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Limited Liability Statement

Tourney Consulting Group, L.L.C. is a consulting firm focused on the durability
aspects of reinforced concrete. The basis of the present assessment is strictly upon
the condition of the facility from a reinforced concrete materials perspective. The
condition appraisal provided in this report by no regards constitutes a structural
engineering condition appraisal or analysis. If obvious serious structural concemns
are prasent at the time of field evaluation and are observed, Tourney Consulting
Group, L.L.C. will immediately bring these potential issues to the owner.

The analysis, resuits, and recommendations only reflect the condition of the sites
tested and may not be representative of all locations throughout the structure.

The value of durability analysis, as used in this report, rests on the client's abiiity to
relationally compare the condition of the studied structure under various
maintenance, corrosion protection, and restoration alternatives. Typically, the
comparison of alternatives is based on a net present value analysis. This approach
is used to establish the relative cost associated with alternatives that have variable
duration expectations. Any relative cost estimates provided are only intended to be
“ballpark” estimates, and are not intended to be precise estimates of cost.

Any repair recommendations provided are based on materials performance data
from manufacturer's publications. Tourney Consulting Group does not offer any
implied or expressed warranty of material performance.
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Project Description

Tourney Consulting Group (TCG) was contracted to conduct concrete materials
testing of Kauffman Stadium for the Kansas City Royals Baseball Corporation and
the Jackson County Sports Compiex Authority as outlined in the “‘Request for
Material Testing Services Proposal” dated May 14, 2007.

The objectives of this assessment were:

1. To assist Thornton-Tomasetti determine the type and extent of immediate
repairs that should be recommended to the Owner.

2. To perform life-cycle analysis on major stadium areas and draw conclusions
with regard to frequency and costs of future repairs in order to achieve a 30
year life span.

3. To assist Thornton-Tomasetti with preparation of reports and construction
drawings for the stadium by providing recommendations with respect to
concrete repair materials and treatments.

TCG perfarmed a limited visual assessment, conducted concrete sampling and
patching, corrosion testing, concrete cover measurements, and reinforcement
location at three locations using ground-penetrating radar in accordance with the
requested scope of services in “Table 1: Royals Stadium: Materials Testing
Summary” during the KC Royals away-stand from August 15 through August 21,
2007. Additional tests were conducted on cores extracted from the View seating
roof pedestals along with hardened air void analysis on all cores receiveing
petrographic examination. The quantity of tests performed is detailed in Table 1.

Table 1 - Schedule of Tests Performed

Test Method Required Actual
No. Tests No. Tests
Acid-soluble chloride ASTM C 1152 218 254
Acid-soluble chloride ASTM C 1218 108 98
Petrographic Examinations ASTM C 856 50 64
Hardened air-void system parameters ASTM C457 64
Thin-section analysis ASTM C 856 9
Compressive Strength 40 44
Concrete Cover Profiles 80 79
Half-cell Potential Measurement ASTM C 876 10 areas 10 areas
Ground Penetrating Rebar 3 areas 3 areas

1
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Visual Observations

Key issues related to the durability of the concrete elements under investigation
were documented with photographs. TCG was contracted to heip Thornton-
Tomasetti in this regard, so this report contains only general features that TCG
identified as indicators of distress to assist the visual assessment work by Thornton-
Tomasetti's personnel.

It should be noted that the following photographs are intended to show the observaed
distress, and are not intended to represent typical conditions throughout the
structure. Overall, the concrete is in pretty good shape. These photos are intended
to help Thornton-Tomasetti characterize the various levels of distress observed.

Photographs of Typical Observations

1. Freeze-thaw scaling distress is
prevalent along the aisles in the
Field seating bowl.

2. Close-up of severe scaling
showing complete loss of cement
paste and exposed coarse
aggregate. Repair of this condition
will require partial-depth repair,
because water ponds in this
location accelerating the
deterioration.
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3. Moderate to advance scaling
distress on precast stair blocks

| 4. Close-up of scaling distress on
precast step in the View Seating
Bowl. This stair is still functional so
replacement at this time is not

; necessary. However, scaling will
continue to degrade the step so
future replacement is expected.

5. Failed “cosmetic” feather-edge

i surface patch of scaling distress at
Section 135 Field Level Seating
Bowl, Scaling has continued under
the patches.

3
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6. Failed coating along row A of
View Seating Bowl. The failed
coating covers a delaminated
topping mortar and structural slab
under the seats. The topping was
used to create a trough under the
seats. The sealant along the edge
of the trough has deteriorated and
allows water under the topping and
coating, which contributes to
premature coating failure.

1 7. Poor drainage allows water to
pond in the trough and seep under
the mortar and coating.

8. Corrosion induced distress from
handrail posts embedded into the
portal walls is common.

4
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9. Replacement of handrails with
excessive corrosion is required.

10. Cracking from pipe corrosion
inside the concrete. This handrail
and concrete should be repaired.
(Typical condition)

11. Failure of previous “cosmetic”
surface patch with cracking distress
at handrails.

5
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12. Handrail corrosion-related
cracking along the wall between the
Field Level and Plaza Level seating
areas. Partial-depth wall repair
behind reinforcing and handrail
pocket is required at several
locations.

13. ASR-related cracking at
handrail along the wall between the
Field Level and Plaza Level seating
areas. Previous repairs show signs
of adjacent ASR distress. Also note
ASR cracking distress adjacent to
and reflecting through walkway
patch repair at arrow. This corner
and slab should be replaced within
5 years.

14. ASR cracking distress in slab
on grade at Section 139 railing.
This slab and stair should be
replaced.

6
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15. Severe ASR distress of stair at
Section 343. Note tightly spaced
cracks with exudation. Removal
and replacement of concrete in this
condition is recommended at this
time. When repairing ASR
distressed concrete, topical
application of 30% lithium nitrate
solution to the interface between
existing and replaced concrete is
recommended.

16. Advanced ASR distress of wall
adjacent to stair at Section 343.
Removal and replacement is
recommended.

:
]
i
'
'
i
E
¢

17. Core from step at Section 343
crumbled during coring operation.
Core can be broken by hand.

7
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18. Advanced ASR distress along
construction joint in Field Level
seating Section 130 slab on grade.
Note cracking pattern with ASR gel
exudation and core 130P2 |ocation.
Concrete in this condition will
probably need to be replaced in 5 to
10 years.

19. Advanced ASR distress along
construction joint in field level
seating Section 127 slab on grade.
Note cracking pattern with
exudation and core 127P1 location
away from expansion joint.

20, Core removed from Section
130 adjacent to construction joint.

8
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21. Advanced ASR of stairs from
Club Concourse to right field
Section 238. It is likely that the
stairs will need replacement within 5
to 10 years.

22. Close-up of Section 238 step
that was cored for petrographic
examination. Note close spacing of
? interconnected cracks. Concrete in
this condition is probably too far
gone to treat effectively.

23, Stairs along the wall in Section
238 Club Level right field. Note
Moderate ASR cracking distress
adjacent to failed sealant.

9
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24. Moderate ASR distress of
portal wall in right field. Note
cracking pattern at base of the wall
where the exposure to moisture is
greatest. This wall is a candidate
for lithium nitrate treatment, as
replacement within the next 20
years is likely.

25. Advanced ASR Cracking with
exudation along Portal wall on View
Level. Cores for petrographic
examination were taken from this
location. Replacement of this
concrete will be necessary within 5
years.

28. Severe ASR distress of the
expansion joint pedestals
supporting the View Roof at Section
423, Cores were taken from this
pedestal for petrographic
examination and compressive
strength. Core strength was
approximately 6000 psi.

10
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27. Advanced ASR distress of left
field pedestal. Note exudation and
cracking below the top 12 inches of
the pedestal. This indicates that the
concrete below the steel tube is of
questionable quality.

28. Advanced ASR distress of View
Roof pedestal in Section 428. Note
exudation and cracking below the
top 12 inches of the pedestal. This
indicates that the concrete below
the steel tube is of questionable
quality.

29. Advanced ASR distress of View
Roof pedestal and stair in Section
432,

1
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30. Advanced ASR distress of View
Roof Pedestal in Section 428. Note
close crack pattern at base of
pedestal with gel exudation.

31. Moderate ASR distress of View
Roof Pedestal. This condition
shows the fypical “Y” cracking
damage has begun, but
replacement at this time is not
mandatory because the concrete
strength has probably not begun to
deteriorate. Strength deteriorates
when the “Y" cracks coalesce,
additional intermediate cracks form,
and exudation is prevalent.

32, Moderate ASR distress of
pedestal from Section 424 that was
sampled. ASR cracking is visible
above the point where the steel
tube stops (~12in. on tape). Cores
were extracted below this zone to
avoid the tube and reinforcing. The
compressive strength was in excess
of 10,000 psi.

12
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33. Minimal ASR distress observed
at pedestal from Section 400 that
was sampled. Core compressive
strength exceeded 10,000 psi, and
petrographic examination identified
internal ASR distress. Future
replacement is expected in
approximately 10+ years.

34. Previous View Pedestal patch
repair. Visual inspection should
include looking for signs of ASR
distress along the interface between
existing concrete and patch
concrete.

35. Many expansion joint seals on
Pedestrian ramps need to be
repaired or replaced. Note water
stream along the interior ramp wall,

13
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36. Damaged expansion joint seals
should be replaced.

37. Typical drainage pattern of the
Pedestrian Ramps.

38. Close-up of pedestrian ramp
scupper showing rust stains from
reinforcement that is too close to
the surface.

14
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39. Drainage of ramp running along
an expansion joint column. This
condition should be remedied so
that water is directed away from the
columns.,

40. Corrosion of a pedestrian ramp
column with less than adequate
concrete cover over the reinforcing.
Low concrete cover is common
throughout the building.

41. Radial cracks in the pedestrian
ramp slabs allow seepage that
decalcifies the concrete adjacent to
the crack and allows corrosion to
initiate.

15
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42. Corrosion stains indicate
corrosion has initiated on the
reinforcing crossing this crack.
Intervention at this time is
necessary o minimize future
corrosion damage.

43. Top side appearance of typical
leaking radial crack in pedestrian
ramps. These cracks should be
routed and sealed to minimize
corrosion of reinforcing steel,

44, Corrasion of column base on
top of retaining wall below Plaza
Level on right field Pedestrian
Ramp. Note stains from salts
running along wall.

16
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45. Corrosion popouts along Club
Level wall near Section 234. Low

concrete cover is the most typical

cause for this type of distress.

46. Non-destructive concrete cover
measurement.

47. Corrosion popout from low
concrete cover along a construction
joint in right field Club Level Row A,

17
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48. Corrosion of the 300 Level Row
A slab soffit over the Stadium Club.
Beam reinforcing was located

against the forms when cast.

49. Concrete spall of 300 Level
Row A soffit. Spall removal is
recommended. Corrosion mitigation
will he necessary to minimize
continual maintenance of this
potentially hazardous area. It
appears that this condition is most
frequently associated with the beam
locations.

50, Corrosion spall of left field
Level 300 Row A slab soffit and
staining from Row B void drain hole.
The outlined area is loose concrete
over corroding reinforcement that
should be removed to mitigate the
potential for a falling object hazard.

18
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51. Cracks in the 300 Level Row A
slab soffit with efflorescence. This
condition indicates water movement
through the cracks which can lead
to corrosion and accelerate ASR
distress.

52. Leaking crack in Club Level
slab along joist. Note reinforcing
wire grid impression on the slab
soffit, indicating minimal concrete
cover over the wire.

53. Corrosion potential and coring
location on View Concourse at
Section 303. Note damaged area
(arrow} and drill marks at corrosion
potential grid locations (Corraosion
Test Areas 8 and 9)

19
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54, Damaged membrane coring
lacations at the View Concourse
expansion joint near Section 323.

55. Pedestrian coating damage on
Plaza level adjacent to food service
door ways.

56. Undamaged membrane coring
site on the Plaza Concourse at
Section 130 food service.

20
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57. Damaged membrane coring
site on the Plaza Concourse in the
food court behind Section 116,

58. Core from damaged membrane
area of View Concourse near
Section 333 showing rubber
membrane below topping slab over
Stadium Club. The combination of
an external coating with an
intermediate waterproof layer traps
moisture in the topping concrete
that can accelerate coating failure.

59. Damaged and undamaged
membrane coring site on the View
Level Concourse in Section 333

. portal. This location is a patch

| repair over the Royals Club. This
i repair was a steel fiber reinforced
| topping slab over a polymer
|

coating.

21

Kauffinan Stadium Condition Assessment Nov, 2007 — Kansas City, MO
Copyright - Tourney Consuiting Group, L.L.C.



60. Core removed from the 333
portal damaged membrane area.
Coring was halted when the
intermediate membrane was
encountered.

61. Ceiling of food storage room
014 with black staining below
concession area. TCG attempted
to remove a core from this ceiling
for examination, but failed because
the core snapped off at % inches at
two locations. Coring was halted
when the coring bit overheated.
The concrete was not carbonated.
Close examination indicates that
the stain is a loose scale that is
probably of organic origin. The
scale can be remaved by hand
brush or pressure washing.

22
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Concrete Cover Measurements

Concrete cover measurements were taken at representative locations around Kauffman
Stadium using the non-destructive test device “Protovale 331" manufactured by
Elcometer. This cover meter operates uses the "state-of-the-art” pulse-induction eddy-
current conductivity technique that allows relatively quick and reliable assessment of
existing as-built concrete cover values. Concrete covers were determined at core
sampling locations and additional randomly selected areas spread throughout the
ballpark.

The values in the following tables were obtained by scanning a representative area with
the equipment and recording the highest value, the lowest value and estimating the
median value displayed. Each test area consisted of at least 10 ft# for raker columns,
and seating areas; pedestrian ramp and concourse locations consisted of larger areas
that were at least 25 ft* each. Yellow highlighted areas indicate concrete covers less
than recommended for exterior exposure.

Design concrete cover values.

Exposed to soit = 3 in.

Slabs (top and bottom) = % in.
Joists = 1 in.

Cotumns and Beams = 1-%in.
Foundation walls and other = 2 in.

Findings:
o Concrete cover varies widely throughout the stadium.
o The most frequent areas with inadequate concrete cover are columns, beam
bottoms, and walls.

Table 2 - Upper Deck Back Panel Cover Measurements, in.

Section Min Max Median
442 1.75 6.00 3.10
436 <045 4,35 2.10
428 2.156 3.00 2.65
420 1.00 3.00 1.25
404 <0.45 3.60 1.60
407 1.65 2.85 210
423 0.70 3.00 1.65
441 =0.43 3.00 2.00
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Table 3 — Field Level Seating Cover Measurements, in.

Section Min Max Median
136, 130 1.4 2.5 1.5
110, 105 1.25 3 1.6
127, 135 2.3 2.8 2.5

Note: Minimum @ nosings reinf. approx. 15 in.0.C., > 7 in between bars

Table 4 ~ Plaza Level Seating Cover Measurements, in.

Section Min Max Median
130 435 6.35 515
104 4,35 8.0 5.8

Table 5 — Club Level Seating Cover Measurements, in.

Table

Section Min Max Median
208 1.45 2.5 2.2
209 1.8 2.6 2.2
6 — View Level Seating Cover Measurements, in.
Section Min Max Median
436 1.5
424 1.5
412 1.5
415 1.5

Note: WWF in 3-in. precast riser consistently placed.
WWEF cover not consistent in stair blocks — many exposed wires

24
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Table 7 - Plaza Level Concourse Cover Measurements, in.

Section Min Max Median
130 1.45 3.25 2.2
116 food court 1.75 4.6 2.8
106 2.1 4.35 2.8

Table 8 ~ Club Level Concourse Cover Measurements, in.

Section Min Max Median
236 1.5 245 1.8
200 1.75 2.9 2.1
207 in front of ramp 1.75 2.4 2.0
Stadium club entrance
around drain 1.3 2.3 1.6

Table 9 - View Level Concourse Cover Measurements, in.

Section Min Max Median
400 1.8 2.3 2
411 24 2.8 2.5
419 2.15 2.65 2.2
427 1.55 2.4 2.2
439 0.8 1.5 1.1
404 2.8 3.15 2.45
412 1.7 2.45 1.96
424 2.25 2.7 2.35
432 2.15 3 2.35
440 1.1 1.9 1.55

25
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Table 10 - View Level Raker Cover Measurements, in.
T

Al [c

+ Side A always faces away from the field

* No measurement = blocked side of column

View Level Raker Cover Measurements, in

A B c D

Lacation | Min Max | Median Min Max | Median | Min | Max | Median | Min | Max | Median

C-38 210 | 295 2.60 125 | 2.35 260 ]235|315| 270 | 080! 260 2.10

C~-26 <045 | 250 | 1.00 1.20 | 320 | 1.50 | 1.90 | 420 | 360

c-13 120 | 220 | 140 235 | 310 | 180 |185|310| 230 |i20! 220 1.70

c-7 210 | 2.50 240 265 | 3.20 2.80 1.60 | 3.10 190 | 4.0} 1.90 1.40

C-32 045 | 205 | 000 295 1465 | as0 |oB80|245| 160 |[2951350| 250

cC-18 1.35 | 2.50 1.60 206 ;505 3.65 | 265 | 640 3.80 155 | 2.30 1.80

A-43 %045 | 335 | 210 | =045 | 3.05| 0.90

A-1 <045 | 3.00 | 135 | =045 3.00( 0.0

View Level Raker Columns A—48, A — 1

e /
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Table 11 - Club Level Raker Cover Measurements, in.

v

B

D

Side A always faces away from the field

No measurement = blocked side of column

Club Level Raker Cover Measurements, in

A B c D

Location Min | Max | Median | Min | Max | Median | Min | Max [ Median | Min | Max | Median

C-1i2 2.45 | 5.05 4.20 128 [ 2.25 1.60 260 | 5.30 3.40

B-10 <0.45 | 4.55 3.10

Cc-3 1.70 [ 6.70 3.30 <0.45 | 5.10 2.50 <0.45 | 3.65 2.35 <045 | 2.35 1.70

A-8 235 | 3.60 2.60

B-36 165 | 3.75 2,80 1.76 | 2.65 2.00

A-46 2.30 | 4.80 340

C-47 205 |3.05| 280 D70 | 2401 140 075 1185 110 <045 | 100 b70

B-6 <045 | 245 1.60 2.20 | 3.70 3.30 1.70 | 3.00 2.80
27
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Table 12 — Right Field Inner Pedestrian Ramp Cover Measurements, in.

Element -> Ramp Walls Columns
Level Min | Max | Median | Min | Max | Median | Min | Max | Median
View 165 ] 3.1 2.1 20 | 25 22
Club 145 | 3.3 20 16 } 25 20 g |25 shifted

Plaza 1.75 | 2.8 2.1 1451 25 241 Q.78 | 25 shifted
Field 1.85 | 3.2 2.3

Table 13 — Left Field Inner Pedestrian Ramp Cover Measurements, in.

Element > Ramp Walls Columns
Level Min | Max | Median | Min | Max | Median | Min | Max | Median
View 20| 3.0 2.25 085 | 20 15
Club 1.9 | 8.0 20 [#4.25]( 20 1.65 g |25 | shifted
Plaza 175 25 2.1 1.0 | 1.75 15 08 |25 shifted
Field ' 075 |20 | shifted
28
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Compressive Strength:

Concrete compressive strength was verified in accordance with ASTM C 42
procedures by extracting 3.25 inch diameter cores throughout the structure. Most
locations are represented by individual cores as described in the following graphs
and core log. All compressive strength cores were extracted from areas of sound
concrete.

The original specified concrete strengths (1973) reported by Thornton-Tomasetti in
a preliminary report dated November 28, 2006 were:

o Piers and foundations = 4,000 psi
o Structural rakers, floor framing, and slabs on grade = 4,000 psi
o Precast seating risers = 5,000 psi

Findings:
Compressive strength test results indicate that the concrete strength meets or
exceeds the original specified strength.

Field Level Seating

No Membrane
9,000 - -

8,000 | : e
7,000

.2 6,000 |-NE—N-— - —
& 5,000 __ . .
& 4000 | N | N B
2 3,000 | : -
- E 2,000 - -

ol EE SN T . .
: 0 . R — _ JEE— R — ]

136-C 134-C 130-Cs 131-C1 133-CL 133-C2

Compressive Strength PSi

Fig. 1= Field level seating corﬁpressive strength (slab-éﬁ-grade)
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Field Level Seating
w/ Membrane

9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

Compressive Strength PSI

103TD-C  103TUD-C 110-C 108-C 105-C

Fig. 2 — Field level seating compressive strength (1998 renovation)

Plaza Level Seating

9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

Compressive Strength PSI

130-C 104-C 103-C 127-C

Fig. 3 — Plaza level seating compressive strength
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Plaza Concourse
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Fig. 4 — Plaza concourse compressive strength
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Fig. 5 — Club level compressive strength
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Fig.wéw— Pedéétrian ramp compressive strength
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Fig. 7 — View concour.ée compressive strehgth
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View Level Seating Risers
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Fig. 8 — View level seating compressive strength
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Fig. 9 — View level rai(er coIlen compréiégi;éiéfréhgth
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Back Panels, Service Concourse, Scoreboard
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Fig. 10 — Back panel, service concourse, and scoreboartf compressive strength
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Fig. 11 — View roof pedestal compressive strength
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Chloride Content Tests:

Chloride ion contamination of the concrete was determined by extracting cores
throughout the stadium at representative sampling locations. Once extracted, the
cores were individually labeled and sealed in plastic bags for transport to TCG's
laboratory in Kalamazoo, Mi. In the laboratory, the cores were photographed,
measured, sliced into %z inch thick disks, oven dried, and then pulverized into a
powder passing the No. 20 sieve prior to chemical analysis in accordance with
ASTM C 11562 and ASTM C1218.

Acid-soluble, or total chloride ion content was determined in accordance with ASTM
C 1152 for all concrete test locations. Chloride profiles were obtained by slicing six
one-half inch thick increments from each core. The water-soluble chloride ion
content was determined in accordance with ASTM C 1218 for select cores in
accordance with the distribution of tests contained in Table 1 from the request for
proposals dated May 14, 2007.

Determination of the chloride content profile through the depth of the concrete is an
important step in determining the source for chloricde contamination, the cause for
corrosion activity, and developing appropriate maintenance procedures.

Findings:

o Chloride contamination varies throughout the structure.

o Where chloride contamination was found it appeared to be relatively constant
through the depth of the concrete, which is indicative of admixed chloride set
accelerators.

o Background chloride levels (chloride ion contributed by the concrete
ingredients) were relatively low, approximately 50 parts per million, ppm, or
0.005% by mass of concrete powder.

o Areas with chloride levels in excess of the industry accepted corrosion
threshold range (350 to 500 ppm) at the reinforcing level were:

= Upper back panels (1 of 2),

= View Concourse (3 of 7),

= Pedestrian ramps (4 of 8), and
»  Plaza Level {4 of 8).

o Water-soluble chloride contents were consistently lower than companion
acid-soluble chloride tests by approximately 100 to 300 ppm. A few
individual water-soluble data points exceeded companion acid-soluble
values.
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ASTM C 1152 Test Results
Field Level Seating
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Fig. 12 — Field level acid-soluble chloride content

ASTM C 1152 Test Results

2 000 Plaza Level
14
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r
Seating «4—127-CL —H=103-CL —&—130-C1, e 4 04-C1,
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Fig. 13 — Plaza level seating acid-soluble chloride content
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ASTM C 1152 Test Results
Club Level
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Fig. 14 — Club ievel acid-soluble chloride content

ASTM C 1152 Test Results
2.000 Pedestrian Ramps
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Fig. 15 — Pedestrian ramp acid-soluble chloride content
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Chioride Content, ppm
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ASTM C 1152 Test Results
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Fig. 16 — View concourse acid-soluble chloride content

Chloride Content, ppm
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ASTM C 1152 Test Results

View Level Seating
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Fig. 17 — View seating acicg-scluble chloride content
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ASTM C 1152 Test Results

Raker Columns
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Fig. 18 — View level raker column acid-soluble chloride content
ASTM C 1152 Test Results
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Fig. 19 — Upper back panel acid-soluble chioride content
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ASTM C 1152 Test Results
wl.gft Field Camera Pit and Room 014 Celling
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Fig. 20 — Left field camera pit acid-soluble chloride content

Acid-Soluble vs Water-Soluble Test Results

Pedestrian Ramps
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Fig. 21 — Comparison of acid-soluble and water-solubte chloride content
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Corrosion Potential Survey:

Corrosion half-cell potentials were determined for the equivalent of ten 40 SF areas.
Unless other wise noted, corrosion potentials were obtained on a 1 ft grid pattern.
TCG's minority subcontractor, Concorr, Inc. performed the corrosion potential
testing. The test areas are listed below and identified on the core and test [ocation
drawings located in Appendix A.

1. View Level Concourse column at C45

2. View Level Concourse hack panel at C46

3. View Level Concourse expansion joint column at C43

4. Right Field Ramp interior column between View and Club Levels
5. Right Field Ramp interior column between View and Club Levels
6. Right Field Ramp along a slab crack near the Field Level portal
7. View Level Concourse back panel at C3

8. View Concourse slab from C26 to D26

9. View Concourse slab from C26 to D26

10. Left Field TV camera platform

Corrosion potential measurements are used to estimate the probability of corrosion
activity on reinforcing steel inside concrete. Carrosion potentials were determined
in accordance with ASTM C876 “Half-Cell Potentials of Uncoated Reinforcing Steel
in Concrete”, using a copper/copper-suifate (Cu/CuSQy) reference electrode and a
hand-held multimeter. In this procedure, the common lead from the multimeter is
connected to the reference electrode, and the other lead is connected to the
reinforcing steel. The measurement is taken by placing the reference electrode
against the surface of moist concrete using a wet sponge and recording the voltage
difference between the reinforcing steel and the reference electrode.

The voltage difference between the reinforcing steel and the reference electrode
placed on the concrete surface indicates the probability for corrosion activity. In
areas where the structure was coated, small indentations were made in the coating
using a rotary drill at the test locations. All such indentations were cleaned and
filled with self-leveling polyurethane sealant upon completion.

The following table has been developed for evaluating Cu-CuSQ; half-cell
potentials. Corrosion potential measurements are displayed in a table format using
the green-yellow-red color code.

Reading (Cu-CuSQ, Half-cell) Corrosion Condition

: Low (< 5% probability of corrosion)
Uncertain (50 % probability of corrosion)
High (> 95% probability of corrosion)

-200 to -350 mV
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Findings:

o Generally, minimal corrosion activity was associated with dry test areas even
with low concrete cover. This is common when the environment is hot and
dry.

o Localized corrosion activity was identified at the following locations:

» Location 6 — Right Field Pedestrian Ramp crack.
» | ocation 8&9 - View Concourse
» Location 10 — Left Field Camera Platform

o Visual observation of corrosion spalls along the slab soffit under Row A on
the View and Club levels indicates wide spread corrosion activity in the Row
A slab.

o Location 8&9 corrosion potentials indicate corrosion well outside the
boundary of the previous patch. The previous patch was determined to be
delaminated. Chloride contamination tests in this area indicate elevated
chloride levels in the sound concrete. This is an indication of corrosion
activity in the slab reinforcing below the previous patch.

o Corrosion activity was high in the two coated areas.
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lonic Transport Properties:

Sixteen concrete cores were extracted from four locations to determine ionic
transport properties. lonic transport properties are used as input data for service-
life modeling. Typically, service life modeling is used to estimate future chloride
ingress to predict when corrosion will initiate.

The sampling locations were.

1. Field Seating (L.abeled 130T)

2. Right Field Pedestrian Ramps on the Club Level (Labeled RRCIubT)
3. View Concourse at undamaged coating area (Labeled 303UDT)

4. Plaza Level food court in a damaged coating area (Labeled 118DT)

Three test procedures were conducted to determine the ionic transport properties of
the concrete:

porosity (ASTM C 642)

pore solution extraction on saturated and virgin samples

ion migration test

Porosity
Porosity measurements were performed in accordance with ASTM C842 - 06:

Standard Test Method for Density, Absorption, and Voids in Hardened Concrete. A
minimal volume of concrete of 350 cnis required to perform this test. Results for
(porosity and absorption) are given in the table below. Each result is the average of
2 individual results.

Table 26 — ASTM C 642 Test Results

Absorption .

CorelD after boiling Por;sny
(%) ( 0)
130T 4.4 10.0
RRClubT 7.4 16.0
303UDT 6.8 15.0
116DT 6.2 13.8

The results vary from one location to another suggesting that it is not the same
concrete, as expected. For comparison, a good quality concrete with water to
cement ratio of 0.45, the typical porosity range is from 11% to 12%; and the typical
absorption range is from 5 to 6 %. The Field Seating concrete appears to be of
better quality than the concrete from the other three elevated slabs.
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Pore Solution Exfraction

[nformation on pore solution chemistry of concrete is obtained by performing a pore
solution extraction based on the procedure described in Barneyback and Diamond®.
Concrete samples were broken into small pieces and placed in a cell to be
subsequently crushed at a pressure of approximately 72,500 psi (500 MPa). The
solution “squeezedout” from the concrete was analyzed to measure the
concentration of the various ionic species (i.e. OH-, Cl-, Na+, K+, Caz+and $042.)
present in the pore solution. Typically, 2 to 5 ml of pare solution is extracted. The
solution was delivered through a drain ring and channel, and recovered with a
syringe in order to limit exposure to the atmosphere. Pare solution analyses were
carried out shortly after the extraction test by means of atomic adsorption
spectroscopy and potentiometric titration.

Extractions were performed on vacuum-saturated sample in a 300 mmol/l NaOH
solution, which is similar to the sample preparation for the ion migration test. This
pore solution was used for the determination of ionic diffusion coefficients, (see the
following section).

Table 27 - Expressed Pore Solution Chemistry for lonic Diffusion

lonic Species Concentration {(mmol/L)
130T RRClubT 303UDT 116DT
OH 263.1 272.3 290.3 2395
Na* 242.4 2472 242.6 207.9
K* 384 46.0 59.9 384

S0,.* 6.4 8.8 6.4 3.4

Ca" 0.5 0.5 1.4 2.7

Cr 5.9 4.2 2.1 5.5

Pore solution was also extracted from a second sample after soaking in distilled
water (virgin sample) for each location to measure the actual pore solution in the
structure. For example ASR activity is related to the internal pH of the concrete,

which can be calculated from the OH" concentration. The calculated pH and pore
solution chemistry for these concretes indicates ample alkali hydroxide is available
to support ASR.
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Table 28 - Virgin Pore Solution Chemistry

lonic Species Concentration {mmoliL)
130T RRClubT 303UDT 116DT
OH 187.7 122.4 183.5 174.4
Na* 122.0 77.4 86.8 103.6
K* 849 66.5 108.6 76.7
Cr 7.5 4.8 1.8 4.7
pH 13.27 13.09 13.26 13.24

Chiloride lon Migration Test

The ionic diffusion coefficients (Di) of the main ionic species (CI', K*, SO, ,Ca®,
Na*, and OH’) involved in the chemical degradation of concrete were determined
using a modified and improved version of the ASTM C1202-(05) — Efectrical
Indication of Concrete’s Ability to Resist Chioride fon Penetration test method. The
test consists in measuring the tfransport of ions through a saturated concrete disk
under an external electrical potential applied to the system. The current (electrical
charge) passing through the concrete specimen over a given period of time
(typically 10-14 days) is measured periodically. Analysis of the current data with
STADIUM® yields the diffusion coefficients of all ionic species present in the pore
sozlution. Tests are run in duplicate. The procedure used is described in Samson et
al“.

Table 29 — lonic Diffusion Properties

lonic lonic Diffusion Coefficients x 10 ' m“/s
Species 130T RRCIubT 303UDT 116DT

#1 #3 #1 #3 #2 #4 #1 #H2
OH" 1.5 1.4 3.8 3.7 4.6 3.5 3.6 2.4
Na* 0.4 0.3 1.0 0.9 1.2 0.9 0.9 0.6
K’ 0.6 0.5 14 1.4 1.7 1.3 1.3 0.9
S04 0.3 0.3 0.8 0.8 0.9 0.7 0.7 0.5
Ca* 0.2 0.2 0.6 0.6 0.7 05 0.5 0.4
Ccr 0.6 0.5 1.4 14 1.8 1.4 1.4 0.9

A higher diffusion coefficient indicates that ion will diffuse faster through concrete.
The ionic diffusion coefficients correlate with the porosity results. For high porosity
concrete, the diffusion coefficient is usually high. The typical range for the OH
diffusion coefficient ranges from 1 to 2 x 10™"" m%s for a concrete with water to
cement ratio (w/c) of 0.45. By comparison, the concrete for the Field Level seating
(130T) appears to be comparable to w/c = 0.45 concrete, whereas the elevated
slabs were probably cast at a higher water content.
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Petrographic Analysis:

Petrographic analysis is the interpretation of observations from various microscopy,
physical, and chemical evaluation techniques to determine the cause for concrete
distress. Three petrographic techniques were used to examine concrete cores from
Kauffman Stadium: ASTM C 856 general petrographic examination, ASTM C 856
thin-section examination, and ASTM C 457 hardened air-void system parameters.

A general petrographic examination involves cutting a slab of concrete from the
center of the core and polishing the cut surface, then observing the polished surface
under & microscope. Visual observations are complimented with chemical and
physical tests to quantify characteristics such as: overall description; coarse and
fine aggregate type, size and quality; cement paste color, hardness and quality;
depth of carbonation; presence of fillers or supplementary cementitious materials:
presence of consolidation voids and entrained air; presence of microcracking; and
the condition of the paste-to-aggregate interface. Analysis of this thorough
examination allows the petrographer to identify/determine the cause for distress in
most situations.

A thin section is a piece of concrete mounted on a glass slide that is so thin that
light can pass through. This technique is often used to compliment a general
petrographic examination. Thin section microscopy using polarized light provides
the petrographer a technique to confirm the presence of mineral inclusions within
aggregates, confirm the presence of chemical reaction products such as ASR gel
and to abserve the components within hydrated cement paste.

