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Agenda

Registration

8:30 am to 9:00 am

Registration

Morning Session

9:00 am to 9:20 am

Opening Remarks:
Sri Sritharan (Iowa State University) and Ken Dunker (Iowa DOT)

9:20 am to 9:50 am

PILOT Database and Field Testing of Piles:
Sri Sritharan (Iowa State University)

9:50 am to 10:20 am

LRFD Calibration Process:
Kam Ng (Iowa State University)

10:20 am to 10:30 am

Break

10:30 am to 11:00 am

Construction Control (Modified Iowa ENR and WEAP Analysis)
Kam Ng (Iowa State University)

11:00 am to 11:30 am

Development of Design Guide:
Don Green (Baker)

11:30 am to 12:30 pm

Track 2 and Example: Design and Construction Stages
Kam Ng (Iowa State University)

Afternoon Session

12:30 pm to 1:30 pm

Lunch Break

1:30 pm to 2:30 pm

Track 1 and Example: Design Stage
Don Green (Baker)

2:30 pm to 2:50 pm

Track 1 and Example: Construction Stage
Don Green (Baker)

2:50 pm to 3:00 pm

Comparison between Track 1 and Track 2
Kam Ng (Iowa State University)

3:00 pm to 3:15 pm

Break

3:15 pm to 3:30 pm

Track 3 and Examples
Kam Ng (Iowa State University)

3:30 pm to 3:45 pm

Other Pile Types:
Ken Dunker (Iowa DOT)

3:45 pm to 4:15 pm

Design using spreadsheet
Michael Nop (Iowa DOT)

4:15 pm to 4:30 pm

Feedback and Discussion
Sri Sritharan (Iowa State University)
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* Pile design has three aspects:
— Structural
— Geotechnical
— Driving target

 The Bridge Design Manual has structural
simplifications for typical design cases.
— Integral abutments
— Pile bents
— Lateral loads
— Scour below pier foundations

’ lowa Department
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Overview - 2

* ISU research focused on geotechnical
and driving target aspects of design.
— Database of lowa DOT pile tests
— Field testing
— Statistical calibration
— Design guidelines

* Contract length related to construction control
and soil classification

* Driving target related to construction control and
soil classification
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" .”IEI;"“:I"‘SI'::TM!.! Overview - 3
Design
- Loads: axial, shear, moment
Downdrag
“d ALSO
Friction resistance
* Scour
v
e— Contract length * Minimum embedment
End resistance « Uplift
|\ « Maximum height above
/ L ground
A \ l’f'if:.ifﬁ?:ﬂl‘f.i‘.’. Overview - 4
Construction

Driving target: minimum blows/foot at End of Drive
(EOD) determined by wave equation (WEAP), Iowa
/ DOT formula, or alternate construction control.

Drive entire contract length unless pile
reaches refusal (160 blows/foot).

If minimum blows/foot are not achieved,
retap the pile at least one day later or add a
pile extension.

1
()]

lowa Department .
’# ullrum]:url‘nlmn OveereW

* Anomalies in new policy are being
resolved.

* Special provision may be required (to
explain larger driving targets).

Standards may require modification until
they are revised.

Office/consultant policies are changing—
check with the office for specific
projects.

Topic 1 2
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ENimiiin  Geotechnical Design History - 1

Allowable Stress Design (ASD) [to
2007]

* Q = service load

dh

10 * Blue Book friction and end bearing
1l values (FS > 2)

1y e Q =driving target, __ blows/foot

3 (WEAP with 2.2 factor or lowa ENR

formula with 4.0 safety factor)

lowa Department . . .
£Nimiiin  Geotechnical Design History - 2

Basic LRFD relationship:

InyQ <¢R,

(In general for the presentations today Q will indicate
geotechnical or target driving values and P will indicate
structural values.)

lowa Department

LNt Geotechnical Design History - 3

Interim Load and Resistance

Factor Design (LRFD) [2007-2012]

* Q,=AASHTO factored load

* Blue Book friction and end bearing
resistances (FS = 1)

* ¢ =0.725 (assumed Y, e, = 1.45 for
calibration)

* Q=driving target, __ blows/foot (WEAP
with 2.2 factor or lowa ENR formula with
4.0 safety factor: same as ASD)

—
== ==
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ENimiiin  Geotechnical Design History - 4

Future Load and Resistance Factor
Design (LRFD) [2013 and beyond]

