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Agenda

* Previous Investigation Summary
* Additional Investigation Results
* Restoration Recommendations

* (Cleaning and Restoration Mockups
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Previous Investigation

Findings: | .
* Low concrete cover depth, exposed reinforcement T | T
 (Concrete carbonation T iﬁ il
» Concrete pH =5 (12 is typical) i iﬁ [}
 Carbonation depth of 1.5” from both sides at % % il
south wall t =\
* Interior atmospheric conditions j %
* Visible water infiltration T ’
e N
» |nsufficient air flow H
Initial investigation area
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Previous Investigation

e Stone anchors

Missing and improperly attached stone

anchors

 Exterior marble condition

Displacement

* Spalling, cracking, joint damage
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e anchors

* Soiling
Marble damage at joints
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Additional Investigation

Scope:

* Access tointerior of boot area

* Partial visual access into toe area
* Interior test pit

* Installation of temperature, relative humidity, and CO,,
sensors at tower

 |nstallation of concrete moisture sensors at boot

TOW
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Red = initial investigation, blue = additional investigation
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Additional Investigation Stone Removal
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Additional Investigation

3D scanning West interior wall
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Additional Investigation — Concrete Carbonation

Carbonated Carbonated

On-site and laboratory testing:

* Depth of carbonation ranges from
17 - 2.5”

Highbridge Matarials

* Concrete pH = 8-10 (12 is typical)

* Concrete below grade has
negligible carbonation

Boot

Core 3 Core 3
Above grade concrete core at south boot wall
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On site carbonation testing
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Additional Investigation — Concrete Cover

e (Coverthickness varies between and within
elevations

* North wall has thickest cover
e Eastbeam haslowest cover

* Cover thickness is less than the depth of
carbonation in many areas
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Ground penetrating radar scan
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Additional Investigation — Interior Atmosphere

Sensor Data:

 Temperature and RH fluctuates daily (more T G4 T
fluctuation on top and bottom of tower) | \

* Higher average temperature at top of tower 1 W1
. Higher relative humidity at bottom of tower % | /77
* Interior CO, level higher than average exterior level % =
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Approximate sensor locations
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Additional Investigation — Interior Atmosphere

Average Temperature (Mean)

Average Relative Humidity (Mean)

80 85 90 95 60 65 70

Temperature (°F) Relative Humldlty (%)

Carbonation rate

RH function [-]
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Relative humidity [%]

Height from Sensor |p | T€MPerature, | Temperature, || RH, mean RH, Stdv. (%) Carbonation rate model
ground (ft) mean (F) Stdv. (F) (%)
52 G4 90.3 2.3 64.1 8.1
42 W1 89.7 2.4 65.9 9.0
32 G3 89.2 2.2 67.8 9.2
12 G2 38.3 2.6 69.3 10.8
2 G1 387.0 2.1 70.0 3.9
Sensor data
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Additional Investigation - Other Laboratory Testing

. uminum stone anchors
e 95% aluminum
* 49 copper
e BO%iron

* .5% magnesium

* Alloy is safe to remain embedded in concrete

* Brick and mortar: sulfate contamination

e |nbricks: 0.3% - 0.7%

 |n mortar (20% Portland Cement): 0.8% -1.4%
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Historic anchor drawing

Bricks from Cenotaph interior
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Restoration Recommendations

* Removal and replacement of brick infill

e Realkalization treatment of carbonated concrete

 Allbeams require realkalization

e North and south walls to be considered
for realkalization

* Realkalization area will depend on how
much marble cladding is removed

 Expose 1foot of concrete structure below
grade for treatment

* Apply protective anti-carbonation coating to all
accessible concrete surfaces

East-west section detail at beams
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Restoration Recommendations

Environmental control measures

Increase interior ventilation

Long-term monitoring

Restoration of marble

Complete cleaning

Complete marble restoration
Reinstall marble with correct anchoring

Existing aluminum anchors can be cut and left
embedded in concrete as required
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Marble Cleaning

Chemical Cleaning

* Three products tested March '/

- W \ e i W

Before chemical cleaning

After chemical cleaning
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Marble Cleaning

Laser Cleaning

* Mockup completed June 24
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After laser cleaning
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Marble Restoration

51_0" 4"

21_0"

—
N
~
N

*3

 Marble slab procured from quarry in Georgia [ Ve N, (=
OUTSIDE CORNER, i
. . % BUT DO NOT PATCH : : "
that sourced original stone \ / T
. ® « /7 s g 4" 3
o & |7 Z R IO ¥ =
. . 7;& PROVIDE STONE 11/2"
* Mockup slab will be deliberately damaged
and then repaired per restoration 4" WIDE X /2 DEEP SAWCUT
d -t § JOINT TO SIMULATE MORTAR JOINT
recommendations ) Q. 1/16" WIDE X 1/2" DEEP
Q = CRACK. WIDEN FOR
o SIMULATED CRACK
REPAIR AND THEN
@ |+ INSTALL FINISH
i PATCHING MATERIAL.
PROVIDE 1/16"WIDE X
@\ 1/2" DEEP CUTTO
g D N SIMULATE BROKEN
STONE.
T1727 z
T Pr .
g 5 : 7 ROVIDE 2 FIELD PLACE[‘)%" ¥ CUTOUT DAMAGED AREAW) |
STRAIGHT LINED EDGES &
PATCHED IN AREASW/ PROVIDE FULL DEPTH STONE
DARKER VEINING DUTCHMAN REPAIR
PROVIDE &' x 3'x 4" CHEROKEE GEORGIA
MARBLE SLAB. PROVIDE "COMBED" FINISH
TO MATCH EXISTING ON FACE OF
SURFACE, IF POSSIBLE.
Repair mockup construction drawing
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Schedule

e Summer 2024: Restoration Construction Documents

INn progress

 Fall 2024
— Bidding
— Stone repair mockup

e [ate Fall 2024: Construction mobilization

 June 2025: Restoration complete
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