A hardened air-void parameter analysis is a specialized technigue that involves
quantification of the size and spacing of voids in the paste portion of the concrete.
This technique uses observations at more than 1000 locations per core followed by
mathematical calculation to determine the following parameters:

Paste content by volume, P, %
Air content by volume, A, %
Paste to air ratio, P/A

Void frequency, n

Average chord length, 7 , in.
Specific surface, a, in%in®
Spacing factor, L

Q0 0 0 0 00

Air-void parameter criteria for concrete with compressive strength = 4000 psi:
1. If the air content exceeds 3.0%, the concrete is considered air entrained.
2. If the specific surface is less than 500, the voids are probably too large to
effectively act as air entrainment.
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3. if the spacing factor, L , is less than 0.008 in., the concrete is considered
to be properly air entrained for freeze thaw durability in a saturated
environment.

4. If the spacing factor, I , is greater than 0.009 in. the concrete air-void
system is considered to be inadequate for freeze-thaw durability in a
saturated environment.

5. For spacing factors between 0.008 and 0.009, the air void system is
considered to be marginal for freeze-thaw durability in a saturated
environment.

In Kauffman Stadium, the only location where the concrete would classify as a
saturated freeze-thaw environment would be the slabs on grade. All other locations
can be classified as partially saturated or moist.

Air voids act as pressure relief valves for ice formation inside concrete. Freeze-
thaw distress in concrete is a phenomenon that cracks and weakens the cement
paste, or causes some aggregates to fail. Typical signs of freeze-thaw distress are
exposed aggregate from the loss of cement paste at the concrete surface, and
crumbling corners or joints. Air voids also serve as pressure relief valves and
reservoirs for the expansive gel formed by alkali-silica reaction, ASR.

Detailed descriptions of each petrographic examination are enclosed in Appendix B.

Findings:

o The air-void system was insufficient for freeze-thaw durability for the majority
of the concrete cores examined.

o The aggregates used to make the concrete are reactive. The limestone has
inclusions of microcrystalline quartz, and the sand contains reactive chert
particles. Thin-section analysis provided confirmation of these findings.

o Alkali-silica reaction was identified in 57 out of 59 cores examinead.

o Concrete extracted from visibly distressed areas contained voids that were
completely filled with ASR gel.

o Voids partially filled with ASR gel were observed in all cores except the two
extracted from Section 105 and 110 that were castin 1998.

o Field seating sections built in 1998 behind home plate can be characterized
as having minimal ASR distress. It is expected that the concrete in this area
will require minimal maintenance over the next 30 vears.

o The majority of the structure can be characterized as having moderate ASR
distress. The rate of ASR propagation is most uncertain in this category. It
is expected that this concrete will last 10 to 20 years before distress
accelerates to a point where replacement becomes necessary. Treatment
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with lithium nitrate coupled with monitoring should be seriously considered
for critical areas as a means to mitigate/prevent distress in the hope that
replacement is not required within the remainder of the 30 year design life.

Cores from locations characterized as having moderate to advanced ASR
distress include:

» Scoreboard foundation

» View Roof pedestals

= View Concourse portal at Section 416

= Field level seating slabs on grade
Concrete characterized as moderate to advanced ASR distress are near the
tipping point where the rate of degradation accelerates. These areas are
expected to be candidates for replacement in less than 10 years. Treatment
may possibly extend the life of the concrete in these areas, but it is unlikely
that they will [ast 30 years.

Cores from locations characterized as having advanced or severe ASR
distress include:

*  View Roof Pedestals

= Stair at section 238

= Stair and wall at section 343

* Field level step and seating area at section 137 Row Y

* Field level seating slabs on grade
Locations characterized as having advanced or severe ASR distress are
candidates for concrete replacement at this time.
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Summary of Findings

Concrete Cover:

&)

o

Concrete cover varies widely throughout the stadium.

The most frequent areas with inadequate concrete cover are columns, beam
bottoms, and walls.

Compressive Strength:

o

Compressive strength test results indicate that the existing concrete meats or
exceeds the original specified strength.

All compressive strength cores were extracted from areas of sound concrete.

No compressive strength cores were intentionally taken from distressed
areas.

Chloride Contamination:

o

o]

Chiloride contamination varies throughout the structure.

Where chloride contamination was found it appeared to be relatively constant
through the depth of the concrete, which is indicative of admixed chloride set
accelerators.

Background chioride levels (chioride ion contributed by the concrete
ingredients) were relatively low, approximately 50 parts per million, ppm, or
0.005% by mass of concrete powder.

Areas with chloride levels in excess of the industry accepted corrosion
threshold range (350 to 500 ppn) at the reinforcing level were:

* Upper back panels (1 of 2),

* View Concourse (3 of 7),

* Pedestrian ramps (4 of 8), and
®  Plaza Level (4 of 8).

Water-soluble chloride contents were consistently lower than companion
acid-soluble chloride tests by approximately 100 to 300 ppm. A few
individual water-soluble data points exceeded companion acid-soluble
values. This finding is consistent with experience.
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Corrosion Potentials:

O

Generally, minimal corrosion activity was associated with dry test areas even
with low concrete cover. This is common when the environment is hot and
dry.

Localized corrosion activity was identified at the following locations:

» Location 6 - Right Field Pedestrian Ramp crack.
» Location 889 - View Concourse
x |ocation 10 — Left Field Camera Platform

Visual observation of corrosion spalls along the siab soffit under Row A on
the View and Club levels indicates wide spread corrosion activity in the Row
A slab (tub section).

Location 8 & 9 corrosion potentials indicate corrosion activity well outside the
boundary of the previous patch on the view concourse. The previous patch
was determined to be delaminated. Chloride contamination tests in this area
indicate elevated chloride levels in the sound concrete. This is an indication
of corrosion activity in the slab reinforcing below the previous patch.

Corrosion activity was high in the two areas that had a polymer coating. This
corrosion activity is most likely caused by moisture trapped under the
membrane,

Concrete Transport Properties:

o]

The ionic diffusion coefficient determined for the concrete from elevated
slabs are comparable and are indicative of relatively porous concrete with a
water-to-cement ratio greater than 0.45.

The ionic diffusion coefficient determined for the concrete used to construct
the field seating was higher quality, with properties indicative of a concrete
water-to-cement ratio of 0.45.

The pore solution chemistry indicates sufficient alkali hydroxides are
available to promote ASR.

Petrographic Examination:

Q

The air-void system was insufficient for freeze-thaw durability for the majority
of the concrete cores examined.

The aggregates used to make the concrete are reactive. The limestone has
inclusions of microcrystalline quartz, and the sand contains reactive chert
particles. Thin-section analysis provided confirmation of these findings.

Alkali-silica reaction was identified in 57 out of 59 cores examined.
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Concrete extracted from visibly distressed areas contained voids that were
completely filled with ASR gel.

Voids partially filled with ASR gel were observed in all cores except the two
extracted from Section 105 and 110 that were cast in 1998.

Field seating sections built in 1998 behind home plate can be characterized
as having minimal ASR distress. It is expected that the concrete in this area
will require minimal maintenance over the next 30 years.

The majority of the structure can be characterized as having moderate ASR
distress. The rate of ASR propagation is most uncertain in this category. It
is expected that this concrete will last 10 to 20 years before distress
accelerates to a point where replacement becomes necessary. Treatment
with lithium nitrate coupled with monitoring should be seriously considered
for critical areas as a means to mitigate/prevent distress in the hope that
replacement is not required within the remainder of the 30 year design life,

Cores from locations characterized as having moderate to advanced ASR
distress include:

= Scoreboard foundation

*  View Roof pedestals

* View Concourse portal at Section 416

* Field level seating slabs on grade
Concrete characterized as moderate to advanced ASR distress are hear the
tipping point where the rate of degradation accelerates. These areas are
expected to become candidates for replacement in less than 10 years.
Treatment may possibly extend the life of the concrete in these areas, but it
is uncertain if treatment will extend the life for the full 30 years. Monitaring
and future treatment may be required.

Cores from locations characterized as having advanced or severe ASR
distress include:

s View Roof Pedestals

» Stair at section 238

» Stair and wall at section 343
Field level step and seating area at section 137 Row Y

* Field level seating slabs on grade
Locations characterized as having advanced or severe ASR distress are
candidates for concrete replacement at this time.
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This report was developed and written by:

V g e

Matthew Miltenberger, P.E.

Tourney Consulting Group, L.L.C.

Date: December 19, 2007
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APPENDIX A

CORROSION POTENTIALTEST SITES
CORING LOCATIONS
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THE ROCK DOCTOR

CONCILETE SOLUTIONS FOI! CONCRITE PROBLEMS

PETROGRAPHIC REPORT

DATE: September 7, 2007

WORK ORDER: 07-08-31-01 / Group I

CLIENT: Toumey Consulting Group / TCG 0756 Kauffmann Stadium
PREPARED BY: Jeffrey R. Varga, Concrote Petrographer, The Rock Doctor, Ing.
INTRODUCTION

We received eight core portions of hardened conerete to determine the general condition of the concrete(s).
The core portions were marked “105P”, “110P~, “127P1”, “127P2”, “130P1”, “130P2”, “134P”, and
“135P”. The core portions measured, in length, approximately 5-1/2, 4-3/4, 6-1/4, 4-1/2, 4-1/2, 5-1/2, 5-
174 and 6 inches, respectively. The core portions were approximately 3-1/8 inches in diameter, except
Sample “134P”, which measured approximately 2-3/4 inches in diameter.

It was reported that the submitied samples were taken from field level seating areas. Petrographic
cxaminations werc requested to determine if any deficicncies or poteniial faiture/degradation mechanisms
could be identified prior to any concrete repairs or replacements. Several digital photographs were also
submitted. Mix designs were not available at the time of this writing,

SAMPLE PREPARATION AND METHODS

The core samples were cut in half, approximately perpendicular to the top surfaces. The cut surfaces were
ground using water and abrasive materials following our standard procedure. The air-void system
parameters were determined following the guidelines of ASTM C 457-06 “Standard Test Method Jor
Microscopical Determination of Parameters of the Air-Void System in Hardened Concrete”. The modified
point count method was utilized with a magnification of 100 diameters,

The unprepared samples were partially immersed in water for at least three days to mobilize any alkalic
gels present. The cut surfaces of the core portion samplcs were not immersed in water,

The prepared and unprepared samples were cxamined following the guidelines of ASTM C 856-04
“Standard Practice for Petrographic Examination of Hardened Concrete”.

RESULTS OF PETROGRAPHIC EXAMINATION
“105P”

GENERAL CONDITION: (See PLATES 1-3) The top surface cxhibited a generally flat, soft, mostly
elastic, membrane/coating that was mottled in color from gray to dark gray. Water readily beaded on this
surface. Many, partially exposed fine quartz aggregate particles and many air-void septa werc present at
the exposed surface. The observed darker gray-colored portions at the exposed surface were generally
stiffer/less flexible than the lighter gray-colored portions and exhibited very fine cracks us well. Very small
amounts of yellow-colored material, presumed to be used for marking purposes, were also present at the
exposed surface.

In section, the observed membranc/coating was approx. 1/16 of an inch thick and was composed of two
apparent layers. The layer at/adjacent to the cxposed surface was approx. Y of the total coating thickness
and cxhibited a small amount of small voids and several fine aggregate particles. At the interface between
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the two apparent coating layers, no voids, separations, or cracks were observed. The underlying layer
(approx. % of the total topping thickness) exhibited many small air-voids. The bottom surface of this layer
exhibited an almost continuous, adhered layer of paste/mortar from the base concrete. A continuous
separation/crack was present at or near the interface of the topping system and the base concrete. A
discontinnous veneer of carbonated pastc was observed at the top surface of the basc concrete. A very
small amount of microcracking was observed throughout the sample. The bottom surface was a fractured
surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and variegated from gray-light brown with a small-moderate amount of unhydrated
cement particles to light brown-dull gray in color, with a very small-small amount of unhydrated cement
particles. The lighter colored paste areas were softer than the darker colored pastc areas. No fly ash, ground
granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void systemn parameters are listed below in TABLE 1:

TABLE 1
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % ' Lengih, Air, % l o, L
Sample by vol. Points in. by vol. _P/A n in. in.”! in.
“105P” 21.65 2,023 99.70 455 476 59 0078 5143 0088

The inhomogencously distributed voids were mostly small in size and spherically shaped with larger,
spherical to irregularly shaped voids also observed. A small amount of clusters of voids was observed
throughout the sample. In several smaller voids, secondary, internal deposits were observed as
coatings/linings, partial linings, tufts, and blooms of internally radiating fine, needle-like crystals with the
optical properties of the mineral, ettringite, CasAL(SO.):(OH) - 26 Ha0.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an obscrved topsize of 7/8 of an inch. The observed coarse aggregate was composed of
limestone particles including cherty and fossiliferous limestone particles. Several particles exhibited
internal fractures. Small amounts of microcracks were observed at a few aggregate peripheries as well as
small discontinuous zones of lighter-colored paste. In addition, discontinuous vencers of markedly darker
gray colored paste and mortar were observed at several aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, claystone, limestones, mica flakes and books, and
microcrystalline quartz chert particles. Although cherts are considered to be, at least, potentially reactive
with cement alkalis, no such reaction was observed.,

“110P”

GENERAL CONDITION: (Sec PLATES 4-6) The top surface exhibited a generally flat, soft, mostly
clastic, membrane/coating that was mostly gray in color with smaller arca exhibiting a dark gray color.
Water readily beaded on this surface. Many, partially exposed fine quartz aggregate particles, several
aggregate sockets, and many air-void septa were present at the exposed surface. The observed darker gray-
colored portions at the exposed surface were generally stiffet/less flexible than the lighter gray-colored
portions and exhibited very fine cracks as well. Very small amounts of yellow-colored material, presumed
10 be used for marking purposes, were also present at the exposed surface.
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In section, the observed membrane/coating ranged from approx. 1/32 up to 1/16 of an inch thick and was
composed of two apparent layers. The layer at/adjacent to the exposed surface ranged from a very thin film
up to approx. % of the total coating thickness and exhibited a small amount of small voids and several fine
agpregate particles. At the interface between the two apparent coating layers, no voids, separations, or
cracks were observed. The underlying layer (from approx. 1/2 of the total topping thickness to almost full
topping thickness) exhibited many small air-voids. The bottom surface of this layer was underlain by an
1/8 of an inch thick mortar. No voids, separations, or cracks were observed at this interface. The mortar
layer exhibited variable carbonation up to full mortar thickness. At the interface of this mortar layer and
the base concrete, no voids, separations, or cracks were observed. The upper surface of the base concrete
exhibited a continuous vencer of carbonated paste. A very small amount of microcracking was observed
throughout the sample. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and variegated from gray-light brown with a small-moderate amount of unhydrated
cement particles to light brown-dull gray in color, with a very small-small amount of unhydrated cement
particles. The lighter colored paste areas were softer than the darker colored paste areas. No fly ash, ground
granulated blast furnace slag or other pozzolanic materials were microscopically obsetrved.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 2:

TABLE 2
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Pastc % Length, Air, % I o L
Sample by vol, Points in, byvol. P/A 1 in in*! in
“110 p» 26,53 2,024 99.75 480 543 41 .011Y 3369 .0143

The inhomogeneously distributed voids were spherically shaped and ranged in size from small to large
with fewer, larger, irregularly shaped voids also present. A small amount of clustering of voids was
observed throughout the sample. In several smaller voids, secondary, internal deposits were observed as
coatings/linings, partial linings, tufts, and blooms of internally radiating fine, needle-like crystals with the
optical propertics of the mineral, ctiringite, CasAL(504):(0OH)12- 26 H;0.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of | inch. The observed coarse agaregate was composed of limestone
particles including cherty and fossiliferous limestone particles. Several particles exhibited internal
fractures. Small amounts of microcracks were observed at a few aggregate peripheries as well as small
discontinuous zones of lighter-colored paste. In addition, discontinuous veneers of markedly darker gray
colored paste and mortar were observed at several aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, claystone, limestones, and microcrystalline quartz chert
particles. Although cherts are considered to be, at least, potentially reactive with cement alkalis, no such
reaction was observed.

“127P1”

GENERAL CONDITION: (See PLATES 7-10) Upon receipt, the sample consisted of two heavily
fractured core portions that were taped together. A horizontally oriented fracture plane was present approx.
1-3/4 inches below the top surface. At this fracture surface and at the fracture surface of the bottom surface
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of the sample, many coarse aggregate particles were observed with reaction rims and “halo-like”, fine,
white deposils within the respective particles adjacent to aggregate edges. These white deposits exhibited
the optical properties if alkalic gels and carbonated alkalic gel. The top surface was generally flat and
exhibited numerous partially exposed, fine aggregate particles in a recessed paste mairix, Loosely adhered,
very fine, light brown “dust” as well as small amounts of small fragments of soft, rubbery black material
were also present. Most of the light brown “dust” (presumed to be debris from the coring procedure) and
some of the black material was easily washed from the surface. After washing, two fine cracks were
observed at the top surface. These cracks were infilled with a light brown-dull white material with some
properties of alkalic gel and carbonated alkalic gel. An approx. 1-inch diameter circular spot of yellow-
colored material, presumed to be used for marking purposes, was also present at the exposed surface.

In section, a continuous zone of carbonated paste was present and ranged in thickness from approx. 1716 up
to %4 of an inch(coinciding with a fine surface crack). A moderate-abundant amount of microcracking was
observed throughout the sample. Some of these microcracks were partially to completely infilled with
clear-off whitc material with similar optical propertics of alkalic gel and carbonated alkalic gel. The botiom
surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and variegated from pale brown with a very small amount of unhydrated cement particles
to dull white with very litile, if any, unhydrated cement particles. The lighter colored paste arcas were
softer than the darker colored paste areas. No fly ash, ground granulated blast furnace slag or other
pozzolanic malerials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 3:

TABLE 3
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol, Points in. byvol, P/A __n in, in,* in
“127 P17 23.31 2,008 98.95 324 719 34 0095 4196 .0130

The inhomogeneously distributed voids were spherically shaped and ranged in size from small to large
with fewer, larger, irregularly shaped voids also present. A small amount of clustering of voids was
observed throughout the sample. In numerous voids, secondary, internal deposits were observed. Partial to
complete infillings of clear-white material with similar optical properties of alkalic gel and
coatings/linings, partial tinings, tufts, and blooms of internally radiating fine, needle-like crystals with the
aptical properties of the mineral, ettringite, CasAL(SO):(OH)- 26 H,0 were observed. Some of these
deposits appeared to be concentrated within voids on void surfaces closest to the top surface, that is, on
“upper” portions of the voids with respect to the top surface of the sample.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coatse aggregate was composed of
limestone particles including cherty and fossiliferous limestone particles. Many particles exhibited internal
fractures as well as reaction rims. Moderate amounts of microcracks were observed at a fow apgrepate
peripheries and in the adjacent paste, Small, discontinuous-to-continuous zones of lighter-colored paste
were also observed at aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, siltstone, and microcrystalline quartz chert particles. Some of

CONFIDENTIAL PAGE 4 09/01/200%



THE ROCI DOCTOR

CONCIETE SOLUTIONS FOR CONCRETE PROBLEMS

the microcrystalline quartz chert particles exhibited reaction rims and internal fractures,
%127 p2»

GENERAL CONDITION: (Sce PLATES 11 and 12) The top surface was generally flat and exhibited
numerous partially exposed, fine aggregate particles in a recessed paste matrix, Loosely adhered, very fine,
light brown “dust” as well as a moderate amount of small fragments of soft, rubbery black material werc
also present. Most of the light brown “dust” (presumed to be debris from the coring procedure) and some
of the black material was easily washed from the surface. An approx. 1-inch diameter semi-circular spot of
yellow-colored material, presumed to be vsed for marking purposes, was also present at the exposed
surface.

In section, a continuous zonhe of carbonated paste was present and ranged in thickness from a veneer up to
approx. 3/32 of an inch. A very small amount of microcracking was observed. A zone at/near the top
surfacc (approx. 1/8 up to approx. 3/8 of an inch thick) was markedly less water absorptive than the bulk
paste and did not readily wet-out when water was applied. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately sofi-
moderately hard, and subtly varicgated from light brown-pale gray to light brown with a very small amount
of unhydrated cement particles. No fly ash, ground granulated blast furnace slag or other pozzolanic
materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 4:

TABLE 4
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % I o L
Sample by vol Poin(s in byvolL DP/A __n _in in. in
“127 p2” 22.65 1,996 58.40 266 852 55 0049 822.1 0072

The inhomogeneously distributed voids were mostly sphetically shaped and small in size with fewer,
larger, spherical to irregularly shaped voids also present. A small amount of clustering of voids was
observed throughout the sample. In several voids, sccondary, internal deposits were observed as
coatings/linings, partial linings, tufts, and blooms of internally radiating fine, needle-like crystals with the
optical properties of the mineral, etiringite, CacAl:(SO4):(OH)yz- 26 H,0.

COARSE AGGREGATE: The hiomogencously distributed coarse aggregate was angular-subangular in
shape with an observed topsize of 1-1/4 inches. The observed coarse aggregate was composed of limestone
particles including cherty and fossiliferous limestone particles. A fow particles exhibited small amounts of
internal fractures as well as reaction rims. One coarser aggregate particle exhibited cracks that paralleled
the aggregate periphery. Several paste portions adjacent to several aggregale particles exhibited lighter-
colored paste.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, siltstone, claystone, and microcrystalline quartz chert particles.
Although cheris are considered to be, at least, potentially reactive with cement alkalis, no such reaction
was observed.

“130 P1”
GENERAL CONDITION: (See PLATES 13 and 14) The top surface was generally flat and exhibited
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numerous partially exposed, fine aggregate particles in a recessed paste matrix. Loosely adhered, very fine,
light brown “dust” as well as a modcrate amount of small fragments of soft, rubbery black material were
also present. Most of the light brown “dust” (presumed to be debris from the coring procedure) and some
of the black material was easily washed from the surface. An approx. 1-inch diameter semi-circular spot of
yellow-colored material, presumed to be used for marking purposes, was also present at the exposed
surface.

In section, a continuous zone of carbonated paste was present and ranged in thickness from a veneer up to
approx. 1/16 of an inch., A small amount of microcracking was observed. A zone at/near the top surface
(approx. 3/8 up to approx. 3/4 of an inch thick) was markedly less water absorptive than the bulk paste and
did not readily wet-out when water was applied. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and variegated from pale gray with a small amount of unhydrated cement particles to
light brown with a very small amount of unhydrated cement particles. Lighter-colored arcas appeared to be
softer as compared to darker-colored areas of the paste. No fly ash, ground granulated blast furnace slag or
other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE &:

TABLE 5
ATR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol, Points in, byvol,_P/A__n In. in.! in
“130 P1” 18.89 2,028 99.95 6.7 282 61 0110 364.0 0077

The inhomogeneously distributed voids wete mostly spherically shaped and ranged from small to large in
size with fewer, larger, irregularly shaped voids also present. A moderate amount of clustering of voids
was observed throughout the sample. In several smaller voids, secondary, internal deposits were observed
as coatings/linings, partial linings, tufts, and blooms of internally radiating fine, needle-like crystals with
the optical properties of the mineral, cttringite, CasAl(SOs):(OH)a 26 H:0. A small amount of cleat-
white material deposits with the optical properties of alkalic gel were observed as partial linings and
coatings in several voids.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subangular in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of
limestone particles including cherty and fossiliferous limestone particles. Many particles exhibited small
amounts of internal fracturcs as well as reaction rims. Several paste portions adjacent to several aggregate
particles exhibited lighter-colored paste.

FINE AGGREGATE: The homogeneously distributed fine aggregale was angular-rounded in shape and
was composed of quartz, feldspar, granites, siltstone, and microcrystalline quartz chert particles. Several
particles exhibited internal fractures.

“130 P2”

GENERAL CONDITION: (See PI.ATES 15-17) Upon receipt, the sample consisted of two heavily
fractured corc portions that were taped together. A horizontally oriented fracture Pplane was present approx.
2 inches below the top surface. At this fracture surface and at the fracture surface of the bottom surface of
the sample, a few coarse aggregate particles were observed with reaction rims and “halo-like”, fine, white
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deposits within the respective patticles adjacent to aggregate edges. These white deposits exhibited the
optical properties if alkalic gels and carbonated alkalic gel. The top surface was gencrally flat and
exhibited numerous partially exposed, fine aggregate particles in a recessed paste matrix. Loosely adhered,
very fine, light brown “dust” as well as a moderate amount of small fragments of soft, rubbery black
material were also present. Most of the light brown “dust” (presumed to be debris from the coring
procedure) and some of the black material was easily washed from the surface. Afier washing, a few, fine
cracks were observed at the top surface. These cracks were partially infilled with a light brown-dul! white
material with some properties of alkalic gel and carbonated alkalic gel. Small amounts of yellow-colored
material, presumed to be used for marking purposes, was also present at the exposed surface.

In section, a continuous zone of carbonated paste was present and ranged in thickness from a veneer up to
approx. 1/8 of an inch, An abundant amount of microcracking was observed throughout the sample
transceting paste and aggregate particles. The bottom surface was a fractured surface,

CEMENTITIOUS MATRIX: The cement pastc matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from light brown-pale gray with a small amount of unhydrated
cement particles to light brown with a very small amount of unhydrated cement particles. Lighter-colored
arcas appeared to be softer as compared to darker-colored areas of the paste. No fly ash, ground granulated
blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 6:

TABLE 6
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % L ) L
Sample by vol, Points in, byvol, P/A  n _in in,! i,
“130 p2” 25.60 2,051 100.85 458 559  31. 0147 2726 0179

The inhomogeneously distributed voids were mostly spherically shaped and ranged from small to large in
size with fewer, larger, irregularly shaped voids also present. A moderate amount of clustering of voids
was observed throughout the sample. In several smaller voids, secondary, internal deposits were observed
as coatings/linings, partial linings, tufts, and blooms of internally radiating fine, needle-like crystals with
the optical propertics of the mineral, cttringite, CagAl(S04)s(0H)12 26 H20. A small amount of clear-
white material deposits with the optical properties of alkalic gel were observed as partial linings and
coatings in several voids.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subangular in
shape with an observed topsize of [-1/8 inches, The observed coarse aggregate was composed of limestone
particles including cherty and fossiliferous limestone particles. Several particles exhibited small amounts
of internal fractures as well as reaction rims. Several paste portions adjacent to several aggregate particles
exhibited lighter-colored paste.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, siltstone, and limestone particles.
Several particles exhibited internal fractures.

CC134 P”

GENERAL CONDITION: (See PLATES 18 and 19) The top surface was generally flat and exhibited
numerous partially exposed, fine aggregate particles in a recessed paste matrix. Loosely adhered, very fine,
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light brown “dust” as well as small amounts of small fragments of soft, rubbery black material were also
present, Most of the light brown “dust” (presumed to be debris from the coring procedure) and some of the
black material was easily washed from the surface. After washing, one fine crack were observed roughly
bisecting the top surface. This crack was infilled with a light brown-dull white material with some
propertics of alkalic gel and carbonated alkalic gel. An approx. 1-inch diamecter circular spot of ycllow-
colored material, presumed to be used for marking purposes, was also present at the exposed surface. An
approximately 2 X % of an inch portion of the top surface adjacent to the core edge was a fractured
surface.

In scction, a veneer of carbonated paste was obscrved with a localized, V-shaped zone of carbonated pastc
adjacent to a vertically oriented crack from the top surface to an approx. depth of % of an inch. A zone
at/near the top surface (approx. 3/8 up to approx. 5/8 of an inch thick} was markedly less water absorptive
than the bulk paste and did not readily wet-out when water was applicd. A small amount of microcracking
was observed throughout the sample. Some of these microcracks were partially to completely infilled with
clear-off whitc material with similar optical propertics of alkalic gel and carbonated alkalic gel. The bottom
surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and variegated from light brown-pale gray with a small-moderate amount of unhydrated
cemett particles to light brown with a very small to small amount of unhydrated cement particles. The
lighter coloted paste areas were slightly softer than the darker colored paste areas. No fly ash, ground
granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 7:

TABLE 7
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % l o L
Sample by vol, Points in byvol, P/A  n __in, in! in,
“134 P» 23.13 2,010 98.80 562 412 6.0 0093 4292 .0096

The inhomogeneously distributed voids were spherically shaped and ranged in size from small to large
with fewer, larger, irrcgularly shaped voids also present. A small amount of clustering of voids was
observed throughout the sample. In several voids, secondary, internal deposits were observed. Partial to
complete infillings of clear-white material with similar optical properties of alkalic gel were observed as
well as coatings/linings, partial linings, tufts, and blooms of internally radiating fine, needle-like crystals
with the optical properties of the mineral, ettringite, CasAl(SO.):(OH)12' 26 11,0,

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of
limestone particles including cherty and fossiliferous limestone particles. Several particles exhibited
reaction rims. A few particles cxhibited internal fractures. Small, discontinuous-to-continuous zoncs of
lighter-colored paste were also observed at a few aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, siltstone, limestone, and microcrystalline quartz chert particles.
Several particles exhibited internal fractures.

CONFIDENTIAL PAGE 8 09/0°7 /2007



THE ROGK DOCTOR

CONCRETE SOLUTIONS FOR CONCRLTE FROBLEMS

“135 P”

GENERAL CONDITION: (See PLATES 20 and 21) The top surface was generally flat and exhibited a
few fine aggregate sockets, numerous partially exposed, fine apgregate particles in a recessed paste matrix.

- Looscly adhered, very fine, light brown “dust” as well as small amounts of small fragments of soft, rubbery

black material were also present. Most of the light brown “dust” (presumed to be debris from the coring
procedure) and some of the black material was casily washed from the surface. An approx. 1-inch
diameter circular spot of yellow-colored material, presumed to be used for marking purposes, was also
present in the central portion of the top, exposed surface.

In section, a vencer up to approx. 1/16 of an inch zone of carbonated paste was observed. A zone at/near
the top surface (approx. 3/32 up to approx. 3/8 of an inch thick) was markedly lcss water absorptive than
the bulk paste and did not readily wet-out when water was applied. A small amount of microcracking was
observed throughout the sample. Some of these microcracks were partially to completely infilled with
clear-off white material with similar optical properties of alkalic gel and carbonated alkalic gel, The bottom
surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
ntoderately hard, and variegated from light brown-pale gray with a small amount of unhydrated cement
particles to light brown with a very small amount of unhydrated cement particles. The lighter colored paste
areas were slightly softer than the darker colored paste areas. No fly ash, ground granulated blast furnace
slag or other pozzolanic matcrials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE &:

TABLE 8
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol, Points in byvol, P/A.___n__in in! in,
“135 ¢~ 2048 2,070 102 415 494 58 0071 559.7 .0082

The inhomogeneously distributed voids were spherically shaped and ranged in size from small to large
with several, larger, irregularly shaped voids also observed. A small amount of clustering of voids was
observed throughout the sample. In several voids, secondary, internal deposits were observed. Partial to
complete infiflings of clear-white material with similar optical properties of alkalic gel were observed as
well as coatings/linings, partial linings, tufis, and blooms of internaly radiating fine, needle-like crystals
with the optical properties of the mineral, etiringite, CagAl(SO,)(0OH) 12 26 H,0.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of
limestone particles including cherty and fossiliferous limestone particles. Many particles exhibited reaction
rims. A few particles exhibited internal fractures. Small, discontinuous-to-continuous zones of lighter-
colored paste were also observed at a few aggregate peripheries,

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composcd of quartz, feldspar, granites, siltstone, limestone, and microcrystalling quartz chert particles.
Several particles exhibited internal fractures.
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DISCUSSION & CONCLUSION

We reccived cight core portions of hardened concrete to determine the general condition of the concrete(s).
It was reported that the submitted samples were taken from field level seating areas. Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
could be identified prior to any concrete repairs or replacements. Several digital photographs were also
submitted. Mix designs were not available at the time of this writing:

The air-void system parameters for all samples are listed below in TABLE 9

TABLE 9
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM

Paste % Length, Air, % | o L
Sample by vol, Points in, byvol. P/A n in, in,! in
“105P” 21.65 2,023 99.70 455 476 59 0078 5143 0088
“110 P* 26.53 2,024 99.75 489 543 41 0119 3369 .0143
“127 P17 2331 2,008 . 9895 324 719 34 0095 4196 .0130
“127 P2” 22.65 1,996 98.40 266 852 55 0049 822.1 .0072
“130 P17 18.89 2,028 99.95 6.71 282 6.1 0110 3640 .0077
“130 P2» 25.60 2,051  100.85 4.58 559 31 0147 2726 0179
“134 P” 23.13 2,010 98.80 562 412 6.0 .0003 4202 0096
“135 p” 2048 2,070 102.00 415 494 58 0071 5597 0082

According to ACI and PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usually
1s air-cptrained (air content of 3-7% by volume), manufactured with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi,

The examined samples are considered to be air-entrained except “127 P27,

Overall, the observed coarse aggrepate cxhibited reaction rims {except in Samples “105P”and “110
P”) and internal fractures. Alkalic gel deposits were observed in Samples “127 P17, “130 P17, “130
P27, “134 P”, and “135 P”. Sample “127 P1” cxhibited fine aggregate particles with reactions rims.
Internal fractures were observed in the finer aggregate portions of Samples “127 P17, “130 P1”, “130
P27, “134 P, and “135 P”. These features strongly suggest that the collective aggregates should not
be considered “durable” due to susceptibility to alkali-silica reactivity.

The determined spacing factors for Samples “127 P2” and “130 P1” were under (acceptable) the
recommended, industry standard limit maximum of 0,0080 inches, are are considered {o be adequate
for exposure in a watcr-saturated, cyclic, fiecze-thaw environment. The determined spacing factor for
Samples “135 P”and “105 P” arc marginal, that is, slightly over the recommended, industry standard
limit maximum of 0,0080 inchcs. The remaining samples cxhibited spacing factors over the
recommended, industry standard limit maximum of (.0080 inches, and should not be considered to be
adequate for durability in a water-saturated, cyclic, frecze-thaw environment.

The compressive sirength(s) of the concrete represented by this sample/mix design is unknown and
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comments regarding this will not be made.

