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TYPICAL INSPECTION

mDry Cast

= Generally visual inspection only

BWet Cast

= Since visual inspection is impossible some NDT is needed.
Options include:

* PIT (pulse echo) ASTM D5882
= CSL (crosshole sonic logging) ASTM D6760
" Thermal Profiling ASTM D7949

7]
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440 CSL CANNOT EVALUATE
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DEBONDING ISSUES WITH CSL

CSL test at 8 days Re-test after remove PVC tubes

GRL Engineers, Inc. GRL Engineers, Inc.

Shaft 2 (C-1) - Tested 05122013, Installed 05042013 Shaft 2 Rescan - Tested 05152013, Installed 05042013
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TIP APPLICATIONS

® Drilled shafts

m Auger cast-in-place piles

m Continuous flight auger piles
mDisplacement piles

m Micropiles

m Secant pile walls
mDiaphragm walls



THERMAL INTEGRITY PROFILING

m Uses the heat generated by curing cement

® [nstrument cage with sacrificial Thermal Wire®
cables

® Temperature during curing relates to concrete
quality, volume, and cover

= Temperature reductions: necking or poor quality concrete

= Temperature increases: bulges or increased concrete
cover

= Temperature differences between opposite wires: cage
alignment

m Uses concrete volume to evaluate radius from
temperature

Pite Dyrnarmics, nc.



THERMAL INTEGRITY PROFILING

Cement
Quantity

Strength Concrete
Shaft Temperature
versus depth
during curing
Durability at cage

Serviceability

7 Pite Dynarmics, Inc.
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70—

60—

Temperature

i [T
TN

SHAFT
HEAT
SIGNATURE

The heat at the
center of the shaft
will be the
greatest.

The temperature
at the
reinforcement
cage behaves
linearly with
respect to radius
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Convection
fo a jl . Temperature (F)

60 80 100 120 140 160 180 pROX'M'TY TO
CENTER OF
CONCRETE
EFFECTS
TEMPERATURE

If the reinforcement
cage shifts in any
direction, the cage

closer to the soil
_—  — ——— ~ will measure a

—

Conduction
to soil

lower temperature,
the cage closer to
the center of the
concrete will

Depth (ft)

measure a higher
temperature
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LOCALIZED DEFECTS
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LOCALIZED DEFECT

TEST SHAFT 4 ]
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Method Shaft

10

Depth (ft)

100

No Correction for
Over-pour Concrete

Shaft Diam (ft)

Averl

(ENGLISHIMETRIC)

DRILLED SHAFT CONCRETE \IDLIJMElS

——— G [ s

—— Hfeq
Dan

—— Theg
Dian

No Correction for
Tremie filing /
volume

RADIUS
BASED
PLACED
CONCRETE
VOLUME

Truck volume and
depth after each
truck can establish
the effective
diameter for each
shaft segment.
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Method Shaft Temperature (deg F) Over-pour Concrete
70 Q0 110 130 150
0 ‘ _
Aver DRILLED SHAFT CONCRETE '\.ID-LIJ[-HE.S
[ENGLISHIMETRIC)
10 - =
> e —
ol
30 A
A i
40 | N L
_ Average temperature is | 3
= / I
~ 50 i L] Py |
< related to average radius - .
60 | ' ; , |
: f :
70 | . .
—— Hfeq ' '
80 | Darr} : :
—+—Thed : :
%0 Dan| o oo 7 :
] :
1m | _ ~ancrete Volume Place (cy)lim?)
0 2 4 6 8\_1_0_ No Correction for
Shaft Diam (ft) Tre\r/”;ul"g/

No Correction for

TEMPERATURE
RADIUS
RELATIONSHIP
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CONVERTING TEMPERATURE TO

RADIUS

m Accurate volume information is critical to the analysis
*»Requires Thermal Field Log & Concrete Logs

m Radius-Average: R-avg (in.)
= (Calculated radius based on volume input over given length

" Temperature-Average: T-avg (°F)
= Average temperature of all wires at selected time stamp

R-avg/T-avg = Temp to Radius Multiplier
= Units are (in/°F)

7]
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TIP ANALYSIS
TOS & BOS ADJUSTMENT
REVIEW

=/
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TEMPERATURE
DISSIPATION
For a uniform
shaft,
temperature is
constant, except
1 diameter at
top and bottom
roll-off

=/
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Recommended BOS Hyperbolic Adjustment Parameters

Avg BOS: Average temperature above roll-off region.

