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Drilled Shafts

@ Book 1 of 2

U.S. Department of Transportation Publication No. FHWA-NHI-10-016
Federal Highway Administration FHWA GEC 010
May 2010

NHI Course No. 132014

Drilled Shafts: Construction Procedures
and LRFD Design Methods

Developed following:

AASHTO LRFD Bridge Design Specifications,
4th Edition, 2007, with 2008 and 2009 Interims.



Dry Method

concrete

. slurr
tremie y

starter ‘ expelled by
casing concrete

v | i II

(@) (b) S (©)

Figure 4-15  Slurry Drilling Process: (a) set starter casing; (b) fill with slurry; (c) complete and clean
excavation, set reinforcing; (d) place concrete through tremie; (e) pull tremie while
adding concrete

Partial or Full Depth Steel Casing Slurry Head

== - i

: S t

Temporary or Permanent Casing f [Fpezometric T,
= B Sz,

—~ .

Fluid Pressure | ; Fluid Pressure
in Slurry in Pores of

Column = z.y, —lis> Formation = z,y,,

Mudcake

Effective Pressure = z_y. - Z,, 1,

s = Unit weight of slurry vy, = Unit weight of water




Inspections for:

- Drilled Hole Profile

- Drilled Hole Verticality
- Bottom Cleanliness

Aﬂl[y ASTM ASTM International - ASTM D8232-18

!|,|||’ INTERNATIONAL  Standard Test Procedures for Measuring the Inclination of Deep
Foundations

ASTM International




Borehole Caliper

Figure 17-5  Example Borehole Calipers & Logs: Mechanical (top) and Sonic (bottom)
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Drilled Hole Profile and Verticalit
SHAFT AREA PROFILE EVALUATOR

(SHAPE®)

JIE08Im __ Br0%m BEARING = 310.5 degrees

OFFSET = 0.21 meters

LENGTH = 25.36 meters

VERTICALITY =0.84%

ECCENTRICITY: ex = -0.16, gy = 0.14 meters

v = -
T © :
Ets H §|.
< > £
£ -]
20
A 19Hm
ex=018m
ey=014m
05 o 0s
» X (meters) 70
.............. Casing Diameter
Spoc. Diameter at 0 00 M =—— Thecretcal Voume
. Measured Diamoter st 2530 M ======meccccccccnan SHAPE Moasured Vokame =eeecmceccencsnsaasnann
30 =024 m Ao = Encroachment Area
2 15 A 05 0 05 1 15 2
Radius (meters)
r(7=063m n3)=105m

Maximum Eccentricity Profile Offset Plot Volume vs Depth Plot




Shaft Quantitative Inspection Device - SQUID

7
O | B
B

!F
o l Measures the cleanliness of the Drilled Shaft bottom.

Quantifies the extent of bottom sediment / debris

« 3 cone penetrometers measure force versus
displacement as pushed into the shaft bottom

» Determines the thickness of the soft soil layer and the
load vs. displacement for the bearing layer

Penetrometer Force (kips)

0 0.1 02 03
0 — 4 . . ! |
? 8.920=0.1-in & o X
15, . =0.27-in 160~ 0-22-in 1 Penetrometer 1
" 0.020— Ve& /=
y 3 X 89.160=0-43-in :
- _.—“#‘-r- :E: 15 B4,039=0.46-in Penetrometer 2
i = g | Debris Thickness (Dt):
: | '
S : : Dt-1 =0.22-0.1 =0.12-in
& 1 |
a 4 ! , Dt2=043-027 =0.16-in
1 | [}
—_— \ | Dt3 = 1.36-0.46 =0.90-in
| | | |
{
e 15 4 ! I 8160=1.36-in Penetrometer 3

Débris?fav er




Auger-cast Piles

Geotechnical Engineering

Circular (GEC) No. 8

Design and Construction

of Continuous

Flight Auger (CFA) Piles

April 2007
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Typical ACIP Pile Rig

Continuous Hollow | 3
Flight Stem Auger

Pressure Gag
Grout Pumpf
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PIR Control Unit

Depth Monitor

Grout Line Pressure
Magnetic Flow Meter*
Downhole Grout Pressure*
Hydraulic Torque*

Angle Analyzer*

*optional
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i\ grout under
pressure

(&7 4dl Factors affecting constructed
=7 # 3 shape and structural integrity
"B = B include:

medium  fibid
dense  flie;
sand  fecd

oy [/ T Subsurface conditions
| Design
Means and Methods
Workmanship
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Study by O'Neill " indicate 20% of shafts have
defects, and “since these flaws are
identifiable by NDE, they are, by definition,
not ‘minor’”

In total, study shows over 50% of all shafts
have some defect or flaw.