All Portland cement based concretes will carbonate over time. When carbonation occurs early in the life of
the concrete, the strength development of the affected arca can be compromised. The samples exhibited
various depths of carbonated paste. However, the carbonated zones and the respective bulk pastes exhibited
similar hardnesses. This suggests that the carbonation had occurred over the service lives of the concretes.

The presence of ettringite is commonly associated with the occurrence of ASR. The presence of ettringite
that has formed due to DEF is associated with precast members that have been exposed to high curing
temperatures. It should be noted that ettringite is common in Portland cement based concretes and its
presence alone is not indicative of sulfate attack. Tt must be chemically established that the sulfate content
of the concrete is greater than would be supplied by the original sulfate content of the cement.

Basced on this examination, the most possible cause of the reported distress, as represented by the submitted
samples, is active alkali-aggregate reactivity. Based on this examination and observations including
ageregate features and the presence/degree of observed microcracking, the general conditions deemed:

Poor — Samples “127P1” and “130P2” {Companion Samples “127P2* and “130P1” exhibited
markedly lower amounts of microcracking. Difforences in exposure conditions, especially
exposure to water, can account for these apparent physical changes in condition.)

Fait/Poor — Samples “134P”, and “135P” exhibited small amounts of microcracking and fewer
aggregate particles exhibiting reaction characteristics.

Fair — Samples “105P”and “110P” exhibited very small amounts of microcracking and fewer
aggregate particles exhibiting reaction/distress characteristics.

Inadequate air-void systems can be likely contributing factors to deficiencies or potential failure and/or
further degradation.

It must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, pootly crystalline
or metastable silica minerals, volcanic or artificial glasses, and other siliceous-bearing aggregates (e.g.,
opal, chalcedony, cherts, rhyolites, dacites, etc.) and the alkalis from Portland cement paste or external
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
and/or expansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to occur. If one of these components is not
present, the reaction will not occur. Differences in exposure conditions, especially exposure to water, can
account for apparent physical changes in condition of the examined samples.

RECOMMENDATIONS

1) Replace existing concrete with new concrete — likely the most expensive and time consuming
alternative. Possibly the most effective way of controlling expansion due to ASR is to design mixtures
specifically to control ASR, preferably using locally available materials. The use of newer, faster test
methods can be utilized for initial screening to qualify concrete mixtures. Current practices include the
use of a supplementary cementing material or blended cement proven by testing to help control ASR or
limiting the alkali content of the concrete. Supplementary cementing materials include fly ash, ground
granulated blast-furnace slag, silica fume, and natural pozzolans. Blended cements use slag, fly ash,
silica fume, and natural pozzolans to help control ASR. Low-alkali Portland cement with an alkali
content of not more than 0,60% (equivalent sodium oxide) can be used to help control ASR. When
pozzolans, slags, or blended cements are used to control ASR, expansion usually decreases as the
dosage of the pozzolan or slag increases. Lithium-based admixtures are also commercially available to
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help control ASR. Manufacturers of these admixtures can be very helpful in designing/testing new
concrete mixtures.

2) Treat/repair in-place slabs to get more service life from the existing concrete. There are some techniques
available that can help extend the service life of the ASR affected structure. To aid in minimizing firure
damage/reaction to the slab:

« Provide adequate or improved drainage (to minimize availability of moisture).

Apply claddings or coatings to further limit moisture ingress.

Treat existing cracks to minimize future expansion (and direct moisture ingress).

Avoid future use of deicing salts/alkali solutions that will increase alkali content of the concrete.
Restrain or confinc ecxpansion of structural clement.

Chemically suppress ASR using lithium compounds

. & @ »

If the ASR is left unchecked, expansion will continuc until moisture is removed, the source of alkalis is
depleted, or the reactive silica components are consumed. Treatment(s) of serviceable base concretes (after
proper surface preparations) with a lithium-based product, such as lithium niirate, to mitigate, slow, and
chemically suppress ASR is recommended. It is not completely known or understood why lithium works in
combating ASR. 1t is believed that lithium forms a gel that is non-expansive, i.e. does not absorb water,

Techniques used achieve enhanced penetration of lithium compounds into the concrete matrix and
cffectively reduce the potential for further ASR arc listed below. Common application methods to
chemically suppress ASR using lithium compounds in existing structures ate:

» Electrochemical injection

« Pressure Injection

«  Vacuum impregnation

» Topical applications by spraying and/or ponding. This method is usually the least expensive. Repeated
applications to insure adequate penctration of the solution is common.

Once a mitigation solution has been applicd, then patching and repairs can be conducted using traditional
concrete repair technologics. Traditional repairs using Portland cement based materials may fail by
enhancing or increasing ASR distress in the hardened concrete by supplying a fresh source of alkali. Beter
results are usually obtained when the cementitious systems used in the repair also incorporates a lithium
nitrate admixture.

Ve
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1. R. Varga, Concrete Petrographer
The Rock Doctor, Inc.

EXTERNAL RESOURCES

Please consult your documentation for portal access information (password-protected).
! »  QOnline version of this report (PDF):
! hilp://www, rock=doclor,com/elisnls/oorney /07083101 / reporl. 07083101 Group 1. pdf

»  QOnline version of Plates 1-10 (PDF}:
hitp: //www, rock-doctor, com/elienls/Lourney /07083101 /plates 07063101 1 _10.pdff
+ Online version of Plates 11-17 (PDF):

http: //www.rock-doctor, com/glients/tourney/07083101/plates 07083101 11 L7.pdf

+  Online version of Plates 18-21 report (PDF):
httn://www.rock~ductnr.com/c1ienhﬁ/tournﬂv/07083101/nlat95407093101718”21.pdf
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W.0.#: 07-08-31-01 / TCG 0756
__.S_AMPLE “105P”
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PLATE1
TOP SURFACE

PLATE 2

PREPARED SURFACE
YELLOW BOX SHOWN IN PLATE 3

PLATE 3
PREPARED SURFACE SHOWING FINE, CONTINUOUS
CRACK AT TOPPING SYSTEM:BASE CONCRETE
INTERFACE



W.0.#: 07-08-31-01 / TCG 0756

PLATE 4
TOP SURFACE

PLATE 5
PREPARED SURFACE
YELLOW BOX SHOWN IN PLATE 6

PLATE 6
PREPARED SURFACE SHOWING INTERFACES OF TOPPING: MORTAR AND
MORTAR:BASE CONCRETE



W.0.#: 07-08-31-01 / TCG 0756
SAMPLE “127 P17

PLATE 7

TOP SURFACE

PLATE 9 PLATE 8

ALKALIC GEL DEPOSIT IN LARGER VOID VELL Oﬂ%ﬁﬁl’o&ﬁfﬁ% ATE 10
SOME VOID INFILLINGS SHOWN BY
YELLOW ARROWS

PLATE 10
PREPARED SURFACE SHOWING LOCALIZED CRACKS AND
DISTRESS IN AGGREGATES AND ADJACENT PASTE



W.0.#: 07-08-31-01 / TCG 0756
SAMPLE “127 P2”

PLATE 11
TOP SURFACE

PLATE 12
PREPARED SURFACE
YELLOW ARROWS SHOWN PENCIL LINE THAT
DENOTES LESS WATER ABSORPTIVE PORTION
OF SAMPLE ADJACENT TO TOP SURFACE
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PLATE 13
TOP SURFACE

PLATE 14
PREPARED SURFACKE
YELLOW ARROWS SHOWN PENCIL LINE THAT
DENOTES LESS WATER ABSORPTIVE
PORTION OF SAMPLE ADJACENT TO TOP
SURFACE
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W.0.#: 07-08-31-01 / TCG 0756

SAMPLE “130 P2”

PLATE 15
TOP SURFACE

PLATE 16
PREPARED SURFACE
YELLOW BOX SHOWN IN PLATE 17

2 &

%]

“PLATE 17
PREPARED SURFACE SHOWING CRACKING/MICROCRACKING
SOME ALKALIC GEL DEPOSITS S SHOWN BY YELLOW ARROWS

NOTE: MANY VOIDS INFILLED WITH ALKLAIC GELS AND/OR ETTRINGITE



W.0.#: 07-08-31-01 / TCG 0756
SAMPLE “134 P”
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PLATE 18
TOP SURFACE

PLATE 19
PREPARED SURFACE
YELLOW ARROWS SHOWN PENCIL LINE THAT
DENOTES LESS WATER ABSORPTIVE PORTION OF
SAMPLE ADJACENT TO TOP SURFACE
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SAMPLE “135 P”

PLATE 20
TOP SURFACE

[ ——

PLATE 21
PREPARED SURFACE
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W.0.4#: 07-08-31-01 ADDENDUM
YELLOW STAINED AREAS OF INTEREST ARE SHOWN BY WHITE ARROWS

PLATE 1
SAMPLE “134 P*
|
w
|
|
| PLATE 2

SAMPLE “135 P»




W.0.#: 07-08-31-01 ADDENDUM

THIN SECTION VIEWS OF PORTIONS OF COARSE AGGREGATE PARTICLES
UNDER CROSSED NICOLS
YELLOW ARROWS SHOW MICROCRYSTALLINE SILICA

PLATE 3

PLATE 4




W.0.#: 07-08-31-01 ADDENDUM

PLATE 5
THIN SECTION
VIEW OF PORTION OF COARSE
AGGREGATE PARTICLE
UNDER PLANE POLARIZED LIGHT

PLATE 6
THIN SECTION
VIEW OF PLATE 5
UNDER CROSSED NICOLS
YELLOW ARROW SHOWS
MICROCRYSTALLINE SILICA



THE ROGK DOCTOR

CONCILEYE SOLUTIONS I'GR CONCRITE PROBLEMS

PETROGRAPHIC REPORT

DATE: September 14, 2007

WORK ORDER: 07-08-31-01 / Group 2 Pedestrian Ramps

CLIENT: Tourney Consulting Group / TCG 0756 Kauffimann Stadium
PREPARED BY: Jeffrey R. Varga, Concrete Petrographer, The Rock Doctor, Inc.
INTRODUICTION

We received six core portions of hardened concrete to determine the general condition of the concrete(s).
The core portions were marked “LR FIELD P”, “RR FIELD P”, “RR CLUB P”, “LR CLUB P”, “RR
VIEW P”, and “LR VIEW P”. The core portions measured, in length, approximately 5-3/4, 5-1/4, 6, 5-
1/4, 5-1/2, and 5-1/2, inches, respectively. The core portions were approximately 3-1/8 inches in diameter.

It was reported that the submitted samples were taken from pedestrian ramp areas. Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
could be identified prior to any concrete repairs or replacements. Mix designs were not available at the
time of this writing.

SAMPLE PREPARATION AND METHODS

The core samples were cut in half, approximately perpendicular to the top surfaces. The cut surfaces were
ground using water and abrasive materials following our standard procedure. The air-void system
parameters were determined following the guidelines of ASTM C 457-06 “Stancard Test Method Jor
Microscopical Determination of Parameters of the Air-Void System in Hardened Concrete”. The modified
point count method was utilized with a magnification of 100 diameters.

The unprepared samples were partially immersed in water for at least three days to mobilize any alkalic
gels present. The cut surfaces of the core portion samples were not immersed in water.

The prepared and unpreparcd samples were cxamined following the guidelines of ASTM C 856-04
“Standard Practice for Petrographic Examination of Hardened Concrete”.

RESULTS OF PETROGRAPHIC EXAMINATION
“LR FIELD P”

GENERAL CONDITION: (See PLATES 1 and 2) The top surface was generally flat and exhibited a rough
broomed finish with numecrous partially exposed, fine aggregate particles in a slightly recessed paste
matrix. Moderate amounts of small fragments of soft, rubbery black material were also present. Some of
the black material could be easily washed from the surface. An approx. 1-inch diameter circular spot of
yellow-colored material, presumed to be used for marking purposes, was also present at the exposed
surface,

In scction, a continuous zone of carbonated paste up to approx. 1/16 of an inch was observed. A small
amount of microcracking was observed throughout the sample. Most of these microcracks werc partially to
completely infilled with white material with similar optical properties of alkalic gel and carbonated alkalic
gel. The bottom surface was a fractured surface.
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CEMENTITIOUS MATRIX: The cement pastc matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from light brown-pale gray in color with a small amount of
unhydrated cement particles to dull white-light brown with a very small amount of unhydrated cement
particles. The lighter colored paste arcas were slightly softer than the darker colored paste areas, No fly
ash, ground granulated blast furnace slag or other pozzolanic materials were microscopically obscrved.

AIR-VOID CONTENT: The air-void systeim parameters are listed below in TABLE 1:

TABLE 1
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol, Points in byvol. P/A___n in, in.? in.
“LR FIELD P> 18.01 2,049 100.90 444 406 3.7 0121 3294 0123

The homogencously distribuied voids were small in size and sphericaily shaped with larger, spherical-
irregularly shaped voids also present. A small amount of clustering of voids was observed throughout the
sample. In numerous voids, secondary, internal deposits were observed as thin coatings of clear-white
material that exhibited optical properties similar to alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 1 inch. The observed coarse aggregate was composed of limestone
particles including cherty and fossiliferous limestone particles. A few particles exhibited internal fracturcs
and scveral fossiliferous limestone particles cxhibited reaction rims with localized light brown staining in
the adjacent cement paste at aggregate peripheries. One separation/crack was observed at a paste:aggrogate
interface.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, fcldspar, granites, limestone, and microcrystalline quartz chert particles. A
continuous separation was observed at the paste:aggregate interface of one fine limestone patticle.

“RR FIELD P”

GENERAL CONDITION: (Sce PLATES 3-6) The top surface was generally flat and exhibited a shallow
broomed finish with numerous partially exposed, fine aggregate particles in a recessed paste matrix.
Abundant amounts of small fragments of soft, rubbery black material werc also present. Some of the black
material could be easily washed from the surface. Loosely adhered, very fine, light brown “dust”
(presumed to be debris from the coring procedure) was also present and was casily washed from the
surface. An approx. 1-inch diameter circular spot of yellow-colored material, presumed to be used for
marking purposes, was also present at the exposed surface.

In section, a continuous zone of carbonated paste that ranged from approx. 1/16 of an inch up to approx.
3/32 of an inch was obscrved. A small-moderate amount of microcracking was observed throughout the
sample. Most of these microcracks were partially to completely infilled with white material with similar
optical propertics of alkalic gel and carbonated alkalic gel. The bottom surface was a fracturcd surface.

CEMENTITIOUS MATRIX: The cement pastc matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from-pale gray-light brown in color with a small amount of
unhydrated cement particles to light pray-dull white with a very small amount of unhydrated cement
particles. The lighter colored paste arcas were slightly softer than the darker colored paste areas. No fly
ash, ground granulated blast furnace slag or other pozzolanic materials were microscopically observed.
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AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 2:

TABLE 2
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE ATR-VOID SYSTEM
Paste % Length, Air, % [ o L
Sample by vol Points in. byvol. P/A___ m in. in,”* in
“RR FIELD P" 22.55 2,004 99.00 833 271 62 .0135 2053 0092

The inhomogeneously distributed voids were mostly small in size and spherically shaped with fewer,
larger, spherical-irregularly shaped voids also present. A small amount of clustering of voids was observed
throughout the sample. In numerous voids, secondary, internal deposits were observed as partial
coatings/linings of clear to dull white material that exhibited optical properties similar to alkalic
gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregatc was angular-subrounded in
shape with an observed topsize of 1 inch. The observed coarse aggregate was composed of limestone
particles including cherty and fossiliferous limestone particles. A few particles exhibited reaction rims.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, and limestone particles. A few
chett particles exhibited reaction rims, internal fractures, and localized, clear alkalic gel exudations.

“RR CLUB P”

GENERAIL CONDITION: (Sec PLATES 7-9) The top surface was generally flat and exhibited a very
shatlow broomed finish with numerous partially exposed, fine aggregate particles in a recessed paste
matrix. Small amounts of small fragments of soft, rubbery black material were also present. Some of the
black material could be easily washed from the surface. Loosely adhered, very fine, light brown “dust”
(presumed to be debris from the coring procedure) was also present and was easily washed from the
surface. An approx. l-inch diameter circular spot of yellow-colored material, presumed to be used for
marking purposes, was also present at the exposed surface.

In scction, a continuous zonc of carbonated paste that ranged from a veneer up to approx. 1/8 of an inch
was observed. A small-moderate amount of microcracking was observed throughout the sample. Most of
these microcracks were partially to completely infilled with white-light brown material with some optical
propetties of alkalic gel and carbonated alkalic gel. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and pale gray-light brown in color with a very small-small amount of unhydrated cement
particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 3:
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TABLE 3
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % I o L
Sample by vol. Poinis in. byvol. P/A_ n _ _jn in.? in
“RRCLUB P” 16.83 2,044 100.80 822 205 6.8 .0120 3322 .0062

The inhomogeneously distributed voids were mostly small in size and spherically shaped with larger,
spherical-irregularly shaped voids also present. Fewer, larger, irregularly shaped voids were also observed.
A moderate amount of clustering of voids was observed throughout the sample. In many voids, secondary,
internal deposits were observed as partial coatings/linings of dull white material that exhibited optical
properties similar to alkalic gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of
limestone particlcs including cherty and fossiliferous limestone particles. A few particles exhibited reaction
rims as well as internal fracturcs.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, limestone, and microcrystalline quartz chert particles. A
continuous separation was observed at the paste:aggregate interface of one fine limestone particle. A few
limestone particles exhibited reaction rims and internal fractures. Adjacent to one finer limestone particle, a
separation at the pasie:aggregate interface was observed around the entire particle, A few chert particles
exhibited reaction rims.

“LR CLUB P”

GENERAL CONDITION: (Seec PLATES 10 and 11) The top surface was gencrally flat and exhibited
numerous partially exposed, finc aggregate particles in a recessed paste matrix. Moderate amounts of small
fragments of soft, rubbery black material were also present. Some of the black material could be easily
washed from the surface. An approx. 1-inch diameter circular spot of yellow-colored material, presumed
to be used for marking purposes, was also present at the exposed surface.

In section, a continuous zone of carbonated paste that ranged from a veneer up to approx. 1/16 of an inch
was observed. A small amount of microcracking was observed throughout the sample. Most of these
microcracks were partially to completely infilled with dull white-light brown material with some optical
properties of alkalic gel and carbonated alkalic gel. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and light gray-pale brown in color with a small-moderate amount of unhydrated cement
particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 4:
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TABLE 4
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE ATR-VOID SYSTEM
Paste % Length, Air, % i [V L
Sample by vol Points in byvol, P/A___ n in. in! in
“LR CLUBP” 20.03 2,052 101.20 595 367 8.2 .0073 550.5 .0061

The inhomogeneously distributed voids were mostly small in size and spherically shaped with larger,
spherical-irregularly shaped voids also present. A moderate amount of clustering of voids was observed
throughout the sample. In many voids, secondary, internal deposits were observed as partial
coatings/linings of white material that exhibited optical properties similar to alkalic gel/carbonated alkalic

gel.

COARSE AGGREGATE: Thc homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 1-1/8 inches. The observed coarse aggregate was composed of limestone
particles including cherty and fossiliferous limestone particles. A fow particles exhibited reaction rims as
well as internal fractures.

FINE AGGREGATE: The homogeneously distributed finc aggregate was angular-subrounded in shape and
was composed of quartz, granites, feldspar, and microcrystalline quartz chert particles. Several particles
exhibited internal fractures.

“RR VIEW P”

GENERAL CONDITION: (See PLATES 12-15) The top surface was generally flat and exhibited
nunierous partially exposed, fine aggregate particles and one coarser limestone aggregate particle in a
recessed paste matrix. Very small amounts of adhered gray material (presumed to be from a previously
applied coating/membranc) were also present at the exposed surface. Loosely adhered, very fine, light
brown “dust” as well as a small-moderate amount of soft, rubbery black material fragments were also
present. Most of the light brown “dust” (presumed to be debris from the coring procedure) and some of the
black material was easily washed from the surface. An approx. l-inch diameter circular spot of yellow-
colored material, presumed to be used for marking purposes, was also present at the exposed surface,

In section, a discontinuous vencer of carbonated paste was observed ranged up to approx. 1/16 of an inch
thick. A small amount of microcracking was observed throughout the sample. Most of these microcracks
were partially to completely infilled with dull white material wifh some optical propertics of alkalic gel and
carbonated alkalic gel. After immersion in water, the sample trimming exhibited alkalic gel exudations on
the core edge as well as on the cut surface over a fine aggregate particle. The bottom surface was a
fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from light brown-pale gray in color with a small amount of
unhydrated cement particles to lght brown-dull white in color with a very small amount of unhydrated
cement particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically obscrved.

AIR-VOID CONTENT: The air-void system parameters arc listed below in TABLE 5:
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TABLE 3
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % I o I
Sample hy vol. Points in, byvol. P/A__ = in. in.! in
“RR VIEW P” 2239 2,014 9925 546 410 52 0105 380.8 .0108

The inhomogeneously distributed voids were small to large in size and spherically shaped with fewer,
larger, irregularly shaped voids also present. A small-moderate amount of clustering of voids was
observed throughout the sample. In many voids, secondary, internal deposits were observed as partial
coatings/linings of dull white material that exhibited optical properties similar to alkalic gel/carbonated
alkalic gel.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of
limestone particles including cherty and fossiliferous limestonc particles. A fow particies exhibited reaction
rims as well as internal fractures. A few fossiliferous limestone particles exhibited reaction rims with
localized light brown staining in the adjacent cement paste at aggregate peripheries,

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, granites, feldspar, microcrystalline quartz chert, and claystone particles. Several
particles exhibited internal fractures and a few exhibited reactions rims.

“LR VIEW P”

GENERAL CONDITION: (See PLATES 16 and 17) The top surface was generally flat and exhibited
numerous partially exposed, fine aggregate particles and a few partially exposed, coarser limestone
aggregate particles in a recessed paste matrix. Loosely adhered, very fing, light brown “dust” as well as a
small amount of soft, rubbery black material fragments were also present. Most of the light brown “dust”
(presumed to be debris from the coring procedure) and some of the black material was casily washed from
the surface. An approx. 1-inch diameter circular spot of yellow-colored material, presumed to be used for
marking purposes, was also present at the exposed surface.

In section, a continuous zone of carbonated paste was observed up to a maximum thickness of approx. 1/8
of an inch. A moderate amount of microcracking was observed throughout the sample. Most of these
microcracks were partially to completely infilled with light brown-dull white material with some optical
properties of alkalic gel and carbonated alkalic gel. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and light brown-pale gray in color with a very small-small amount of unhydrated cement
particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 6:

CONFIDENTIAL PAGE & 0941472007



THE ROCK DOCTOR

CONRCRETE SOLUTIONS TOR CONCRETE PRODLEMS

TABLE 6
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol Points in byvol. P/A_ n__ in in in
“LR VIEW P 16.16 1,980 97.60 9.65 1.68 87 0111 3599 .0047

The inhomogeneously distributed voids were mostly small in size and spherically shaped with fewer,
larger, spherical-irregularly shaped voids also present. A moderate-abundant amount of clustering of voids
was observed throughout the sample. In many voids, secondary, internal deposits were observed as partial
coatings/linings of dull white material that exhibited optical properties similar to alkalic gel/carbonated
alkalic gel.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of I inch. The observed coarse aggregate was composed of limestone
particles including cherty and fossiliferous limestonc particles. A few particles exhibited reaction rims as
well as internal fracturcs. A fow fossiliferous limestone particles cxhibited reaction rims with localized
light brown staining in the adjacent cement paste at aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, granites, feldspar, microcrystalline quartz chert, and claystone partictes. A few
particles exhibited internal fractures and reactions rims.

DISCUSSION & CONCLUSION

We received six core portions of hardened concrete to determine the general condition of the concrete(s).
It was reported that the submitted samples were taken from pedestrian ramp areas.  Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
could be identified prior to any concrele repairs or replacements. Mix designs were not available at the
time of this writing,

The air-void system parameters for all samples are listed below in TABLE 7:

TABLE 7
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol, Points i1, byvol, _P/A  _n in, in* in,
“LRFIELD p* 18.01 2,049 100.90 444 406 37 0121 3294 0123
“RR FIELD P” 22.53 2,004 99.00 8.33 271 62 0135 2953 0092
“RRCLUBP” 16.83 2,044 100.80 8.22 205 68 0120 3322 .0062
“LR CLUB P 20.03 2,052 101.20 5.95 3.67 82 0073 3505 .0061
“RR VIEW P” 2239 2,014 99.25 546 410 52 0105 3808 .0108
“LRVIEW P” 16.16 1,980 97.60 9.65 168 87 0111 3599 0047
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According to ACI and PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usually
is air-entrained (air content of 3-7% by volume), manufactured with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi.

- The examined samples arc considered to be air-entrained.

- Overall, the observed fine and coarse aggregates exhibited reaction rims and internal fractures. Alkalic
gel deposits were observed in all samples as well as marked gel exudations after water immersions for
samples with the “RR” designation (Samples “RR FIELD P”, “RR CLUB P”, “RR VIEW P”»).
These features strongly suggest that the collective aggregates should not be considered “durable” due to
susceptibility to/ongoing alkali-silica reactivity.

~ The determined spacing factors for Samples “RR CLUB P”, “LR CLUB P”, and “LR VIEW P”
were under (acceptable) the recommended, industry standard limit maximum of ¢.0080 inches, are are
considered to be adequate for exposurc in a water-saturated, cyclic, ficeze-thaw environment. The
remaining samples exhibited spacing factors over the recommended, industry standard limit maximum
of 0.0080 inches, and should not be considered o be adequate for durability in a water-saturated,
cyclic, freeze-thaw environment.

- The compressive strength(s) of the conerete represented by this sample/mix design is unknown and
comments regarding this will not be made.

All Portland cement based concretes will carbonate over time. When carbonation oceurs early in the life of
the concrete, the strength development of the affected area can be compromised. The samples exhibited
various depths of carbonated paste. However, the carbonated zones and the respective bulk pastes exhibited
similar hardnesses. This suggests that the carbonation had occurred over the service lives of the concretes.

Based on this examination, the the general condition of the concrete(s), including aggregate features and
the presence/degree of observed microcracking, were deemed:

“LR FIELD P” - Poor - exhibited small amounts of microcracking and relative highest level of aggregate
distress

“RR CLUB P” - Poor - exhibited small-moclerate amounts of microcracking and aggregate distress
“LR VIEW P” - Poor - exhibited moderate amounts of microcracking and aggregate distress
“RR VIEW P* - Poor - exhibited small amounts of microcracking and aggregate distress

“RR FIELD P”- Poor - exhibited small-moderate amount of microcracking with observed lower levels of
aggregate distress

“LR CLUB P” - Fair/Poor - exhibited small amounts of microcracking with observed lower levels of
aggregate distress

The most possible cause for observed distress, as represented by the submitted samples, is active alkali-
aggregate reactivity. Differences in exposure conditions, especially exposure to water, can account for
these relative, different physical conditions. Inadequate air-void systems can be likely contributing factors
to deficiencies, potential failure, and/or further degradation under similar exposure conditions, However,
no marked evidence of frecze-thaw distress was observed. :

It must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, poorly crystalline
or metastable silica minerals, volcanic or artificial glasses, and other siliceous-bearing aggregaies (c.g.,
opal, chalcedony, cherts, rhyolites, dacites, etc.) and the alkalis from Portland cement paste or external
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
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and/or expansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to occur. If one of these components is not
present, the reaction will not occur. Differences in exposure conditions, especially exposure to water, can
account for apparent physical changes in condition of the examined samples. 1f the ASR is left unchecked,
expansion will continue until moisture is removed, the source of alkalis is depleted, or the reactive silica
components are consumed,

g

1. R. Varga, Concrete Petrographer
The Rock Doctor, Inc.

EXTERNAL RESOURCES

Please consult your documentation for portal access information (password-protected).
+ Ounlinc version of this report (PDF):
http://www.rock—doctor.com/clients/tourney/D?OBJlOl/report 07083101 Group 2.pdf

« Online version of Plates 1-10 (PDF);
http://www.rockﬁdoctor.com/clients/taurnev/07083101/wlates C/08310]1 Group 2 1. 9.pdf

+  Online version of Plates 11-17 (PDF):
http://www.rockmdoctor.ccm/clients/tournev/ﬂ?DBBlOl/Dlates_07083101 Group 2 10 17.pdf
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PLATE 3
TOP SURFACE

PLATE 4
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PLATE 9
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“SHEET-LIKE” DEPOSIT



W.0.#: 07-08-31-01 GROUP 2/ TCG 0756
AMPI!_JE “LR CLUB P”

!IS 4 .'._ - |V : | :' AT 'i_c::;

PLATE 10
TOP SURFACE

PLATE 11
PREPARED SURFACE




W.0.#: 07-08-31-01 GROUP 2/ TCG 0756
SAMPLE “RR VIEW P”

PLATE 12
TOP SURFACE

PLATE 13
PREPARED SURFACE
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PLATE 16
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PLATE 17
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PETROGRAPHIC REPORT

DATE: September 18, 2007

WORK ORDER: 07-08-31-01 ADDENDUM / Thin Sections

CLIENT: Tourney Consulting Group / TCG 0756 Kauffmann Stadinm
PREPARED BY: Jeftrey R. Varga, Concrete Petrographer, The Rock Doctor, Inc.
INTRODUCTION

It was requested to determine and identify any deficiencies or potential failure/degradation mechanisms via
examinations of thin sections of previously examined samples at the above referenced project. Samples of
prepared surfaces from Samples *“130 P27, “134 P”, and “135P” were used for this request. Please refer
to W.04: 07-08-31-01 / Group 1 for further details.

SAMPLE PREPARATION AND METHODS

Representative portions from the cxamined samples were cut, cpoxy-mounied, and prepared as thin
sections following our standard techniques and methods.

The portions of the previously prepared surfaces of Samples “134 P” and *135P” were stained using a
saturated, aqueous solution of sodiwm cobaltinitrite (reacts with soluble potassium to produce a yellow
precipitate resulting in - staining potassium-rich ASR gel) following the guidelines in a July 1998 report
titled “Geochemical Methods for the Identification of ASR Gel” by Guthrie and Carey, Los Alamos
National Laboratory . In addition, a saturated, aqueous solution of Rhodamine B was similarly used to aid
this staining proccdure by highlighting (providing a high contrast background) the regions of yellow-
stained ASR gel and in part, to identify other degradation products.

The stained samples and prepared thin section slides were examined following the guidelines of ASTM C
856-04 “Standard Practice for Petrographic Ixamination of Hardened Concrete”.

RESULTS OF PETROGRAPHIC EXAMINATION
Sodium Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including vsing a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in both stained sample surfaces, PLATES 1 and 2. Yellow
staining was observed in both gray-colored, cherty limestone particles as well as light brown, fossiliferous
limestone particles in the coarse aggregate, in the secondary, internal deposits a few voids, as paste “halos”
at aggregate peripherics, localized paste regions, within internal fractures in aggregate particles, and in
microcrystalline quartz chert particles in the fine aggregate portions. Rhodamine B staining resulted in pink
colorations. :

Thin Section Analyses

The presence of microcrystalline silica within the coarse aggregate limestone particles was confirmed,
PLATES 3-6. Microcrystalline silica was observed as discrete nodules, monominerallic fragments, and
polycrystalline deposits with calcite.
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DISCUSSION

Aggregates unaffected by ASR have been found to not to be susceptible to staining using sodium
cobaltiniirite. Distinct and highly localized staining of reactive aggregates and paste regions (as observed
and described above) with sodium cobaltinitrite confirms ASR. The extent of yellow staining also
correlates to the degree of reactivity. Previous reports have documented physical distress features
associated with ASR.

Thin section analyses confirmed the presence of microcrystalline silica within coarse aggregate limestone
particles.

The most possible causc for observed distress, as represented by the previously examined samples, is
alkali-silica reactivity (ASR). Textural and mineralogical characteristics for rock types susceptible to
alkali-carbonate teaction were not observed.

(.T/}’W%‘f&/

I. R. Varga, Concrete Petrographer
The Rock Doctor, Inc.

EXTERNAL RESOURCES

Please consult your documentation for portal access information (password-protected).

« Oulinc version of this report (PDF).
http://www.rockudocLor.ccm/cLientﬂftournev/ﬂ?OﬂS}Ul/r@portkOVUBBIOlADD.pdE

« Online version of Plates 1-6 (PDF): _
http://www.rﬁck—doctor.com/clients/tournev/67083101/platesw07083101ADD.pdf
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PETROGRAPHIC REPORT

DATE: September 20, 2007

WORK ORDER: 07-08-31-01 / Group 3

CLIENT: Tourney Consulting Group / TCG 0756 Kauffmann Stadivm
PREPARED BY: Jeffrey R. Varga, Concreic Petrographer, The Rock Doctor, Inc.
INTRODUCTION

We received four core portions of hardened concrete to determine the gencral condition of the concrete(s).
The core portions were marked €103 P, “104 P¥, €127 P?, and 130 P*. The core portions measured, in
length, approximately 6, 6-1/4, 6-1/4, and 6 inches, respectively. The core portions were approximately 3-
1/4 inches in diameter.

Tt was reported that the submitted samples were taken from plaza scating arcas. Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
could be identified prior to any concrete repairs or replacements. Scveral digital photographs werc also
submitted. Mix designs were not available at the time of this writing.

SAMPLE PREPARATION AND METHODS

The core samples were cut in half, approximately perpendicular to the top surfaces. The cut surfaces were
ground using water and abrasive materials following our standard procedure. The air-void system
parameters wete determined following the guidelines of ASTM C 457-06 “Standard Lest Method for
Microscopical Determination of Parameters of the Air-Void System in Hardened Concrete”. The modified
point count method was utilized with a magnification of 100 diameters.

The unprepared samples were pattially immersed in water for at lcast three days to mobilize any alkalic
gels present. The cut surfaces of the core portion samples were not immersed in water,

The prepared and unpreparcd samples were examined following the guidelines of ASTM C 856-04
“Standard Practice for Petrographic Examination of Hardened Concrete”.

