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NYU | saeiecion Introduction

e Large uncertainty in pile capacities in geology does not permit bearing on rock
o Driven pile design methods are mainly empirical or semi--empirical
o Pile load tests are expensive and time--consuming
o Few publicly available databases

e Comparison between calculated and interpreted capacities for large data sets provides
insight of suitability of use of current design methods under varying pile and soil conditions.
o FHWA Database DFLTD v.2 (Petek et al. 2016)
o FHWA Design Method (Hanigan et al. 2006)

e Scope: Impact -driven, un-tapered, steel and concrete piles, loaded in compression, using
a static load test.
o Q/Q,_ capacity in sands, clays, and mixed soils.
o Effect of pile type, pile length, and the pile diameter on the Q /Q_ is explored.
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@ TANDON SCHOOL . H
B NYU | mmenisioe: Q_: Interpreted (aka. Measured) Capacity

Load at Pile Head (Q, kips)
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B NYU | meenisies: Q_: Predicted (aka. Calculated) Capacity

e Dozens of Methods available to calculate

the StatiC aXiaI CapaCity Of piIeS S; f Transportati Publication No. FHWA NHI-05-042
e FHWA Driven Pile Foundation Manual
adopts two methods Lo ot o
o Nordlund for Cohesionless Soils Driven Pile Foundations

Reference Manual — Volume I

o Tomlinson for Cohesive soils

e Batch processing, in Python, produced
hundreds of calculated capacities.

e FHWA suggests some approximations to
bridge missing data
o Bowles 1977 (Caltrans 2004)

m National Highway Institute
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Approximations

When available, angle of friction ¢ and unit weight y were used as stored.
When not available, ¢ and y where approximated from SPT blow counts as detailed in the

FHWA manual (after Bowles, 1977) and additional guidance from CALTRANS 2004

Corrected
+

SPTN 0 to 4 41010 10 to 30 30 to 50 50

Ranges min |avg |max [min | avg [max | min |avg |max | min | avg |max | min | avg |max
Approximate g | 55 |57 51 30 [27 |29.5 | 32 | 30 [32.5] 35 | 35 [37.5] 40 | 38 [40.5] 43
(degrees)
Appégjflg;gte? 70 | 85 100 |90 {102.5] 115 {110 | 120 130 [ 110 | 125 | 140 | 130 | 140 | 150
Uncorrected SPT-N 0to2 2to 4 4to 8 8to 16 16 to 32 32+
Approximate g, (ksf) | 0-0.5 | 05-1.0 [ 1.0-20 | 20-40 | 4.0-80 8.0+
Approximate y (Ib/ft)* | 100-120 | 100-120 | 110-130 | 120-140 | 120- 140 | 120 - 140

T Caltrans guidance for soil friction ¢:
SW: use average ¢ + 1°, SC: use ¢, ML
use minimum ¢ + 0.5°, GM and SP use
average ¢, GC: use average ¢ -1°, GW:
use maximum @

§Caltrans guidance for moist unit
weight y: SW, GW: use maximum y, SP,
GP: use average y, ML, SC, SM: use
minimum y

Empirical values for ¢, qu, and y based on SPT Blow Counts (after Bowles, 1977 and CALTRANS 2004)
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B NYU | 2nessuos: Main US Pile Load Test Databases

e Nordlund developed his method of calculating bearing capacity of piles in sand from a
database of 41 load tests from 8 different sites

e Tomlinson employed a database of 56 piles to develop his popular a-method

e Olson (1983) organized first large modern database which led to the development of the
popular APl RP2A method for capacity of piles in sand, and other methods in clay

e Briaud (1987) “Evaluation of APl Method Using 98 Vertical Pile Load Tests.”
e Carl Ealy led FHWA DFLTD (2000) updated by Petek et al in 2016 (DFLTD v.2)
e State DOTs (2000 to 2016) CALTRANS, lowa (PILOT), lllinois, Florida, Louisiana (LAPLTD)

No uniformity, highly dissimilar, unstructured, semi-structured or structured databases

with little to no data validation )



NYU | Bsesos FHWA DFLTD v.2

e Peteketal
o DFLTD v1 + 155 large diameter
open-ended load tests

All unique combinations 3,116

o 3,116 unique prOJecTc/eproratlon/foundatlon T ——— e
/test cases (916 projects with 1,798 load (-7%) ’
tests) Records with

compression static tests 2,449

o MS Access (-15%)

Impact-driven, uniform,

e Converted to SQL by authors non-timber piles (-42%) 1,421
. - Records with lab data,

e 213 records suitable for Nordlund/Tomilinson piles with physical 703

o Data completion properies|i-y1%)

o Static test results must allow capacity Final ma?;’g'o/'”s’:’ed'c’" .;

-70%)

interpretation by the Davisson criterion
Process of filtering available test records
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B NYU | fsaiase Analytical Procedure

Analyze Results
O 8P(r<S)tdourc;eRF;<:cord Form Al
—— ults
ETL sSQL
L > . | | —_—
Queries 100 I l
MS Access SQL Server Batch |j 1010 |
DFLTD v.2 DFLTD v.2 Processing 0101

ETL: Extract, Transform & Load
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B NYU | 2nessuos: Pile Foundation Record Form

PILE FOUNDATION RECORD !