[11 O'Neill & Sarhan, 2004, “Structural Resistance Factors for Drilled Shafts
Considering Construction Flaws”, ASCE Geotechnical Special Publication No. 125

Anomaly Location (anomaly is not always a defect)
Percentage of Shafts with Anomalies

Billy Camp, S&ME Inc.
Southeast USA
“Crosshole Sonic Logging of South
Carolina Drilled Shafts: A Ten Year
Summary” - Presentation to ADSC Expo
2012, San Antonio March 2012

Bottom 1/3
45%

Jones & Wu, Geotechnology, Inc.
Missouri and Kansas

“Experiences with Cross-hole Sonic
Logging and Concrete Coring for
Verification of Drilled Shaft Integrity”,
ADSC GEO? Construction Quality
Assurance/Quality Control Technical
Conference, Dallas Nov 2005




Construction, drilling or casing practices
can cause various defects

{ch {d} i Mordiapavsien Rk .:-.:..'_'.-.

(e)

FIGURE 3 Drilling problems and
FIGURE 2 General construction problems. CONSEqUENTES, FIGURE 4 Commuon casing problems. FIGURE 5 Less common casing problems,

Construction related Casing relate

“Construction Practices and Defects in Drilled Shafts”,
Michael O’Neill, Transportation Research Record 1331, 1991

P EprraTies, &,




Slurry practice can cause various defects

Datris Inkial
Brisging Cauly

FIGURE § Other slurry problems.

FIGURE 7 Slurry problems associated with improper
glurry handling,

“Construction Practices and Defects in Drilled Shafts”, Py
Michael O’Neill, Transportation Research Record 1331, 1991



Integrity testing checks for flaws / defects

A flaw is a deviation from the planned
shape or material (or both).

A defect is a flaw that because of its size
or location may detract from the

serviceability (capacity or durability) of the
deep foundation element.




Low-Strain Integrity Testing (PIT)

qﬂ.lb Designation: D 5882

Standard Test Method for
Low Strain Integrity Testing of Piles’

Wave Propagation

k  Pile Top
Velocity

QI

X Input

(defect)




Basic Relationships

Stresswave Speed c = (E/p)*
Pile Impedance Z=A (E p)*

Impedance is a function of pile size and
material quality.
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PIT Data Classifications

A - Good Shaft

Clear toe response, no other tension reflections.

B - Bad Shaft
Clear identification of serious defect; no toe signal
needs contingency tests or corrective measures.

C — Defect in Shaft
Re-test, other tests, reduce capacity or replace.

D - Inconclusive Test Result
(poor pile top quality, no reflections, etc.)




Data Category: A = Good Shatt.

Clear toe reflection, and no intermediate tension reflections.
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Data Cateqgory: C = Shaft with Defect.

Data includes intermediate reflection and contains toe signal .




Data Category: D = Inconclusive Result.

Data lacks characteristics.




Good Shaft Shaft with Defect
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Testing for unknown pile length with PIT




Cross-hole Sonic Logging - CSL

; Designation: D 6760 — 02
—yl®

INTERNATIONAL

Standard Test Method for
Integrity Testing of Concrete Deep Foundations by
Ultrasonic Crosshole Testing’




Put probes Repeat test
in bottom " for each

of tubes. tube pair
Top view of pile with

4 access tubes

,//\ P
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2tubes = 1 Profile

\

/_ ID—‘\ '\

/\

3 tubes = 3 Profile:

/6 tubes = 15 profiles

Number of scans for n tubes = (n2-n) /2
—




Emitted Signal

Received Signal
How to find defects?