RESULTS OF PETROGRAPHIC EXAMINATION
“103 P”

GENFRAI CONDITION: (See PLATES 1-3) The top surface exhibited a generally flat, soft, mostly
clastic, membranc/coating that was mottled in color from gray to dark gray. Water readily beaded on this
surface. Many, partially exposed fine quartz aggregate particles, a few cracks, and a few dimples of harder,
less clastic, cracked gray material wete present at the exposed surface. An approx. 1-inch diameter circular
spot of yellow-colored material, presumed to be used for marking purposcs, was also present at the
cxposed surface.

In scction, the observed membranc/coating was ranged in thickness from approx. 1/24 of an inch up to
approx. 1/16 of an inch thick and was composed of two apparcnt layers. The layer at/adjacent to the
exposed surface was approx. ¥ of the total coating thickness and exhibited a small amount of small voids
and several fine aggregate particles. At the inferface between the two apparent coating layers, no voids,
separations, or cracks were observed. The underlying layer (approx. ¥ of the total topping thickness)
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exhibited many small air-voids. At the bottom surface of this layer, a discontinuous, adhered layer of
paste/mortar from the base concrete was observed, A continuous separation/crack was present at or near
the interface of the topping system and the base concrete. A continuous zone of carbonated paste was
observed at the top surface of the base concrete from a veneer up to approx. 1/8 of an inch thick. A small-
moderate amount of microcracking was observed throughout the sample. Most of the observed microcracks
were infilled with light brown-off white material with similar optical properties of alkalic gel and
carbonated alkalic gel. After immersion in water, the sample trimming exhibited white to clear exudations
of material with the optical properties of alkalic gel on cut surfaces. The bottom surface was a fractured
surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from pale gray-light brown with a small amount of unhydrated
cement particles to light brown-dull white in color, with a very small amount of unhydrated cement
particles. The lighter colored paste areas were softer than the darker colored paste arcas. No fly ash, ground
granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 1:

TABLE 1
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % L o L
Sample by vol, Points in, by vol. P/A n in. in.’! in,
“103 P~ 21.86 2,059  101.45 311 703 45 0069 581.0 .0093

The inhomogeneously distributed voids were mostly spherically shaped and ranged in size from small to
large with fewer, larger, irregularly shaped voids also observed. A small amount of clusters of voids was
observed throughout the sample. Many voids exhibited partial linings and coatings of clear to off white
material with similar optical properties of alkalic gel and carbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of
limestone particles including cherty and fossiliferous limestone particles. Several particles exhibited
internal fractures. A fow particles cxhibited reaction rims. Small amounts of discontinuous zones of lightct-
colored paste were observed at several aggregate peripheries. In addition, discontinuous veneers of darker
colored paste and mortar were observed at several aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, claystone, limestones, and microcrystalline quartz chert
particles. Several particles exhibited internal fractures,

“104 P”

GENERAL CONDITION: (See PLATES 4-6) The top surface exhibited a gencrally flat, soft, mostly
clastic, membranc/coating that was mostly gray in color with smaller, lincar arca cxhibiting a dark gray
color. Water readily beaded on this surface. A small amount of partially exposed, fine quartz aggregate
particles, a few aggregate sockets, and several air-void scpta were present at the exposed surface. The
observed darker gray-colored linear portions at the exposed surface was slightly stiffer/less flexible than
the lighter gray-colored portions and exhibited adhered debris and dirt. Very small amounts of yellow-
colored material, presumed to be used for marking purposes, were also present at the exposed surface. An
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approx. l-inch diameter circular spot of yellow-colored material, presumed to be vsed for marking
purposes, was also present at the exposed surface.

In section, the observed membranc/coating was ranged in thickness from approx. 1/24 of an inch up to
approx. 1/16 of an inch thick and was composed of two apparent layers. The layer at/adjacent to the
exposed surface was approx. 1/5- 1/3 of the total coating thickness and exhibited a small amount of small
voids and several fine agpregate particles. At the interface between the two apparent coating layers, no
voids, separations, or cracks were observed. The undetlying layer (approx. 2/3 to 4/5 of the total topping
thickness) exhibited a small-moderate amount of small air-voids. At the bottom surface of this layer, a
discontinuous, adhcred layer of paste/mortar from the basc concretc was obscrved. A continuous
separation/crack was present at or near the interface of the topping system and the base concrete. A
continuous zone of carbonated pastc was observed at the top surface of the base concrete from a veneer up
to approx. 1/8 of an inch thick. A zone of paste at/mear the top surface (approx. 1/4 of an inch up to
approx. 1/2 of an inch thick) was markedly less water absorptive than the bulk paste and did not readily
wet-out when water was applicd. A small amount of microctacking was obscerved throughout the sample.
Most of the observed microcracks were infilled with light brown-off white material with similar optical
propertics of alkalic gel and carbonated alkalic gel. After immersion in water, the sample (rimming
exhibited a Jocalized, clear exudations of matcrial with the optical properties of alkalic gel on the cu
surface. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and variegated from dull gray with a small amount of unhydrated cement particles to light
brown-dull gray in color, with a very small amount of unhydrated cement particles. The lighter colored
paste areas were softer than the darker colored paste arcas. No fly ash, ground granulated blast furnace slag
or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parametors are listed below in TABLE 2:

TABLE 2
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % l o L
Sample by.vol Points in byvol. _P/A.__n i in.! in
“104 P” 29.96 2,044 100.70 533 562 51 0104 3829 .0122

The inhomogeneously distributed voids were mostly spherically shaped and ranged in size from small to
large with fewer, larger, irregularly shaped voids also observed. A small amount of clusters of voids was
abserved throughout the sample. Partial linings/infillings of clear to off-white material with similar optical
properties of alkalic ge! and carbonated alkalic gel were observed in many voids.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of % of an inch. The observed coarse aggregate was composed of
limestone perticles including cherty and fossiliferous limestone particles. A small amount of internal
fractures were observed. A few particles exhibited reaction rims. Discontinuous veneers of markedly
darker gray colored paste and mortar were observed at several aggregate peripheries as well as softer, light
brown-colored “halos” or rims of paste.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, claystone, limestones, and microcrystalline cuartz chert
particles. Several particles exhibited internal fractures. A few microcrystalline quartz chert particles
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exhibited reaction rims and a few exhibited darker colored paste portions at aggregate peripheries.
“127 P”

GENERAL CONDITION: (See PLATES 7-9) The top surface was generally flat, slightly rough with a
“worn” appearance and exhibited numerous partially exposed, fine aggregate particles in a flat paste
matrix. Small amounts of Jooscly adhered, black material, dirt/debris were also present especially in a
localized, apparent fine crack portion at the exposed surface. An approx. 1-inch diameter circular gpot of
yellow-colored material, presumed to be used for marking purposcs, was also present at the exposed
sutface.

In section, a continuous zone of carbonated paste was observed with a thickness of 1/32 of an inch. The
upper approx. 1/16 of an inch thick portion at/adjacent to the top surface exhibited a darker colored paste
as compared to the bulk paste. A small-moderate amount of microcracking was observed throughout the
sample. Most of these microcracks were infilled with light brown-off white matcrial with similar optical
properties of alkalic gel and carbonated alkalic gel. A discontinuous zone of paste at/near the top surface
(from zero or non-existent up to approx. 3/4 of an inch} was markedly less water absorptive than the bulk
paste and did not readily wet-out when water was applied. After immersion in water, the sample trimming
exhibited a localized, clear exudations of material with the optical properties of alkalic gel on cut surface.
The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly watcr absorptive, soft-moderately hard,
and varicgated from pale gray-light brown with a small amount of unhydrated cement patticles to dull
white-light gray with a very small amount of unhydrated cement particles. The lighter colored paste areas
were markedly softer than the darker colored paste areas. No fly ash, ground granulated blast furnace slag
or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 3:

TABLE 3
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % [ ) 1L
Sample by vol. Points in. byvol P/A_ __n  in, in,! in,
“127P” 21.00 2,042 100.60 6.17 340 53 0117 3409 .0100

The inhomogeneously distributed voids were spherically shaped and ranged in size from small o large
with fewer, larger, itregularly shaped voids also present. A small-moderate amount of clustering of voids
was observed throughout the sample. In numerous voids, secondary, internal deposits of clear to off-white
material with similar optical properties of alkalic gel and carbonated alkalic gel were observed as partial
linings and coatings.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 1 inch. The observed coarse aggregate was composed of limestone
particles including cherty and fossilifcrous limestone particles. Many particles exhibited internal fractures
and several particles exhibited reaction rims. Discontinuous zones of darker-colored paste were also
observed at scveral aggregate peripherics.

FINE AGGREGATE: The homogencously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, and claystone particles. Many
reactions rims were observed especially associated with microcrystalline quartz chert particles. Many
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particles exhibited internal fractures.
“130 P¥

GENERAL CONDITION: (See PLATES 10-12) The top surface was generally flat, slightly rongh with a
“worn” appearance and exhibited numerous partially exposed, fine aggregate particles in a flat paste
matrix. Small amounts of loosely adhered, black material, dirt/debris were also present. An approx. 1-inch
diameter circular spot of yellow-colored material, presumed to be used for marking purposes, was also
present at the exposed surface.

In section, no apparent carbonation was observed. A small amount of microcracking was observed. Most
of these microcracks were infilled with light brown-off white material with similar optical properties of
alkalic gel and carbonated alkalic gel. After immersion in water, the sample trimming exhibited a localized,
clear exudations of material with the optical properties of alkalic gel on cut surface. This exudation
apparently lifter a small mortar flake from the cut surface. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, modcrately soft-
moderately hard, and subtly variegated from light gray-light brown in color with a small amount of
unhydrated cement particles to Hght brown-dull whito in color with a very small-small amount of
unhydrated cement particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials
were microscopically observed.

ATR-VOID CONTENT: The air-void system parameters are listed below in TABLE 4:

TABLE 4
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Pastec % Length, Air, % | ) L
Sample by vol Points in byvol, P/A___n___in in.* in
“130 p» 19,86 2,059 £01.45 3.11 639 22 0140 2854 0182

The homogeneously distributed voids were mostly small in size and spherically shaped with fewer, larger,
spherical (o irregularly shaped voids also present. In numerous voids, secondary, internal deposits of clear
to off-white material with similar optical propertics of alkalic gel and carbonated alkalic gel were observed
as partial linings and coatings.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subangular in
shape with an obscrved topsize of 1 inch. The observed coarse aggregate was composed of limestone
particles including cherty and fossiliferous limestone particles. Several particles exhibited small amounts
of internal fractures and many exhibited reaction rims. Several paste portions adjacent to several aggregate
particles exhibited lighter-colored paste regions. Several other particles exhibited darker-colored paste
regions regions adjacent to aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, and limestone particles. Several
microcrystalline quartz chert particles and a few limestone particles exhibited reactions rims. Small
amounts of internal fractures were also observed.

DISCUSSION & CONCLUSION

We received four core portions of hardened concrete to determine the general condition of the concrete(s).
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1t was reported that the submitted samples were taken from taken from plaza seating areas. Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
could be identified prior to any concrete repairs or replacements. Mix designs were not available at the
time of this wriling.

The air-void system parameters for all samples are listed below in TABLE 5:

TABLE 5
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Pastc % Length, Air, % | o L
Sample by vol. Points in, byvol,_ P/A _n_ in in* in,
“103 P» 21.86 2,059 10145 311 703 45 0069 53810 0093
“104 P” 2996 2,044 100.70 533 562 51 0104 3829 .0i22
“127 P” 21.00 2,042 100.60 617 340 53 0117 3409 .0100
“130 P” 19.86 2,059 101.45 311 639 22 0140 2854 0182

According to ACT and PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usually
is air-entrained (air content of 3-7% by volume), manufactured with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strongth of at least 4,000 psi. The
examined samples are considered to be air-entrained with 103 P* and “130 P” being considered
marginally air-entrained. Overall, the observed aggregales exhibited signs or evidence of reactivity
including internal fractures and reaction rims. After water immersion, alkalic gel exudations were present
in all samples strongly suggesting active/ongoing alkali-silica reactivity. The determined spacing factors
were over the recommended, industry standard limit maximum of 0.0080 inches and are considered
unacceptable for freeze-thaw durability in water saturated environments. The compressive strength(s) of
the concrete represented by this sample/mix design is unknown and comments regarding this will not be
made.

All Portland cement based concretes will carbonate over time. When carbonation occurs early in the life of
the concrete, the strength development of the affected arca can be compromised. The samples exhibited
various depths of carbonated paste. However, the carbonated zones and the respective bulk pastes
exhibited similar hardnesses. This suggests that the carbonation had occwred over the service lives of the
concretes.

Based on this examination, the the general condition of the concrete(s), including aggregate features and
the presence/degree of observed microcracking, were deemed:

%103 P” - Poor - exhibited small-moderate amounts of microcracking and moderate aggregate distress
“104 P” - Poor - exhibited small amounts of microcracking and aggregate distress

“127 P - Poor - exhibited small-moderate amounts of microcracking and relative highest level of
aggregate distress

“130 P* -~ Poor - exhibited small amounts of microcracking and high level aggregate distress

The most possibic causc for observed distress, as represented by the submitted samples, is active atkali-
agpregate reactivity. Differences in exposure conditions, especially exposure to water, can account for
these relative, different physical conditions. Inadequate air-void systems can be likely contributing factors
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to deficiencies, potential failure, and/or further degradation under similar exposure conditions. However,
no marked evidence of freeze-thaw distress was observed.

It must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, poorly crystalline
or metastable silica minerals, volcanic or artificial glasses, and other siliceous-bearing aggregates (e.g.,
opal, chalcedony, cherts, thyolites, dacites, ctc.) and the alkalis from Portland cement paste or cxternal
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
and/or expansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to occur. If one of these components is not
present, the reaction will not oceur. Differences in exposure conditions, especially exposute to water, can
account for apparent physical changes in condition of the cxamined samples. If the ASR is left unchecked,
cxpansion will continue until moisture is removed, the source of alkalis is depleted, or the reactive silica
components are consumed.

J. R. Varga, Concrete Petrographer
The Rock Doctor, Inc,

EXTERNAL RESOQURCES

Please consult your docamentation for porial access information (password-protected).

» Online version of this report (PDF);

htto: //www, rock-doctor.com/elisnts/tourney/07083101/report 07083101 Group 3.pdf

« Online version of this Plates 1-12 report (PDF):
http://www, rock—doctor.com/elients/Eourney/07083101 /plates 07083101 Group 3.pdf
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THE ROCK DOCTOR

CONCRETE SOLUTIONS IF'OR CONCRITE PROBLEMS

PETROGRAPHIC REPORT

DATE: October 29, 2007

WORK ORDER: 07-08-31-01 / Group 3B Plaza Level Concourse

CLIENT: Tourney Consulting Group / TCG 0756 Kauffinann Stadium
PREPARED BY: Jeffrey R. Varga, Concrete Petrographer, The Rock Doctor, Inc.
INTRODUCTION

We received five core portions of hardened concrete to determine the general condition of the concrete(s).
The core portions were marked “106UD-P”, “116D”, “127D-P”, “130UD-P1” and “130UD-P2”, The
core portions measured, in length, approximately 4-3/4, 5-3/4, 5-3/4, 2-7/8, and 3-1/4 inches, respectively.
The core portions were approximately 3-1/4 inches in diameter.

It was reported that the submitted samples were taken from the plaza level concourse. Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
conld be identificd prior to any concrete ropairs or replaccments. Mix designs were not available at ¢he
time of this writing.

SAMPLE PREPARATION AND METHODS

The examined samples were cut in half, approximately perpendicular to the top surfaces. The cut surfaces
were ground using water and abrasive materials following our standard procedure. The air-void system
parameters were estimated/determined following the guidelines of ASTM C 457-06 “Standard Test
Method for Microscopical Determination of Parameters of the Air-Void System in Hardened Concrete”.
The modified point count method was utilized with a magnification of 100 diameters. Samples “130UD-
P1”and Sample “130UD-P2” did not meet minimum traverse length requirements due to inadequate
sample size and the air-void system parameters were estimated.

The unprepared samples were partially immersed in water for at least three days to mobilize any alkalic
gels present. The cut surfaces of the core portion samples wete hot immersed in water.

The prepared surfaces of all examined samples were stained using a saturated, aqueous solution of sodium
cobaltinitrite (reacts with soluble potassium to produce a yellow precipitate resulting in staining potassium-
rich ASR gel) following the guidelines in a July 1998 report titled “Geochemical Methods for the
Ideniification of ASR Gel” by Guthrie and Carey, Los Alamos National Laboratory . In addition, a
saturated, aqueous solution of Rhodamine B was similarly vsed to aid this staining procedure by
highlighting (providing a high contrast background) the regions of yellow-stained ASR gel and in part, to
identify other degradation products.

The prepared, unprepared, and stained sample surfaces were cxamined following the guidelines of ASTM
C 856-04 “Standard Practice for Petrographic Examination of Hardened Concrete”.

RESULTS OF PETROGRAPHIC EXAMINATION
“106UD-P”

GENERAL CONDITION: (Sce PLATES 1-4) The top surface exhibited a generally flat, slightly rough
surface with mostly smooth, slightly hard, semi-clastic, ¢lastic membrane/coating that was gray to light
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gray in color. Water initially beaded when applied to this surface and was moderately absorptive. Many,
partially exposed fine quartz aggregate particles, a few aggregate sockets, and many fine, cracks were
present at the exposed surface. The cracks were mostly located at exposed aggrepate peripherics. Small
areas exhibited harder, finely cracked, gray coating material. A l-inch diameter, yellow paint “dot”,
presumed to be used for marking purposcs, was also present at the exposed surface,

In scction, the observed membrane/coating system was approx. 5/32 of an inch thick and appeared to be
composed of seven layers of material. The uppermost layer at/adjacent to the exposed surface was dark
gray in color, ranged in thickness from a veneer up to approx. 1/32 of an inch, and appeared to be a top
coat-typc application that filled irrcgularities present in the underlying layer of material. This uppermost
layer exhibited a very few, smail voids but did not exhibit any aggregate particles. At the irregular
interface between the two uppermost coating layers, no cracks or separations were observed. The second
layer below the top surface (up to approx. 1/16 of an inch thick) was moderately soft, semi-clastic, and
light gray in color with many fine aggregate patticles and a small amount of small air-voids. At the
interface between the bottom surface of the second and third layers, a discontimious finc scparation was
observed. Tmmediately below the two upper layers, a gray colored, soft, elastic material was observed with
a small amount of air-voids and no aggregate partictes. This layer ranged was observed up to approx. 1/32
of an inch thick. At the interface between the bottom surface of the third and fourth layers, a discontinuous
fine separation was observed. Below this layer, the fourth layer was light gray in color with a small amount
of aggregate particles and a small amount of large air-voids. This layer ranged in thickness from approx. a
veneer up to approx. 1/16 of an inch thick. At the interface between the bottom surface of the fourth and
fifth layers, a discontinuous fine separation was observed. The fifth layer was semi-elastic, moderately
hard, gray colored material with a small amount of aggregate particles and a small amount of small air-
voids. At the interface between the bottom surface of the fifth and sixth layers, a discontinuous fine
separation was observed. The discontinuous, sixth layer was light gray-dull white in color and moderately
hard and inflexible. This layer ranged in thickness from zcro up to approx. 1/32 of an inch thick and
exhibited very small amounts of aggregate particles and a small amount of small air voids. At the
interface between the bottom surface of the sixth and seventh layers, a discontinuous fine separation was
observed. The bottommost layer was dark gray-black in color, hard and semi-pliable with many aggregate
particles (some which were fractured) and many large, irregularly shaped voids. This layer ranged in
thickness from approx. a vencer up to approx. 1/16 of an inch thick.

At the interface of the applied coatings and the underlying base concrete, no cracks or separations were
obscrved. A zone of carbonation was observed from approx. 1/8 up to %4 of an inch thick, A small amount
of microcracking was observed throughout the sample and most were infilled with off-white, fine
crystalline material with similar optical properties as alkalic gel/carbonated alkalic gel. Approx. 4-1/8
inches below the top surface, an approx. Y% of an inch steel bar was observed. The botiom surface was a
fractured surface.

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in small localized paste arcas especially adjacent to the top
surface, within several aggregate particles especially those exhibiting reaction rims, and in chert particles.
Rhodamine B staining resulted in pink colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft, and
subtly variegated from light brown in color with a smalt-very small amount of unhydrated cement particles
to light brown-dull white in color with a very small amount of unhydrated cement particles. No fly ash,
ground granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The determined air-void system parameters are listed below in TABLE 1:
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TABLE 1
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | 0 L
Sample by vol. Points __..in. __byvol, P/A__n___in in’t i,
“106UD-P”  18.69 2,017 9940 8§92 210 7.6 0117 3423 .0061

The inhomogeneously distributed voids were mostly small and spherically shaped with larger, spherically
shaped voids also present. Fewer, larger, irregularly shaped voids were also observed. An abundant
amount of clusters of voids was observed throughout the sample. In many voids, secondary, internal
deposits were observed as coatings/linings and partial linings of clear-off-white material with the optical
properties of the alkalic gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was subangular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles, A few particles cxhibited reaction rims and a fow particles
exhibited small amounts of internal fracturcs.

FINE AGGREGATE: The homogencously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalling quartz chert, limestone, quartz sandstone and
siltstone particles. A few microcrystalline quartz chert particles exhibited reaction rims. Several aggregate
particles exhibited internal fractures.

“116D”

GENERAL CONDITION: (Sce PLATES 5-8) The top surface was slightly rough/worn and generally flat
with many, partially exposed fine aggregate particles in a recessed, moderately hard, material that
cxhibited scveral, fine cracks. Small amounts of fine cracks and small amounts of fine, loose, black
material were also present at the exposed surface. A 1-inch diameter, yellow paint “dot”, presumed to be
used for marking purposes, was also present at the exposed surface.

In section, no carbonation was observed. A small-moderate amount of microcracking was observed
throughout the sample and most were infilled with off-white, fine crystalline material with similar optical
properties as alkalic gel/carbonated alkalic gel. Approx. 4-1/4 inches below the top surface, an approx. %
of an inch steel bar was ohserved. The bottom surface was a fractured surface.

Sodinm Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in small, localized paste portions, Yellow staining was also
observed in the interiors of both coarse and fine aggrepate particles, and at reaction rimg sites. Rhodamine
B staining resulted in pink colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and light brown- dull white in color with a very small amount of unhydrated cement
particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AJR-VOID CONTENT: The determined air-void system parameters are listed below in TABLE 2:
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TABLE 2
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % l o L
Samples by vol Points __in byvol. P/A 5 in, in in
“116 D” 31.78 2,020 9945 782 407 92 0085 468.5 .0087

The inhomogeneously distributed voids were mostly small in size and ranged in shape from spherical-
irregular. Several, larger, irregularly shaped voids were also present. A small amount of clusters of voids
was observed throughout the sample. Numerous voids exhibited secondary, internal deposits as partial
coatings/linings and coatings/linings of clear-off white material with the optical properties of the alkalic
gel/carbonated alkalic gel.

COARSE AGGREGATE: The inhomogencously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 3/4 of an inch. A central portion of the prepared surface exhibited an
apparcntly lower concentration of coarsc aggregate particles. The obscrved coarse aggregate was composcd
of cherty limestone and fossiliferous limestone particles, and onc oolitic limestone particle. Several
particles exhibited reaction rims and several particles exhibited small amounts of internal fractures. Also, a
few small, irregular separations were obscrved at scveral aggregate peripheries.

FINE AGGREGATE: The homogencously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, quartz sandstone and siltstone
and claystone particles. A few microcrystalline quartz chert particles exhibited reaction rims. Several
aggregate particles exhibited internal fractures.

“127D-P”

GENERAL CONDITION: (See PLATES 9-12) The top surface exhibited a dark gray-gray, moderately
soft, heavily cracked, coating material with numerous, partially exposcd fine aggregate particles. The
observed fine cracks were very fine and were present at aggregate peripheries as well as localized areas at
the exposed surface. A higher relief, discontinuous layer of similar material was present on a portion of the
top surface and exhibited an almost continuous separation/crack at its base. Water initially beaded when
applied to this surface and was moderately absorptive. An approx. I inch diameter, yellow paint “dot”,
presumed to be used for marking purposes, was also present at the exposed surface.

In section, the observed membrane/coating system was approx. 1/16 up to approx. 3/32 of an inch thick
and appeared to be composed of four layers of material. The uppermost layer at/adjacent to the exposed
surface was dark gray in color, ranged in thickness from a veneer up to approx. 1/32 of an inch, and
appeared to be a top coat-type application that filled irrcgularities present in the underlying layer of
malerial. This uppermost layer exhibited a very few, small voids but did nol exhibit any aggregate
particles. At the irregular interface between the two uppermost coating layers, a few very small eracks or
separations were observed. Immediately below this layer, a discontinuous, light gray colored, soft, elastic
material was observed with many aggregate particles and many air-voids present. This layer was observed
from zero up to approx. 1716 of an inch thick. At the interface with the third layer, no cracks or separations
were observed. Both the third and fourth layers exhibited soft, elastic, gray material with many small air-
voids. The total thickness of these layers ranged from approx. 1/32 up to approx. 1/16 of an inch. At the
intertace of these layers, a very faint application “line” was present with no apparent separations. At the
bottom surface of the coating, a continuous separation/crack was present at the interface with the
undertying base concrete or within the upper portion of the base concrete. Small-moderate amounts of
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adhered paste/mortar from the base concrete were also observed at/adjacent to the botiom surface of the
fourth layer of coating material. No apparent carbonation was observed in the base concrete. A small-
moderate amount of microcracking was observed throughout the sample and most were infilled with off-
white, fine crystalline material with similar optical properties as alkalic gel/carbonated alkalic gel. A few,
small scparations were obscrved at scveral paste:aggregate interfaces. The bottom surface was a fractured
surface.

Sodium Cobaltinjtrite/Rhodamine B Stajning Method

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in the majority of the paste. Yellow staining was also
obscrved in many aggregate particles, at aggregate peripheries, and in reaction rims. Rhodamine B staining
resulted in pink colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement pastc mairix was highly water absorptive, moderately soft-
moderately hard, and light brown- dull white in color with a very small amount of unhydrated cement
particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The determined, air-void system parameters are listed below in TABLE 3:

TABLE 3
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % 1 o L
Sample by vol, Poinis in, byvol, P/A___n___in in,’ in
“127D-P” 19.83 2,012 99.05 6,26 3.17 T8 0080 4985 0064

The inhomogeneously distributed voids were mostly small and spherically shaped with larger, spherically
shaped voids also present. Fewer, larger, irregularly shaped voids were also observed. A moderate amount
of clusters of voids was observed throughout the sample. In many voids, secondary, internal deposits were
observed as coatings/linings of clear-off~white material with the optical properties of the alkalic
gel/carbonated alkalic gel,

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was subangular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles. A few particles exhibited reaction rims and several particles
exhibited small amounts of internal fractures. Also, scveral, small, irregular separations were observed at
several aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, and quartz sandstone particles.
A few of the observed microcrystalline quartz chert particles cxhibited reaction rims. Several particles
exhibited internal fractures.

“130UD-P1”

GENERAL CONDITION: (See PLATES 13-16) The rough top surface exhibited both smooth, semi-
clastic gray coating material and portions of moderately hard, dark pray-gray, heavily cracked, coating
material with a many, partially exposed fine aggregate particles. Tn the smooth areas, the observed fine
cracks were mostly located at exposed aggregate peripheries. Many aggrcsate sockets were observed over
the exposed surfaces and many were partially infilled with loose, fine, black debris. Water initially beaded
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when applied to this surface and was slow-moderately absorptive. An approx. 1 inch diameter, yellow paint
“dot”, presumed to be used for marking purposes, was also present at the exposed surface.

In section, the observed membrane/coating system was approx. 1/8 of an inch thick and appcared to be
composcd of three layers of material. The uppermost layer at/adjacent to the exposed surface was dark gray
in color, ranged in thickness from a veneer up to approx. 1/32 of an inch, and appeared to be a top coat-
typc application that filled irregularities present in the underlying layer of material. This uppermost layer
exhibited a very few, small voids but did not exhibii any aggregate particles. At the irregular interface
between the two uppermost coating layers, no cracks or separations were observed, Immediately below this
layer, a discontinuous, light gray colored, soft, clastic material was observed with many aggregate particles
and many air-voids present. This layer was observed from zero up to approx. 1/16 of an inch thick. At the
interface with the third layer, no cracks or separations were observed. The third layer was soft, elastic, light
gray in color and was observed up to approx. 1/16 of an inch thick. At the bottom surface of this layer, an
almost continuous, separation/crack was present with small amounts of adhered paste/mortar from the base
concrete. A zonc of carbonated paste was present in the upper portion of the base concrete from a vencer
up to approx. 1/8 of an inch thick. A small-moderate amount of microcracking was observed throughout
the sample and most were infilled with off-white, fine crystalline material with similar optical properties
as alkalic gel/carbonated alkalic gel. Approx. 1-3/4 and 2-5/8 inches below the top surface, two approx. %
of an inch steel bars were observed. The majority of the bottom surface was a smooth and flat formed
surface with the remaining portion being a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Method
Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the

application of the sodium cobaltinitrite solution in several, small portions of the paste. Yellow staining was
also observed in several coarse and fine aggregate particles.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from pale brown-light gray in color with a small amount of
unhydrated cement particles to pale brown-dull white with a very small-small amount of unhydrated
cement particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The estimated air-void system parameters are listed below in TABLE 4:

TABLE 4
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol. Points in, byvol, P/A _n  in, in.! in.
“130UD-P1” 21.6 1,696 83.50 100 216 87 .012 346 .006

The inhomogeneously distributed voids were mostly small and spherically shaped with small and
irregularly shaped voids present. Fewer, larger spherical-irregularly shaped voids also observed. An
abundant amount of clustering of voids was observed throughout the sample. Many voids exhibited
secondary, internal deposits as coatings/linings of clear-off white material with the optical properties of
alkalic gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was subangular-rounded in
shape with an observed topsize of % of an inch. The observed coarse aggregate was composed of cherty
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limestone and fossiliferous limestone particles. A few particles exhibited reaction rims and several particles
exhibited small amounts of internal fractures. Also, scveral, small, irregular separations were observed at
several aggregate peripheties.

FINE AGGREGATE: The homogencously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalling quartz chert, and quartz sandstone particles.
A fow particles exhibited reaction rims. Several particles exhibited a smatl amount of internal fractures.

“130UD-P2”

GENERAL CONDITION: (See PLATES 17-20) The rough top surface exhibited a majority of smooth,
semi-clastic gray coating material and smaller portions of moderately hard, dark gray-gray, heavily
cracked, coating material with a many, partially exposed fine aggregate particles. In the smooth areas, the
observed fine cracks were mostly located at exposed aggregate peripheries. Many aggregate sockets were
observed over the exposed surfaces and many were partially infilled with loose, fine, black debris. Water
initially beaded when applied to this surface and was slow-moderately absorptive. An approx. 1 inch
diameter, yellow paint “dot”, presumed to be used for marking purposes, was also present at the cxposed
surface.

In section, the observed membranc/coating system was approx. /16 up to approx. 3/32 of an inch thick
and appeared to be composed of three layers of material. The uppermost layer at/adjacent to the exposed
surface was dark gray in color, ranged in thickness from a vencer up to approx. 1/32 of an inch, and
appeared to be a top coat-type application that filled ircegularitics present in the underlying layer of
material. This uppermost layer exhibited a very few, small voids but did not exhibit any aggregate
particles. At the imrogular interface between the two uppermost coating layers, no cracks or separations
were observed. Immediately below this layer, a discontinuous, light gray colored, soft, elastic material was
observed with many aggregate particles and many air-voids present. This laycr was obscerved from zero up
to approx. 1/£6 of an inch thick. At the interface with the third layer, no cracks or scparations were
observed. The third layer was soft, elastic, light gray in color and was observed from 1/32 of an inch up to
approx. 1/16 of an inch thick. At the bottom surface of this layer, an almosi continuous, separation/crack
was present with small amounts of adhered paste/mortar from the base concrete. No apparent carbonation
was observed in the base concrete. A small-moderate amount of microcracking was observed throughout
the sample and most were infilled with off-white, fine crystalline material with similar optical propertics
as alkalic gel/carbonated alkalic gel. The bottom surface was a fractured surface with a linear, approx. '
of an inch diameter impression present.

ium initrite/Rhodamine ming Meth
Visual assessments, including wsing a petrographic microscope, showed distinct yellow staining from the

application of the sodium cobaltinifrite solution in several, small portions of the paste. Yellow staining was
also observed in several coarse and fine aggregate particles.

CEMENTITIOUS MATRIX: The highty water absorptive, cement paste matrix was, moderately soft-
modcrately hard, and variegated in color from light brown-pale gray in color with a small amount of
unhydrated cement particles to light brown-dull white with a very small amount of unhydrated cement
particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The estimated air-void system parameters are listed below in TABLE 5:
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TABLE 5
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % I o L
Samplc by vol, Poinfs in. bvvol, P/A  n  in in,? in
“130UD-P2” 21 .8 1,892 9320 67 325 74 009 440 007

The inhomogencously distributed voids were mosily small and spherically shaped with fewer, larger,
spherical to irregularly shaped voids also present. A moderate-abundant amount of clustering of voids was
observed throughout the sample. Many secondary, internal deposits were observed as linings/coatings and
partial linings of ¢lear-off white material with similar optical properties of alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was subangular-rounded in
shape with an obscrved topsize of | inch. The observed coarse aggregate was composed of cherty
timestone and fossiliferous limestone particles. A few aggregate particles exhibited partial reaction rims
and several particles cxhibifed internal fracturcs. A few, small, irregular scparations were obscrved at
several aggregate peripherics.

FINE AGGREGATE: The homogeneously distributed finc aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, limestone, quartz sandstone and
siltstone particles. A few microcrystalline quartz chert particles exhibited reaction rims. Several aggregate
particles exhibited internal fractures.

DISCUSSION & CONCLUSION

We received five core portions of hardened concrete to determine the general condition of the concrete(s).
It was reported that the submitted samples were taken from the plaza level concourse. Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
could be identified prior to any concrete repairs or replacements. Mix designs were nol available at the
time of this writing.

