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Overview

+ Thermal Integrity Profiling uses the
measured Internal shaft temperature
generated by hydrating concrete to assess the
presence or absence of intact concrete.

* The energy produced in one 9 yd truck of
concrete Is equivalent to 450 Ibs of TNT.
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Analysis

¢+ [nternal temperature measurements are
sensitive to necking, bulging, inclusions, and
cage alignment.

* The available time of testing is dictated by
the shaft diameter and mix design.

= [he timeframe for testing (in days) equals the
diameter (in feet).

= High slag content mixes extend testing time.
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evels of Analysis

* |levell
= Direct Observation of Temperature Profiles

* | evel 2
= Superimposed Construction Logs / Concrete Yield



Level 1: Direct Observation
(Field)

+ |dentify top and bottom of shaft

* Verify shaft length

+ Confirm cage alignment

+ |_ocate changes in shaft diameter

+ |_ocate Immediate areas of concern



Scatter Creek
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Cage Alignment (Level 1)

+ All tubes have same temperature when cage
IS concentric.

+ A normal cylindrical shaft with an offset
cage Is shown as equally higher and lower
temperatures on opposite sides of cage.

+ Average of all tubes represents the centered
cage temperature



Temperature (F)

Temperature Distribution (10 ft diameter shaft)

Position (m)
-3 -2 -1 0 1 2
190 I I I I I I I
| Normal — | |
Centered Cage | |
170 - Temp
I I
150 { e——— 4 e
130 -
110 A
90 -~
Cage Diameter at Tubes
70 A _ _
Excavation Diameter R
50

Temperature (C)

-10 -8 -6 -4 -2 0 2 4 6 8
Position (ft)



Temperature (F)

190

170

150

[EEN
W
o

[EEN
=
o

70

50

Effect of Cage Misalignment

Position (ft)

Position (m)
N N - 0 1 2 3
I I + 90
| | | Tube 6
| | L 8o
] Tube 1
Highest Measured Temp |
&
| + 70
| f | Lowest Measured Temp
) + 60
I + 50
) | |
| | L 40
) | |
| | + 30
L Cage Diameter at Tubes |
i |«
< ! Excavation Diameter ! T 20
B Y . .

Temperature (C)



Pier 6 Shaft B
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Level 2: Added Field Records

* Confirm direct observations

+ Establish relationship between concrete
volume placed and measured temperature

* Predict as-built shaft radius, shape, and cover

+ Correlate soll strata to thermal conductivity
and observe influence on less prominent
temperature fluctuations
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Temperature to Radius Conversion
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Summary

+ Thermal profiling of shafts shows presence or
absence of Intact concrete both inside and outside
reinforcement as well as confirmation of proper
cover and cage alignment.

¢ Strong correlations between measured temperature
and radius provide an as-built shape of the shaft.

¢ Testing Is performed shortly after concreting
expediting acceptance or rejection.






Sensitivity

¢ |_arge anomalies are detected farther away
+ Smaller anomalies must be closer to tubes

+ Miniscule anomalies may not be detected but
are of no Importance.

* Next three slides show a common tremie-
Induced anomaly In a 4ft diameter shaft.
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Level 3: 3-D Thermal Modeling

+ Confirms Level 1 and Level 2

+ Establishes the anticipated shaft temperature
for a given size of shaft and time of testing.

+ Verifies top and bottom roll-off distribution.

¢ Can be used to establish the field testing
window.



Level 3: 3-D Thermal Modeling

Predicting Shaft Temperature

+ Must know mix design with detailed cement
and flyash reports (can change monthly)

+ Must know geometry of shaft or other
concrete element in question

+ Must know environmental conditions (e.g.
alr temp, soll type, soil temp, etc.)