Transit

Normal

Delayed &
weakened

1. Delayed First Arrival Time (FAT)
2. Reduced signal strength (lower energy)




Time (ms)
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L=44.70,35.50 meter:
Spacing=0.320 m
Gain=19288 (x8)

02/11/2006 16:17 i

PILE= 68
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Pife Dynamics, Inc.
Cross-Hole Analyzer




Cross Hole Sonic Logging
3-D Tomography

2D horizontal slice
view of a defect

3-D body view




Al (ms)
A3 34 .5
TiTlT

4 days after casting

6 days after casting

Dapth (R)
Dk s (W)

sentative CSL data for shaft P1-1 retest.




CSL data within permanent steel casing

Bleed Water Channel Effect

Bent @ Shaft 1
1-4

L=57.00 feet
Spacing=59.5 in
Gain=3170 (x10)
07/13/2004 15:54
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Case Study: FDOT Shaft for a miscellaneous structure.

PIT & CSL testing.
Extracted.




CSL test results.

GRL Engineers, Inc.
Deland
AL L

.ii o

I | -

rl.‘_..;
oy .=

[N

-

i

high low
Energy (log) —

Pile Dynamics, Inc.
Cross-Mole Analyzer




Thermal Integrity Profiling (TIP

Temperature measurements during curing
throughout the deep foundation element allow
for evaluation of concrete consistency and
drilled shaft or pile shape regularity.

——1 /4

e )\

L] L]
b=

Termperature {F1
120 0

00 .
| Syl =y | Sy
P—

ASTM D7949-14 0
l/ Standard Test Methods for Thermal Integrity Profiling of

Concrete Deep Foundations



THERMAL INTEGRITY PROFILE Testing

Thermal Integrity Profiler

Cage Diameter

].<_ Temperature Sensors

Pile Dynamics, Inc. (7 )

Thermal Wire




For uniform shaft, temperature is constant,
except one diameter at top and bottom roll-off

Temperature

Convective hea! joss (o air

D

-

Lateral temp.
* | distribution

Conductive
heat ioss lo
soul

# = TIP measurement

Top of Shaft
(TOS)

Vartical temp.

:Iumtm_non

Recommended TOS Hyperbolic Adjustment Parametse
Avg TOS: Average temperature below roll-off region.
Generally equal to the temperature observed one diameter
below top of concrete (up to 6 feet).

Avg TOS 135.0

Inf Temp 114.0
TOS 0.0
Scale TOS 1.5

Zoom To TOS

Avg BOS 132.5
Soil Temp 64.2
BOS 75.2
Scale BOS 2.0

Zoom To BOS

Apply Adjustment []

-
-
-
-
-

Apply Adjustment

AP dr 4

<

.—l,
Mid-Shaft Adjustment

0

Depth (ft)

24

24

il

105 110 115 120 125 130 136 140 145 150
Temp (F)

RECOMMENDED BOS HYPERBOLIC
ADJUSTMENT PARAMETERS

Avg BOS: Average temperature above roll-off region. Generally
equal to the temperature observed one diameter up from the

base of the shaft (up to 6 feet).

Avg TOS 135.0

Inf Temp 114.0
TOS 0.0
Scale TOS 1.5

Apply Adjustment

58.7

Zoom To TOS

Avg BOS 132.5
Soil Temp 64.2
BOS 75.2
Scale BOS 2.0
Apply Adjustment
Zoom To BOS

-
-
-
-

Depth ()

a=cVt

10 10 120 130 0 150
Temp (F)




1 Soll Profile - Test Shaft - 09/01/17 12:49 (25h:6m) |
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— Radius v Elevation - PIER ® SHAFT € - 11/14/715 13:31 (46k:36m) l— — Soll Profile - PIER 9 SHAFT C - 11,/14/15 13:31 (46h:36m) l—
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Temperature vs Depth
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Depth (ft)

TEMPERATURE TO RADIUS CONVERSION

» From actual concrete volume placed in the shaft, calculate the average radius:

. Vol
Average Radius = |————
\ Lengthex

» From the overall average temperature along the shaft length (ignoring the top and
bottom roll-off zones, and sharp variations), calculate the:

) ) average radius
Local Effective Radius = | | ————— | * local temp
average temp

(Effective Radws encompasses concrete geometry and quality effects)

Temperature vs Depth | Radiusvs Depth I Soil Profile

Radius (in)
5 &0 65

1.67

D=
7
8
—9
D —1g

Depth (ft)

T T T T 1 T 5 0 5 10 15
100110 T]ezr%p(F)]eo 140 150 Concrete Cover (in)