The determined air-void system parameters are listed below in TABLE 6:

TABLE 6
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by_vol, Points in, byvol, P/A___n in, in,* in,
“106LD-P” 18.6Y 2,017 99.40 892 210 7.6 0117 3423 0061
“116 D» 31.78 2,020 99.45 782 4407 92 0085 468.5 .0087
“127D-P” 19.83 2,012 99.05 626 317 7.8 0080 4985 .0064

The estimated air-void system parameters are listed below in TABLE 7:
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TABLE 7
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE ATR-VOID SYSTEM
Paste % Length, Air, % l o L
Sample by vol Points in byvol P/A_ n  in, in.! in.
“130UD-P1” 21.6 1,696 83.50 100 216 . 87 012 346 .006
“130UD-P2” 21.8 1,892 93.20 67 325 74 009 440 007

According to ACI and PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usually
is air-entrained (air content of 3-7% by volume), manufacturcd with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi.

- All samples are considered to be air-entrained.

- Overall, the observed aggregates in each sample exhibited reaction rims and intcrnal fractures. Alkalic
gel deposits were observed in all samples. The results of staining using cobaltinitrite showed active
gels in paste and aggregates. These features strongly suggest that the collective aggregate should not be
considered “durable” due to susceptibility to alkali-silica reactivity.

- The estimated and determined spacing factors were all (except Sample “116D”) under {(acceptable) the
recommended, industry standard limit maximum of 0.0080 inches, and should be considered
inadequate for exposure in a water-saturated, cyclic, freeze-thaw environments.

- The compressive strength(s) of the concrete represented by this sample/mix design is unknown and
comments regarding this will not be made.

Only small amounts, if any, of carbonation were observed in the examined core samples.

Based on this examination, the most possible cause of the reported distress, as represented by the submilted
samples, is active alkali-aggregate reactivity. Based on this examination and observations including
aggregate features and the presence/degree of observed microcracking, the general conditions are all
decmed “Poor”.

Most samples exhibited a small-moderate amount of microcracking (except “small” in Sample“106UD-
P*), alkalic gel, with roughly equal amounts of aggregate distress. Most samples exhibited small, irregular
separations at aggregate peripheries(except in Sample“106UD-P™). Cobaltinitrite staining showed yellow
staining of the pastes as follows in order of decreasing abundance: “127D-P”, “116D”, “106UD-P”, and
“130UD-P1”/<130UD-P2”.

An inadequate air-void systems can be likely contributing factors to deficiencics or potential failure and/or
further degradation for the concrete represented by Sample “116 D” .

It must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, poorly crystalline
or metastable silica minerals, volcanic or artificial glasses, and other siliceous-bearing aggregates (e.g.,
opal, chalcedony, cherts, rhyolites, dacites, ete.) and the alkalis from Portland cement paste or external
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
and/or expansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to occur. If one of these components is not
present, the reaction will not occur. Differences in cxposure conditions, especially exposure to water, can
account for apparent physical changes in condition of the examined samples.
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J. R, Varga, Concrete Petrographer
The Rock Doctor, Inc.

EXTERNAL RESOURCES

Please consult your documentation for portal access information (password-protected).
« Online version of this report (PDF);
bittp://uww, rock-doctor, con/clienta/tourney/07083101/ report 07083101 Group 3B.uwdf
+ Onling version of Plates 1-15 (PDF):
hitp://www.rock-doctor, com/clients/tourney /07083101 /plates 07083101 Group 3B 1 12.pdf
+ Online version of Plates 16-24 (PDF):
htip: //www. rock-doctor, com/clients/tourney/07083101/plates 07083101 Group 3B _13 20.pdf
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INTERIM PETROGRAPHIC REPORT

DATE: September 24, 2007

WORK ORDER: 07-08-31-01 / Group 4 Pedestal and Upper Raker

CLIENT: Tourney Consulting Group / TCG 0756 Kauffmann Stadium
PREPARED BY: Jeffrey R. Varga, Concrete Petrographer, The Rock Doctor, lac.
INTRODUCTION

We received three core portions of hardened concrete reported to be from “Pedestals”™ and four core
portions of hardened concrete reported to be “Upper Rakers” to determine the general condition of the
concrete(s). The core portions from the “Pedestals” were marked “423 P”, 400 P”, and “424 P”. The
core portions measured, in length, approximately 6-3/4, 6-3/4, and 8 inches, respectively. The core portions
were approximately 2-1/4 inches in diameter.

The core portions from the “Upper Rakers” were marked “339R-P1”, “339R-P2” “340R-P1” and
“340R-P2”. The core poriions measured, in length, approximately 6-3/4, 7, 5-1/2, and 4-1/2 inches,
respectively. The core portions were approximately 3-1/8 inches in diameter.

It was reported that the submitted sample sets were taken from pedestals and upper raker arcas.
Petrographic examinations were requested to determine if any deficiencies or potential failure/degradation
mechanisms could be identified prior to any concrete repairs or replacements. Mix desighs were not
available at the time of this writing.

Results of Petrographic examinations for Samples “423 P and “339R-P1” arc initially reported in this
Interim Report. Results of Petrographic examinations for the remaining samples will follow.

SAMPLE PREPARATION AND METHODS

The core samples were cut in half, approximately perpendicular to the top surfaces. The cut surfaces were
ground using water and abrasive materials following our standard procedure. The air-void system
parameters were determined following the guidelines of ASTM C 457-06 “Standard Test Method for
Microscopical Determination of Parameters of the Air-Void System in Hardened Concrefe”. The modified
point count method was utilized with a magnification of 100 diameters.

The unprepared samples were partially immersed in water for at least three days to mobilize any alkalic
gels present. The cut swrfaces of the core portion samples were not immersed in water.

The unprepared portion of Samples “423 P” was stained using a saturated, aqueous solution of sodium
cabaltinitrite (teacts with soluble potassium to produce a yellow precipitate resulting in staining potassium-
rich ASR gel) following the guidelines in a July 1998 report titled “Geochemical Methods for the
Identification of ASR Gel” by Guthrie and Carey, Los Alamos National Laboratory . In addition, a
saturated, aqueous solution of Rhodamine B was similarly used to aid this staining procedure by
highlighting (providing a high contrast background) the regions of yellow-stained ASR gel and in part, to
identify other degradation products,

The prepared and unprepared samples were examined following the guidelines of ASTM C 856-04
“Standard Practice for Petrographic Examination of Hardened Concrete”,
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RESULTS OF PETROGRAPHIC EXAMINATION
“423 P”

GENERAIL CONDITION: (Sce PLATES 1-6) The top surface cxhibited a rough, heavily cracked,
moderately hard, semi-clastic, membrane/coating that was mottled in color from pray to dark gray. Water
readily was moderate-slowly absorptive on this surface. A few, partially cxposed fine quartz aggregate
particles, and a few fine, Y-shaped cracks were present at the exposed surface. These Y-shaped cracks
exhibited light brown material-dull white within the cracks and at crack edges. This material with similar
optical propertics of alkalic gel and carbonated alkalic gel.

In section, the observed membrane/coating was ranged in thickness from a veneer up to approx. 1/32 of an
inch and appeared to be composed of one layer. A small amount of small voids and few fine aggregate
particles were observed in this coating material. At the bottom surface of this layer, a discontinuous,
adhered layer of paste/mortar from the basc concrete was observed. Also, a discontinuous scparation/crack
was present at or near the interface of the coating and the base concrete. A veneer of carbonated paste was
observed at the top surface of the base concrete. A moderate-abundant amount of microcracking was
observed throughout the sample. Most of the observed microcracks were infilled with light brown-off
white material with similar optical properties of alkalic get and carbonated alkalic gel. Fine cracks as well
as microcracks transected paste and aggregate particles. After immersion in water, the sample trimming
was allowed to dry for one day and was then stained using sodium cobaltinitrite and Rhodamine B.

Sodium Cobaltinitritc/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodivm cobaltinitrite solution in the paste and a few aggregate particles and associated
cracks, PLATE 4. Yellow staining was observed in light brown, fossiliferous limestone particles in the
coarsc aggregate, in the secondary, internal deposits a few voids, as pastc “halos” at aggregate periphetics,
within internal fractures in a few aggregate particles, and in microcrystalline quartz chert particles in the
finc aggregate portions. Rhodamine B staining resulted in pink colorations especially in fractures/cracks.

The bottom surface was a fractured surface and exhibited a few alkalic gel exudations on interior portions
of exposed, fractured coarse aggregate surfaces.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately sofi-
moderately hard, and subtly variegated from light brown with a small amount of unhydrated cement
particles to light brown-dull white in color, with a very small amount of unhydrated cement particles. The
lighter colored paste arcas were softer than the darker colored paste arcas. No fly ash, ground granulated
blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 1:

TABLE 1
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % l o L
Sample by vol, Points in, byvol,_ P/A__n  in in! in,
“423 P” 28.19 2,004 98.00 599 471 44 0136 2945 0153

The inhomogeneously distributed voids were mostly spherically shaped and ranged in size from small to
large with fewer, larger, irregularly shaped voids also observed. A very small amount of clusters of voids
was observed throughout the sample. Almost all observed voids exhibited infillings, partial linings and
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coatings of clear to off white material with similar optical properties of alkalic gel and carbonated alkalic
gel. Many voids exhibited secondary, internal deposits as coatings/linings, partial linings, tufts, and blooms
of internally radiating fine, needie-like crystals with the optical properties of the mineral, ettringite,
CﬂsAlz(SOq)a(OH)lg 26 H.0,

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subangular in
shape with an obscrved topsize of 3/4 of an inch. The observed coarse aggregale was composcd of
limestone particles including cherty and fossiliferous limestone particles. Many particles exhibited internal
fractures. An abundant amount of reaction rims were observed. Many particles exhibited both reaction
rimming and internal fracturing. Veneers of darker-colored paste and mortar were observed at several
agpregate peripheries especially the fossiliferous limestone particles.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, limestones, microcrystalline quartz chert, and silistone/shale
particles. Many particles exhibited internal fractures. Several particles exhibited reaction rims especially
microcrystalline quartz chert particles.

“339R-P1”

GENERAL CONDITION: (See PLATES 7-9) The highly water absorptive, fop surface was generally flat
and smooth and composed mostly of paste with several air-void septa observed. Small, fine, brown-rust-
red deposits were also present. An approx. 1-inch diameter circular spot of yellow-colored paint material
and “+7-shaped yellow material, presumed to be used for marking purposes, were also present at the
exposed surface.

In section, a continuous zone of carbonated paste was observed with a thickness of 1/32 of an inch up to
approx. 3/8 of an inch thick. A small amount of microcracking was observed throughout the sample. Most
of these microcracks were infilled with light brown-off white material with similar optical properties of
alkalic gel and carbonated alkalic gel. After immersion in water, the sample trimming exhibited a localized,
clcar cxudations of material with the optical properties of alkalic gel on cut surface. The bottom surface
was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, soft-moderately hard,
and variegated from pale gray-light brown with a small amount of unhydrated cement particles to dull
white with a very small amount of, if any, unhydrated cement particles. The lighter colored paste areas
were markedly softer than the darker colored paste areas. No fly ash, ground granulated blast furnace slag
or other pozzolanic materials were microscopicaily observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 2:

TABLE 2
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % 1 o L
Sample by vol Points in by vol, P/A n in, in,! in
“339R-P1”  15.67 2,023 99.70 821 191 27 .0306 130.5 .0146

The homogenecously distributed voids were spherically shaped and ranged in size from small to large with
scveral, larger, irrcgularly shaped voids also present. The determined air content and air-void system
parameters were likely affected by the presence of these large voids. In many voids, secondary, internal
deposits of clear to off-white material with similar optical properties of alkalic gel and carbonated alkalic
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gel were observed as partial linings and'coal:ings. In most of the larger, irregularly shaped voids, thicker
deposits were observed with an apparently, preferred occutrence to the “left”-side of the prepared sample
surface. Th core location/orientation is unknown,

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subangular in
shape with an observed topsize of 1 inch. The obsecrved coarse aggregate was composed of limestone
particles including cherty and fossilifcrous limestone particles. Many particles exhibited infernal fractures
and a few particles exhibited reaction rims. A few particles exhibited both reaction rimming and internal
fracturing,

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composcd of quartz, fcldspar, granifes, microcrystalline quartz chert, and claystone particles. A few
reactions rims were observed especially associated with microcrystalline quartz chert particles. Many
particles exhibited internal fractures.

DESCUSSION & CONCLUSION

We received seven core portions of hardened conerete to determine the general condition of the
concrete(s). It was reported that the submitted samples were taken from pedestals and upper raker areas.
Petrographic examinations were requested to determine if any deficiencies or potential failure/degradation
mechanisms could be identified prior to any concrete repairs or replacements, Mix designs were not
available at the time of this writing,

Results of Petrographic examinations for Samples “423 P, and “339R-P1” are initially reported in this
Interim Report. Results of Petrographic examinations for the remaining samples will follow.

The air-void system parameters for afl samples are listed below in TABLE 3:

TABLE 3
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Pastc % Length, Air, % l o L
Sample by vol. Points in, by vol. P/A 1 in, in.! in.
“423 p” 28.19 2,004 98.00 599 471 44 0136 2945 0153
“339R-P1” 15,67 = 2,023 99.70 821 191 27 0306 1305 .0146

According to ACLand PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usually
is air-entrained (air content of 3-7% by volume), manufactured with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi. The
examined samples are considered to be air-entrained. Overall, the observed aggregates exhibited signs or
evidence of reactivity including internal fractures and reaction rims. After water immersion, alkalic gel
exudations were present in Sample “339R-P1”. Distinct and highly localized staining of reactive
aggregates and paste regions (as observed and described above for Sample “423 P*) with sodivm
cobaltinitrite confirms ASR. Physical distress features (associated with ASR) strongly suggest
active/ongoing alkali-silica reactivity. The determined spacing factors were aver the recommended,
industry standard limit maximum of 0.0080 inches and are considercd unacceptable for freeze-thaw
durability in water saturated environments. The compressive strength(s) of the concrete represented by this
sample/mix design is unknown and comments regarding this will not be made.
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All Portland cement based concretes will carbonate over time. When carbonation occurs early in the life of
the concrete, the strength development of the affected area can be compromised. The samples exhibited
various depths of carbonated paste. However, the carbonated zones and the respective bulk pastes
exhibited similar hardnesses. This suggests that the carbonation had occurred over the service lives of the
concretes.

Based on this examination, the the general condition of the concrete(s), including aggregate features and
the presence/degree of observed microcracking, were deemed:

“423 p” - Very Poor - exhibited moderate-abundant amounts of microcracking and abundant
aggregate distress features

“339R-P1” - Poor - exhibited small amounts of microcracking and aggregate distress

The most possible cause for observed distress, as represented by the submitted samples, is active alkali-
aggregate reactivity. Differences in exposure conditions, especially exposure to water, can account for
these relative, different physical conditions. Inadequate air-void systems can be likely contributing factors
to deficiencies, potential failure, and/or further degradation under similar exposure conditions. However,
no marked evidence of freeze-thaw distress was observed.

It must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, poorly crystalline
or metastable silica minerals, volcanic or artificial glasses, and other siliceous-bearing aggregates (e.g.,
opal, chalcedony, cherts, rhyolltes dacites, etc) and the alkalis from Portland cement pasie or external
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
and/or expansion of mortar and concrete. Three condiiions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to occur. If one of these components is not
present, the reaction will not occur. Differences in exposure conditions, especially exposure to water, can
account for apparent physical changes in condition of the examined samples. If the ASR is left unchecked,
cxpansion will continue until moisture is removed, the source of alkalis is depleted, or the reactive silica
components are consumed.

(;???7%7&/

J. R. Varga, Conerete Petrographer
The Rock Doctor, Inc.

EXTERNAL RESOURCES '

Please consult your documentation for portal access information (password-protected).

« Online version of this report (PDF):
hitp: //www, rock-doclor, com/el lents/tourney/07083101 /rapork, 07083101 Group 4.pdf

¢ Online version of this Plates 1-9 report (PDF):
http: //wew. rock-doctor, com/clients/tourney/07083101 /plates 07083101 Group 4 1_S.pdf
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- W.0.#: 07-08-31-01 / TCG 0756 / GROUP 4
UPPER RAKER SAMPLE “339R-P2”

PLATE 19
TOP SURFACE

PLATE 20
PREPARED
SURFACE

PLATE 21

PREPARED SURFACE SHOWING PARTIAL

INFILLING OF VOID WITH CLEAR-WHITE
ALKALIC GEL (YELLOW ARROW)




W.O.#: 07-08-31-01 / TCG 0756 / GROUP 4
: o UPPER RAKER SAMPLE “340R-P1”
PLATE 22
TOP SURFACE
PLATE 23
PREPARED
o SURFACE

PLATE 24
CUT SURFACE SHOWING CLEAR GEL

. EXUDATIONS AT AGGREGATE SURFACE AND

' SURROUNDING PASTE (YELLOW ARROWS)
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W &3 oy L .
PETROGRAPHIC REPORT
DATE: Qctober 10, 2007
WORK ORDER: 07-08-31-01 / Group 5
CLIENT: Tourney Consulting Group / TCG 0756 Kauffinann Stadium
PREPARED BY: Jeffrey R. Varga, Concrete Petrographer, The Rock Doctor, Inc.
INTRODUCTION :

. We received six core portions of hardened concrete to determine the general condition of the concrete(s).

The core portions were marked “303UD-P”, 323 D-P”, “333D-P1”, “333UD-P1”, “333TD-P1”, and
“333TUD-P1”. The core portions measured, in length, approximately 6-1/2, 6, 1-3/4, 1-7/8, 1-3/4, and 2-
1/4 inches, respectively. The core portions were approximately 3-1/8 inches in diameter.

It was reported that the submitted samples were taken from the view concourse arca. Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
could be identified prior to any concrete repairs or replacements. Mix designs were not available at the
time of this writing.

SAMPLE PREPARATICN AND METHODS

Core samples “303UD-P”and “323 D-P” were cut in half, approximately perpendicular to the top surfaces.
Approx. % of an inch-thick slabs were cut from the remaining samples. The cut surfaces were ground
using water and abrasive materials following our standard procedure. The air-void system parameters were
determined following the puidelines of ASTM C 457-06 “Standard Test Method for Microscopical
Determination of Parameters of the Air-Void System in Hardened Concrete”. The modified point count
method was utilized with a magnification of 100 diameters. Samples “333D-P1”and “333UD-P1”did not
meet minimum traverse length requirements due to inadequate sample size.

The unprepared samples were partially immersed in water for at least three days to mobilize any alkalic
gels present. The cut surfaces of the core portion samples were not immersed in water.

The prepared and unprepared samples were examined following the guidelines of ASTM C 856-04
“Standard Practice for Petrographic Examination of Hardened Concrete”.

RESULTS OT PETROGRAPHIC EXAMINATION
“303UDb-p”

GENERAL CONDITION: (See PLATES 1-3) The top surface exhibited a generally tlat, mostly smooth,
soft, mostly clastic, membrane/coating that was gray to dark gray in color, Water readily beaded on this
surface and slowly absorbed into the surface. Many, partially exposed fine quartz aggregate particles and
nurierous, small, air-void septa were present at the exposed surface. Many fine cracks were also present
especially at the exposed aggregate peripheries. A 1-inch diameter, yellow paint “dot”, presumed to be
used for marking purposes, was also present at the exposed surface.

In section, the observed membrane/coating system ranged from approx. 1/16-3/32 of an inch thick and was
composcd of three apparent layers. The layer at/adjacent to the exposed surface ranged from approx. 1/5 up
to 1/2 of the total coating thickness and appeared to be a top coat-type application that filled irregularities
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present in the underlying layer of material. This uppermost layer was gray-dark gray in color exhibited a
very few, small voids but did not exhibit any aggregate particles. Discontinuous, finc cracks were observed
in this material parallel and adjacent to the exposed surface and coincided with the cracking observed at the
top surface. At the irregular interface between the two uppermost coating layers, no voids, separations, or
cracks were observed. The discontinuous intermediate layer (from zcro up to approx. 2/5 of the total
coating thickness) was gray in color and exhibited many aggregate particles and several voids,
Immediately below the two upper layers, a gray-colored layer was observed approx. % of the total coating
thickness. This material exhibited several, small voids, with many in line parallel to the top surface in the
upper portion of the layer. The bottom surface of this layer exhibited an almost continuous, adhered layer
of paste/mortar from the base concrete. An almost continuous separation/crack was present at or within the
upper portion of the base concrete. No apparent carbonation was observed in the base concrete. A very
small-small amount of microcracking was observed throughout the sample. Approx. 4-5/8 inches below the
cxposcd surface, an 1/8 of an inch diameter steel strand was observed. The bottom surface was a fracturcd
surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from light brown-pa’lc gray with a very small-small amount of
unhydrated cement particles to light brown-dull white in color, with a very small amount of unhydrated
cement particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscapically observed.

A]IR-VOID CONTENT: The air-void system parameters are listed below in TABLE 1:

TABLE 1
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol Points in, byvol. P/A  n  in in.* in,
“303UD-P” 28.09 2,022 09.60 6.58 427 55 0120 3328 0128

The inhomogeneously distributed voids were mostly small in size and spherically shaped with larger,
spherical to irrcgularly shaped voids also obscrved. A small-moderate amount of clusters of voids was
observed throughout the sample. In several voids, secondary, internal deposits were observed as
coatings/linings of clear material with the optical properties of the alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shapc with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of
limestone particles including cherty and fossiliferous limestone particles. A few particles exhibited internal
fractures and reaction rims. A few discolored portions of paste were present at a fow aggregate peripheries
especially associated with particles exhibited internal fractures.

FINE AGGREGATE: The homogencously distributed fine aggregate was angular-rounded in shape and

was composed of quartz, feldspar, quartz sandstone, granites, microcrystalline quartz chert, claystone, and

silistone particles. A few microcrystalline quartz chert particles exhibited reaction rims. Several aggregate
particles exhibited internal fractures,

“323 D-P”
GENERAL CONDITION: (Sec PLATES 4-6) The top surface exhibited a generally flat, rough, heavily
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cracked, moderately soft-moderately hard, slightly elastic, membrane/coating that was gray to dark gray in
color. The exposed surface was moderately absorptive to water. Many, partially exposed fine quartz
aggregate particles and many aggregate sockets were present at the exposed surface. Many fine cracks
were also present especially at the exposed aggregate peripheries. A 1-inch diameter, yellow paint “dot”,
presumed to be used for marking purposes, was also present at the exposed surface,

In section, the observed membranc/coating system ranged from approx. 5/32-3/16 of an inch thick and was
composed of six apparent layers. The uppermost layer at/adjacent to the exposed surface was very thin and
appeared to be a top coat-type application that filled irregularities present in the underlying layer of
mafcrial. This uppermost layer was gray-dark gray in color exhibited a very few, small voids but did not
exhibit any aggregate particles. A few, discontinuous, fine cracks wete observed in this material parallel
and adjacent to the exposed surface and coincided with some of the cracking observed at the top surface.
At the irregular interface between the two uppermost coating layers, no voids, separations, or cracks were
observed. The second layer below the top surface (from 1/32 of an inch up to approx. 1/16 of an inch
thick) was gray in color and cxhibited many aggregate particles and many air-void septa. Immediately
below the two upper layers, another dark gray-gray colored layer (similar to the exposed layer on this
sample and the exposed upper layer in Sample “303UD-P”) was obscrved. This layer ranged in thickness
from approx. 1/32 up to approx. 1/16 of an inch and appearcd to be a previously applied, top coat-type
application that filled irregulatities present in the underlying layer of material. Below this layer, a light
gray colored material with many fine aggregate particles and many air-void scpta was observed. This layer
appeared to be similar to the second layer in this sample and ranged in thickness from a veneer up to
approx. 1/16 of an inch maximum. The observed fifth and sixth layers were approx. 1/32 of an inch thick
and both exhibited several, small voids, with many in line parallel to the top surface in the upper portion of
each layer. The bottom [ayer exhibited a slightly darker gray color as compared to the overlying material.
At the bottom surface of these applied coatings, an almost continuous, adhered layer of paste/mortar from
the base concrete as present. An almost continuous separation/crack was present at or within the upper
portion of the base concrete. No apparent carbonation was observed in the base concrete. A small amount
of microcracking was observed throughout the sample. Approx. 3-5/8 inches below the exposed surface,
an 1/8 of an inch diameter steel strand was observed. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from light brown-pale gray with a very small-small amount of
unhydrated cement particles to light brown-dull white in color, with a very small amount of unhydrated
cement particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 2:

TABLE 2
ATR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % l 7 L
Sample by vol Points in byvol. P/A_ n in in.! in
“323D-P” 1760 2,000 98.60 8.60 205 7.1 .0121 3302 .0062

The inhomogeneously distributed voids were mostty small in size and spherically shaped with larger,
spherical o irregularly shaped voids also observed. A moderate-abundant amount of clusters of voids was
observed throughout the sample. In several voids, secondary, internal deposils were observed as
coatings/linings of clear material and partial linings of off-white, crystalline material with the optical
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properties of the alkalic gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 1-1/4 inches. The observed coarse aggregate was composed of limestone
‘particles including cherty and fossiliferons limestone particles. Several particles exhibited reaction rims.
Many particles exhibited internal fractures. Small amounts of light brown-colored paste were observed at a
few aggregate peripherics especially the fossiliferous particles.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, quartz sandstone, granites, microcrystalline quartz chert, claystone, and
siltstone particles. A few microcrystalline quartz chert particles exhibited reaction rims. Many aggregate
particles exhibited internal fractures. A few light brown-colored pasic arcas were observed at a few
aggregate petipheries especially the microcrystalline quartz chert particles.

“333D-P1”

GENERAL CONDITION: (See PLATES 7-10) The top surface exhibited a generally flat, rough, heavily
cracked, moderately hard, rigid, membrane/coating that was gray to dark gray in color. The exposed
surface was moderately absorptive to water. Many, partially exposed fine quartz aggregate particles and
many aggregate sockets were present at the exposed surface. A l-inch diameter, yellow paint “dot”,
presumed to be used for marking purposes, was also present at the exposed surface.

In section, the observed membrane/coating system was approx. 5/32 of an inch thick with onc small,
localized portion up to 5/16 of an inch thick. The coating system was composed of five apparent layers,
The uppermost layer at/adjacent to the exposed surface was cracked, very thin and appeared to be a top
coat-type application that filled irregularitics present in the underlying layer of material. This uppermost
layer was gray-dark gray in color exhibited a very tew, small voids but did not exhibit any aggregate
particles. At the irrcgular interface between the two uppermost coating layers, many cracks were observed.
The second layer below the top swrface (up to approx. 1/16 of an inch thick) was gray in color and
exhibited many aggregate particles, many air-void septa, and many cracks. Immediately below the two
upper layers, another dark gray-gray colored, discontinuous layer (similar to the exposed hyer on this

sample and the previously described upper coating layers) was observed. This layer ranged in thickness
from zcro (not observed) up to approx. 1/16 of an inch and appearcd to be a previously applied, top coat-
type applications that filled irregularities present in the underlying layer of material. Below this layer, a
light gray colored material with many fine aggregate particles and many air-void septa was observed. This
layer appeared to be similar to the second layer in this sample and ranged in thickness from a veneer up to
approx. 1/16 of an inch maximum. The observed fifth layer was approx. 1/16 of an inch thick and
cxhibited several, small voids, with a few in line parallel to the top surface in the upper portion. At the
bottom surface of these applied coatings, an almost continuous, adhered layer of paste/mortar from the
base material was observed. An almost continuous separation/crack was present at or within the upper
portion of the base mortar material. No apparent carbonation was observed in the base mortar material. A
very small amount of microcracking was observed throughout the sample. Off white-clear material with
the propetties of alkalic gel were observed on a cut surface after water immersion of sample trimming. The
bottom surface was smooth and undulating suggesting placement over plastic/vapor barrier.

CEMENTITIOUS MATRIX: The cement paste maftrix was highly water absorptive, moderately soft-
moderately hard, and light gray-light brown in color with a small-moderate amount of unhydrated cement
patticles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.
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AIR-VOID CONTENT: The estimated air-void system parameters are listed below in TABLE 3:

TABLE 3
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % l o L
Sample by vol Points in byvol. P/A___n _ _in in*! in
“333D-P1” 2511 1,374 67.60 408 615 49 0084 4762 .0107

The inhomogeneously distributed voids were mostly small and spherically shaped with fewer, larger,
spherical-irregularly shaped voids present. A moderate amount of clustering of voids was observed
throughout the sample. A higher concentration of voids were observed in the upper half of the sample,
Secondary, internal deposits were observed as linings of clear-white material with similar optical properties
of alkalic gel were observed in a few voids.

AGGREGATE: The homogencously distributed aggregate particles were subangular-subrounded in shape
with an observed topsize of 3/8 of an inch. The collective aggregate was composed of quartz,
microcrystalline quartz chert, feldspar, granites, limestone and one coal particle. Many particles exhibited
internal fractures. Several particles exhibited reaction rims. Small, localized, light red-brown staining of
the paste was observed adjacent to the observed coal particle.

“333UD-P1”

GENERAL CONDITION: (See PLATES 1 1-i3) The top surface exhibited a generally flat, slightly rough,
moderately hard, semi-rigid, membrane/coating that was gray to dark gray in color. The exposed surface
was moderately absorptive to water and exhibited many, small cracks especially at the exposed aggregate
peripheries. Many, partially exposed fine quartz aggregate particles and many several aggregate sockets
were observed at the exposed surface. A 1-inch diameter, yellow paint “dot”, presumed to be used for
marking purposes, was also present at the exposed surface.

In section, the observed membrane/coating system ranged in (ofal thickness from approx, 1/16 of an inch
up to approx. 1/8 of an inch thick., The coating system was composcd of four apparent layers. The
uppermost layer at/adjacent to the exposed surface was very thin (veneer up (o approx. 1/32 of an inch
thick) and appeared to be a top coat-type application that filled irregularitics present in the underlying layer
of material. This uppermost layer was gray-dark gray in color exhibited a very few, small voids but did not
exhibit any aggregate particles. Discontinuous, fine cracks worc observed in this material parallel and
adjacent to the exposed surface and coincided with the cracking observed at the top surface. The
discontinuous second layer of coating material below the top surface (from zero up to approx. 1/32 of an
inch thick) was gray in color and exhibited many aggregate particles and many air-void septa. Below this
layer, a light gray colored material with many larger air-void septa was observed. This layer ranged in
thickness from a 1/32 of an inch up to approx. L/16 of an inch maximum. The observed fourth,
discontinuous layer of coating material ranged from zero ap to approx. 1/16 of an inch maximum thickness
and exhibited many small voids, with a fow in line, paraliel to the top surface. At the bottom surface of
these applied coatings, an almost continuous, adhered layer of pasie/mortar from the base material was
observed. An almost continuous scparation/crack was present at or within the upper portion of the base
mortar material, No apparent carbonation was observed in the base mortar material. A very small amount
of microcracking was obscrved throughout the sample. The boltom surface was smooth and undulating
suggesting placement over plastic/vapor barrier,

CONVIDENTIAL PAGE 5 : 10/10/2007%



THE ROCK DOGTOR

CONCRETE SOLUTIONS YOR CONCRETE PROBLEMS

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately sofi-
moderately hard, and light brown-light gray in color with a small-moderate amount of unhydrated cement
particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The estimated air-void system parameters are listed below in TABLE 4-

TABLE 4
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % l o L
Sample by vol Points in, byvol, P/A___n __ in, int in,
“333UD-P1” 26.7 1,460 71.90 2.2 122 34 007 611 011

The inhomogeneously distributed voids were mostly spherically shaped and small to farge in size. A small
amount of clustering of voids was observed throughout the sample. A few voids exhibited sccondary,
internal deposits as coatings/linings of clear material with the optical properties of alkalic gel.

AGGREGATE: The homogeneously distributed aggregate was subangular-subrounded in shape with an
observed topsize of 1/2 of an inch. The observed aggregate was composed of microcrystalline quartz chert,
quartz, fcldspar, granites, sandstone, siltstone, fossiliferous limesione particles and wood fibers. Many
particles exhibited small amounts of internal fractures and a few particles exhibited reaction rims.

“333TD-P1”

GENERAL CONDITION: (See PLATES 14-16) The top surface was slightly rough, generally flat and
cxhibited numerous partially exposed, fine aggregate particles in a slightly recessed, moderately soft-
moderately hard matrix. Very small amounts of loosely adhered, very fine, Hght brown “dust” and dark
brown-black debris were also present. Most of the light brown “dust” (presumed to be debris from the
coring procedure) was easily washed from the surface. Several, fine cracks were observed at the top
surface and several were interconnected and formed “Y”-shaped patterns. An approx. 1-inch diameter
semi-circular spot of yellow-colored matcrial, presumed to be used for marking purposes, was also present
at the exposed surface.

In section, no carbonation was observed. A very small amount of microcracking was observed, Off white-
clear material with the properties of alkalic gel were observed on a cut surface over a chert aggregate
particle after water immersion of a sample trimming. The bottom surface exhibited a thick coating of shiny,
black-colored, tar-like material presumed to be a water-stop material.

CEMENTITIOUS MATRIX: The cementitious pastc matrix was highly water absorptive, moderately soft-
moderately hard, and light brown in color with a small amount of unhydrated cement particles. A small-
moderate amount of fly ash was observed with no ground granulated blast furnace slag or other pozzolanic
materials being microscopically observed.

AIR-VOID CONTENT: The air-void sysicm parameters are listed below in TABLE 5

CONFIDENTIAL TAGE & 19/10/2007



THE ROCK DOCTOR

CONCRETE SOLUTIONS FOR CONCRLTE PFROBLEMS

TABLE 5
ATR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o 1.
Sample by vol, Points in. by vol. _ P/A n in in,! in
“333TD-P1” 27.40 1,529 7525 693 395 25 0279 1434 0276

The homogeneously distributed voids were mostly large in size and irregular-spherically shaped with
fewer, smaller, spherically shaped voids also present. No secondary internal deposits were observed.