AvgTOS 1350 |- Generally equal to the temperature observed one diameter
— up from the base of the shaft (up to 6 feet).
Inf Temp 1140 £ P ( P )
TOS 0.0 =
58.7
Scale TOS 1.5 = é0-
Apply Adjustment 62
Zoom To TOS 64-
%-
Avg BOS 132.5 - 68 1
Soil Temp 64.2 < € | 1
BOS 75.2 < § =
Scale BOS 2.0 = -
Apply Adjustment - ““.....u-'
Zoom To BOS

784
80
82 -

82.7 : : l

€0 70 8 9 100 1]0 120 130 140 150
Temp (F)




Recommended BOS Hyperbolic Adjustment Parameters

Avg TOS 135.0
Inf Temp 114.0
TOS 0.0
Scale TOS 1.5
Apply Adjustment
Zoom To TOS

4Fr 4r 4» 4

Avg BOS 1325 =

Soil Temp 64.2 j

BOS 5.2
Scale BOS 2.0 =

Apply Adjustment
Zoom To BOS

Soil Temp: Minimum temperature used in BOS hyperbolic
fit. Soil temperature correlates with regional average
annual air temperature. Regions with volcanic or
geothermal sources may strongly influence temperature.

Regional Soil Temperature Map

53 42
a ¥ i oM 420 40
o 46 o ©
- 46 0743, %040 . 045 1™\ 45 4545
(]
52 48 37 B Ap' 046
050 50 524 47
o 47 450\ o
50 52
48 050 5
2 SRAN o\ 052 )51 - 57
(3
57 9 539 055 530 v
57 ., Ob6954 , 62
_es@_‘ 570
60
064
62 o7 2o 67
6 65
72 719475
73 72
77

https://www.builditsolar.com/Projects/Cooling/EarthTemperatures.htm



‘ROLL-OFF" CORRECTION

Toe Adjustment Toe Adjustment
TemBerature (F& TerBBeralth&e (ﬂ
70 80 9 100 110 120 130 140 70 80 0 120 130 140
80 | | | | | | | 80 l l l l l l J
. emmavg | o  emmavg
85 E T
T Ttoe | = =toe
! = tanh i
90 ntetetetetetelsluieteistetatetetatatel 90 = tanh
g — i = cOrrected
£ 95 = 95
2 £
S S
100 o 100 \
105 — 105 —
110 & 110 & 7
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TOE ADJUSTMENT EXAMPLE

Bridge 100713
Effective Shaft Fadms (i) Pier17-3 Shaft 4 Effectrve Shaft Fadms ()
M NHVMBINITE NI I NN X3 MBWITREN I G
0 — 5] a L B B S e e m e 131
-—i—- -—i—l—-—l—- —_—n —TI
s - 21 3 - i + 81
i | — T2
10 - i - 31 0 - i + 31
| Efective Cover j Emcime Cover |
154 - - ] - 19 54--F T8
! -' ' Y
o | i
n Aht
33_:'! ------------ 1. _ll:.q---__ﬁg E'E*......-------' llll!_ﬁg —T=s
= 548! ne g 5 x4{El A I L e B s
NN E
4= 158 04| |- 150 Ay
| ' v
35 - i 219 35 - ! 429 — a-TOS
i | ;
] § 1 | Effedive Cower - i
11 Bfaciive Cover 62 kI ik e pos
" - | | |
45 1 i ’ 319 3 i :I T -318 mmm mB
__!_ ————————— T _i_ __________
50 i -39 30 ' -368 -

Fizure 5. Effective shaft radins showinz capge alisnment effective cover, and model comection for end effects. File Dynarmics, inc.