* Q,=AASHTO factored load

1Ir * Blue Book friction and end bearing
1y resistances (FS = 1)
1l * @ calibrated for site soil & const. ctrl.
* R, 4.1 = driving target, ___ blows/foot
i (WEAP with 1.0 factor or [owa ENR
G formula without safety factor)
* @rag calibrated for site soil & const. ctrl.
lowa Department .
A bt Implementation - 1

* In-house design for new bridges to be let
after 1 October 2012

* Consultant and county training on 30 & 31
October 2012

¢ Future dates...next slide...

lowa Department

AR Implementation - 2

» Updated Bridge Design Manual and
Revised Vol. IV Examples in January 2013

* Release of updated H-, J-, and RS-
standards in April 2013

 Consultant design for new bridges to be let
in July 2013

* Proposed sunset of lowa DOT ENR
Formulas in 2017

Topic 1
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Home — Duwrlosd PILOT  Design Guide  Publcation  TAC members _ Broject Team  Contack

IHRB PROJECTS TR-573, TR-583 & TR-584

DEVELOPMENT OF LRFD PROCEDURES FOR BRIDGE
FOUNDATIONS CONSISTED OF DRIVEN PILES IN IOWA

fowa Highway Rasearch Board
(i)

PILOT Database and Field Testing of Piles

Sri Sritharan and Kam Ng

A g Acknowledgements

1) Iowa Highway Research Board

2) Research and Technology Bureau

3) Technical Advisory Committee: Ken Dunker; Gary
Novey; Ahmad Abu-Hawash; Michael Nop; Dean
Bierwagen; Bob Stanley; Steve Megivern; Kyle
Frame; Curtis Monk; John Rasmussen; and Lyle
Brehm

4) Several Contractors

5) GSI and Team Services

6) Kyle Frame, Ken Dunker, Michael Nop and Ahmad
Abu-Hawash from lowa DOT

lTowa Department

A i Learning Outcomes

1) Scope and research objectives
2) National and local survey

3) PILOT database

4) Full-scale field testing of piles
5) Pile setup quantification

10/25/2012
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Ay Research Scope

1) Perform literature review
2) Conduct national and local surveys

3) Develop a user-friendly electronic Plle LOad
Test (PILOT) database

4) Conduct 10 full-scale field tests
5) Data collection and analysis
6) Calibrate LRFD resistance factors

7) Recommend LRFD pile design and
construction procedures

BNt Research Objective-1

1) Examine the current pile design and
construction procedures in lowa

2) Recommend changes and improvements that
are consistent with available pile load test data
and LRFD bridge design practice

3) Install and load test piles in the field

4) Collect complete data

5) Improve design of piles in accordance with
LRFD

lowa Department

AR Research Objective-2

6) Develop regionally-calibrated LRFD
resistance factors for bridge pile foundations
in Iowa

7) Disseminate research outcomes

10/25/2012
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A b Research Reports

* Volume I — PILOT Database

* Volume II — Field Testing of Piles

* Volume III — LRFD Calibration

* Volume IV — Design Guide and Examples

A g National Survey

= Currenty wing ASD

lTowa Department

A i Local Survey
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A b Local Survey Outcome-1

100% 0%
90%
80%
70%

Timber  Steel H-piles Open-end ~ Closed-end Precast  Prestressed Other
Pipe Pipe Concrete Concrete

A bt Local Survey Outcome-2
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Analysis Formulas bedrock  until refusal
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APLT S048)-30 153 WX
APIS L3005 wixa El

- Testsiesoi -
Mixed

wied

Herbergercon  W210X&2 n
Godberson-Sr HPI0XA F
Christensen b HP10X&2 5

SchmidtConsts W

wi0xa
W 10Xa2

@

AXPS.1 BAFATSN1S)-3847
AXPL2  DRFSI-HY-39-40

Delaware
Hamin
cecar

wixa »
WX %

Con
Siowx Fall Con
Capitsl Congy

Harisen
sarrise

A2 LG UTI )

Topic 2 4



10/25/2012

lowa Department

Soil Profile-70% Rule

Very soft iy
Soft ity clay
St siy clay
e Firm sty clay
Clay Stiff il
silty clay St sancly clay
Silty clay Firm silty glacial clay. 27 0%
hesi GH0G || Firm clay (gumbati)
Cohesive | A-6and A- silt P il Gy
7 Clay loam pr———
Siltloam | Glacial GG
Loam Clay | Firmvery firm glacil clay
sandy clay Very firm glacil clay Y
Very firm sany lacilcly Non-
0
Coreaeor gl e : <30%
Sandy day S o cohesive | |
oM | i e
Non- A-1,A2 | Sandy loam et C | a
- mor [ Fme=nd | Yy
Cohesive | andA3 | Loamy | 00 T Comesd |
sand oess Gravely sand
sand Granular material (N>40)

