the bottom surface.
Paste hardness: Moderate (Mohs =3).



6.

7.

8.

9.

Microcracking:

Secondary deposits:
w/cm:

Cement hydration:

24-LAB-001 Petrographic Examination of Hardened Concrete
AET Project No. 24-01883 - Page 2 of 2
Sample ID: P-2

Several sub-vertical microcracks were observed proceeding from the top surface of the
concrete up to 10 mm (3/8") depths. A single sub-vertical microcrack was observed to proceed
from the top surface of the concrete up to 23 mm (7/8") maximum depth, proceeding through a
couple of fine aggregate particles. Concentrated, fine sub-horizontal microcracking, or
“micro-bruising”, was observed, in thin section, within the top 1 mm (1/32") of the concrete.
Several sub-horizontal microcracks of varying lengths were observed in the top up to 2 mm
(1/16") of the sample, proceeding primarily around aggregate particles. A few sub-vertical
microcracks were observed proceeding from the bottom surface up to 16 mm (5/8") depths. A
sub-horizontal microcrack was observed up to 1 mm (1/32") above the bottom surface of the
sample, proceeding approximately 4 mm (5/32") in length.

White, acicular ettringite was observed lining many air voids and filling several of the smallest
air voids throughout the sample.

Estimated at between 0.45 and 0.50 with approximately 4 to 6% residual portland cement
clinker particles.

Alites: Fully

Belites: Well to fully



AMERICAN
A ENGINEERING AIR VOID ANALYSIS
TESTING, INC.

PROJECT: REPORTED TO:
CARTER BARRON AMPHITHEATER ENGINEERING CONSULTING SERVICES
ECS PROJECT NO.: 46:2391 MID-ATLANTIC, LLC

14026 THUNDERBOLT PLACE, SUITE 100
CHANTILLY, VA 20151-3232

ATTN: ALEXIS HERR
AET PROJECT NO: 24-01883 DATE: OCTOBER 31, 2016
Sample ID: P-1
Conformance: The concrete contains an air void

system which is not consistent with
current American Concrete Institute
(ACI) recommendations for freeze-

thaw resistance.
Sample Data
Description: Hardened Concrete Core
Dimensions: 95 mm (3-3/4") diameter by CHORD LENGTH (1x0.000666667")
146 mm (5-3/4") long
Test Data: By ASTM C457, Procedure A
Air Void Content % 1.8

Entrained, % < 0.040"(lmm) 1.4
Entrapped, %> 0.040"(lmm) 0.4

Air Voids/inch 2.0

Specific Surface, in%in’ 430

Spacing Factor, inches 0.019

Paste Content, % estimated 32
Magnification 5%

Traverse Length, inches 96

Test Date 10/10/2016
Test Performed By S. Massignan

L
Magnification: 30x
Description: Hardened air void system.
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CARTER BARRON AMPHITHEATER ENGINEERING CONSULTING SERVICES
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ATTN: ALEXIS HERR

AET PROJECT NO: 24-01883 DATE: OCTOBER 31, 2016

Sample ID: P-2

Conformance: The concrete contains an air void
system which is not consistent with
current American Concrete Institute
(ACI) recommendations for freeze-

thaw resistance.
Sample Data
Description: Hardened Concrete Core
Dimensions: 95 mm (3-3/4") diameter by CHORD LENGTH (1x(000h§667")
146 mm (5-3/4") long
Test Data: By ASTM C457, Procedure A
Air Void Content % 2.0

Entrained, % < 0.040"(1Imm) 1.4
Entrapped, %> 0.040"(Imm) 0.6

Air Voids/inch 24

Specific Surface, in*/in? 490

Spacing Factor, inches 0.014

Paste Content, % estimated 23
Magnification 75%

Traverse Length, inches 96

Test Date 10/12/2016
Test Performed By S. Massignan

Magnification: 30x
Description: Hardened air void system.
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PROJECT: CARTER BARRON AMPHITHEATER
ECS PROJECT No: 46:2391

PHOTO: 1
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SAMPLE ID: P-1 DESCRIPTION:  Profile view of the sample as received with the top surface to the left.
PHOTO: 2
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SAMPLE ID: P-1 DESCRIPTION:  Coated top surface of the sample as received.
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PHOTO: 3
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SAMPLE ID: p-2 DESCRIPTION:  Profile view of the sample as received with the top surface to the left.
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SAMPLE ID: p-2 DESCRIPTION:  Coated top surface of the sample as received.
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PHOTO: 5
SAMPLE ID: P-1 DESCRIPTION:  Carbonation (unstained paste) occurred thinly at the top surface (<3 mm) and proceeded
up to 27 mm (1-1/16") from the bottom surface of the sample. Observed on a freshly saw-cut and lapped
profile of the core sample treated with the pH indicator phenolphthalein.
PHOTO: 6
SAMPLE ID: p-2 DESCRIPTION:  Carbonation (unstained paste) occurred thinly at the top surface (< 1 mm) and

proceeded up to 32 mm (1-1/4") from the bottom surface of the sample. Observed on a freshly saw-cut and
lapped profile of the core sample treated with the pH indicator phenolphthalein.
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Elastomeric Coating

PHOTO: 7
SAMPLE ID: P-1 DESCRIPTION:  Thin section of a profile of the top surface of the sample viewed with plane polarized
MAG; 100x light. White arrows indicate a few of the fine microcracks (micro-bruising) likely induced in the top most
concrete by abrasion (prep) of the top surface of the concrete.
PHOTO: 8
SAMPLE ID: P-2 DESCRIPTION:  Micro-bruising induced by abrasion (prep) of the top surface is seen as fine microcracks
MAG: 40x proceeding through the paste and aggregate particles was observed proximate to the top surface of the concrete.

Observed in thin section viewed with transmitted plane polarized light.
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PHOTO: 9
SAMPLE ID: P-1 DESCRIPTION:  Clear, fully hydrated relict alite portland cement particles (clear) observed in thin section
MAG; 400x of concrete paste viewed with transmitted plane polarized light.

PHOTO: 10
SAMPLE ID: P-2 DESCRIPTION:  Fully hydrated relict alite portland cement particles (clear) observed in thin section of
MAG: 400x concrete paste viewed with transmitted plane polarized light. Acicular (needle-like) ettringite fills the void in

the top left of the photo.