MID-SHAFT ADJUSTMENTS

N Use When Changes |n —{ Shaft Details | Wire Details | Environmen t Details
the temperature profile L 705/305 Adustment
0 —_
are caused by changes < Avg
in boundary conditions N _ Water
nd varying r f = :
and arying .ates 0 Mud line
heat dissipation rather 60- > —
than changes in shaft g 0]
cross-section or quality i
_ Soill
Scale226 .
2::\::2-32.1 - | 1601
Adjustment (1 2 181 ! ! . ! ! - ! ! —
Apply Adjustment (] 50 &0 70 Tenf'g(n o0 100 110 120

7]
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SELECTION OF ANALYSIS TIME

I

75 80 85 90 95 75 80 85 90 95 100 105 110 75 80 85 90 95 100 105 110
Temperature Temperature Temperature

Time: After Placement Time: < Half Peak Temperature Time: 2 Half Peak Temperature

Pite Dyrnarmics, nc.



SELECTION OF ANALYSIS TIME

20

30

40

Depth

50

60

70

80

75 80 85 90 95

Temperature

Time: After Placement

100 105 110

Peak Temperature: 40 hrs

a 1]
10 10
20 20
30 30
= £
o 40 2 40
A (A
50 50
60 60
70 70
80 80
80 85 90 95 100 105 75 80 85 90 95 100 105 11C
Temperature Temperature

Time: 10 hrs

Time: 20 hrs

]
10
20
30
=
8 40
a}
50
60
70
80
75 80 85 90 95 100 105 110
Temperature

Time: 40 hrs
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SELECTION OF ANALYSIS TIME

Half Peak Temperature: 20 hrs Peak Temperature: 40 hrs

20 20

Depth

40

Depth

40

60 60

70 70

80 80
85 90 95 100 105 110 75 80 85 20 95 100 105 110

10°F reduction from avg. /°F reduction from avg. w
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THERMAL INTEGRITY PROFILING

’_1 Temperature vs Depth _‘I Temperature vs Depth —' Temperature vs Depth —1 Temperature vs Depth
0.36 : b 0.36 — 0.36 : 0.36 —
2 2 2 2
54—3 513 543 53
4 4 4 4
—5 —5 —5 —>
10{ ™= Avg 104{ ™= Avg 104 ™= Avg 101 == Avg
= Clice = Clice — Clice = Slice
151 151 15- 157
S S € €
£ = s £ J
-g_ 201 Tg. 20 1 = 20 I = 20
a a a ' a
25 251 25 25
30 30 304 30
354 354 354 354
30.36 T T T 39.36 T T T T 30.34 T I T 1 I 1 30.36 T T T T T T
40 &0 80 40 60 80 100 | M A0 &0 80 100 120 140 40 &0 80 100 120 140
Temp Temp (F) Temp (F) Temp (F)
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THERMAL INTEGRITY PROFILING

2 hours 4.5 hours 8 hours 18 hours

ﬂ Temperature vs Depth

—1 Temperature vs Depth i _1 Temperature vs Depth i ‘—1 Temperature vs Depth i
21— ) 2 2
01 _ ol—1 0J— 1 [osaaany 7 TeMP=1 50F, Dept=1 01 ol—1
. -2 —2 , —)
51 A 5 3 5 3 L 5 3
5 4 4 fi | 4
]0' 5 5 LRy 5
10 101 LW\ 10+
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EARLY MEASUREMENTS

ALREADY REVEAL DEFECT

Prior to pour completion

,_[ Temperature vs Depth - PIER 9 SHAFT C - 11/12/15 12:07 (-2h:-48m) I—

-1.39
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80+
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1104
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,_[ Temperature vs Depth - PIER 9 SHAFT C - 11/14/15 13:31 (75h:4m) I—
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TIP-R Verskon 2016.4.4.0 Temp (F)

TIP-R Version 2016.4.40 Temp (F)
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ATTACHING

Securing Cable

B General recommendation is to
place one wire per one foot
diameter

m Use diametrically opposite pairs
to assess alignment

m\Wire can be zip tied or wire
tied to the reinforcement cage

Pite Dynarmnics, fric.