AGGREGATE: The homogencously distributed aggregate was subangular-subrounded in shape with an
observed topsize of 3/8 of an inch. The observed aggregate was composed of quartz, feldspar,
microciystalline quartz chert, granites, sandstone, and siltstone particles. Several particles exhibited small
amounts of internal fracturcs and a fow particles exhibited reaction rims.

“333TUD-P1”

GENERAL CONDITION: (See PLATES 17-20) The top surface exhibited a generally flat, slightly rough,
soft, clastic, membranc/coating that was gray in color with scveral partially exposcd, fine aggregate
particles. Water beaded when applied to the exposed surface. A very small amount of fine cracks were
obscrved and seemed (o be located at/or near at the exposed aggregate peripheries. A few very small,
localized areas exhibited many, interconnected, very fine cracks with a “mud-crack™-type pattern. The
coating in this very finely cracked areas was slightly harder than the bulk coating at the exposed surface. A
few aggrepate sockets were also present at the cxposed surface. A l-inch diameter, yellow paint “dot”,
presumed to be used for marking purposes, was also present at the exposed surface.

In section, the observed membrane/coating system ranged from approx. 1/16 up to 1/8 of an inch thick and
was composed of three apparent layers. The layer at/adjacent to the expeosed surface ranged from a vencer
up to approx. 1/16 of an inch thick and was gray in color with many fine aggregate particles and many air-
voids present. At the interface between the two uppermost coating layers, no voids, separations, or cracks
were observed. The soft, elastic, intermediate layer (from approx. 1/24 up to 1/16 of an inch thick) of
material was light gray in color and exhibited several aggregate particles and many voids. The observed
aggregate particles were concentrated at/or near the bottom of this {ayer. A few cracks/scparations were
also observed at/or near the bottom of this layer. The bottom layer of coating material was light gray-gray
in color, hard and rigid, and moderately cracked with a few aggregate particles. The thickness of this layer
ranged from a veneer up to approx. 1/32 of an inch thick. The bottom surface of this layer exhibited an
almost continuous, adhered layer of paste/mortar from the base mortar material. An almost continuous
separation/crack was present at or within the upper portion of the base mortar material. No apparent
carbonation was observed in the base concrete. The upper portion of the mortar material exhibited
localized, discontinuous, light brown discolorations at the exposed top surface up to approx. 3/8 of an inch
depth, A few, vertically oriented cracks were also present and the crack edges coincided with the observed
discolorations. A small amount of microcracking was observed throughout the sample. Approx. 1-3/4 and
2 inches inches below the exposed surface, several 1/16 of an inch diameter steel strands were observed.
Approx. 2 inches bglow the top surface, a 1/4 of an inch thick zone of markedly darker gray paste was
observed. At/adjacent to the bottom surface, a light brown colored paste zone was present. The bottom
surface exhibited a thick coating of shiny, black-colored, tar-like material presumed to be a water-stop
material.
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CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately hard, and
light brown-dull white in color with a very small amount of unhydrated cement particles, No fly ash,
ground granulated blast furnace slag, or other pozzolanic materials were microscopically abserved.

AIR-VOID CONTENT: The air-void system parameters arc listed below in TABLE 6:

TABLE 6
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample .. byvol  Points . in.  byvol A n___in in* in
“333TUD-P1” 37.83 1,800  88.50 450 841 1.8 .0247 1617 .0363

The homogeneously distributed voids were mostly large in size and ranged from spherical io irregular in
shape. In numerous voids, secondary, internal deposits were observed as coatings/linings, partial linings,
tufts, and blooms of internally radiating fine, needle-like crystals with the optical propertics of the mineral,
sttringite, CasAla(S04):(OH)12- 26 H20 as well as infillings and linings of clear-off white material with the
optical properties of alkalic gel.

AGGREGATE: The homogeneously distributed aggregate was subangular-subrounded in shape with an
observed topsize of 1/4 of an inch. The observed aggregate was composed of quartz, microcrystalline
quartz chert, feldspar, granites, siltstone, chalcedonic chert particles and wood fibers. Many particles
exhibited internal fractures and several chert particles exhibited reaction rims.

DISCUSSION & CONCLUSION

We received six portions of hardened concrete to determine the peneral condition of the concrete(s). Tt was
reported that the submitted samples were taken from view concourse areas. Petrographic examinations
were requested to determine if any deficiencies or potential failure/degradation mechanisms could be
identified prior to any concrete repairs or replacements. Mix designs were not available at the time of this
writing.

The determined air-void system parameters are listed below in TABLE 7:

TABLE 7
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % t o L
Sample by vol. Points in, byvol. P/A__ n in, in,” in.
“303UD-P”  28.09 2,022 99.60 6.58 427 55 0120 332.8 .0128
%323 D-P” 17.60 2,000 98.60 860 205 7.1 0121 3302 .0062
“333TD-P1” 2740 1,529 75.25 6.93 395 25 0279 1434 0276
“I33ITUD-P1” 37.83 1,800 88.50 4.50 841 1.8 .0247 161.7 .0363
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The estimated ait-void system parameters are listed below in TABLE 8:

TABLE 8§
ESTIMATED ATR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Pastc % Length, Air, % | o, 1L
Sample by vol Points in, byvol, P/A_ n _in in"! in
*333D-P1” 25.1 1,374 67.60 4.1 6.1 49 008 476 011
“333UD-P1726.7 = 1460 71.90 22 12.1 34 007 611 011

According to ACI and PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usually
is air-entrained (air content of 3-7% by volume), manufactured with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi.

All samples are considered to be air-enfrained cxcept “333UD-P17.

Overall, the observed aggregates in cach samplic cxhibited reaction rims and internal fractures. Alkalic
gel deposits were obscrved in all samples except “333TD-P1”. However, gel exudations were observed
a-cut surface over a chert aggregate particle after water immersion of a satple trimming in Sample
“333TD-P1”. These features strongly suggest that the collective aggregate should not be considered
“durable” due to susceptibility to alkali-silica reactivity.

The determined spacing factor for Sample “323 D-P” was under (acceptable) the recommended,
industry standard limit maximum of 0.0080 inches, and is considered to be adequate for exposure in a
waler-saturated, cyclic, freeze-thaw environment. The determined and estimated spacing factors for the
remaining samples are over the recommended, industry standard limit maximum of 0.0080 inches and
should not be considered to be adequate for durability in a water-saturated, cyclic, freeze-thaw
cnvironmcnts

The comprcsswc strength(s) of the concrete 1cprcscntcd by this sample/mix design is unknown and
comments regarding this will not be made.

No carbonation was observed in the base materials of the examined core samples.

Sample “333TUD-P1” cxhibited both alkalic gels and ctiringiic as secondary internal deposits. The
presence of ettringite is commonly associated with the occurrence of ASR. The presence of ettringite that
has formed duc to DEF is associated with precast members that have been exposed to high curing
temperatures. [t should be noted that etiringite is common in Portland cement based concretes and its
presence alone is not indicative of sulfate attack. It must be chemically cstablished that the sulfate content
of the concrete is greater than would be supplied by the original sulfate content of the cement.

Based on this examination, the most possible cause of the reported distress, as represented by the submitted
samples, is active alkali-aggregate reactivity., Based on this cxamination and observations including
aggregate features and the presence/degree of observed microcracking, the general conditions are deemed:

Poor — Sample “333TUD-P1” exhibited both alkalic gels and ettringite as secondary internal
deposits, with the highest levels of reactions rims/internal fractures present.
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Poor — Sample “323 D-P” exhibited alkalic gel exudations, many internal fractures in aggregates,
and a small amount of microcracking.

Poor — Sample “333D-P1” exhibited alkalic gel exudations, many internal fractures and several
reaction rimns in aggregates, and a small amount of microcracking,.

Fair/Poor — Samples , “303UD-P” and “333UD-P1” cxhibited very small amounts of
microcracking and low-moderate amounts of aggregate particles exhibiting reaction
characteristics.

Fair — Sample “333TD-P1” exhibited very small amounts of microcracking and fower
aggregate particles exhibiting reaction/distress characteristics with no observed sccondary -
deposits. However, gel exudations were observed a cut surface over a chert aggregaie
particle after water immersion of a sample trimming. “333TD-P1” was the only sample
that containcd fly ash.

Inadequate air-void systems can be likely contributing factors to deficiencies or potential failure and/or
further degradation.

It must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, poorly crystailine
or metastable silica minerals, volcanic or artificial glasses, and other siliceous-bearing aggregates (e.g.,
opal, chalcedony, cherts, rhyolites, dacites, ctc.) and the alkalis from Portland cement paste or external
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
and/or expansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to occur. If one of these components is not
present, the reaction will not occur. Differences in exposure conditions, especially exposure to water, can
account for apparent physical changes in condition of the examined samples.

J.R. Vai ga Concrete Petrogl 'lpher

The Rock Doctor, lnc

EXTERNAL RESOURCES.

Please consult your documentation for portal access information (password plotected)
+ Online version of this report (PDF):

hLLD.//www.lockedoctor.com/cllents/tournev/07083101/report_070831017Group75.pdf
» ' Online version of Plates 1-10 (PDF): i

http //www LGCk doctor. cmm/cllenta/Lournev/07083101/plates 07083101 Flcup 51 10.pdf
. Online version of Plates 11-20 (PDF) o

Chlbp:/fwww. rock-doclkor, com/elienta/Lourney/07083101 /plates 07083101 Group b 11 20.pdf
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" THE ROCK DOCTOR

CONCRETE SOLUTIONS I'OR CONCRITE PRODBLEMS

- PETROGRAPHIC REPORT
" DATE: October 16, 2007
WORK ORDER: 07-08-31-01 / Group 6 View Scating
CLIENT: Tourney Consulting Group / TCG 0756 Kauffmann Stadium
PREPARED BY: Jeftrey R. Varga, Concrete Petrographer, The Rock Doctor, Inc.
" INI'RODUCTION

We received six core portions of hardened concrete to determine the general condition of the concrete(s).
- The core portions were marked “412 P”, %416 P1”, “416 P27, “424 P”, “436 P, and “343 STEP”. The
core portions measured, in length, approximately 6-3/4, 4, 4-3/4, 3, 5-3/4, and 4 inches, respectively. The
core portions were approximately 1-3/4 inches in diameter except for Sample “343 STEP” which
measured 3-1/8 inches in diameter. Sample “343 STEP” was received in a heavily damaged state and
friable with numerous cracks and will not be examined. '

It was reported that, the submitted samples were taken from the view scating area. Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
could be identified prior Lo any. concrete repairs or replacements. Mix designs were not available at the
time of this writing. '

SAMPLE PREPARATION AND METHODS

The examined samples were cut in half, approximately perpendicular to the top surfaces. Core samples
“416 P1”and “416 P2” fell apart during sample preparation and the largest pieces were used for this
examination. The cui surfaces were ground using water and abrasive materials following our standard
procedure. The air-void system parameters were estimated/determined following the guidelines of ASTM
C 457-06 “Standard Test Method for Microscopical Determination of Parameters of the Air-Void System
in*Hardened Concreté”. The modified point count method was utilized with a magaification of 100
diameters. Sample “424 P”did not meet minimum traverse length requirements duc to inadequate sample
size.

The unprepared samples were partial]y immersed in water for at least thiee days to mobilize any alkalic
gels present. The cut surfaces of the core portion samples were not immersed in water.

A portion of the prepared surface of Samples “412 P, the upper portion of the prepared surface of Sample
“416 P27, the prepared surface of Sample “424 P”, and the unprepared surface of the sample trimming of
Sample “436 P” were stained using a saturated, aqueous solution of sodium cobaltinitrite (reacts with
soluble potassium to produce a yellow precipitate resulting in staining potassium-rich ASR gel) following
the guidelines in a July 1998 report titled “Genchemical Methods for the Identification of ASR Gel” by
Guthrie and Carey, Los Alamos National Laboratory . In addition, a saturated, aqueous solution of
Rhodamine B was similatly used to aid this staining procedure by highlighting (providing a high contrast
background) the regions of yellow-stained ASR gel and in part, to identify other degradation products.

The prepared, unprepared, and stained sample surfaces were examined following the guidelines of ASTM
C 856-04 “Standard Practice for Petrographic Examination of Hardened Concrete”.
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RESULTS OF PETROGRAPHIC EXAMINATION
“412 P

GENERAL CONDITION: (Sec PLATES 1-3) The top surface exhibited numerous, partially cxposed finc
and coarser aggregate particles in a moderately soft, recessed cement paste matrix. Small amounts of loose,
black debris were also present at the exposed surface. An approx. l-inch diameter, yellow paint “dot”,
presumed to be used for marking purposes, was also present at the exposed surface.

In scction, a vencer up to approx. 1/8 of an inch thick zone of carbonated paste was observed. A small
amount of microcracking was observed throughout the sample and many were infilled with a very finely
crystalline, off whitc-light brown material that exhibited similar properties as alkalic gel. Approx. 2-3/8
inches below the exposed surface, a 1/4 of an inch diameier steel bar was observed. The bottom surface
was a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in the majority of the paste. Yellow staining was observed
in the secondary, internal deposits a few voids, as paste “halos” at aggregate peripheries, within internal
fractures in a few aggregate particles, and in microctystalline quartz chert particles in the fine aggregate
portions. Rhodamine B staining resultcd in pink colorations cspecially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from light gray-dull white with a moderate amount of unlydrated
cement particles to dull white in color with a small amount of unhydrated cement particles. The darker-
colored pasie areas were harder as compared to the lighter-colored paste portions. No fly ash, ground
granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 1:

TABLE 1
AIR-VOID SYSTEM PARAMETERS
o * “TRAVERSE -~ = PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % [ o. L
Sample by vol, Points in by vol._ /A n in in* in,
“412 P» 22.60 1,788 87.00 403 561 44 0091 4384 0111

The inhomogeneously distributed voids were mostly spherical in shape and ranged in size from small to
large. Fewer, larger, irregularly shaped voids were also observed. A small-moderate amount of clusters of
voids was observed throughout the sample. In a few voids, secondary, internal deposits were observed as
coatings/linings of clear-light brown material with the optical properties of the alkalic gel/carbonated
alkalic gel.

COARSE AGGREGATE: The homogencously distributed coarsc aggrepatc was subangular-rounded in
shape with an observed topsize of 5/8 of an inch. The observed coarse apgregate was composed of
lightweight, expanded clay/shale particles. A fow particles cxhibited small amounts of internal fracturcs,
few discontinuous veneers of darker paste/mortar were observed at several aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystaltine quartz chert, and quartz sandstone particles.
A few wood fibers were also observed. A few microcrystalline quartz chert particles exhibited reaction
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rims. A few aggregate particles exhibited internal fractures.
“416 P17/%416 P2”

Due to sample degradation, the largest portions of each sample were examined. The collective core
features were similar and will be described as one.

GENERAL CONDITION: (See PLATES 4-7) Upon receipt, the samples exhibited many, fine fracture
planes that were oriented roughly parallel to the top surfaces. The top surface exhibited numerous, partially
exposed fine aggregate particles in a soft, recessed cemenit paste matrix. Small amounts of loose, black
deébris were also present at the exposed surface. A fine crack was also present at the top surface. The crack
edges were lined with white, fincly crystalline material with the optical properties of alkalic gel. A 1-inch
diameter, yellow paint “dot”, presumed to be used for marking purposes, was also present at the exposed
surface.

In section, a veneer of carbonated paste was observed. Several fracture planes/cracks were observed
roughly parallel to the top surface throughout the sample. A moderate amount of microcracking was
observed throughout the sample and many were infilled with a very finely crystalline, off white-light
brown material that exhibited similar propertics as. alkalic gel. A fine, vertically oriented crack was
observed from the top surface to an observed depth of 1/8 of an inch. This crack transected paste and a
coarse aggregate particle. The bottom surface was a fractured surface.

i baltinitrite/Rhodamine B Staining Meth
Visual assessments, including using a pétrographic microscope, showed distinet yellow staining from the
application of the sodium cobaltinitrite solution in small, localized paste portions. Yellow staining was also

observed in microcrystalline quartz chert particles, and in a few reaction rims. Rhodamine B staining
resulted in pink colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and light brown-pale gray with a very small-small amount of unhydrated cement
particles, No fly ash, ground granulated blast furnacc slag or other pozzolanic materials werc
microscopically observed.

AIR-VOID CONTENT: The surface areas of Samples “416 P1” and “416 P2” were combined and are
reporied as one. The air-void system parameters are listed below in TABLE 2:

TABLE 2
ATR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % l G L
Samples by vol, Points in. by vol, /A n in, in,” in,
“416 P172”  20.20 1,505 73.55 le6 122 1.8 .0094 4256 .0162

The homogencously distributed voids were mostly small in size and spherical-irregularly shaped. In many
voids, secondary, internal deposits were observed as infillings, coatings/linings of clear material and partial
linings of off-white, crystalline material with the optical properties of the alkalic gel/carbonated alkalic gel.
In many voids, secondary, internal deposits were observed as infillings, coatings/linings, partial linings,
tufts, and blooms of internally radiating fine, needle-like crystals with the optical properties of the mineral,
ettringil;e, C36A12(504)3(0H)|2' 26 H20

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
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shape with an observed topsize of 1/2 of an inch. The abserved coarse aggregate was mostly composed of
cherty limestone particles with lesser amounts of fossiliferous limestone particles. Many particles exhibited
reaction rims. Many particles exhibited abundant amounts of internal fractures with many fractures
transecting surrounding paste.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quarlz, feldspar, granitcs, and microcrystalline quartz chert particles. A fow
microcrystalline quartz chert particles exhibited reaction rims. Many aggregate particles exhibited internal
fractures. A few small separations were observed at several paste:aggregate interfaces.

“424 P”

GENERAL CONDITION: (See¢ PLATES 8-10) The top surface exhibited rough, worn surface with
numerous partially exposed fine aggregate particles in a recessed paste matrix. Several, large, air-void
scpla were present at the exposed surface. Moderate amounts of loose, black debris were also present at the
exposed surface. A few, fine, “open” cracks were observed at the top surface. A I-inch diameter, yellow
paint “dot”, presumed to be used for marking purposes, was also present at the exposed surface.

In section, a discontinuous veneer of carbonated paste was observed. A very small-small amount of
microeracking was observed throughout the sample and many were infilled with a very finely crystalline,
off white-light brown material that exhibited similar properties as alkalic gel/carbonated alkalic gel. The
bottom surface was a fractured surface.

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in the majority of the paste. Yellow staining was also
observed in at a few microcrystalline quartz chert particle peripheries and adjacent to a few reaction rims.
Rhodamine B staining resulted in pink colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was moderately water absorptive, moderately soft-
moderately hard, and light gray in color with a small-moderate amount of unhydrated cement particles. No
fly ash, ground granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The estimated air-void system parameters are listed below in TABLE 3:

TABLE 3
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % [ o L
Sample by vol. Points in, bvvol. P/A _n _in, in'  in,
“424 P” 22.6 925 44.95 4.1 551 4.0 010 392 012

The homogeneously distributed voids were small-large and sphetically shaped with fewer, larger,
irregularly shaped voids present. Secondary, internal deposits were observed as partial linings/coatings of
clear-white material with similar optical properties of alkalic gel were observed in a few voids.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was subangular-rounded in
shapc with an obscrved topsize of 7/8 of an inch. The observed coarsc aggregate was composed of
lightweight, expanded clay/shale particles. A few particles exhibited a few internal fractures. A few
discontinuous vencers of darker paste/mortar were observed at several aggregate peripherics.

FINE AGGREGATE: The homogencously distributed fine aggregate was angular-subrounded in shape and
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was composed of quartz, feldspar, granites, microcrystalline quartz chert, and quartz sandstone particles.
A few wood fibers were also observed. A very small amount of the observed microcrystalline quartz chert
particles exhibited internal fractures.

“436 P”

The sample was received in roughly two half portion separated by a horizontally oriented fracture plane.
The portions were taped together.

GENERAL CONDITION: (See PLATES 11-13) The top surface exhibited rough, worn surface with
numerous partially exposed fine aggrepate particles in a recessed paste matrix. Several, large, air-void
scpta were present al the exposed surface. Moderate amounts of loose, black debris were also present at the
exposed surface. One fine, discontinuous crack was observed at the top surface, A 1-inch diameter, yellow
paint “dot”, presumed to be used for marking purposes, was also present at the exposed surface.

In section, a discontinuous zone of carbonated paste was observed up to approx. /16 of an inch thick. A
small amount of microcracking was observed throughout the sample and many were infilled with a very
finely crystalline, off white-light brown material that exhibited similar properties as alkalic gel/carbonated
alkalic gel. Approx. 3-1/2 inches below the exposed surface, a 1/4 of an inch diameter steel bar was
observed. The bottom surface was a fractured surface.

inm ltinitri NG ining
Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in almost all of the observed paste. Yellow staining was
also observed at a few particle peripheries.

CEMENTITIOUS MATRIX: The cement paste matrix was moderately water absorptive, moderately soft-
moderately hard, and light brown in color with a small-moderate amount of unhydrated cement particles.
No fly ash, ground granvlated blast furnace slag or other pozzolanic materials were microscopically
observed.

AIR-VOID CONTENT: The determined air-void system parameters are listed below in TABLE 4:

TABLE 4
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Pastc % Length, Air, % ( o L
Sample by vol, Points in, byvol. P/A _.n.___in in* in,
“436 p” 28.04 1,776 86.40 535 524 41 0131 3064 0154

The inhomogeneously distributed voids were mostly spherically shaped and small to large in size. A few,
larger, irregular voids were also present. A small-moderate amount of clustering of voids was observed
throughout the sample. A few voids exhibited secondary, internal deposits as coatings/linings of clear-off
white material with the optical properties of alkalic gel/catbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was subangular-rounded in
shape with an observed topsize of 3/4 of an inch. The observed coarse aggregate was composed of
lightweight, cxpanded clay/shale particles. A few particles exhibited a small amount of internal fractures.
A few discontinuous veneers of datker paste/mortar were observed at several aggregate peripheries.
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FINE AGGREGATE: The homogencously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, and quartz sandstone particles,
A few particles exhibited a small amount of internal fractures.

DISCUSSION 8 CONCLUSION

We received six portions of hardened concrete to determine the gencral condition of the concrete(s). It was
reported that the submitted samples were taken from view seating arcas, Petrographic cxaminations were
requested to determine if any deficiencies or potential failure/degradation mechanisms could be identified
prior to any concrete repairs or replacements. Mix designs were not available at the time of this writing,

The determined air-void system parameters are listed below in TABLE 7:

TABLE 7
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % . Length, Air, % l o L
Sample by vol. Points in, byvol P/A_ n in. in.! in.
“412 p” 22.60 1,788 87.00 4.03 561 44 0091 4384 0111
“416 P1/2”  20.20 1,505 73.55 166 122 1.8 0094 4256 .0162
“436 P» 28.04 1,776 86.40 535 524 41 0131 3064 .0154

The estimated air-void system parameters are listed below in TABLE §:

TABLE 8
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol, Points in, bvvol, P/A_ n __ in, in,* in,
“424 p” 22.6 925 44 .95 41 551 40 010 392 012

According (o ACI and PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usually
18 air-entrained (air content of 3-7% by volumc), manufactured with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi.

- All samples are considered fo be air-entrained except “416 P1/P2”,

- Overall, the observed lightweight aggregate particles exhibited only small amounts of fracturing and
appear to be durable. Samples “416 P1”, “416 P2” , “343 STEP” were reccived in a heavily
damaged/cracked conditions, with numerous cracks. The observed aggregate particles in Samples “416
P1” and “416 P2” cxhibited reaction rims, and abundant amounts of internal fractures, and both
alkalic gel deposits and ctiringitc as secondary deposits in many voids. These features strongly suggest
that the collective aggregate should not be considered “durable” due to susceptibility to alkali-silica
reactivity.
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~  The estimated and determined spacing factors were over (unacceptable) the recommended, industry
standard limit maximum of 0.0080 inches, and should be considered inadequate for exposure in a
water-saturated, cyclic, freeze-thaw environments.

- The compressive strength(s) of the concrete represented by this sample/mix design is unknown and
commentis regarding this will not be made.

Only small, if any, carbonation was observed in the examined core samples.

Samples “416 P1” and “416 P2” exhibited both alkalic gels and ettringite as secondary internal deposits.
The presence of ctiringite is commonly associated with the occurrence of ASR. The presence of citringite
that has formed duc to DEF is associated with precast members that have been exposed to high curing
temperatures. It should be noted that etiringite is common in Portland cement based concretes and its
presence alone is not indicative of sulfate attack. It must be chemically established that the sulfate content
of the concrete is greater than would be supplied by the original sulfate content of the coment.

Based on this examination, the most possible cause of the reported distress, as represented by the submitted
samples, is active alkali-aggregate reactivity. Based on this examination and observations including
aggregate features and the presence/degree of observed microcracking, the general conditions are deemed:

Poor — Samples “343 STEP”, “416 P1” and “416 P2” duc to heavily fractured received
condition and lack of integrity. Samples “416 P1” and “416 P2”cxhibited both alkalic gels
and etiringite as secondary internal deposits, with the highest levels of reactions
rims/internal fractures present.

Fair/Poor — Samples “412 P” and “424 P” cxhibited small amounts of
microcracking and low amounts of aggregate particles exhibiting internal fractures.

Fair/Poor — Sample “436 P” exhibited very small-small amounts of microcracking and low
amounts of internal fracturing of aggregates.

However, Samples “412 P”, “424 P”, and “436 P” exhibited marked yellow staining of the pastes after the
applications of cobaltinitrite. This suggests that appreciable amounts of mobilized alkalic gel was present
within those pastes. The age of these concrete(s) is unknown. Marked disruption of the pastes of these
concrefes containing lightweight aggregates was not observed, but the potential is existent.

Inadequate air-void systems can be likely contributing factors to deficiencies or potential failure and/or
further degradation.

It must be noted that Alkak-Silica Reaction (ASR) takes place between certain reactive, poorly crystalline
or metastable silica minerals, volcanic or artificial glasses, and other siliccous-bearing aggregates (e.g,,
opal, chalcedony, cherts, rhyolites, dacites, etc.) and the alkalis from Portland coment paste or external
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
and/or expansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to oceur. If one of these components is not
present, the reaction will not occur. Differences in exposure conditions, especially exposure (o water, can
account for apparent physical changes in condition of the examined samples.
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J. R. Varga, Concrete Petrographer

The Rock Doctor, Inc.

EXTERNAL RESOURCES

Please consult your documentation for portal access information (password-protected).

¢ Online version of this report (PDF):
httn://www.roﬁk—doctor.com/clients/tournav/G?OSB]Ol/reportWG7DB31Dleroun“G.ndf

»  Online version of Plates 1-10 (PDF):
htti: //www, reck—doctor. com/elients/tourney/07083101 /plates 07083101 Group 6 1 13.pdf
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PLATE 1
TOP SURFACE

PLATE 2
PREPARED SURFACE
WHITE BOX SHOWN IN
PLATE 3

PLATE 3
PREPARED SURFACE AFTER STAINING WITH COBALTINITRITE
NOTE: MARKED YELLOW STAINING OF THE PASTE



W.0.#: 07-08-31-01 GROUP 6 / TCG 07356
SAMPLE “416 P2”

PLATE 4 o
TOP SURFACE PLATE 6
PREPARED SURFACE /UPPER PORTION

SHOWING HEAVY FRACTURING IN
PASTE AND AGGREGATES

PLATE 7
PREPARED SURFACE/UPPER PORTION AFTER
STAINING WITH COBALTINITRITE
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PLATE 6
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PETROGRAPHIC REPORT

DATE: October 20, 2007

WORK ORDER: 07-08-31-01 / Group 7 Club Level

CLIENT: Tourney Consulting Group / TCG 0756 Kauffmann Stadium
PREPARED BY: Jeffrey R. Varga, Concrcte Petrographer, The Rock Doctor, Inc.
INTRODUCTION

We received nine core portions of hardened concrete to determine the general condition of the conerete(s).
The core portions were marked “CLUR1 P1”, “CLUB1 P2”, “CLUB2 P1” “CLUB2 P2”, “208 P1”,
“208 P27, “209 P17, “209 P2”,and “238 P RF STEP”. The core portions measured, in length,
approximately 5, 3-3/4, 5-1/4, 5, 5-1/2, 3-1/2, 5-1/4, 5-1/2, and 4-3/4 inches, respectively. The core
portions were approximately 1-3/4 inches in diameter except for Sample “238 P RF STEP” which
measurcd 3-1/8 inches in diameter. Another corc sample received in a plastic bag labeled “343 P STEP”
was also received. This sample was very heavily cracked and friable and no sample could be cut for it due
to its fractured condition.

1t was reported that the submitted samples were taken from the club level area. Petrographic examinations
were requested to determine if any deficiencies or potential failure/degradation mechanisms could be
identified prior to any concrete repairs or replacements. Mix designs were not available at the time of this
writing.

SAMPLE PREPARATION AND METHODS

The examined samples were cut in half, approximately perpendicular to the top surfaces. The cut surfaces
were ground using water and abrasive materials following our standard procedure. The air-void system
parameters were estimated/determined following the guidelines of ASTM C 457-06 “Standard Test
Method for Microscopical Determination of Parameters of the Air-Void Sysiem in Hardened Concrete”.
The modified point count method was utilized with a magnification of 100 diameters. Samiple “424 P”did
not meet minimum traverse length requirements due to inadequate sample size.

The unprepared samples were partially immersed in water for at least three days to mobilize any alkalic
gels present. The cut surfaces of the core portion samples were not immersed in water.

The prepared surfaces of Samples “CLUBL P2%, “CLUB2 P2”, and “208 P2 and the upper portion of the
prepared surface of Sample “209 P1” were stained using a saturated, aquecous solution of sodium
cobaltinitrite (reacts with soluble potassium to produce a yellow precipitate resulting in staining potassium-
rich ASR gel) following the guidelines in a July 1998 rcport titled “Geochemical Methods for the
Identification of ASR Gel” by Guthrie and Carey, Los Alamos National Laboratory . In addition, a
saturated, aqueons solution of Rhodamine B was similarly used to aid this staining procedure by
highlighting (providing a high contrast background) the regions of yellow-stained ASR gel and in part, to
identify other depradation products.

The prepared, unprepared, and stained sample surfaces were examined following the guidclines of ASTM
C 856-04 “Standard Practice for Petrographic Examination of Hardened Concrete”™,
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RESULTS OF PETROGRAPHIC EXAMINATION
“CLUB1 P1” and “CLUB1 P2*

The samples cxhibited similar features and will be described as one.

GENERAL CONDITION: (See PLATES 1-5) The top surface exhibited a generally smooth, soft, clastic
membrane/coating that was gray to light gray in color. Water initially beaded when applied to this surface
and was slowly absorptive. Many, partially exposed fine quartz aggrepate particles, a few agpregate
sockets, and scveral fine, cracks were present at the exposed surface, The cracks were mostly located at
exposed aggregate peripheries. Small areas exhibited harder, finely cracked gray coating material. A 1-inch
dianieter, yellow paint “dot”, presumcd to be used for marking purposes, was also present at the exposed
surface.

In section, the observed membrane/coating system was approx. 3/32 of an inch thick and appeared to be
composed of four layers of material. The uppermost layer at/adjacent to the exposed surface was dark gray
in color, ranged in thickness from a veneer up to approx. 1/32 of an inch, and appeared to be a top coai-
type application that filled irregularities present in the underlying layer of material. This uppermost layer
exhibited a very few, small voids but did not exhibit any aggregate particles. At the irregular interface
between the two uppermost coating layers, no cracks or scparations were obscrved. The second layer
below the top surface (up to approx. 1/32 of an inch thick) was soft, elastic, and light gray in color with
many fine aggregate particles. Immediately below the two upper layers, a dark gray-gray colored, soft,
clastic material was observed with many air-void scpta present. This layer ranged was observed up to
approx. 1/40 of an inch thick. Below this layer, the fourth layer was gray colored material with many air-
void septa and ranged in thickness from approx. 1/40 up to 1/32 of an inch thick. At the bottom surface of
thesc applicd coatings, an almost continuous, adhered layer of paste/mortar from the basc material was
observed. An almost continuous separation/crack was present at or within the upper portion of the base
concrete. No apparent carbonation was observed in the base concrete. A small amount of microcracking
was observed throughout the sample and most were infilled with off-white, fine crystalline material with
similar optical properties as alkalic gel/carbonated alkalic gel. Several, small separations were observed at
several paste:aggregate interfaces. The bottom surface was a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in small localized paste areas and within many aggregate
particles especially those exhibiting reaction rims. Rhodamine B staining resulted in pink colorations
especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderatcly soft-
moderately hard, and subtly variegated from light gray-dull white with a maderate amount of unhydrated
cetent particles to dull white in color with a small amount of unhydrated coment particles. The darker-
colored paste areas were harder as compared to the lighter-colored paste portions. No fly ash, ground
granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The point counts of Samples “CLUB1 P1” and “CLUB1 P2” were combined and
are reported as one, The estimated air-void system paraimeters are listed below in TABLE |:
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TABLE 1
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % I o L
Sample by vol. Points _in. by vol, _T/A n in in,! in,
“CLUB1 P1/2” 209 1,566 7630 4.7 45 44 011 373 012

The inhomogeneously distributed voids were mostly small and spherically shaped with larger, spherically
shaped voids also present. Fewer, larger, itregularly shaped voids were also observed. A small amount of
clusters of voids was observed throughout the sample. Tn many voids, secondary, internal deposits were
observed as coatings/linings of clear-off-white material with the optical propertics of the alkalic
gel/carbonated alkalic gel. In a few voids, secondary, internal deposits were observed as tufts and blooms
of internally radiating fine, needle-like crystals with the optical properties of the mineral ettringite,
CasAl(80,):(0H),; 26 H,0.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subrounded in
shape with an obscrved topsize of 7/8 of an inch. The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles. Mauy particles exhibited reaction rims and several particles
cxhibited small amounts of mmternal fractures. Small, localized arcas of paste exhibited a darker color or
stained appearance adjacent to several aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, quartz sandstone and siltstone
and claystone particles. A few microcrystalline quartz chert particles exhibited reaction rims. Several
aggregate particles exhibited internal fractures.

