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Advantages of ACIP Piles

Speed of Installation

High Capacity

Economic

Adaptable to Limited Access Areas

Minimal Vibrations from Installation
Installation Independent from Soil Conditions
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Two Past Areas of Concern
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Soft or loose soil conditions have the
potential to result in removal of excessive
soils or necking of the pile when using
continuous flight auger

Perceived lack of quality control because
you can’t see what is being installed.
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New Trends

+ New installation techniques
and equipment: robust
equipment with automated
grout pumping capability

+ New quality control and
quality assurance
techniques
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Typical ACIP Pile Installation Rig
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Pile Installation
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Drill to required depth

Begin pumping grout (blow plug)

Build up grout head around outside of auger
Withdraw auger at constant rate

Continue pumping grout until auger tip
reaches ground surface

Pumped volume should be at least 115% to
150 % of the theoretical volume
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Pile Installation - Completion

Remove spoils from ground surface
Clean out and screen top of pile

Install reinforcing steel or access pipes for
sonic integrity logging
Dip or add grout to establish top of pile grade
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Reinforcement Cage Installation
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Applicable Soil Conditions

Pile Type Main Soil Condition Soil Layer/Pile Diameter Limitations

ACIP Pile  Medium dense to very If a loose sand layer is present
dense sand ; softto diameters should be limited to 24-
hard clay ; soft rock inch; if the loose sand is more than

20 ft thick the diameter should be
limited to 16-inch.

Partial Loose to dense sand For any diameter stiff, firm and soft
Displacement with blow counts less clay layers should not exceed 15 ft,
ACIP Pile  than 50 20 ft and 30 ft thick, respectively
Full Loose to medium dense For any diameter stiff, firm and soft
Displacement sand with blow counts clay layers should not exceed 5 ft, 10
ACIP Pile  |ess than 25 and 20 ft thick respectively; dense

sand layers should not exceed 10 ft
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Equipment Specifications

Pile Type Gearbox Torque Crowd/Gearbox Drill Rig Horsepower
Weight

Typical ACIP 36,000 ft-Ibs 5,000 Ibs (wt) 350 hp

Large/Deep ACIP 88,000 ft-lbs 10,000 Ibs (wt) 750 hp

LHR ACIP 21,000 ft-lbs 3,000 Ibs (wt) 200 hp

Partial 150,000 to 15 to 20 tons 250 hp
Displacement 180,000 ft-lbs

ACIP

Full Displacement 150,000 to 15 to 20 tons 250 hp

ACIP 180,000 ft-lIbs
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Design Methods — Summary

+ Clay: The a Method (FHWA/Reese & O’Neill,1999)
TxDOT (2000) and API Method — Total Stress

¢ Sand: The 8 Method (FHWA,1999) and Zalada and
Stephenson (2000), McVay (1994), Vipulanandan,
et al. (2005) — Effective Stress

+ Jardine and Saldivar (1999) observed failure surface
away from the pile-saoil interface into the native clay
— Conservative Design
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Mohr-Coulomb Failure Criteria

Pile (expanded Plastic soil (on
cylindrical , plane ) yield surface)
strain cavity)

Elastic Soil
(remains
inside yield
surface) (Eu)

For Mohr-Coulomb Soil, ¢ =0 (Vesic, 1972):

Ac
hat E,?

What s,?

Undisturbed?
Fully Remolded?
Critical State?
Other?
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Design of ACIP Piles — The a Method in Clays
FHWA a=0.55, TxDOT a=0.70

O’Neill (2001) — The a
method is appropriate for
clays using total stress
principle. The undrained
shear strength, s, can be
easily determined in the lab
using UU Triaxial testing.

TXDOT uses a limiting end
bearing resistance of 380 f
kPa m

Pile tip resistance is o= Adhesion factor
neglected in clays.

INACET/AI X EEETn Il s = Shear strength(UU, ¢=0

Qr =Rg+Ry

Rg= 2 Fax As
Ry=cN_A;=9s Aj
The amethod,f = as,

max

.. =Peak unitside shear
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The B Method, f__. = Bo, (B =K tan¢)

Vertical Effective Unit Skin
Stress, o} (Ib/ft?) Friction, f; (Ib/ft?)
2000 4000 o 1000

T T
N
Preconsolidation
—\




Design of ACIP Piles — The 3 Method in
Sands - FHWA, McVay (1994), Stephenson (2000)

' '
VEVCIRELD RN /= p,, K ; tand = p,, <150 kPa
method is used for ,

SandS USi ng effective Po= average effective vertical stress along the pile
StreSS prl nCi ple K's = carth pressure coefficient = 1.1

including coefficient of [EEEEEERE I PIER)

late ral earth preSSU re, TxDOT, limiting side resistance is 100 kPa.

