Attenuating Mass Concrete Effects
In Drilled Shafts
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Problem Statement

* Excessively high curing temperatures in
mass concrete can affect long-term durability
from Delayed Ettringite Formation (DEF).

¢ Differential Temperature in mass concrete
has more immediate adverse effects in the
form of cracking. . .

* Drilled shafts are susceptible to Mass
Concrete Issues.



Project Tasks

¢ Construct Voided Shaft (monitor, model, etc)

¢ Collect Field Temperature Measurements of
Mass Concrete / Shaft Elements (via
thermocouple and integrity scans)

+ Calibrate/Update Thermal Software



When 1s Concrete Mass?

¢ Guidelines
= Mass Concrete Geometry Limit
= Drilled Shaft Diameter Limit
* Performance Based Specification

= Differential Temperature Limit
= Peak Temperature Cut-off
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Geometry Criterion Applied to Shafts
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-_j ¢ Equivalent to 2 lane road coast to coast
" (w/sidewalks)

i 600 miles of 1” steel cooling tubes
+ 100 yr estimated cooling
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Predicting Mass Concrete
Conditions

+ 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 +260pc s +8060pc o +420pc ap +

624}950“5 + 1 186pFreeCaO T SSOPMEO

Total Energy Production

HH = H(.‘{-?m ' p(.‘erﬂ + 461 ' pSLAG + /?'FA ' pFA



Hydration Energy
(Schindler, 2005)

Degree of Hydration

a(l,) = o, exp(‘[ﬂﬁ)

Rate of Energy Production

Qu) = H, - C(‘(fl) (5) '(l(rf’)'g(273]+ Tr2731+'T)




Input Parameters
(from concrete supplier)

S 1.031 -w/cm
“ 0194 +w/cm

+ 050 : pFA + 030 ' pSLAG S 10
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T = 606.78 - pe.a Pe.s Blaine :
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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 1T

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 (C235) % Maximum - - - 38 /
\Dicalcium 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
XASTH 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 0.0z 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 Minimuwm 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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Voided Shaft Construction

+ Install access tubes in soil around proposed
excavation site

* Instrument 8 ft diameter cage / 4 ft central
casing

¢ Construct Voided Shaft

+ Monitor shaft and ground temperatures via
thermocouples and integrity scans
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Cellular Antenna

Solar Panel

Data Logger
Thermocouple
Wiring

—— Thermal Integrity
*  Access Tubes



oft Diameter Shaft w/ 4ft Void
Raw Data Thermocouple Data / R.W. Harris Test Site
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Note: You will need to Refresh to update graph this should be done every 15 minutes.




Annotated Data Thermocouple Data

oft Diameter Shaft
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—— Middle of Casing in Concrete
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oft Diameter Shaft w/ 4ft Void
Thermocouple Data / R.W. Harris Test Site
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Note: You will need to Refresh to update graph this should be done every 15 minutes.




Collect Field Temperature
Measurements

+ Voided Shaft Monitoring (shafts)

+ |-35W Bridge Replacement (shafts and
footing)

+ Marion County Courthouse (shafts)

+ |_ake Okeechobee Dike Remediation (cutoff
wall)

¢ |-4, District 5 (shafts)









Substructure Monitoring Site
(Pier 2 Southbound)

. Project Goals
- ¢ Monitor Shaft Temp
+ Monitor Footing Temp
Py Monitor Construction Loads
~ [1 _ * Provide Realtime Warning System

J
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* Pier 2 Southbound Reofing

* 40’ x90” x 12’ = 1600 yd?*

¢ 8 - 7 ft diameter shafts, 100 ft deep
* SCC shaft mix &
e Thermocouples / Strain Gages s
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F35W St. Anthony Falls Bridge
Remote Themocouple Monitoring Data
Southbound Pier 2 Shaft 2
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F35W St. Anthony Falls Bridge
Remote Themmocouple Monitoring Data
Southbound Pier 2 Shaft 1
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*Thermal readings averaged per gage level
1-35 St Anthony Falls Bridge (2 thermocouples & 4 thermistors per level).

Shaft 1 Thermal Data
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[-35W St. Anthony Falls Bridge
Remote Thermocouple Monitoring Data
Fier 2 Southbound Footing
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Mote: Graph i1s updated every hour.
(0,0,0) coordinate = SWW ground EL.
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Thermal Integrity Scans

+ Fleld Results / Model Predictions
+ Bulging

* Necking

+ Cage Alignment

¢ Concrete Maturation
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Cage Alignment
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Cage Alignment
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< WSDOT Nalley Valley 1-5/SR16




WSDOT Nalley Valley I-5/SR16

Modeled and Measured Core and Tube Temps
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Pier 6 Shaft B
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Cage Alignment

Increasing Tube Nos.
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Cage Alignment

Increasing Tube Nos.

40 ft

T —————

LL | | L | | LL
0 | 1o | |0
AN | | WO ||~
— | |~ | | <
D
(@)]
N @©
| I N N L N L B e T~
N N T O ©o I~ o o @
= - - = = F = F = <
[
O
—
—
L. o
I
(@)]
el
=)
~—
(¢B]
—
>
—
mo
(<> 2N e |
o o«
S
(¢B]
T
(e}
o
—
%, T L R R

5
0
5
50
55
60
65
70
75 -

(») yadea




Cage Alignment
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Cage Alignment
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Cage Alignment
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Cage Alignment
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Thermal Testing Timeframe
4000-P Mix Design
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Conclusions

+ Thermal modeling of shafts shows when concrete
mix and environment will cause mass concrete
conditions

¢ Large diameter shafts can be voided to alleviate
mass concrete conditions

+ Demonstration shaft showed constructability and
verified temperature control (peak and differential)

+ Measured temperatures were In close agreement
with model predicted



Conclusions

+ Thermal Integrity scans showed remarkable
capability to detect anomalies In and outside
the reinforcing cage (bulges and necks)

+ Cage alignment and concrete cover can be
verified.

+ Timeframe for testing Is dependent on shaft
size and mix (e.g.1 — 3 days optimal).
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