WHAT DOES A TIP SYSTEM INCLUDE?

mTIP Main Unit
» Data Collector/Cloud Setup

B Thermal Wire

" TAG
= Data Aggregator/Logger

" TAP-EDGE
= Data Logger

mBT|P Cable Tester Box

m TIP-Reporter Software
= Analysis

Thermal Integrity Profiler

: PROJECT: 284(13)

= 2 o
L=t L — [ REVI
~ |5 P TEMP ATA

EEEEEEEEEE

/Z]]  PileDynamics, Inc. (75

. /[~
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DATA COLLECTION USING TAG/TAP-EDGE

”

30ft

Shaft 1 Shaft 2

N~ N~



CONSIDERATIONS FOR ACCEPTANCE CRITERIA

m | oad carrying requirements can be controlled by:
= Geotechnical side shear
= Compression
= Structural bending

m These are directly related to:
= Circumference surface area of the shaft
= Cross sectional area
= Moment of Inertia

mEach have different effects:
= Circumference is linear with radius
= Area related to square of radius
= Moment of Inertia related to fourth power of radius

= |s defect in zone of flexure? f ';/ f /

Pite Dynarmnics, fric.




60

—o—Moment of Inertia (bending contro

Circumference (Side Shear Control)

——Area (compression control)

NS
-

N
O

Capacity Reduction (%)
o)
o

10

) 55 STRENGTH
LOSS VS.
RADIUS

REDUCTION

0 3 6 9 12 15 18 21

Average Radius Reduction (%) E
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PROPOSED TIP CRITERIA

mSatisfactory (S)
" < 6% Radius Reduction and
= Cover Criteria Met

" Anomaly requiring further Evaluation (E)

= Radius Reduction > 6% or
= Cover Criteria Not Met
= (a uniform 6% reduced radius is a 12% area reduction)

Eminimum cover — 4 inch - AASHTO
Eminimum cover — 3 inch - ACI

Need larger design cover to allow for cage eccentricity =
so net cover is sufficient [2— ’//

Pite Dynarmnics, fric.
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EXAMPLE 1 - TIME SAVINGS

m~ 350 Drilled Shafts
"l ength 39 to 56 ft

=*Temporary Casing Installed to 26 ft
=*Groundwater at 4 ft below pile top

=4 to 8 ft diameters
sAll shafts TIP tested

Prte Dyrarm,



—{ Radius vs Depth_|

in Radius(in)
0 % 50 5
S— 0- | |
—_
—_3 - EXC
—
5 EXAMPLE 1
—6-N/A
—t
—3 Shaft 1
m— A 10
—= Avg Rad
—& Cage 12
—== Shaft 14
- Slice bt
= qa-
a
A 18
20 -
25 | | 5! Rodiue=48.681n, Cover=5.68In, Depth=2 3,001t
24 -
26 -
28 -

e |
Total Vol (cy) 685 |
Avg Rad (in) | 49.22

0 3 10

i Concrete Cover(in)
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EXAMPLE 1

First six shafts had
identified problems
near top

All were cored and
confirmed quicky

Pite Dynamics, /nc.




EXAMPLE 1

TIP allowed
for
correction of
construction
methods
before it
became
catastrophic

=/
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EXAMPLE 1 SUMMARY

m 100% TIP testing on all shafts

m TIP identified 6 shafts with defects all in upper 5 feet

= groundwater at approximately 4 feet below top of shaft is washing out the concrete when
the casing is pulled

m Coring has revealed voids in all 6 shafts where TIP identified a problem
m Construction techniques modified to avoid further issues

m Farly detection saved considerable cost and delays for the project

7]
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"4

7

-5 Bridge over
Puyallup River
Tacoma,
Washington

=
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TIP EXAMPLE 2

m Wet cast Shaft in Washington State
m 118" diameter
m 10 TIP wires installed
m Cage Diameter 102"
m 126’ shaft length
m TIP testing begins immediately after casting
= Data recorded during pour as well as cure
= Data recorded for approximately 90 hours after casting

= Shaft peak temperature occurs approximately 40 hours after casting
= Shaft analysis done at time of one half peak temperature (20 hours)

7]
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—* Radius vs Depth

TIP DATA AT PEAK TEMPERATURE

Depth (ft)

45

Radius (in)
55 &0 65 70 75

1.74
104

20+

1—%-Shaft

—
3
4
5
6
/
&
—)

1
]
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Avg
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e