“CLUB2 P1” and “CLUB2 P2”
The samples exhibited similar features and will be described as one, unless otherwise noted.

GENERAL CONDITION: (See PLATES 6-10) The top surface was mostly composed of a generally
smooth surface exhibiting soft, elastic membrane/coating that was gray to light gray in color. Water
imitially beaded when applied to this surface and was slowly absorptive. Many, partially exposed fine
quartz aggregate particles, and a few aggregate sockets, and many fine cracks (mostly located at exposed
aggregate peripheries) were present at the exposed surface. A small-moderate amount of localized areas at
the exposed surfaces exhibited harder, finely cracked, gray coating material. A % of an inch diameter,
yellow paint “dot”, presumed to be used for marking purposes, was also present at the exposed surface.

In section, the observed membrane/coating system ranged from approx. 3/32-1/8 of an inch thick and was
composed of five apparent layers. The discontinuous, uppermost layer at/adjacent to the exposed surface
ranged in thickness from zero (non-existent) up to approx. 1/32 of an inch and appeared to be a top coat-
type application that filled irregularities present in the underlying layer of material. This uppermost layer
was gray-dark gray in color exhibited a very few, small voids but did not exhibit any aggregate particles.
At the irregular interface between the two uppermost coating layers, no voids, separations, or cracks were
observed. The second layer below the top surface (from 1/32 of an inch up to approx. 1/16 of an inch
thick) was gray in color and exhibited many aggregate particles and many air-void septa. Immediately
below the two upper layers, another layer of material, similar to the second layer as described above, was
observed in Sample “CLUB2 P1”. observed. This layer ranged in thickness from very thin up to approx.
1/32 of an inch maximum thickness. In Sample “CLUB2 P2”, the third layer appeared to be a thinner
application (up to approx. 1/40 of an inch thick) that was composed of similar, gray-colored material
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without any aggregate particles present. Below these layers, the fourth layer was composed of a light gray
colored material with many air-void septa. This layer was approx. 1/40 of an inch thick. The obsetved fifth
layer was gray in color, approx. 1/32 of an inch thick and exhibited many air-void septa. At the bottom
surface of these applied coatings, an intermittent adhered layer of paste/mortar from the base concrete was
present. An almost continuous separation/crack was present at or within the upper portion of the base
concrete or at the coating system:base concrete interface. A veneer up to approx. 1/8 of an inch thick zone
of carbonated cement paste was observed in the base concrete. A small amount of microcracking was
observed throughout the sample and most were infilled with off-white, fine crystalline material with
similar optical propertics as alkalic gel/carbonated alkalic gel. The bottom surface was a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in small, localized paste portions. Yellow staining was also
obscrved in the interiors of several aggregate particles. Rhodamine B staining resulted in pink colorations
especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from light gray-dull white with a moderate amount of unhydrated
cement particles to dull white in color with a small amount of unhydraied cement particles. The darker-
colored paste areas were harder as compared to the lighter-colored paste portions. No fly ash, ground
granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The point counts of Samples “CLUB2 P1” and “CLUB2 I'2” were combined and
arc reported as ong, The air-void system parameters arc listed below in TABLE 2:

TABLE 2
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Samples by vol. Poinls _in. byvol. P/A __ n._ _in in,! in,
“CLUB2 P1/2” 25.82 1,863  90.60 531 486 4.7 0114 3514 0130

The inhomogencously distributed voids were mostly small in size and spherically shaped, With fewer,
larger, spherical voids present. A small amount of clusters of voids was observed throughout the sample. In
many voids, secondary, internal deposits were observed as partial coatings/linings of clear-off white
material with the optical properties of the alkalic gel/carbonated alkalic gel. Tn many voids, secondary,
internal deposits were observed as coatings/linings, partial linings, tufts, and blooms of internally radiating
fine, needle-like crystals with the optical propertics of the mineral, etitingite, CagAL{S504):(OH),, 26 H,0.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch, The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles. Several particles exhibited reaction rims and several
patticles exhibited small amounts of infernal fractures. Small, localized areas of paste exhibited a darker
color or stained appearance adjacent to several aggregate peripheries.

FINE AGGREGATE: The homogencously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, quartz sandstone and silistone
and claystone particles. A few microcrystalline quariz chert particles exhibited reaction rims. Scveral
agpregate particles exhibited internal fractures.
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%208 P1” and “208 P2”
The samples exhibited similar features and will be described as one.

GENERAL CONDITION: (See PLATES 11-15) The top surface exhibited a hard, dark gray, heavily
cracked, coating material with a few, partially exposed fine aggregate particles. The observed fine cracks
cxhibited a “mud-crack”-typc pattern. Water initially beaded when applied to this surface and was
moderately absorptive. An approx. % of an inch diameter, yellow paint “dot”, presumed to be used for
marking purposes, was also present at the exposed surface.

In section, the observed membrane/coating system was approx. 1/16 of an inch thick and appeared to be
composed of three layers of material. The uppermost layer at/adjacent to the exposed surface was soft,
elastic, and light gray in color with many fine aggregate particles. The observed thickness ranged from
approx. 1/32 - 1/50 of an inch. Immediately below this layer, a gray colored, soft, elastic material was
observed with a few air-void septa present. This layer was observed to be approx. 1/64 of an inch thick and
exhibited a discontinuous fine separation that bisected portions of the material. Below this layer, the third
layer was soft, clastic, light red-pink in color and very thin. At the bottom surface of this layer, an almost
continuous, separation/crack was present at the interface with the underlying base concrete or within the
upper portion of the base concrete. Small amounts of adhered paste/mortar from the base concrete were
also observed at/adjacent to the bottom surface of the light red-pink layer. No apparent carbonation was
observed in the base concrete. A small-moderate amount of microcracking was observed throughout the
sample and most were infilled with off-white, fine crystalline material with similar optical properties as
alkalic gel/carbonated alkalic gel. A fow, small separations were obscrved at several pastciaggregate
interfaces. The bottom surface was a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Method
Visual assessments, including using a petrographic mictoscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in many, localized paste arcas. Yellow staining was also

observed in many aggregatc particles, at aggregate peripheries and adjacent to reaction rims. Rhodamine B
staining resulted in pink colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement pastc matrix was highly water absorptive, moderately soft-
moderately hard, and subtly variegated from light gray-dull white with a moderate amount of unhydrated
cement parlicles to dull white in color with a small amount of unhydrated cement particles. The darker-
colored paste areas wete harder as compared to the lighter-colored paste portions. No fly ash, ground
granulated blast furnace slag or other pozzolanic malerials were microscopically observed.

AIR-VOID CONTENT: The estimated air-void system parameters are listed below in TABLE 3:

TABLE 3
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % 1 o L
Sample by vol, Points in, byvol,  P/A _n in, in,* in,
“208 P1/2”  22.50 1,760 85.35 472 477 4.6 0102 3935 0115

The inhomogencously distributed voids were mostly small and spherically shaped with larger, spherically
shaped voids also present. Fewer, larger, irregularly shaped voids werc also observed. A small amount of
clusters of voids was observed throughout the sample. In many voids, secondary, internal deposits were
observed as coatings/linings of clear-off-white material with the optical properties of the alkalic
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gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles. Many particles exhibited reaction rims and several particles
exhibited small amounts of internal fractures.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, and quartz sandstone particles.
A few of the observed microcrystalline quartz chertt particles exhibited reaction rims. Several particles
exhibited internal fractures.

%209 P1” and “209 P2”
The samples exhibited similar features and will be described as one.

GENERAL CONDITION: (See PLATES 16-20) The top surface exhibited a hard, dark gray, heavily
cracked, coating material with a few, partially exposed fine aggregate patticles. The observed fine cracks
exhibited a “mud-crack”-type pattern. Water initially beaded when applied to this surface and was
moderately absorptive. An approx. | inch diameter, yellow paint “dot”, presumed to be used for marking
purposes, was also present at the exposed surface.

In section, the observed membrane/coating system was approx. 1/16 of an inch thick and appeared to be
composed of three layers of material. The uppermost layer at/adjacent to the cxposed surface was soft,
elastic, and light gray in color with many fine aggregate particles. The observed thickness ranged from
approx. 1/64 of an inch, Immediately below this layer, a gray colored, soft, elastic material was observed
with a fow air-void septa present. This layer was obscrved to be approx. 0.01 of an inch thick and exhibited
an almost continuous fine separation that bisected the layer. Below this layer, the third layer was soft,
elastic, light red-pink in color and very thin. At the bottom surface of this layer, a continuous,
separation/crack was present with small amounts of adhered paste/mortar from the base concrete. A 1/16 of
an inch thick zone of carbonated paste was present in the upper portion of the base concrete. A small
amount of microcracking was observed throughout the sample and most were infilled with off~white, fine
crystalline material with similar optical propertics as alkalic gel/carbonated alkalic gel. The bottom surface
was a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Method
Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in many, small portions of the observed paste. Yellow

staining was also obscrved in several coarse aggregate particles, many fine aggregate particles, and at
many aggregate peripheries.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
modcratcly hard, and subtly varicgated from pale brown-light gray in color with a small amount of
unhydrated cement particles to pale brown-dull white with a very small-small amount of unhydrated
cement particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The determined air-void system parameters are listed below in TABLE 4:
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TABLE 4
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % l o L
Sample by vol Points in byvol. P/A___n  in in,”? in
“209 P1/2” 24.74 2,057 100.05 442 560 59 0075 5323 .0092

The inhomogeneously distributed voids were mostly small and spherically shaped with fewer, larger
spherical-irregularly shaped voids also observed. A small-moderate amount of clusteting of voids was
observed throughout the sample. Many voids exhibited secondary, internal deposits as coatings/linings of
clear-off white material with fhe optical properties of alkalic gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was subangular-rounded in
shape with an obscrved topsize of 1-1/8 inches. The observed coarse aggrogate was composed of cherty
limestone and fossiliferous limestone particles. Several particles exhibited reaction rims and several
particles cxhibited small amounts of internal fractures. A few, discontinuous, lighter colored paste arecas
were observed at a few aggregate peripheries.

FINE AGGREGATE: The homogencously distributed fine apgregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, and quartz sandstone particles.
A fow particles exhibited reaction rims. Several particles exhibited a small amount of internal fractures.

“238 P”

GENERAL CONDITION: (See PLATES 20-24) The top surface was slightly rough and generally flat with
nwmerous, partially exposed fine aggregate particles in a recessed paste matrix. Numerous air-void septa
were also present at the exposed surface. The color was mottled from light brown to light brown gray with
one fine crack bisecting the top surface. This crack exhibited darker paste at its cdges and was infilled with
off-white, very fine, crystalline material with some optical properties of alkalic/carbonated alkalic gel.

In section, a carbonation zone up (o approx. 3/16 of an inch was observed. One vertically oriented crack
(coinciding with the previously described surface crack at the top surface) was observed to a maximum
depih of approx. 1-3/8 inches. This crack transected paste and aggregate particles. Portions of this crack
were infilled with off-white-white deposits of material with similar optical properties of alkalic/carbonated
allalic gel. An abundant amount of microcracking and cracking was observed throughout the sample.
Many cracks were infilled with a very finely crystalline, off white-light brown material that exhibited
similar properties as alkalic gel/carbonated alkalic gel. The bottom surface was a fractured surface that also
exhibited alkalic gel/carbonated alkalic gel deposits.

CEMENTITIOUS MATRIX; The highly water absorptive, cement paste matrix was, moderately sofi-
moderately hard, and variegated in color from light brown-pale gray in color with a small amount of
unhydrated cement particles to light brown-dull white with a very small amount of unhydrated cement
particles. Lighter colored paste areas were softer as compared to darker paste areas. No fly ash, ground
granulated blast furnace slag or other pozzolanic materials were microscopically observed.

ATR-VOID CONTENT: The estimated air-void system parameters are listed below in TABLE 5:
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TABLE 5
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste %o Length, Air, % | o L
Sample by vol Points in, byvol. P/A _ m _ in in! _in
%238 P” 2523 2,033 100.15 6.54 3.8 64 0102 3919 .0098

The inhomogenecously distributed voids were small and spherically shaped with larger, spherical to
irregularly shaped voids also present. A small-moderate amount of clustering of voids was observed
throughout the sample. An abundant amount of secondary, internal deposits were observed as
linings/coatings and infillings of clear-white material with similar optical properties of alkalic gel and as
coatings/linings, partial linings, tufts, and blooms of internally radiating fine, needle-like crystals with the
optical properties of the mineral, ettringite, CagAl(SO)(OH)z 26 HzO. Several voids exhibited linings of
alkalic gel infilled with ettringitc deposits.

COARSE AGGREGATE: The homogencously distributed coarsc aggregate was subangular-rounded in
shape with an observed topsize of 7/8 of an inch. The observed coarsc aggregate was composed of cherty
limestone and fossiliferous limestone particles. Most of the aggregate particles exhibited reaction rims and
most particles exhibited internal fractures. A few, discontinuous, lighter colored paste arcas were observed
at a few aggregate peripheries. A few particles exhibited internal fractures infilled with alkalic gel.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, quartz sandstone and siltstone
and claystone particles, A few microcrystalline quariz chert particles cxhibited reaction rims. Scveral
aggregate particles exhibited internal fractures.

DISCUSSION & CONCLUSION

We received nine core partions of hardened concrete to determine the general condition of the concrete(s).
Tt was reported that the submitted samples were taken from club level areas. Petrographic examinations
were requested (o determine if any deficiencics or potential failure/degradation mechanisms could be
identified prior to any concrete repairs or replacements. Mix designs were not available at the time of this
writmg.

The determined air-void system parameters are listed betow in TABLE 6:

TABLE 6
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Pastc % Length, Air, % 1 o L
Sample by vol. Points in, byvol. P/A___n  in in,? in.
“CLUB2 P1/2” 2582 1,863 90.60 531 486 47 .0114 3514 0130
“209 P1/2” 24.74 2,057  100.05 442 560 59 .0075 5323 0092
“238 p” 2523 2,033  100.15 654 38 64 0102 3919 .0098

The estimated air-void system parameters are listed below in TABLE7:
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TABLE 7
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Alr, % | o L
Sample by vol Points in. byvol, _P/A__n in in?  in.
“CLUB1 P1/2” 209 1,566  76.30 4.7 45 44 011 373 012
“208 P1/2” 22.5 1,760  85.35 47 4.8 4.6 010 393 012

According to ACI and PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usually
is air-entraincd (air content of 3-7% by volume), manufacturcd with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi.

- All samples are considered to be air-entrained.

—  Overall, the observed aggregates in each sample exhibited reaction rims and intemal fractures. Alkalic
ge! deposits were observed in all samples. The results of staining using cobaltinitrite showed active
gels in paste and aggregates. These features strongly suggest that the collective aggregate should not be
considered “durable” due to susceptibility to alkali-silica reactivity.

- The cstimated and determined spacing factors were over (unacceptable) the recommended, industry
standard limit maximum of 0.0080 inches, and should be considered inadequate for exposure in a
water-saturated, cyclic, freeze-thaw environments.

~ The compressive strength(s) of the concrete represented by this sample/mix design is unknown and
comments regarding this will not be made.

Only small amounts, if any, of carbonation were observed in the examined core samples.

The “CLUB1”, “CLUB 2 and “238 P” samples exhibited both alkalic gels and citringite as sccondary
internal deposits. The presence of ettringite is commonly associated with the occurrence of ASR. The
presence of ettringite that has formed due to DEF is associated with precast members that have been
exposed to high curing temperatures. It should be noted that cttringite is common in Portland cement
based concretes and its presence alone is not indicative of sulfate attack. It must be chemically established
that the sulfate content of the concrete is greater than would be supplied by the original sulfate content of
the cement.

Based on this examination, the most possible cause of the reported distress, as represented by the submitted
samples, is active alkali-aggregate reactivity. Based on this examination and obsetvations including
agpregate features and the presence/degree of observed microcracking, the general conditions are deemed:

Very Poor — Sample “238 P* exhibited abundant cracking and microcracking, abundant amounts of
alkalic gels and ettringite as secondary internal deposits, with the highest levels of
reactions rims/internal fracturcs present.

Poor — Samples “208 P” exhibited small-moderate amounts of microcracking and moderate
amounts of reactions rims in the coarse aggrepgates and low amounts of internal fracturing of
aggregates.

Poor — Sample “CLUBI” ¢xhibited small amounts of microcracking, etiringite, and a moderate
amount of reactions rims in the coarse aggregate with low amounts of aggregate particles
exhibiting internal fractures.
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Poor — Samples “CLUB2” and “209 P”exhibited small amounts of microcracking, ettringite, and
fow amounis of reactions rims in the coarse aggregate with low amounts of aggregate
particles exhibiting internal fractures.

Inadequate air-void systems can be likely contributing factors to deficiencies or potential failure and/or
further degradation.

It must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, poorly erystalline
or metastable silica minerals, volcanic or artificial glasses, and other siliceous-bearing aggregates (e.g.,
opal, chalcedony, cherts, rhyolites, dacites, etc.) and the alkalis from Portland cement paste or external
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
and/or cxpansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to occur. If one of these components is not
present, the reaction will not occur. Differences in exposure conditions, especially exposure to water, can
account for apparent physical changes in condition of the examined samples.

J. R. Varga, Concrete Petrographer

The Rock Doctor, Inc.

EXTERNAL RESOURCES

Please consult your documentation for portal access information (password-protected).

e OQuline version of this report (PDE):
hitp://www. rock-doctor. com/clionts/Lournay/07083101/ report 07083101 Group 7.pdl
« Online version of Plates 1-15 (PDF):
httw://www. rock—dector.com/clients/tourney/07083101/plates 07083101 Group 7 1 _15.pdf

« Online version of Plates 16-24 (PDF):
htbp://www.rock—doctor.com/clients/Lourney/07083101/plates 07083101 Greoup 7 16 24,pdf
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PETROGRAPHIC REPORT

DATE: October 24, 2007

WORK ORDER: 07-08-31-01 / Group 8 Upper Back Pancls and Scorcboard
CLIENT: Tourney Consulting Group / TCG 0756 Kauffinann Stadium
PREPARED BY: Jeffrey R. Varga, Conerote Petrographer, The Rock Doctor, Inc.
INTRODUCTION

We received five core portions of hardened concrete to determine the general condition of the concrete(s).
The core portions were marked “343BP-P”, “344BP-P”, “435BP-P” “436BP-P”, and “SCOREBOARD
SB-P”. The corc portions measured, in length, approximately 5-1/4, 5-1/2, 4-1/4, 5-3/4, and 6-1/4 inches,
respectively. The core portions were approximately 1-3/4 inches in diameter except for Sample
“SCOREBOARD SB-P” which measured approx. 3-1/4 inches in diametor. Sample “343BP-P”was
received in two portions that werce taped together.

It was reporled that the submiticd samples were taken from upper back pancl and scorcboard areas.
Petrographic examinations were requested to determine if any deficiencies or potential faiture/degradation
mechanisms could be identified prior fo any concrete repairs or replacements. Mix designs were not
available at the time of this writing.

SAMPLE PREPARATION AND METHODS

The examined samples were cut in half, approximately perpendicular to the top surfaces. The cut surfaces
were ground using water and abrasive materials following our standard procedure. The air-void system
parameters were cstimated/determined following the guidelines of ASTM C 457-06 “Standard Test
Method for Microscopical Determination of Parameters of the Air-Void System in Hardened Concrete”.
The modified point count method was utilized with a magnification of 100 diameters. Samples “343BP-
P”, “344BP-P”, “435BP-P”, and “436BP-P” did not meet minimum traverse length requirements due to
inadequate smface area/minimum traverse lengths.

The unprepared samples were partially immersed in water for at lcast three days to mobilize any alkalic
gels present. The cut surfaces of the core portion samples were not immersed in watet.

After petrographic cxaminations, the prepared surfaces were stained using a saturated, aqueous solution of
sodium cobaltiniirite (reacts with soluble potassium to produce a yellow precipifate resulting in staining
potassium-rich ASR gel) following the guidelines in a July 1998 report titled “Geochemical Methods for
the Identification of ASR Gel” by Guthrie and Carey, Los Alamos National Laboratory . In addition, a
saturated, aqueous solution of Rhodamine B was similarly uscd to aid this staining procedurc by
highlighting (providing a high contrast background) the regions of yellow-stained ASR gel and in patt, to
identify other degradation producis,

The prepared, unprepared, and stained sample surfaces were examined following the guidelines of ASTM
C 856-04 “Standard Practice for Petrographic Examination of Hardened Concrete”.
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RESULTS OF PETROGRAPHIC EXAMINATION
“343BP-P”

GENERAL CONDITION: (Sec PLATES 1-4) The top surface was gencrally flat and smooth with scveral,
partially exposed, fine aggregate particles in a moderately soft paste matrix. Several air-void septa were
also present at the exposed surface. The exposed surface appeared to be a formed surface. The color was
mottled from light brown to light brown-light gray. Small, remnants of clear matetial were present at the
top surface. This material softened when acetone was applied and is presumed to be from a membrane
curing compound or scaler. Water initially beaded at the top surface and slowly was absorbed. An approx 1
inch diameter, yellow paint “dot”, presumed to be used for marking purposes, was also present at the
exposed surface.

In section, the upper % of an inch was less water absorptive as compared to the bulk paste and did not
readily “wet-out” resulting in a lighter color after water was applied to the surface. A small amount of
microcracking was observed throughout the sample. Many cracks were infilled with a very finely
crystalline, off white-light brown material that exhibited similar properties as alkalic gel/carbonated alkalic
gel. The bottom surface was a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinet, yellow staining from the
application of the sodium cobaltinitrite solution in small, localized paste arcas and within many aggrcgate
particles. Rhodamine B staining resulted in pink colorations especially in fractures/cracks,

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft, and
subtly variegated from light gray-light brown with a small amount of unhydrated cement particles to light
brown-dull white in color with a very small amount of unhydrated cement particles. The darker-colored
paste arcas were harder as compared to the lighter-colored paste portions. No fly ash, ground granulated
blast fumace slag or other pozzolanie materials were microscopically observed.

AIR-VOID CONTENT: The estimated air-void system paramcters are listed below in TABLE 1:

TABLE 1
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Alr, % l o L
Sample by vol. Points __in. byvol _P/A_ n in, in,! in,
“343Br-P” 225 1,560 76.75 1.9 1.8 35 .005 736 009

The inhomogeneously distributed voids were mostly spherically shaped and ranged in size from small to
large. A very small-small amount of clusters of voids was observed throughout the sample. In many voids,
secondary, internal deposits were obscrved as coatings/linings of clear-off-white material with the optical
properties of the alkalic gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was subangular-subrounded in
shape with an obscrved topsize of 7/8 of an inch. The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles. Several particles exhibited reaction rims and a few
particles exhibited small amounts of mternal fractures. Small, localized areas of paste exhibited a darker
color or stained appearance adjacent to several aggregate peripheries. Also, small amounts of small,
irregular separations were observed at several aggregate peripheries. Lighter-colored, soft, white paste was
present in the paste adjacent to these separations,
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FINE AGGREGATE: The homogencously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, tekdspar, granites, microcrystalling quariz chert, quartz sandstone and siltstone
particles. A few microcrystalline quartz chert particles exhibited reaction rims. Several aggregate particles
exhibited internal fractures. Also, small amounts of small, irregular scparations were observed at several
apgregate peripherics. Lighter-colored, soft, white pastc was present in the pastc adjacent to thesc
separations.

“344BE-P”

GENERAL CONDITION: (Sce PLATES 5-7) The top surface was generally flat and smooth with several,
partially exposed, fine aggregate particles in a moderately soft paste matrix. Several air-void septa and
small amounts of loose, fine black debris/material were also present at the exposed surface. The exposed
surface appeared to be a formed sutface. The color was mottled from light brown to fight brown-light gray.
Water initially beaded at the top surface and slowly was absorbed. An approx. 1 inch diameter, yellow
paint “dot”, presumed to be used for marking purposes, and in black ink “6” DEE... 2 0" were also
observed on the exposed surface.

Tn section, the upper 1/8-1/4 of an inch was less water absorptive as compared to the bulk paste and did not
readily “wet-out” resulting in a lighter color after water was applied to the surface. A small-moderate
amount of microcracking was observed throughout the sample. Many cracks were infilled with a very
finely crystalline, off white-light brown material that exhibited similar properties as alkalic gel/carbonated
alkalic gel. The bottom surface was a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinct, yellow staining from the
application of the sodium cobaltinitrite solution in small, localized paste arcas and within many aggregate
particles. Rhodamine B staining resulted in pink colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately hard-
moderately soft, and pale brown-dull white in color with a very small amount of unhydrated cement
particles. No fly ash, ground granuwlated biast furnace slag or other pozzolanic materials were
microscopically observed.

AJR-VOID CONTENT: The estimated air-void system parameters arc listed below in TABLE 2:

TABLE 2
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % [ o L
Sample by vol. Points __in, byvol, P/A 1 in, in,! in,
“344BP-P” 19.1 1,720 83.65 1.1 174 3.1 004 1,138 007

The inhomogeneously distributed voids were mostly spherically shaped and ranged in size from small to
large. A very small-small amount of clusters of voids was observed throughout the sample. In several
voids, secandary, internal deposits were observed as coatings/linings of clear-off-white material with the
optical propertics of the alkalic gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogeneously distributed coarse apgregaie was subangular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles. Several particles exhibited reaction rims and several
particles exhibited small amounts of internal fracturcs. Small, localized areas of paste exhibited a darker
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color or stained appearance adjacent to several aggregate peripheries. Also, small amounts of small,
irregular separations were obscrved at several aggregate peripheries. Lighter-colored, soft, white paste was
present in the paste adjacent to these separations.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalling quartz chert, quartz sandstone and silistone
particles. A few microcrystalline quartz chert particles exhibited reaction rims. Many aggregate particles
exhibited internal fractures, Also, small amounts of small, irregular separations were observed at several
agpregate peripheries. Lighter-colored, soft, white paste was present in the paste adjacent to these
separations.

“435BP-P”

GENERAL CONDITION: (Sce PLATES 8-11) The top surface was generally flat and smooth with
numerous, partially exposed finc aggregate particles in a soft pastc matrix. Many, random, fine cracks were
also present at the exposed surface. The color was mottled from light brown to light brown-light gray. An
approx. 1 inch diameter, yellow paint “dot”, presumed to be uscd for marking purposes, was also observed
on the exposed surface.

In section, a carbonation zone from a vencer up fo approx. 1/8 of an inch was observed. A small-moderate
amount of microcracking was observed throughout the sample. Many cracks were infilled with a very
fincly crystalling, off white-light brown matcrial that cxhibited similar properties as alkalic gel/carbonated
alkalic gel. The bottom surface was a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Meth

Visual asscssments, including using a petrographic microscope, showed localized yellow staining from the
application of the sodium cobaltinitrite solution in small localized paste areas and within several many
aggregate particles. Rhodamine B staining resulted in pink colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately hard-
modcrately soft, and pale brown-dull white in color with a very small amount of unhydrated cement
particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials were
microscopically observed.

AIR-VOID CONTENT: The estimated air-void system parameters are listed below in TABLE 3:

TABLE 3
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % L o L
Sample by vol. Points in. byvol. P/A___n in, in,”! in,
“435BP-P”  19.1 1,201 58.45 5.1 375 28 018 222 017

The homogeneously distributed voids were mostly small and spherically shaped with larger, spherically
shaped voids also present. In many voids, secondary, internal depogits were observed as coatings/linings of
clear to off-white material with the optical propertics of the alkalic gel/carbonaied alkalic gel.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was subangular-subrounded in
shape with an observed topsize of 1-1/8 inches. The observed coarse aggregate was composed of cherty
limestone and fossiliferous himestone particles. A few particles exhibited reaction rims and several particles
exhibited small amounts of internal fractures. Small, localized areas of paste exhibited a darker color or
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stained appearance adjacent to several aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, quartz sandstone and silistone
particles. A few microcrystalline quariz chert particles exhibited reaction rims. Several aggregate particles
exhibited internal fractures.

“436BP-P”

GENERAL CONDITION: (See PLATES 12-15) The top surface was generally flat and smooth with
numerous, partially exposed fine aggregate particles in a soft paste matrix. One, approx % of an inch
diameter “pil” was also observed at the top surface. A fow, random, fine cracks were also present at the
exposed surface. The color was mottled from light brown to light brown-light gray. Yellow lines of waxy
material were observed at he exposed surface in an “X” pattern.

In section, a carbonation zone from a veneer up to approx. 3/16 of an inch was observed. A small-moderate
amount of microcracking was observed throughout the sample. Many cracks were infilled with a very
finely crystalline, off white-light brown material that exhibited similar properties as alkalic gel/carbonated
alkalic gel. The bottom surface was a fractured surface.

ium ltinitrite/Rhodamine B Staining M
Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltiniirite solution in many, small portions of the observed paste. Yellow

staining was also observed in several coarse aggregate particles, many fine aggregate particles, and at
many aggregate peripheries.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft, and
subtly variegated from light gray-light brown with a small amount of unhydrated cement particles to light
brown-dull white in color with a very small amount of unhydrated cement particles. The darker-colored
paste areas were harder as compared to the lighter-colored paste portions. No fly ash, ground granulated
blast furnacc slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The estimated air-void system parameters are listed below in TABLE 4:

TABLE 4
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE ATR-VOID SYSTEM
Paste % Length, Air, % 1 o L
Sample by vol, Points in. by vol. _ P/A n in. in.! in.
“436BP-P” 20.4 1,694 82.55 6.8 3.0 79 009 466 007

The inhomogeneously distributed voids were mostly spherically shaped and ranged in size from small to
large. A small-moderate amount of clusters of voids was observed throughout the sample. In many voids,
secondary, internal deposits were observed as coatings/linings of clear-off-white material with the optical
properties of the alkalic gel/carbonated alkalic gel.

COARSE AGGREGATE: The homogeneouslty distributed coarse aggregate was subangular-rounded in
shape with an observed topsize of 1 inch. The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles. Many patticles exhibited reaction rims and several particles
exhibited small amounts of intcrnal fractures. A few, discontinuous, lighter colored pasic areas were
observed at a few aggregate peripherics.
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FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-subrounded in shape and
was composcd of quartz, feldspar, granites, microcrystalline quartz chert, hematitic quartz sandstone, and
silistone particles. Several particles exhibited reaction rims. Several particles exhibited a small amount of
internal fractures. Also, small amounts of small, irregular separations were observed at several aggregate
peripheries. Lighter-colored, soft, white pastc was present in the paste adjacent to these separations.

“SB_P”

GENERAL CONDITION: (Sec PLATES 16-19) The top surface was rough with numerous, partially
exposed fine aggregate particles and one partially exposed coarse aggregate particle in a slightly recessed
paste matrix, A few, random, fine cracks were also present at the exposed surface. The color was mottled
from brown to light brown-light gray and loosc finc dust was also present. An approx. 1 inch diameter,
yellow paint “dot”, presumed to be used for marking purposes, was also observed on the exposed surface.

In section, a carbonation zone up to approx. 1/8 of an inch was obscrved. A small-moderate amount of
microcracking and cracking was observed throughout the sample. Many cracks were infilled with a very
finely crystalling, off white-light brown material that exhibited similar properties as alkalic gel/carbonated
alkalic gel. The bottom surface was a fractured surface.

CEMENTITIOUS MATRIX: The highly water absorptive, cement paste matrix was, moderately soft, and
light brown in color with a very small-small amount of unhydrated cement particles. No fly ash, ground
granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 5.

TABLE 5
ATR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Pastc % Length, Air, % ( o L
Sample by vol. Points in, byvol P/A__n in in.! in,
“SB-p” 18.93 2,(065 101.75 194 976 13 0150 2659 0236

The homogencously distributed voids were large in size and spherical-irregularly shaped with small and
spherically shaped voids also present. Secondary, internal deposits were observed as linings/coatings and
infillings of clear-white material with similar optical properties of alkalic gel and as coatings/linings in
many voids.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was subangular-rounded in
shape with an observed topsize of 1-1/8 inches. The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles. Many aggregate particles exhibited reaction rims and many
particles exhibited internal fractures. A few, discontinuous, lighter colored paste arcas were observed at a
few aggregate peripheries. Also, small amounts of small, irregular separations were observed at several
aggregate peripheries. Lighter-colored, soft, white pastc was present in the paste adjacent to these
separations.

FINE AGGREGATE: The homogencously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, quartz sandstone and siltstone
and claystone particles. Many microcrystalline quartz chert particles exhibited reaction rims. Several
aggregate particles cxhibited internal fractures. Also, small amounts of small, irregular scparations were
observed at several aggregate peripheries. Lighter-colored, soft, white paste was present in the paste
adjacent to these separations.
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DISCUSSION & CONCLUSION

We received five core portions of hardened concrete to determine the general condition of the concrete(s).
1t was reported that the submitted samples were taken from upper back panels and scoreboard areas.
Petrographic examinations were requested to determine if any deficiencies or potential failurc/degradation
mechanisms could be identified prior to any concrete repairs or replacements. Mix designs were not
available at the time of this writing.

The determined air-void system parameters are listed below in TABLE 6:

TABLE 6
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % [ o L
Sample by vol. Points in, bvvol. P/A__ n in. in,? in.
“sSB-p» 18.93 2,065 101.75 1.94 976 13 0150 2659 .0236
The estimated air-void system parameters are listed below in TABLE 7:
' TABLE 7
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % [ o L
Sample by vol. Points in, byvol. P/A_ _n __in, in.! in.
“343BPF-P” 225 1,560 76.75 1.9 11.8 35 005 736 009
“344BP-P” 191 1,720 83.65 £ 174 31 .004 1,138 007
“435BP-P” 19,1 1,201 58.45 5.1 375 28 018 222 017
“436BP-P” 20.4 1,694 8§2.55 6.8 3.0 7.9 .009 466 007

According to ACI and PCA, durable conerete in a water saturated, cyclic freeze-thaw environment vsually
is air-entrained (air content of 3-7% by volume), manufactured with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi.