A i e Soil Profile-70% Rule

Non-
Non'- >70% cohesive 31% to 69%
cohesive e
A 69% to 31%
<30%
v v

Mixed

£ PILOT Historical Data Summary

Monotube.
Pipe_7__ )
16

Concrete
—

Clay
12

Total Pile SLTs Usable-Static Usable-Dynamic
by Pile Type (264) Steel H-piles (80) Steel H-piles (32)
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Office o Bedges & Stractn

LRFD Report Volume I

Devel

of LRFD P 4 for

Bridge Pile
Volume I: An

Final Report
June 2010

Plle LOad Tests (PILOT)

BRIDGETSY™

[Updated January 2011)

Database for Pl ad Tests i bown (PLOT)
e —

Foundations in lowa
Electronic Database for

PR

IOWA STATE UNIVERSITY
gt

’ lowa Department
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Ten Full-Scale Field Tests

~Wisconsin
Glacial

Alluvium

15U2

s *1SUL0" 15U3,
_Loesson Top of Glacial _ #ISUL '\ 1SUS &

CokISUsT ¢ ek ISU9 1SU9 &

Test Soil
Site Profile

ISU1,
ISU7 & | Mixed
1SU8

1SU2,
1SU4, Clay

1SU6

Sand

- - 1SU10

’ lowa Department
'# of Transportation

Subsurface Investigations

10/25/2012
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ARt Subsurface Investigations

Consolidation
Test

A Y Pile Testing

Steel H-Pile Instrumentation

(A e Pile Testing

Dynamic Pile Test

LT On, s
. P A

Driving & Restrikes Static Load Test

Topic 2 7
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EN:iinn Estimated Pile Capacity-WEAP

Office of Bebdgen & S
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Bearing Graph

€N Estimated Capacity-PDA/CAPWAP

e

Pile Capacity ‘:_
I
\
N 0 U -
Shaft bk
Resistance J‘h
Distribution ~ /Dynamic Soil Parameters

£ Measured Pile Capacity-SLT

Office of Brbdges & S

Load , Q (kip)
0 50 100 150 200 243‘250 300

ISUS
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Pile Capacity vs Time
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Office o Bedges & Sirwctares

Pile Setup in Clay (ISU6)
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Ugp —U
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What is Pile Setup?

0
12 3 405 67 8 91011 1213 1415 16
7
. Time After EOD, t (Day)

« Increase in pile capacity as a function of time due to healing of remolded
soil and consolidation of clay soil

lTowa Department
Transportation

of
NG e o Bz & Servcrees

Pile Setup Rate

Assumed tgy,=1 min

1 2 3 4 5
logy, (ttgg)
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Pile Setup Quantification

R, a

log 1

2.1

1.9
1.8
1.7
1.6

(R/Reop)

Usejwith
Cautious

1.4

1.3
1

5 9 13 17 21 25 29 33 37 41 45 49
Weighted Average SPT N-value, N

l&‘ lowa Department
of Transportati
N o mit

Pile Setup-Anticipated Errors

Confidence Anticipated Errors for R, (%)
Level Construction Control Method for Rep
(%) CAPWAP WEAP-lIowa Blue Book
80 -4% t0 2.8% -12.2% to -1.8%

90 (Pile Group)

-4.9% to 3.8%

-13.9% t0 -0.5%

98 (Single Pile)

-7% t0 5.3%

-17.2%t0 1.9%

’%’ lowa Department
of Transportation

Office of Bekdges & S0

LRFD Report Volume II

Development of LRFD Procedures
for Bridge Pile Foundations in lowa

Volume Ii: Field Testing of Steel Piles in Clay, Sand, and
Mixed Soils and Data Analysis

Final Report
September 2011

TOWA STATE UNIVERSITY

Instituta for Transportation

10/25/2012
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IHRB PROJECTS TR-573, TR-583 & TR-584

DEVELOPMENT OF LRFD PROCEDURES FOR BRIDGE
FOUNDATIONS CONSISTED OF DRIVEN PILES IN IOWA

Questions?

e Unks:

Coat
he ocerarching posl of the projecs i o deveiog fundamantsl

‘30 sdvance LRFD.procedures for driven piles in the
State of Tows a0d the nation.