K and friction angle q) According to FHWA Method, B varies with depth.

B=15-0.135z" 02<p<12
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Local Practice - Texas Gulf Coast

ACIP piles are designed as “Friction Piles”

Beaumont Formation: Overconsolidated, high
plasticity clays and lightly OC sand

Project Soil Properties
Undrained shear strength- 50 kPa to 280 kPa
Plasticity Indices = 15 to 44
SPT Ngy, = 10 to 55 per 305 mm penetration
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Geology of Texas Gulf Coast

{ GEOLOGY OF TEXAS
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Four Load Tests on 460-mm Diameter
ACIP Piles in Houston, Texas
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33-Story Residential Tower at 1200 Post Oak
Boulevard: Uniform soil profile including fat clays
and lean clays — 23m long piles (75 ft)

Load Test# 1 and # 2

30-Story Residential Tower — Dominion Post Oak at
2323 McCue Street: Mixed soil profile including
clays and sands — 21m and 26m long piles (70 ft &
85 ft)

Load Test# 3 and # 4
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Dominion Post Oak
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Boring Logs Showing Site Soils

ROJECT:  Multi-story Tower and Parking Garage LOG OF BORING
1200 Post Oak Boulevard Project: Dominion Post Onk PCI Projct 021133
Houston, Texas _B5 McCue Road and Guilford Court Boring Number B-4
CLIEN Hanover R.S. Limited Partnership — e Houston, Texas Surface Elevatin: 61.20
Houston, Texas Client:  Whiteco Residential Drilled: 10/7/02
SHEET 1 of 2 Chicaoo Minois Shest 1 of 2

FIELD DATA LABORATORY DATA DRILLING METHOD(S): —
| [ Fetopara | A Fallng 36 sk mountas iy wilh ¢ tsmeter auper was uezd, Tha LABORATORY DATA Drilling Method(s).

barehale was dry augered to 30" depth, then wet-rotary method: A Uobi B-59 Yush-mouried Sriling A9 wilh 4.4 dismeter super was used

1o complete the boring. mem--‘-entﬂmcumwwu,m
— TREO0E were UieS B Pw 1001 lrmination depth.

GROUNDWATER INFORMATION: -

Walor was encauntered ot 28,0' depth during deiling on Novernber 11, Groundwater Information:

2000, and rose to 26.0° depth within 15 minutes. The torehole was Water was ancouriered during diling on Ociober 7. 2002 at 134 depth.

bacidilled upon completion; therefore, no additional water jevel data wera Within £ ranates, e boretole Svwals Caved at 1268 depth

ablained.

SURFAGE ELEVATION: 56.0

DESCRIPTION OF STRATUM 3 [ _ SCRIPTOI‘ TRATUI
AN CLAY (CL): very stiff, dark gray
I - "

Siiff dark gvay & Ilght gray FAT CLAY (CH) FILL with mﬂ’:’; Soakispitostos
\shell fragments - — —
Very siiff dark gray FAT GLAY (CI FAT GLAY (GH): sif, gray
nodules 7 ) LEAN CLAY (CL): very stif,
- stiff below 4 1 LEAN CLAY (CL): very st gray
- very stiff, gray below &' SILTY SAND (SM): medium denss, rod & gray
- tan, red & gray with calcareous nodules below 8'

BLOWSIFT

P: TONSISQ FT

T: TONS/SQ FT
ROCK QUALITY DESIGNATION

PERCENT RECOVERY/

DRY DENSITY
POUNDSICU.FT
FAILURE STRAIN (

%-200 = B9

\\\\\\\\\\\Nﬁ]‘ SOIL SYMBOL

Sllom~oonawna

Very stiff tan, red & gray SANDY LEAN CLAY (CL) ? B B POORLY GRADED SAND WITH SILT (SP-5M):
with calcarecus & ferrous nodules | medium dens, brown & gray

%-200 = 61 - very siif-hard below 13"