Hydration Energy
(Schindler, 2005)

Cement Energy Production

= 300pc,s +200pc s +800pc A +420pc Ap +

624}9503 + 1186ppcccao + SSOPMEO

Total Energy Production

HH = H(.‘{-?m ' p(.‘em + 461 ' pSLAG + hFA ' pFA



Hydration Energy
(Schindler, 2005)

Degree of Hydration

ot = o, exp( <]

e

Rate of Energy Production

Oy = Hu'cc'(_yl) (5) (I(If’)'2(27314—7?_2731-”“)




Input Parameters
(from concrete supplier)

o 1.031 -w/cm
“ 0194 +w/cm

0.146 0.227

B = 181.4 * pC«A * pcﬁs Blal’le_OSBS *

0.558 .
Pso, 70 exp(<0.647 - pgpac)

—0.154 —0.401

. 0.804
T = 606.78 - pe.a Pe.s Blaine :

(

0.758 .
Pso, 7 exp(2.187  pspag + 950 Pra - Pracao)




(MgO) %

(SO3) %

/[:EITIEX

Brooksville South Plant

10311 CEMENT PLANT ROAD

Brooksville, Fl 34601

Phone (352) 799-T881 | FAX [352) 799-8088

CEMENT MILL TEST REFORT

Cement Identified a:: AASHTO M35, ASTM C150 TYPE 11

Plant: Cemex Broolsville Cement
Location: Broolosville, FL

Production Date: 419 to 430008

Diate of Report: 34003

Silo 1,2,5,10,15
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Blaine Fineness,

ASTM C-160 | AsTMoazo | AsTMC167 | AsssTomEs | AABHTO M2
STANDARD CHEMICAL RERUIRMENTS SPECIFICATIONZ TYFEI TYREN au TYFEI TYFEN TEST RESULTS
IAETM G118 Low alkall Low ailka Laow alkall Low alkall
Silicon Dicxide [S102) % Minirmum - - - 20.0 205
Aluminum Cide (AI203) % Maximum B0 - s 443
Fermic Oxide (Fe203) % Maximum B0 - - 6.0 39
Caleium Owide (Ca0) % - - s - 648
gnesium Cudde (M) % Maximum 6.0 B0 - 6.0 6.0 0s
ulfur Trioxide [S03) % * Maximum 340 an - 30 30 2.3
Loss on Ignition (LOT) % Maximum 3 3 - 3 3 22
Insclubde Residue [IR) % Maximum 075 073 - 073 0.7s 0T
Alkalies (Na20 equivalent) % Maximum 060 0.60 - 060 0.ED 034
Carbon Dioxide in cement (COZ) % 0.an
Limestone % in cement (ASTM C130 A1) Maximum 3 3 3 3 21
CaC03 in limestone % (2.274 x %MCO02 LS) Minirmum Ta T 70 T g9
ricaleium Silicate (C35) % Maximum - - - 38
\Uicalcium Silicate (C25) % - - s - 13
[ Tricalcium Aluminate [C34) % Maximum a - s & 1 —
Tetracalcium Aluminoferrite (C4AF) % -— - - 12 \
(C35 + 473 C3A) Maximum 100 100 a7
iC-’LQF + }C3A) or ;CdAF + EZE il Maximum - - - - 24
PHYSICAL REGUIRMENTS
{ASTM C204) Blaine Fineness, cmaig Minimum 2800 2800 - 2800 2800 382
ASTM C204) Blaine Fineness, em2ig Maximum 4200 4200 3820
%ASTH C430) -323 Mesh % - - - - 6.1
{ASTM C131) Time of Setting [Vicaf)
Initial Set, minutes Minimum 43 43 43 43 43 88
Final Sef. minutes Maximum Ty 375 420 KTE] ars 184
{ASTM C183) Air Content of Mortar % Maximum 12 12 - 12 12 6.9
{ASTM C151) Autoclave Expansion % Maximum .80 0.80 0.80 0.80 0.80 -0.010
{ASTM C187) MNormal Consistency % - - - - 245
{ASTM C1038) Expansion in Water % Maximum .02 0.02 .02 n.02 0.02 0.011
(ASTM C188) T day Heat of Hydration callg Max. if specified 70 78
{ASTM C109) Compressive Strength, psi (Mpal)
1 Day - - - - 2267 [ 1386 )
3 Days Minimum AT40 (12.0) | 1450 (10.0) | 1450 (10.0) | 1740 {12.0) 1450 (10.0) 4070 [ 281)
T Days Minimum 2760 (19.0) | 2470 (17.0) | 2483 (15.0) | 2760 (12.0) 2470 (17.0) 5330 [ 369
28 Days Minimum --— - o —- 6383 [ 433 )
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Thermal Testing Timeframe
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Level 4: Signal Matching

+ Advanced 3-D modeling
+ Variable soil strata

+ Tailors the modeled shape of the shaft to
match the field measured temperatures

+ Variable climatic inputs
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