Visicors Court
Objectives:

To_ achieve the orerarching gosl, the projects induded the —
foloming cbjectives: )
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Kam Ng

lowa Department Leaming Outcomes

@ i

1) LRFD calibration process
2) Integration of pile setup into LRFD

3) Construction control consideration
4) Resistance factors for design and construction

lowa Department LRFD Philosophy

’# of Transportation
-’ mr.‘.m..amu.m...‘

Strength Limit State: y Q <¢ R

Load - .
Distribution 7\ Resistance
) / \\Dlsmbu\‘m
f \ ®
/ \
/ \
{
f
/ \
/ \
.” ‘\
\
/ N\
Y N
Magnitude of Q and R
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A T Reliability Theory

Office of Bekdges & Stractares

NCHRP-507 Guidelines + Local Practices

po
>
2
2
£ /
= /

Failure /
Region, Pr /
/
/
7/
.
0 PDF=R-Q

Towa Department
Trans i

FOSM

Barker et al. (1991):

S (YoQo , . [(14COVE, +COVEg,)
’»R( Qe +4u)‘7

@ +covh

(7 Qo e {B—;\"‘ln[(l +COVE)(1 +COVIg, + cov:q____)]}

Qe

where,
Op = Resistance factor
YoL = Load factor for dead loads (DL) = 1.25 (Strength I)
YL = Load factor for live loads (LL) = 1.75 (Strength T)
Aot = Dead load bias = 1.05

L = Live load bias = 1.15
}éQOVQDL = Coefficient of variation for dead load = 0.1 Follow
COVyqy, = Coefficient of variation for live load = 0.2 AASHTO
Qpi/Qr; = Dead load to live load ratio = 2.0
Br = Target reliability index (2.33 for redundant pile group and

A e Pile Setup in LRFD

Office of Bebdges &

Strength Limit State:yQ < ¢ropRpopt OsernpRsetup
Ryop : WEAP or PDA/CAPWAP
Ryeup + Setup Design Chart

= — Ty
5 || where Reerup = Rt = Rgop - = 3days

——7days

(R/Ryop)

15 9 13 17 21 25 29 33 37 41 45 49
Weighted Average SPT N-value, N,

10/25/2012
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N Resistance Factor Calculations

Prop: FOSM
Qyerup: Modified FOSM (LRFD Report Volume I1)

o [e(@)en
Asny _LQ—W Peop @

Br Jmf(ecovy, s00vi,  )(aecovs wcovd ]

T (L + COVg, + COVE) ~hene
J(1+covi,, +covi )
LA BT Total Data for Calibration

Static Analysis Methods Construction Control
©0) Methods (41)
’# Towa Department . oqe
) s irperien Reliability Index ()
Type Nonredundant Piles Redundant Piles
P ($=3.00) ($=2.33)
3 or fewer piles per 4 or more piles per
pile cap pile cap
Abutment TT T T
II| |’
4 or fewer piles per 5 or more piles per
pile cap pile cap
Oth
- TI| ||IE|[TIZ
II T || III

10/25/2012
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£\ Resistance and Efficiency Factors

Static Analysis Methods for Clay Soils

0.0 10 20 3.0 40 50

B

o~ SPT-Meyerhof
a-API Method

s o
P
o

°
=

Resistance Factor (¢)

B
8
Efficiency Factor (¢/2)

s

g

233

°
3
s
3
o
5

s

By
o
5

10 20 3.0 40 50

1.0 2.0 3.0
Reliability Index (B) Reliability Index (B)

’ lowa Department
I.I[ | I‘II‘\!W[I‘III)I\

Recommendations

1) Design Stage (For Contract Length):
O Iowa Blue Book [BDM 6.2.7]
2) Construction Stage:
U Iowa DOT Modified ENR Formula
U WEAP [lowa Blue Book for Unit Soil Resistance]
U PDA/CAPWAP
O Static Load Test

£yimiiin: Construction Control Analysis

To minimize discrepancy in pile capacity obtained
from design and construction stages

Construction Original ¢ | Revised ¢
Control Soil Profile|  Condition forTowa | forlowa | % Gain
Method Blue Book | Blue Book