Source DB: DFLTD Location: Jacksonville FL, USA COMPRESSION
Squari

e Apile record form was auto generated for each

J GWT Depth: -100.00 ft
Boring ID: B-3 Notes:

Pile ID: 2

of the 213 test record employed
o Visual examination of each record T 2

° Qm was also auto calculated from the
load/settlement curve

e Q_was computed per FHWA, side and toe o B e
resistances presented separately

i
H H . . 001 (g, WHSERAEIRS
e The form visualizes all necessary information for
Effective stress (ksf) Load atﬁl"‘lle Head (O.l kips) Interpreted Failure Load
° 1 2 3 200 400 600 Davisson (algo): 564 kips @ 0.46 in.

the calculation of pile capacity, a marked o
improvement over DFLTD v.2 GUI lie

0.813
\Ys
1.740
0
\m
O Po@bot. 13 g68
vg

3200

Depth (ft)

564 ki

Settlement of Pile Head (S, in)
i

Example of auto--generated pile record form
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Qc/Qm in Sand, Clay and Mixed Profiles

TRB 2018

Better
performance in

clay than in
sand.
Variation in

Qc-Sand could
be related to
the correlation
used for soil
friction angle
with SPT.

Interpreted Failure Load (kips)
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Distribution of calculated (Q ) v. interpreted (Q, ) capacity for all soil profiles
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Performance Based on Pile Type

e Difficult to
generalize.

e Round concrete
piles exhibited
the highest
average.

e The effect of pile
shape on
calculated
capacity is a
point for future
exploration.
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Interpreted Failure Load (kips)
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Distribution of calculated (Q ) v. interpreted (Q, ) capacity for six pile types
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NYU | soision Effect of Pile Penetration Length

e Regression suggests that

capacity can be ol ] - Ef:’;?&‘n"{(t‘u”;c 5
i 8 4 (o] oncrete Cylinder
overestimated by 100% x . * n % Round Chrcrete
. 74 * 2.5 4 Oy Oe i S?::I :-Pilgc
for a 250 ft long pile . ' s o 3 pipe Pile Closed
6 4 u} o m X Pipe Pile Open
(LHS) o "o Concrate Cyiinger | 20T TMm Dﬂ e
. £ 51 * % Round Concrete £ o 2
e Length effect virtually P o 0 Sncnwe || 8 ) i, Ecgf ERCIE "
disappears for piles ; o % Pioe il open- L0 fm QE%E—-—-—-;-;-—- .
. 34 N [} !9 ~
haVIng 0.33 < QC/Qm< 3 )y D** 232 883 Qc/Qm = 1.2763 + 0.0037 L 1.0 @ﬁ%g #E :] 3 - X
] &0
(RHS, 85% of total) , =r | eag® ¥,
. 19 % - ' o ED EPED X O | Linear Qc/Qm = 1.2118 + 0.0005 L
e Fewer than 20 tests with .
lengths > 100 ft are D iy W iy

available, having
Effect of Pile Penetration Length on Q /Q_ for all pile types.
< < m
0.33 <Qc/Qm < 3 (LHS: All tests. RHS: Outliers removed)
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Effect of Pile Diameter

e Capacity can be
overestimated by 15% for
each additional 12 inch
increase in pile diameter
(LHS)

e Diameter effect reverses for
the 183 piles (85% of total)
having 0.33 <Q/Q_ <3
(RHS)

e Causes for concern
o Few large diameter tests
o Data quality issues

O Concrete Cylinder
8 % Round Concrete
O Square Concrete
7 x 8 A Steel H-Pile
£ Pipe Pile Closed
* X Pipe Pile Open
6
m]
2 *
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Effect of Pile Diameter on the ratio of calculated (Q ) to interpreted (Q, )
capacity for six pile types. LHS: All tests. RHS: Outliers removed
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NYU | saeiecion Conclusions

e FHWA is a good method, but with high uncertainty

e Therangein Q_/Q_ was from 0.12 to 8.88.
o Mean Q/Q_=1.6insand
o Mean Q/Q_=1.2is clay
o Mean Q/Q_= 1.43 in mixed profiles

e Significant scatter between Q_and Q_
o 29% of cases are off by a factor of two or more
o Data quality manifests itself in length and diameter effects that disappear when
analyses are performed with 0.33 < Qc/Qm < 3

e Method performs better in clay than in sand
o Influence of approximate relationship between SPT and angle of friction ¢ and unit
weight y in sand
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