- dense below 23%'

“LEAN CTAY WITH SAND (CL): 4, roadish brown
with slickensides

Siiff red, tan & gray FAT CLAY (CH) with calcareous
odules
= vary s8if balow 33

Tan, red & gray SANDY LEAN CLAY (CL

Very stiff red & gray FAT CLAY (GH) with calcareous |
nodules & slickensides ; | LEAN CLAY (CL): hard, roddish brown

9-200 =100 .
(r‘unsum idation) BILTY SAND (SM): dense, reddish brown

20 |(See remarks)
FAT CLAY (CH): hard, reddish brown with
slckensides
- very stif-hard, red below 43'

REMARKS: Surve)
N - STANDARD PENETRATION TEST RESISTANCE The lengtivto-diameler ratio than the 2.0 specifad by ASTM D g b3 'o‘gmtos oo faied

Teu‘: nrhmcea

Remtarks: 1, Elovation of ground } gurfece i tod fi oh
Y poun nterpolat “""uy?.?""’é’.n"ﬁns“"" of 0.8531 Atrll the Wiliam wmlo
P - POCKET PENETROMETER RESISTANCE 2166. The borehole was i i, and the suthc was 5 ‘ ’mmmmhnodm ”"' Srve is included in Appendix B,

T - POCKET TORVANE SHEAR STRENGTH paiched. ith cuttings.

Paradigm Consultants, Inc.
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Full-Scale Pile Load Tests

Full-scale load tests are routinely conducted to
verify the design load as part of foundation design
before construction of ACIP production piles.

Static axial compression load tests on piles are
conducted according to ASTM D 1143-94.

Quick Test: each load step at 5% of design load
maintained for 5-minute, loaded up to design load or
capacity of the reaction frame, and unloaded after
failure or 25 mm settlement limit
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Load Test Setup
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A Happy Camper

—
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LOAD TEST NO. 1

Axial Load, KN

1500 2000 2500 3000

CLAY PROFILE - LOAD TEST # 1
I Pile Dia = 460 mm

Length =22.90 m
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Elastic Compression
— — — Davissan Offset
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LOAD TEST NO. 2

Axial Load, KN
1500 2000

—— Load Test Results |
Elastic Compression |
— — — Davisson Offset |
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LOAD TEST NO. 3

Axial Load, KN
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LOAD TEST NO. 4
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Axial Load, KN

500 1000 1500 2000

- w D SOIL PROFILE - LOAD TEST # 4
e Pile Dia = 460 mm

Length=21.30m
Q_ It = 2590 kN

—+— Load Test Results
Elastic Comprassion

— — — Davisson Offset ‘
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Analysis of Load Test Data
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Ultimate pile capacity was determined for
each from load-displacement curve based on
Davisson offset limit (QL/AE + 0.15 + D/120).

An end bearing resistance of 60 kN was
deducted from the ultimate capacity to
determine the side resistance. Load transfer
to the soil occurs through the effective pile
length. TXDOT limiting tip bearing = 380 kPa
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Comparison with FHWA Method:

The 3 value varied from 0.5 to 1.1

Table 1. Measured and predicted ultimate pile capacities with the caleulated o values.

. File Flle Utimate Test ~ Calewlatede. FHWA  [Qy/ O10C Resistance
PileID  Diameter Length Capacity O, (kN) valnes 00N [0 [Quls/
(mm) __ (m) [Qule
1 46D 22,90 2940 079 2040 .44 | 45
2 440 22.90 3070 084 2040 1.50 1.52
3 460 25.9 3100 0.73 2225 1.40 1.40
4 460 21.30 2620 0.72 2020 1.30 13

*Test stopped at design ultimate pile capacity and 88% of maximum capacity of the reaction frame.

[Q]3=Measured ultimate pile capacity from load-displacement plot.
[Q,] = Predicted ultimate pile capacity using the o method and the ) method.
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Conclusions
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Side resistance of ACIP Piles in Beaumont Clays is
being predicted conservatively.

Based on the data, the a value ranged from 0.72 to
0.84 with an average of 0.78.

No appreciable change in the 3 value in sands was
observed.

An a value of 0.75 may be used for design of ACIP
in Beaumont Clays.

Cost of load tests justifies the saving in foundation
costs due to the higher pile capacity measured in

the load tests.
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