Cla EOD+setup 0.63 0.63 0%

‘WEAP Mixed EOD 0.60 0.64 7%
Sand EOD 0.55 0.55 0%

Clay EOD+setup 0.63 0.68 8%
BOR 0.63 0.80 27%

. EOD 0.60 0.80 33%

CAPWAP | Mixed BOR 0.60 0.71 18%
Sand EOD 0.55 0.69 25%

BOR 0.55 0.58 6%

Clay EOD 0.63 0.63 0%

E;{"Rw; 0[:‘");13 Mixed EOD 0.60 0.70 17%
Sand EOD 0.55 0.55 0%

Topic 3
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N Construction Control Analysis

Office of Bekdges & Stractares

For Iowa Blue Book and Mixed Soils based
on WEAP as Construction Control Method:

Pereent

08 10 12 14 16 18
WEAP/Towa Blue Book (Factored Resistance)

Towa Department
Trans i

@II‘

Recommended ¢ for Design

Pile in Axial Compression

C(‘::z:;“‘c]:“i;g:;:ol Resistance Factor (¢) for p=2.33
Driving . . . Non-
ATn:le;')s.is Criteria Basis | PDA/ | Restrike S]:lt:: Gt Wi cohesive
Towa CAP | Test after Load
DOT | WEAP | WAP | EOD 0 | Guop | Puwp | @ 0
Test 2
ENR
Yes - - - - |060] - - 0.60 0.50
Towa - - - 1065 - - 0.65 0.55
Blue - - 1070 - - 0.70
Book | NO | Yes | Yes T — Toso] -~ [ - o]
- - Yes | 0.80 - - 0.80 0.80

lTowa Department

@u['l ransportation Recommended (p fOI’ DeSigl’l

Office of Bebdges &

Pile in Axial Tension

Construction control . .
Field Verification Resistance Factor (¢) for f=2.33
Driving . . . Non-
amheo. | Criteia Basis | PDA/| Restrike | Siiic|  Cohesive | Mixed ] qopegive
4 Towa CAP | Test after Load
DOT | WEAP | WAP | EOD | %" 0 | ¢eop | uy [ @ 0
ENR
Yes - - - - 0.45 - - 0.45 0.40
Towa - - - 0.50 - - 0.50 0.40
Blue - - 0.55 - - 0.55 0.45
Book | NO | Yo | YOS T - J060] - | - 055 045
- - Yes | 0.80 - - 0.80 0.80

10/25/2012
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£ Recommended ¢ for Construction

Construction control g >
(Field Verification) Resistance Factor (¢) for p=2.33
Driving . q a A Non-
Theo.. Criteria Basis | ppA/ | ReStrike Sté_atlc Cohesive Mixed cohesive
Analysis EE— Test Pile
Towa CAP | oo Load
DOT | WEAP | WAP | gy | ni | @ | @eop | Gueup | @ [
ENR
Yes - - - - 0.55 - - 0.55 0.50
N - - - 0.65 | 0.20
;’]: : e [ - Joso| - | - | *5] 0%
No | Yes - - - 0.75 | 0.40
Book Yes Yes - 0.80 n - 0.70 0.70
- - Yes | 0.80 - - 0.80 0.80
lowa Department
A bt LRFD Report Volume III
D of LRFD P di for

Bridge Pile Foundations in lowa

Volume lil: Recommended Resistance Factors with
Consideration of Construction Control and Setup

BRIDBESTTY

Final Report
Fabruary 2012

JOWA STATE UNIVERSITY
P P,

’ lowa Department
of Transportation
-

Office of Bekdges & Surwctures
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A\ i Construction Control-Kam Ng

Offce of it &.

Gy Learning Outcomes

A. Recognize the changes in the Modified lowa
ENR formula from Interim LRFD to LRFD.

B. Recognize the changes in the WEAP analysis
from Interim LRFD to LRFD.

C. Learn the step by step LRFD procedure of the
WEAP analysis

(A Ko Modified lowa ENR

Interim LRFD LRFD

For gravity hammers with wood, steel H, or steel pipe piles

» Bearing value (P) » Nominal bearing resistance
* = Sivc\)l.gs x Wv-i\»,M (English) (Rn)_ 12WH . W
e P= % X WVZM (Metric) : (Ennglizﬁg’ss WM

¢« R, = 15(1‘/;:[ X WV:M (Metric)