1104

120

{

=3

128.74

-
. t
o o

15 20 25
Concrete Cover (in)

—‘{ Temperature vs Depth

1.677
10+

20+

|

O 0o =~ O 00 B o RO —

o

éo _ _,ﬂ\‘ig

Depth (ft)

704

80 4

100

110-

120

128 67
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TIP DATA AT TIME OF ONE HALF PEAK

TEMPERATURE

Temperature drop is
approximately 42 °F between

average shaft temperature
and local temperature near
wires 7, 8, and 9

’_{ Temperature vs Depth

-0.83+

Depth (ft)

10 110 120 130 140
Temp (F)

.

(=]
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TIP DATA AT ONE HALF PEAK TEMPERATURE
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T = [E
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130




WHERE TO CORE?

Coring
Locations

Pite Dynarnics, fnc.



CORING RESULTS AT APPROXIMATELY 90’ DEPTH

F‘{ Temperature vs

Depth

0,83+

10

20+

8

Depth (ft)

704

80 4

100

110

120+
125.17

80 90

100 110
Temp (F)

120

130

140

a3

0 41 49

%i‘33 B

37 "'38 "0 g

4

8

O

4

3

2

W
Ky
(3F |

.9

8

 Coring result close to
wires 7 and 8, where
largest reduction
occurred

* Coring confirms TIP
test results

» Zone was hydro-
blasted and pressure
grouting was
performed

(=]
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EXAMPLE 2 SUMMARY

m Shaft shows a local reduction near wires 6 through 9
= Design radius = 59 inches

= Local effective radius at wires 7 & 8 = 40 inches
= Reduction in Local Radius = 32.2%

= Cover is also reduced to zero in these regions
= Anomaly extends inside the reinforcing cage

= Coring is done in several locations in the shaft

(=]
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EXAMPLE 3: TOE DEFECT

m |[linois Department of Transportation

= [-57 over NS Railway

48" nominal diameter

Four thermal wires per shaft

Temporary casing (54 inches) was installed extending approximately 16 ft.

The lower 10 feet of the shafts consisted of a rock socket with a diameter of 48 inches.

Overall length of the tested shafts are 26 feet

7]
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EXAMPLE 3: TOE DEFECT

'—[ Temperature vs Depth - PIER 2 NB #1 - 07/21/22 09:31 (24h:12m) }7
-3
24

Depth ()

204

224

244

26

80 o0 100 110 120 130 140 150

'_{ TOS/BOS Adjustment - PIER 2 NB #1 - 07/21/22 09:31 (24h:12m) ]7

A 15.5
—

* BOSFit| '
®* TOSFit| 16.59

Avg TOS 1345

inflemp 786 |2 295
10500 |2
23
ScaleTOS 12 =
Apply Adjustment 23.5
Zoom To TOS 24 4

Avg BOS (1004 =
Soil Temp 53.0 =

Apply Adjustment

Zoom To BOS

Auto-Fit To Depth []
Reset Zoom 70 75 80

95 1m0 10

55 90
Temp (F) TIP-R Verson 202221 00

TIP-R Version 2022.210.0 Temp (F)

/—[ Cage View - PIER 2 NB #1 - 07/21/22 09:31 (24h:12m) ]|

In

TIP-R Versid
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EXAMPLE 3: TOE DEFECT

IS Hrdgr (ON Coxes

« Thermal results identify toe defect \ B YT T
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» Results prompted coring

« Coring confirms degraded concrete and gravel
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" TIP provided area versus depth to properly convert

embedded strain sensor data to force for a static load test - .
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THERMAL INTEGRITY PROFILING

= Advantages
= Uses temperature vs. depth vs. quadrant
= Test early after casting (speeds construction)
= 6 to 48 hours (depends on diameter)
= Evaluates concrete quality, cover & alignment
» Evaluates shape (look at peak temperature time)
* Finds significant defects (look at “half peak time”)
* Inspires quality construction
= Avoids CSL issues of debonding, bleeding

® |imitations / Disadvantages
» Use: Drilled/auger-cast shafts, barrettes, micropiles...

= Preplan thermal wire cables =
= Can test only during early curing { rf_‘_ { /
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