- Ouly Samples “435BP-P” and “436BP-P”arc considered to be air-entrained.

- Overall, the observed aggregates in each sample exhibited reaction rims and internal fractures. Alkalic
gel deposits were observed in all samples. The results of staining using cobaltinitrite showed active
gels in paste and aggregates. These features strongly suggest that the collective aggregate should not be
considered “durable” due to susceptibility to alkali-silica reactivity.

- The estimated spacing factors for Samples “344BP-P” and “436BP-P” were under (acceptable) the
recommended, industry standard limit maximum of 0.0080 inches, and should be considered adequate
for exposure in a water-saturated, cyclic, freeze-thaw environments.

- The compressive strength(s) of the concrete represented by this sample/mix design is unknown and
comments regarding this will not be made.

Only small amounts, if any, of carbonation were observed in the examined core samples.
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Based on this examination, the most possible cause of the reported distress, as represented by the submitted
samples, is active alkali-aggregate reactivity. Based on this cxamination and observations including
aggregate features and the presence/degree of observed microcracking, the general conditions are deemed:

Poor — Sample “SB-P” exhibited small-moderate microcracking, alkalic gel, with the highest levels
of reactions rims/internal fracturcs present. Also, paste separations observed at aggregate
peripheries can be indicative of paste expansion.

Poor — Samples “344BP-P” exhibited small-moderate amounts of microcracking, alkalic gels, and
moderate amounts of reactions rims in the coarse aggregates and higher amounts of iniernal
fracturing of aggregates. Also, paste separations obscrved at aggregate peripheries can be
indicative of paste expansion.

Poor — Sample “343BP-P” cxhibited small amounts of microcracking, alkalic gels, and
moderate amounts of reactions rims in the aggregates with low amounts of aggregaie
particles exhibiting internal fractures. Also, paste separations observed at aggregate
peripheries can be indicative of paste expansion.

Poor — Sample “436BP-P” exhibited small-moderate amounts of microcracking, alkalic gels, and
higher amounts of reactions rims in the aggregates with low amounis of aggregate patticles
exhibiting internal fracturcs. Also, pasic scparations observed at fine aggregate
peripheries ¢an be indicative of paste expansion.

Poor — Samples “435BP-P” exhibited small-moderate amounts of microcracking, alkalic gels, and
low amounis of reactions rims in the coarse aggregate with low amounts of aggregate
particles exhibiting internal fractures.

Inadequate air-void systems can be likely contributing factors to deficiencies or potential failure and/or
further degradation.

Tt must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, poorly crystalline
or metastable silica minerals, volcanic or artificial glasses, and other siliceous-bearing aggregates (e.g.,
opal, chalcedony, cherts, rhyolites, dacites, etc.) and the alkalis from Portland cement pasie or external
sources. A reaction product gel forms that, in the presence of watcr, expands and may cause cracking
and/or expansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to occur. If onc of these components is not
present, the reaction will not occur. Differences in exposure conditions, especially exposure {0 water, can
account for apparent physical changes in condition of the examined samples.
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J. R. Varga, Concrete Petrographer

The Rock Doctor, Inc.

EXTERNAL RESOCURCES

Please consult your documentation for portal access information (password-protected).

+ Online version of this report (PDF);
http://www.rock—doctor.com/alients/tournev/07083101/rep0rtm07083101“Group 8. pdf

» Online version of Plates 1-15 (PDF):
http://www, rock-dector, com/elients/tourney /07083101 /plates 07083101 Group 8 1 11.pdf

+ Online version of Plates 16-24 (PDF):

htLp://www.tock—doctor.uom/clienks/towrnev/UTOBB]ﬂl/plaLes_07083101_Grnup_8"12719.pdf
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PETROGRAPHIC REPORT

DATE: December 14, 2007

WORK ORDER: 07-08-31-01 / Group 8b Scoreboard

CLIENT: Tourney Consulting Group / TCG 0756 Kauffmann Stadium
PREPARED BY: Jeffrey R. Varga, Concrete Petrographer, The Rock Doctor, Inc.
INTRODUCTION

We received one core portions of hardened concrete to determine the general condition of the concrete(s).
The core portion was marked “07104 12-03-07 Wall Very Botiom Foundation”. The core sample
measured approximately 5-5/8 inches in diameter X 9 inches in length,

It was reported that the submitted sample was taken from the basc of the scorcboard. Peirographic
examinations were requested to determine 1if any deficiencics or potential failure/degradation mechanisms
could be identified prior to any concrete repairs or replacements. Mix designs were not available at the
time of this writing.

SAMPLE PREPARATION AND METHODS

The submitted sample was cut in half, approximately perpendicular to the top surfaces as well as horizontal
to the top surface resulting in two samples for preparation and cxamination. Two of the cut samples'
sutrfaces were ground using water and abrasive materials following our standard procedure, The air-void
system parameters were estimated/determined following the guidelines of ASTM C 457-06 “Standard Test
Method for Microscopical Determination of Parameters of the Air-Void System in Hardened Concrete”,
The modified point count method was utilized with a magnification of 100 diameters.

The unprepared sample sections were partially immersed in water for at least three days to mobilize any
alkalic gels present. The perpendicular cut surfaces of the core portion samples were not immersed in
water.

After petrographic examination, the prepared sorfaces were stained using a saturated, aqucous solution of
sodium cobaltinitrite (reacts with soluble potassium to produce a yellow precipitate resulting in staining
potassium-rich ASR gel) following the guidelines in a July 1998 report titled "“Geochemical Methods for
the Identification of ASR Gel” by Guthrie and Carey, Los Alamos National Laboratory . In addition, a
saturated, aqueous solution of Rhodamine B was similarly used to aid this staming procedure by
highlighting (providing a high contrast background) the regions of yellow-stained ASR gel and in part, to
identify other degradation products.

The prepared, unprepared, and stained sample surfaces were examined following the guidelines of ASTM
C 856-04 “Standard Practice for Petrographic Examination of Hardened Concrete”,
RESULTS OF PETROGRAPHIC EXAMINATION

GENERAL CONDITION: (See PLATES 1-4) The top surface exhibited numerous, circular
scratches/gouges that are presumed to be from the coring procedure. The edges at the top surface were
“beveled” outward from the top surface toward the core edge, that is at an obtuse angle.

In section, no carbonation was observed. A small amount of microcracking and cracking was observed
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throughout the sample. Most of the cracks appeared to be “fresh” and jagged and were frec of any
secondary deposits. The bottom surface was a fractured surface.

ltinitrite/Rhodami ining Mgth

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in many, small localized pastc arcas and within many
apgregate particles especially those exhibiting reaction rims. Rhodamine B staining resulted in pink
colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The highly water absorptive, cement paste matrix was soft-moderately soft,
and varicgated from dull brown-dull white in color with a very small-small amount of unhydrated cement
particles to dull white in color with a very small, if any, amounts of unhydrated cement particles. No fly
ash, ground granulated blast furnace slag or other pozzolanic materials were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 1:

TABLE 1
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
_ Pastc % Length, Air, % l o L
Sample by vol Points in, byvol._P/A__ =n in in, ! in
19.31 2,056 102.00 214 902 1.1 .0202 197.9 .0306

The homogeneously distributed voids were large in size and spherical-irregularly shaped with small and
spherically shaped voids also present. Secondary, internal deposits were observed as linings/coatings and
infillings of clear-off white material with similar optical properties of alkalic gel and as coatings/linings in
many voids. Also, many voids exhibited secondary, internal deposits as tufts, blooms, and partial linings of
internally radiating fine, needle-like crystals with the optical properties of the mineral ettringite,
CaﬁAlz(SO4)3(OH)12 26 Hgo

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subangular in
shape with an observed topsize of 7/8 inches. The observed coarse aggregate was composed of cherty
limestone and fossiliferous limestone particles. Many aggregate particles exhibited reaction rims and
several exhibited ternal fractures. A few, discontinuous, lighter colored paste areas were observed at a
few aggregate peripheries especially at fossiliferous limestone particles.

FINE AGGREGATE: The homogceneously distributed fine aggregate was angular-subrounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quastz chert, claystone, wood fibers, and
chalcedonic chert particles. Many chert particles exhibited reaction rims. Several aggregate particles
exhibited internal fractures.

DISCUSSION & CONCLUSION

We received onc core sample of hardencd concrete to determine the gencral condition of the conerete(s). It
was reported that the submitted sample was taken from the basc of the scoreboard. Petrographic
cxamination was requested to detcrmine if any deficiencies or potential failure/dcgradation mechanisms

could be identified prior to any concrete repairs or replacements. A mix desigh was not available at the
time of this writing.

According to ACl and PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usually
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is air-entrained (air content of 3-7% by volume), manufactured with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi.

- The submitied sample is considered to be non-air-entrained.

—  Overall, many of the observed aggregates exhibited reaction rims and internal fractures. Alkalic gel
deposits were observed. The results of staining using cobaltinitrite showed active gels in paste and
apgregates. These features strongly suggest that the collective aggregate should not be considered
“durable” due to susceptibility to alkali-silica reactivity. Also, many voids exhibited secondary,
internal deposits as tufts, blooms, and partial linings of internally radiating fine, needle-like crystals
with the optical propetties of the mineral eitringite.

_  The determined spacing factor was over (unacceptable) the recommended, industry standard limit
maximum of 00080 inches, and should be considered inadequate for exposure in a water-saturated,
cyclic, freeze~thaw environments.

- The compressive sirength(s) of the concrete represented by this sample/mix design is unknown and
comments regarding this will not be made.

No carbonation was observed in the examined core sample.

A small amount of microcracking and cracking was observed throughout the sample. Most of the cracks
appeared to be “fresh” and jagged and were free of any secondary deposits. This suggests thai some post-
coring damage had occurred.

Based on this examination, the most possible cause of the reported distress, as represented by the submitted
sample, is active alkali-aggregate reactivity. Based on this examination and observations including
aggregate features and the presence/degree of observed micracracking, the gencral condition is deemed:

Poor — Sample “SB-P” exhibited a small microcracking, secondary deposits of alkalic gels and
ettringite, with many aggregate particles exhibiting reactions rims and/or internal fractures.

An inadequate air-void system can be a likely contributing factor to deficiencies or potential failure and/or
further degradation.

[t must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, pootly crystalline
or metastable silica minerals, volcanic or artificial glasscs, and other siliccous-bearing aggregates (erg.,
opal, chalcedony, cherts, rhyolites, dacites, etc.) and the alkalis from Portland cement paste or external
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
and/or expansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR o occur. If one of these components is not
present, the reaction will not occur.

i

J. R. Varga, Concrete Petrographer
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The Rock Doctor, Inc.

EXTERNAL RESOURCES

Please consult your documentation for portal access information (password-protected).

» Onlinc version of this report (PDF):
hilp://www. rock—doclor.com/cliasnls/Lonrney/ 07083101/ roporl ﬂ?ﬂﬂB]Ol_Groum_Bb.pdf

» Online version of Plates 1-4 (PDF):
http://www. rock-doctor, com/clients/tourney/07083101 /plates 07083101 Group 8b 1 4.pdf
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THE ROCK DOCTOR

CONCRETLE SOLUTIONS TOR CONCROETE PROVLEMS

PETROGRAPHIC REPORT

DATE: December 20, 2007

WORK ORDER: 07-08-31-01 / Group 9 Service

CLIENT: Tourney Consulting Group / TCG 0756 Kauffimann Stadium
PREPARED BY: Jeffrey R. Varga, Concrete Petrographer, The Rock Dogtor, Inc.
INTRODUCTION

We received four core portions of hardened concrete to determine the general condition of the concrete(s).
The core portions were marked “103 TD-P”, €103 TUD-P”, “SLA16-P”, and “SLB25-P”. The core
portions measured, in length, approximately 4-3/4, 3-1/2, 7, and 3-1/4 inches, respectively. The core
portions were approximately 3-1/4 inches in diameter,

It was reported that the submitted samples were taken from tunnel and service arcas. Petrographic
examinations were requested to determine if any deficiencies or potential failure/degradation mechanisms
could be identified prior to any concrete repairs or replacements. Scveral digital photographs werc also
submitted. Mix designs were not available at the time of this writing,

SAMPLE PREPARATION AND METHODS

The core samples were cut in half, approximately perpendicular to the top surfaces. The cut surfaces were
ground using water and abrasive materials following our standard procedure. The air-void system
parameters were determined and estimated following the guidelines of ASTM C 457-06 “Standard Test
Method for Microscopical Determination of Parameters of the Air-Void System in Hardened Concrete™.
The modified point count method was utilized with a magnification of 100 diameters.

The unprepared samples were partially immersed in water for at least three days to mobilize any aikalic
gels preseni. The cut surfaces of (e core portion samples were not immersed in water.

After petrographic examinations, the prepared surfaces were stained using a saturated, aqueous solution of
sodium cobaltinitritc (reacts with soluble potassium fo produce a ycllow precipitate resulting in staining
potassium-rich ASR gel) following the guidelines in a July 1998 report titled “Geochemical Methods for
the Identification of ASR Gel” by Guthrie and Carey, Los Alamos National Laboratory . In addition, a
saturated, aqueous solution of Rhodamine B was similarly used to aid this staining procedure by
highlighting (providing a high contrast background) the regions of yellow-stained ASR gel and in part, to
identify othcr degradation products.

The prepared and unprepared samples were cxamined following the guidelines of ASTM C 856-04
“Standard Practice for Peirographic Fxamination of Hardened Concrete”.

RESULTS OF PETROGRAPHIC EXAMINATION
“103 TD-P”

GENERAL CONDITION: (Scc PLATES 1-4) The top surface cxhibited a partially adhercd
membranc/coating that was mottled in color from light gray to dark gray. The light gray portions were soft
and flexible whilc the dark gray portions were hard and exhibited cracking with a few partially exposed
fine aggregate particles. The surface was slowly absorptive to water. An approx. l-inch diameter,
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discontinuous, circular spot of yellow-colored material, presumed to be used for marking purposes, was
also present at the exposed surface.

In section, the observed membrane/coating system was approx. 1/8 of an inch thick and was composed of
five apparcnt layers. The layer at/adjacent to the exposed surface was thin and almost continuous and
exhibited a small amount of small voids and several fine aggregate particles. At the interface with the
underlying material, no voids, scparations, or cracks werc observed. The underlying layer (approx. 1/4 of
the total topping thickness) was light gray in color, soft and flexible with a few, small air-voids, At the
bottom surface of this layer, a continuous separation/crack was present. The third layer was light gray in
color, soft and flexible with scveral fine aggregate particles. At the interface with the underlying material,
no voids, separations, or cracks were observed. The fourth layer was light gray in color, soft and flexible
with a fow, small air-voids. At the inferface with the underlying material, no voids, separations, or cracks
were observed. The fifth layer was light gray in color, soft and flexible with several, small air-voids. At the
bottom surface of this layer, at the interface with the base concrete, a continuous separation/crack was
present. Small portions of the basc concrete were adhered fo the bottom surface of the coating system.

No carbonation was observed at the top surface of the base concrete. A small-moderate amount of
microcracking was observed throughout the sample. Most of the observed microcracks were infilled with
off white material with similar optical properties of alkalic gel and carbonated alkalic gel. After immersion
in water, the sample trimming exhibited off white to clear exudations of material with the optical properties
of alkalic gel on cut surfaces. The bottom surface was a fractured surface.

Sodiwm Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinet yellow staining from the
application of the sodium cobaltinitrite solution in several, small localized paste areas (especially in the
lower portion of the sample) and within several aggregate particles cspecially those exhibiting reaction
rims. Rhodamine B staining resulted in pink colorations especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cementitious paste matrix was highly water absorptive, moderatcly sofi-
moderately hard, and variegated from pale gray-light brown with a small amount of unhydrated cement
particles to light brown-dull white in color, with a very small amount of unhydrated cement particles. The
lighter colored paste arcas were softer than the darker colored paste areas. A very small amount of fly ash
was observed with no ground granulated blast furnace slag or other pozzolanic materials being
microscopically observed.

AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 1:

TABLE 1
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol, Points in. bvvol, P/A  n  in, in," in.
“103TD-P” 2273 2,028 100.00 804 283 7.6 .0106 3767 0075

The inhomogeneously distributed voids were mostly small and spherically shaped with fewer larger,
spherical voids obscrved. Fewer, larger, irregularly shaped voids also observed. A small-moderate amount
of clusters of voids was observed throughout the sample. Many voids exhibited partiat linings and coatings
of clear to off whitc material with similar optical properties of alkalic gcl and carbonated alkalic gel. Partial
linings and coatings of fine needle-like, internally radiating crystals were observed in several voids. These
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crystals exhibited similar optical properties of the mineral, ettringite, CasAL(SO4):(OH)1»- 26 H,0.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregatc was composed of
limestone particles including fossiliferous limestone and cherty particles. A few particles exhibited internal
fractures. A few particles exhibited reaction rims. Small amounts of continuous and discontinuous zones of
lighter-colored paste were obscrved at several aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregatc was angular-rounded in shape and
was composed of quartz, feldspar, granites, claystone, siltstones, and microcrystalline quartz chert
particles. Several chert particles exhibited internal fractures and reaction rims.

“103TUD-P”

GENERAL CONDITION: (See PLATES 5-8) The top surface exhibited a generally flai, soft, mostly hard,
dark gray material with numerous, fine cracks with smaller amounts of light gray, elastic, material. The
cxposed surface cxhibited many aggregate sockets and a few partially exposed, fine aggregate particles.
The surface was slowly absorptive to water. An approx. I-inch diameter, discontinuous, circular spot of
yellow-colored material, presumed to be used for marking purposes, was also present at the exposed
surface,

In section, the observed membrane/coating system was approx. 1/32 to 1/16 of an inch thick and was
composed of two apparent layers. The layer at/adjacent to the exposed surface was approx. 1/2 of the total
coating thickness, was light gray in color, flexible, and exhibited a small amount of small voids and several
fine aggregate particles. At the interface between the two apparent coating layers, no voids, scparations, or
cracks were observed. The underlying layer (approx. 1/2 of the total coating thickness) exhibited a small-
moderate amount of small air-voids. At the bottom surface of this layer, an almost continuous,
separation/crack was present at or near the interface of the coating system and the base concrete. An
adhered layer of paste/mortar from the base concrete was observed at the bottom coating surface.

No carbonation was observed at the top surface of the base concrete. A small-moderate amount of
microcracking was observed throughout the sample. Most of the observed microcracks were infilled with
off-white material with similar optical properties of alkalic gel and carbonated alkalic gel. After immersion
in water, the sample trimming exhibited off white to clear exudations of material with the optical propertics
of alkalic gel on cut surfaces. The bottom surface was a fractured swface.

Sodium Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in small localized paste arcas and within many aggregate
particles especially those exhibiting reaction rims. Rhodamine B staining resulted in pink colorations
cspecially in fracturcs/cracks.

CEMENTITIOUS MATRIX: The cementitious paste matrix was highly water absorptive, moderately soft-
maoderately hard, and variegated from pale gray-light brown with a small amount of unhydrated cement
particles to light brown-dull white in color, with a very small amount of unhydrated cement particles. The
lighter colored paste areas were softer than the darker colored paste areas. A very small-small amount of
fly ash was observed with no ground granulated blast furnace slag or other pozzolanic materials being
microscopically observed.

ATR-VOID CONTENT: The air-void system parameters are listed below in TABLE 2:
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TABLE 2
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % | o L
Sample by vol. Pojnts in byvol. P/A__ 1. _in in.! in,
“103TUD-P” 15.60 1,744 86.00 6.65 235 48 014 286 0082

The inhomogeneously distributed voids were mostly spherically shaped and small in size with larger,
spherical-irregularly shaped voids also observed. Fewer, larger, irregularly shaped voids also observed. A
small amount of clusters of voids was observed throughout the sample. Partial linings/infillings of clear to
off-white material with similar optical properties of alkalic gel and carbonated alkalic gel were observed in
many voids. Partial linings and coatings, tufts, blooms of fine needle-like, internally radiating crystals were
observed in several voids. These crystals exhibited similar optical properties of the mineral, cttringite,
CasAl(SO,)(0OH), 26 H,O.

COARSE AGGREGATE: The homogencously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 1 inch. The observed coarse aggregate was composed of limestone
particles including fossiliferous and cherty limestone particles. A small amount of infernal fractures were
observed. A few particles cxhibited reaction rims. Discontinuous vencers of softer, light brown-colored
“halos™ or rims of paste were observed at several aggregate peripheries.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, claystone, siltstones, microcrystalline quartz chert, and shale
particles. A few particles cxhibited nternal fractures. A few microcrystalline quartz chert particles
exhibited reaction rims.

“SLAl6-P”

GENERAL CONDITION: (Sce PLATES 9-12) The top surfacc was generally flat, worn, slighily rough
with numerous partiatly exposed fine aggregate particles in a flat paste matrix, Very small amounts of
clear-light brown, wax-like material was observed on the exposed surface. Many fine scratches were also
present.

In section, a zone of lower pH paste (approx. 9) was observed with a thickness of approx. 3/8 of an inch. A
maoderate amount of microcracking was observed throughout the sample. Most of these microcracks were
infilled with light brown-off white material with similar optical properiies of alkalic gel and carbonated
alkalic gel. After immersion in water, the sample trimming exhibited a small amounts of localized, clear-
off-white exudations of maierial with the optical properties of alkalic gel on cut surface. The botiom
surface was a fractured surface.

Sodium Cobaltinitrite/Rhodamine B Staining Method

Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in many, localized paste areas and within many aggregate
particles especially thosc exhibiting reaction rims. Rhodamine B staining resulted in pink colorations
especially in fractures/cracks.

CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, soft-moderatety hard,
and varicgated from pale gray-light brown with a small amount of unhydrated cement particles to dull
white-light gray with a very small amount of unhydrated cement particles. The lighter colored paste areas
were matkedly sotter than the darker colored paste areas. No fly ash, ground granulated blast furnace slag
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or other pozzolanic materials were microscopically observed.
AIR-VOID CONTENT: The air-void system parameters are listed below in TABLE 3:

TABLE 3
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % [ o L
Sample by vol Points in. byvol_P/AA_ m  in, in'___in,
“SLA16-P>? 2391 2,020 99.55 851 281 82 0104 384.6 .0073

The inhomogencously distributed voids were spherically shaped and ranged in size from small to large
with fewer, larger, irregularly shaped voids also present. A moderate amount of clustering of voids was
observed thronghout the sample. In several voids, sccondary, internal deposits of clear to off-white
material with similar optical properties of alkalic gel and carbonated alkalic gel were observed as partial
linings and coatings. In a few voids, tufts and blooms of fine needle-like, internally radiating crystals
were observed. These crystals cxhibited similar optical propertics of the mineral, eftringite,
CaﬁAlg(SO4)3(OH);2 26 Hzo

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was subangulat-subrounded in
shape with an observed topsize of 1 inch. The observed coarse aggregate was composed of limestone
particles including cherty and fossiliferous limestone particles. Many particles exhibited internal fractures
and several particles exhibited reaction rims.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, and claystone pariicles. A few
reactions rims were observed especially associated with microcrystalline quartz chert particles. Several
particles exhibited tnternal fractures.

“SLB25-P”

GENERAL CONDITION: (See PLATES 13-16) The top surface was generally flat, slightly rough with a
“worn” appearance and exhibited numerous partially exposed, coarse and fine aggregate particles in a flat,
dark gray paste matrix. An approx. l-inch diameter circular spot of yellow-colored malerial, presumed (o
be used for marking purposes, was also present at the exposed surface. Several, small irregularly shaped
voids were present at a fow aggregate peripheries.

In section, a zone of carbonated paste was observed up to approx. 3/8 of an inch thick. A small-moderate
amount of microcracking was observed. Most of these microcracks were infilled with off-white material
with similar optical properties of alkalic gel and carbonated alkalic gel. After immersion in water, the
sample trimming exhibited a localized, clear exudations of material with the optical properties of alkalic
gel on cut surface. The bottom surface was a smooth, flat formed surface.

iym Itinifrite/Ruigdamine B Staining Meth
Visual assessments, including using a petrographic microscope, showed distinct yellow staining from the
application of the sodium cobaltinitrite solution in small, localized paste areas {(especially adjacent to end

surfaces) and within many aggregate particles especially those exhibiting reaction tims. Rhodamine B
staining resulted in pink colorations especially in fracturcs/cracks.
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CEMENTITIOUS MATRIX: The cement paste matrix was highly water absorptive, moderately soft-
moderately hard, and subtly varicgated from light gray-light brown in color with a small amount of
unhydrated cement particles to light brown-dull white in color with a very small-small amount of
unhydrated cement particles. No fly ash, ground granulated blast furnace slag or other pozzolanic materials
were microscopically observed.

AIR-VOID CONTENT: The air-void system parameters arc listed below in TABLE 4:

TABLE 4
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % L o L
Sample by vol. Poings i byvol. P/A__n  in in.” in,
“SLB25-P” 19.24 1,440 71.20 444 433 52 0085 4702 .0092

The inhomogencously distributed voids were mostly small in size and spherically shaped with fewer,
larger, spherical to irregularly shaped voids also present. Tn several voids, secondary, internal deposits of
clear to off-white material with similar optical properties of alkalic gel and carbonated alkalic gel were
observed as partial linings and coatings.

COARSE AGGREGATE: The homogeneously distributed coarse aggregate was angular-subrounded in
shape with an observed topsize of 7/8 of an inch. The observed coarse aggregate was composed of
limestone particles including cherty and fossiliferous limestone particles. Several particles exhibited small
internal fractures and cxhibited reaction rims. A fow paste portions adjacent to scveral aggregate particles
exhibited lighter-colored paste regions.

FINE AGGREGATE: The homogeneously distributed fine aggregate was angular-rounded in shape and
was composed of quartz, feldspar, granites, microcrystalline quartz chert, claystone, and siltstone particles.
Many chert particles exhibited internal fractures and reaction rims.

DISCUSSION & CONCLUSION

We received four core portions of hardened concrete to determine the general condition of the concrete(s).
1t was reported that the submitted samples were taken from taken from tunnel and service areas.
Petrographic examinations were requested to determine if any deficiencies or potential failure/degradation
mechanisms could be identified prior to any concrete repairs or replacements, Mix designs were not
available at the time of this writing,.

The air-void system parameters for all samples are listed below in TABLE 5:

TABLE 5
AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Paste % Length, Air, % ( o L
Sampie by vol, Points in, bvvol. P/A___n in, in.! in.
“103TD-P” 2273 2,028 100.00 804 283 76 0106 3767 .0075
“SLA16-P” 2391 2,020 99.55 851 281 82 0104 3846 .0073
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The estimated air-void system parameters for all samples are listed below in TABLE 5:

TABLE 5
ESTIMATED AIR-VOID SYSTEM PARAMETERS
TRAVERSE PARAMETERS OF THE AIR-VOID SYSTEM
Pastc % Length, Air, % | o L
Sample by vol Points in byvol, P/A___m__ in in!  in,
“103TUD-P” 15.60 1,744 86.00 6.65 235 4.8 0140 2860 0082
“SLB25-P” 19.24 1,440 71.20 444 433 52 0085 4702 .0092

According to ACL and PCA, durable concrete in a water saturated, cyclic freeze-thaw environment usuaily
is air-cprained (air content of 3-7% by volume), manufactured with durable aggregates, exhibits a spacing
factor, L, of 0.0080 inches or less, and attains an ultimate compressive strength of at least 4,000 psi. The
examined samples arc considered to be air-enirained. Overall, the observed aggregates exhibited signs or
evidence of reactivity including internal fracturcs and reaction rims. After water immersion, alkalic gel
exudations were present in all samples strongly suggesting active/ongoing alkali-silica reactivity. The
determined spacing factors for Samples “103TUD-P” and “SLB25-P” were over the recommended,
industry standard limit maximum of 0,0080 inches and arc considered unacceptable for freeze-thaw
durability in water saturated environments. The compressive strength(s) of the concrete represented by this
sample/mix design is unknown and comments regarding this will not be made.

All Portland cement based concretes will carbonate over time. When carbonation occurs early in the life of
the concrete, fhe strength development of the affected arca can be compromised. Samples “SLA16-P”
and “SLB25-P” cxhibited various depths of carbonated/lower pH paste. However, the carbonated zones
and the respective bulk pastes exhibited similar hardnesses. This suggests that the carbonation had
occurred over the service lives of the concretes.

Based on this examination, the the gencral condition of the concrete(s), including agpregate features and
the presence/degree of observed microcracking, were deemed:

%103 TD-P” - Poor - exhibited small-moderate amounts of microcracking and small-moderate aggregate
distress

“103TUD-P” - Poor - exhibited small-moderate amounts of microcracking and aggregate distress

“SLA16-P” - Poor - exhibited moderate amounts of microcracking and moderate-high level of
aggregate distress

“SLB25-P” - Poor - exhibited small amounts of microcracking and relative highest level aggregate
distress

The most possible cause for observed distress, as represented by the submitted samples, is active alkali-
aggregate reactivity. Differences in exposure conditions, especially exposure to water, can account for
thesc relative, different physical conditions. Inadequate air-void systems can be likely contributing factors
to deficiencies, potential failure, and/or further degradation under similar exposure conditions. However,
no marked evidence of frecze-thaw distress was observed.

Fly ash observed in Samples “103TD-P” and “103TUD-P”.

Small, irregular voids were observed Sample “SLB25-P” at aggregate peripheries. This can be indicative
of pastc cxpansion.
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It must be noted that Alkali-Silica Reaction (ASR) takes place between certain reactive, poorly crystalline
or metastable silica minerals, volcanic or artificial glasses, and other siliceous-bearing aggregates (e.g.,
opal, chalcedony, cherts, rhyolites, dacites, etc.) and the alkalis from Portland cement paste or external
sources. A reaction product gel forms that, in the presence of water, expands and may cause cracking
and/or expansion of mortar and concrete. Three conditions, sufficient moisture, alkalis, and reactive
forms of silica or aggregate(s), must be present for ASR to occur, If one of these components is not
present, the reaction will not occur. Differences in exposure conditions, especially exposure to water, can
account for apparent physical changes in condition of the examined samples. If the ASR is left unchecked,
expansion will continue until moisture is removed, the source of alkalis is depleted, or the reactive silica
components are consumed.

Yl
1. R. Varga, Concrete Petrographer
The Rock Doctor, Tnc.

EXTERNAL RESOURCES

Please consult your documentation for portal access information (password-protected).

e Online version of this report (PDF);

thp://www.rockHdoctnr.com/c]ients/Lournav/O?OﬂH]01/report_07Q331014Gr0ﬂp_9.ndf

e Online version of this Plates -16 report (PDF):
http://www.rock-doctor.com/clients/tourney/07083101 /plates 07083101 Group 9 1 16.pdf
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Client: Tourney Consulting Group Project No: RVO779

Location: KC Rovyals Stadium, Kansas Gity, MO Total Pages: 14 including cover and iﬁis page
Clignt P.O. No: Date: August 20-21, 2007

Report Title: As-built investigation of Select Structural Members

Summary:

Radarview was contracted to perform a non destructive volumetric as built survey for Tourney
Consulting Group at the Kansas City Royals Stadium in Kansas City, MO. There were three
areas investigated including Plaza Level Section 102, Field Level Section 139, and the Club
Level Section 107 (See sections 2-4). The need for the project stems from a condition survey
and planned alterations of the stadium. Radarview utlized a high peak frequency
electromagnetic system (GPR/Ground Penetrating Radar) for performing the data acquisition
onsite.

See section 2-4 for results

Prepared By.  Todd Allen
Reviewedby:  Todd Allen
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1 INTRODUCTION

Radarview was contracted to perform a non destructive volumedtric as built survey for
Tourney Consulting Group at the Kansas City Royals Stadium in Kansas City, MO.
There were three areas investigated including Plaza Level Section 102, Field Level
Section 139, and the Club Level Section 107 (See sections 2-4). The need for the
project stems from a condition survey and planned alterations of the stadium. Radarview
utilized a high peak frequency electromagnetic system (GPR/Ground Penetrating
Radar) for performing the data acquisition onsite.

A grid layout was used on the survey areas using 4" and 12” survey line increments.
The data was post-processed into a 3D model created by interpolation. This modei was
used to determine reinforcement placement.

True North

Project North

Radarview LLG August 20-21, 2007
Civil/Structural and Geotechnical Surveys
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- 2 PLAZA LEVEL_SECTION 102-103
2.1 QOverall view of the scan areas

The column and beam below were scanned from both sides and the reinforcement
positions were marked on the surface fo facilitate planned modifications. The west face
was imaged for report purposes.

West Face of column and beam

Sean area Reinforcement is marked on the surface

East Face of column and beam

Reinforcement Is marked on the surface

: Radatview LLC ) August 20-21, 2007
Civil/Structural and Geotechnical Surveys
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2.1.1 Scan Results

The image helow reveals the reinforcement positions for the west face of the column and beam
in Section 102-103. The results were marked on the surface of the east and west sides.

Radarview LLC August 20-21, 2007
Givil/Structural and Geotechnical Surveys
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Additional views of the reinforcernent model.

1.
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3 FIELD LEVEL_SECTION 139
3.1 OQverall view of the scan areas

Deterioration was present on the bottom edge of the spandrel panel near Section 139.
Reinforcement details were requested to facilitate the repair. An attempt was made to
provide clues as to how the connection is made between the column and the spandrel
panel.

South Face of column

Embedded metal
corrosion and
spalling

Radarview LLC August 20-21, 2007
Civil/Structural and Geotechnical Surveys
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3.1.1 Scan Resuits_Area 1
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3.1.2 Scan Results_Area 2
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Additional views of the reinforcement model.
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4 CLUB LEVEL_SECTION 107
4.1 Overall view of the scan areas

The column and raker beam below were scanned on the east face and a 3D model of the
reinforcement placement was created to aid planned modifications to an adjacent raker
beam that could not be scanned due to access limitations.

Scan area

Radarview [[ ¢ August 20-21, 2007
CiviliStructural and Geotechnical Surve VS
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411 Scan Results
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Additional view of the reinforcement modei.
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