W = weight of the gravity hammer in tons (kg)
H = height of free fall in feet (meters)
M = weight of the pile plus weight of cap in tons (kg)
S = average penetration in inches (mm) of the pile per blow for the last 5 blows

10/25/2012

Topic 4




(AR Modified lowa ENR

Interim LRFD LRFD

For gravity hammers with concrete piles

» Bearing value (P) » Nominal bearing resistance
_ 45WH w . R,)
= Sroz X wem (English) 18WH W
3.7WH \ . ¢ Rn =73
P =2 x —— (Metric S+oz - WHM
° S+5.1 W+M( ) (English)
W R, = L8WH W
n7 551 T wiM
(Metric)

W = weight of the gravity hammer in tons (kg)
H = height of free fall in feet (meters)
M = weight of the pile plus weight of cap in tons (kg)

S = average penetration in inches (mm) of the pile per blow for the last 5 blows

(ARipers Modified lowa ENR

Interim LRFD ‘ ‘ LRFD

For diesel hammers with wood, steel H, or steel pipe piles and
steam hammers for all piles

* Bearing value (P) » Nominal bearing resistance
=3k W ; (Ry)
* P=sa X wm (English) R RE W ook
. =
o P=2BEs W Metric) n = Srox e (Eelish)
S+2.5 7 W+M R.—_E W Metri
* Rn =55 X e (Metrio)

W = weight of the ram of a diesel hammer in tons (kg)
H = height of free fall of ram in feet (meters)
M = weight of the pile plus weight of cap plus weight of anvil in tons (kg)
E = energy per blow in foot-tons (joules)

S = average penetration in inches (mm) of pile per blow for the last 10 blows

(A Ko Modified Iowa ENR

Interim LRFD

‘ LRFD

For diesel hammers with concrete piles

* Bearing value (P) » Nominal bearing resistance
_ 7E w . R,
¢« P= svo1 X Win (English) N 2w (English)
3 = nglis
e p=US8EL W (Metric) m 7 s+01 7 WM g
S+2.5 7 W+M _2BE W
* R =55 X wem (Metric)

W = weight of the ram of a diesel hammer in tons (kg)
H = height of free fall of ram in feet (meters)
M = weight of the pile plus weight of cap plus weight of anvil in tons (kg)
E = energy per blow in foot-tons (joules)

S = average penetration in inches (mm) of pile per blow for the last 10 blows

10/25/2012
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(A Jpemt WEAP

Interim LRFD LRFD
» Bearing capacity » Nominal bearing resistance (R,)
* Bearing graph with safety ||+ Bearing graph in terms of
factor of 2.2 nominal resistance
« Pile is accepted if the « Pile is accepted if the nominal
measured driving measured driving resistance > the
resistance > the plan target nominal driving resistance
design bearing * No driveability analysis except
* No driveability analysis SRL-3
* Use SPT N-value « Use unit resistance from
* Variable soil parameters modified lowa Design Charts
« Simple soil parameters

10/25/2012

Towa Department

(’9’, ortransporaion — Modified lowa Design Chart for Friction

LRFD Report Volume Il (Ng et al. 2010)

Table 4.17. Revised Towa pile design chart used in WEA for friction bearing Grade S0 steel H.piles
LRFD DRIVEX PILE TOUNDATION GIOTECHNICAL RISISTANCE CHART, ENGLISH UNITS
SOWDISCRETION [ (| ESTMATED NOMEAL RESSTASCE VALLES FOR TRICTION FLE I KPS PR SGUARE
I A | maer | Wi = [
on ox o1
{11 0% [F]
o1 ou o
o o
o6 on0 o
03 Ty on
o1 ou Ty
o3t o o
o ou )
ol on 0w
oss o35 o5
o3t o5 o
o os 0%
Gt Clay i [ Wi
o s g cay on o o
on oo ]
Toe ) or
Tem g iy .. £ Fi i
[ememer [ o] 4 3 &
, - . ost ) 3
[ — W | ne % o8 5
[ vor e g o] I 0 .
. oss ot 3
Verytom sy g i | 3 | 13- S i i
o o o7
| cotenve or et mrmma | o8 B & G i
= pon i 1 et o6 he s e e v [ e e e 0 et b

e nnral F‘:\al e

Towa Department

’& of transporeation Modified lowa Design Chart for End Bearing

LRFD Report Volume 11 (Ng et al. 2010)
Table 4.18. Revised Towa pile design chart used in WEAP for end bearing Grade 50 steel H-piles