20 25




1 Temperature vs Dapth - 16-6-1 - 04/11/19 16:14 (24h:13m) | 1 _Radius vs Depth - 16-6-1 - 04/11/19 16:14 (24h:13m) | 1 Soll Profile - 16-6-1 - 04/11/19 16:14 (24h:13m) |
Radius (in)
L i 55 &0

a0 45
Falt - -

o 0 #© % D_10 10 10 1o 1 W o 15 5 0 & 10 13 ) 2%
Temp (F) Concrete Cover (in)

TP Venion 2019 18 4,

Temp vs Depth Radius vs Depth

Reduction in concrete quality in middle of shaft — “ One Bad Truck”




Table 1. Reported Pile Installation Details

Pile No.

Pile
Installation
Date

Drilled
Diameter

(in)

Approx. Pile
Length (ft)

Grout
Volume
(Design)

(yd?)

Theoretical !

Reported *
Grout
Volume
Placed
(yd®)

Percent of
Theoretical
Volume
(%0)

Pile P58

10/09/2024

8.7

le.2

186

—l Temperature vs Depth - Pile P58 - 10/10/24 01:04 (8h:33m) }7

Depth (ff)

=

704

750

00 1o

10 120 1% Ao %0

Temp (°F)

180

170 180 190 2000

TIPR Versibn 20242200

| Effective Diameter vs Depth - Pile P55 - 10/10/24 01:04 (8h:33m) | —

—1
—+Shaft

= =Reduction %

Depth (ff)

15 0 o5 a0
Effective Diameter (in)

E3 1.3
TIP-R Verson2024230.0

—1 Soil Profile - Pila P58 - 10/10/24 01:04 (8h:33m) |

TIPR Vamrsion 20242300

1
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ﬁ - NOMINAL DRILLED SHAFT CASING ====== SLURRY

SHAPE Inspection Results
Thermal Integrity Profile,
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T.I.P. Results P.I.T. Results

Pile: 1.5 #5

Pile:8.5 %4




Low-strain Integrity Testing

High-strain
Capacity Testing




High Strain Dynamic Load
Testing - DLT

Uses a heavy ram to generate a pile set
thereby activating the pile bearing capacity

ﬁH"’ Designation: D 4945

Standard Test Method for
High-Strain Dynamic Testing of Piles’

This standard o nswed under the fxed designation D 4945; the number immediaely following the detsgnation indicates the year of
nn:;u:dnpljnnu.inunu-nfmmmrfunﬁdnnnnwhuhpnmhﬂumdmmywurlu:mppfum A
mﬂmﬁnmhnqu}mhummuﬂmimmlumﬁimmmﬂ.

l. Scope hammer sinker plate am.'! the drive cap on top of the pile
1.1 This test method covers the procedure for testing  (als0 “““"" ““'““? .




Dynamic Pile Testing

- IN




Dynamic Load Testing (DLT) for Bearing Capacity Assessment

il |

%

uger-cast pile Drilled Shaft




Dynamic Load Testing Conventional Static Load Testing

Ud

— ICAPWAP Method

Load (kips)
200

LOAD

Displacement {in}
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Conventional Static Load Testin

QHn, Designation: D 1143
AMERICAN SOCIETY FOR TESTING AND MATERIALS

100 Barr Harbor Dr, West Conshohocken, PA 19428
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Test Method for
Piles Under Static Axial Compressive Load’

LOAD (TONS)
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.\,ﬂg]b} Designation: D8169/D8169M — 18

il
INTERN,

ERNATIONAL

Standard Test Methods for
Deep Foundations Under Bi-Directional Static Axial
Compressive Load’

Bi-Directional Testing

 Calibrated, embedded,
sacrificial jack within
the test shaft

* Concept: Load base of
the shaft against the
side shear, & eliminate
reaction system




REACTION
SYSTEM ¥

CONVENTIONAL




Displacement

transducers or gages

Telltale rod

e

Bi-Directional Static Load Testing
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Plata dienlaramant {int

Plate displacement {in)

Displacement
transducers or gages\/\
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Plate displacement (in)

Displacement
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World records Bi-Directional load test
36,000 tons!

The rock socket was about 23ft deep and

11ft in diameter in very hard limestone
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