'LRFD DRIVEN PILE FOUNDATION GEOTECHNICAL RESISTANCE CHART, ENGLISH UNITS
e SPTNNALUE ESTIMATED NOMINAL RESISTANCE VALUES FOR END BEARING PILE IN KIFS
MEAN | RANGE HF 10 I a0 I [an
<1s
13
Coarse sand 20 Do net consder end beanng.
sand 21
- FET) 2558 arasse
50 . 100 496892 $56.1712
100 -300 §92.1584 171.2.3882
>300 2232 3832
[T 2568
e >200 382
17 10:30
EJ [y 155 "
Cehesve matenal 23 - 48 31 a8
% - 056 o 356
100 - 163 1983 1498




10/25/2012

Soil Parameters

LRFD Report Volume Il (Ng et al. 2010)

Table 4.19. WEAP recommended soil quake values (Pile Dynamics, Inc., 2005)
‘ Sedl Type | Shafi Quake | Toe Quake ‘
@oe () (n)
[ o [ om |
D
| T
LRFD -
mping factors used in ST, SA, Driven and
Towa Blue Book (Pile Dynamics, Inc., 2005)
| Non-ochesive soils | o 1
[ cmeson | [ I 015 |
Table 4.21. Damping factors used in the lowa DOT method
Suatt Toe Damping
[ Sy 7t B
Interim || Bt & Gome o G St o | ews
— Mt St o Fe Sa0d L :
LRFD [ Pkl Sl | T T
| Silay Clay. Sity Clay. Sundy Giay o« Fism Sandy Giacia Clay I [0 I on
cm Clay 1 12
[ Firm Glacial Clay ox Firm Silty Glacial Cay I 0.15 1 [

A igasti WEAP-Video

Project Information 0 @t’é&:",:,,

e HP 10 x 57 Piles “o hy 10

« 75 ft Contract Length “o 302 :‘fi‘z: o

« 73 ft Embedded £ & &

« Delmag D19-42 foorr mem

« Assumed 7 ft Hammer g e
Stroke = e

« Assumed a nominal = »
resistance of 200 kips for o ”
Inspector’s Chart Analysis 380 o

* LRFD Procedure el ol

340

Topic 4 4
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Questions? — Kam Ng
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’ Towa Department
'3 % of Transportation
P O of Beidges & Sirwetures

Development of Design Gud

Don Green and Kam Ng

A K Learning Outcomes

1) New LRFD procedure for bridge foundations
consisting of driven piles in lowa

2) Three track examples cover various pile types,
soil profiles and special design considerations

3) Geotechnical design of pile foundations using
lowa Blue Book

4) Establish pile driving criteria using WEAP,
lowa ENR formula and PDA/CAPWAP

lTowa Department

AR Three Track Approach

Design Guide

Track 2: lowa DOT @ Track 3: Additional

Track 1: WEAP

ENR Formula Methods
Seven Two Two
Examples Examples Examples

Topic 5
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n

Design Process

Design Step
Step 1 | Develop bridge situation plan (or TS&L, Type, Size, and Location) @)
Develop soils package, including soil borings and foundation
Step 2 )
recommendations
Step3 | Determine pile arrangement, pile loads, and other design requirements )
Step4 | Estimate the nominal geotechnical resistance per foot of pile 1t @
Select resistance factor(s) to estimate pile length based on the soil profile
Step 5 " A
and construction control @
Step 6 | Calculate the required nominal pile resistance, R, @
Step 7| Estimate contract pile length, L @
Step 8 | Estimate target nominal pile driving resistance, Ryy.1 @
Step 9 Prepare CADD note for bridge plans
Step 10 | Check the design ©
Construction Step
Step 11 | Prepare bearing graph
Observe construction, record driven resistance, and resolve any
Step 12 cons
construction issues

A i e Construction Control-1

QEnd bearing piles
U Friction piles in non-cohesive and mixed soils

Pileretep 24 hsto adieve
targes diiving resistance
(L0t Reg)

1

File etendad wnd divng
continued to adievetarger
driving resitance R EOD Ryco

Plleregzance cpacty
vesified usng PDA/CAPWAP)
to adhieve targetdriving

resgEnce 20D, Ress

N Construction Control-2

W Friction piles in cohesive soils and retap performed
after EOD

Pile driven to
s contractfength and
'"s;aéézgle 3 achieve target

driving resistance at
EOD (Reop)

Pile extended and driving continued to
achieve target driving resistance at

Pile resistance capacity
verified using PDAICAPWAP
to achieve target driving

Ves|  resistance (Reop*Rieup)
es| Pile extended and driving
continued to achieve target No
driving resistance at EOD,
Reop

EOD, Reop
(assume setup loss during redriving)

Topic 5




‘&‘ lowa Department
of Transportation
b d

Office o Bebdges & Stractores

Design Examples

special Construction Controls
Track . Example| Substructure " pec Driving | Planned Retap
Pile Type Soil Type | Consider- -
Number Number Type e Criteria 3 Days after
Basis EOD
1 |integral Abutment|  Cohesive
2 Pier Mixed Scour
RS 3 |integral Abutment| Cohesive | Downdrag
4 Pier Non-Cohesive | Uplift
1 5 |integral Abutment| Conesive | " BEAING | Wave Equation
in Bedrock
Pipe Pile 6 PileBent | Non-Cohesive |  Scour N
o
Prestressed 7 PileBent | Non-Cohesive|  Scour
Concrete Pile
R H-Pile 1 |integral Abutment | Cohesive Modified lowa
Timber 2 Integral Abutment | Non-Cohesive DOT Formula
PDA/
I 1 |Integral Abutment| Cohesive CAPWAP and
3 Gl Wave Equation
2 |integral Abutment| Cohesive Wave Equation Yes

’ lowa Department
of Transportation
-

Office o Bedges & Sirwctares

LRFD Report Volume 1V

of LRFD P d for

Volume

Final Report
May 2012

Bridge Pile Foundations in lowa
ign Guide and Track Examples

TOWA STATE U
[T p—

lTowa Department
of Transportation

NG e o Bz & Servcrees

Topic 5
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LA\ i Track 2 Example — Kam Ng

LA R Learning Outcomes

A. Follow the geotechnical design and construction
steps to implement lowa LRFD Pile Design with
Modified lowa DOT Formula construction
control.

B. Select a resistance factor to estimate the contract
pile length, L.

C. Estimate the target nominal pile driving
resistance, R, 4.1-

N Track 2 Example 2

Topic 6 1



lowa Departmen . .
LA T Step 1. Situation Plan

120’ 3-span

Continuous Concrete Slab

25° Skew

Integral
Abutment

AR Step 2. Soils Package

Develop soils package, including soil borings and

foundation recommendations

Soils Design Engineer

SPTN
VALUES
(BLC

» 57 soft to stiff silty clay -
» 20’ fine sand E™ 2 rmesan '
* 40’ medium sand z .
« bouldery gravel and d : —
hard shale o |
LA i Step 2. Soils Package

Soils Design Engineer
Develop foundation recommendations

 Timber pile: tip out in medium sand
» Normal driving resistance
 No significant downdrag

* No special site considerations for stability, settlement,

or lateral movement

evanon 1)
B8 31 3E PG

Topic 6
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A b Step 3. Pile Arrangement
Final Design Engineer 54 kips

e 12” timber pile

54 Kips/pile (STR | limit state controls)

@Pn=(0.9)(64)=757.6 kips/pile = 54
[BDM6.2.6.3] OK

No uplift, downdrag or scour

Construction Control: Modified lowa

DOT formula
No need for lateral load or special analysis

ENiminiin  Step 4. Nominal Pile Resistance

Estimated c;?r:lii:{e Estimated
Stratum | Average | Nominal Friction Nominal
Soil Soil Thickness| SPT N | Resistance Resistance Resistance
Stratum | Description Value | for Friction for End
. at Bottom of N
Pile Bearing
Layer
(ft) | (blows/ft)| (kips/ft) (Kips) (Kips)
Soft to Stiff
1 ity Clay 5 4 14 7.0
2 Fine Sand 20 16 24 55.0
2 Mse:'nudm 40 20 28 167.0 32
AN 10" Department ~ - . N r
Resistance Factor () o8
| =
Non- [
Cohesive Mixed ok
Cohesive e

b | beop | Deerwy | =

0.60 = = 0.60 0.50

0.65 - - 0.65

Topic 6
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A T Step 5. Resistance Factor

Select resistance factor to estimate pile length

By inspection, piling will be embedded primarily
in non-cohesive soil
?=0.50

lowa Department . - -
@3{;!::.“:}1'::'}:’: Step 6. Required Nominal Resistance

The required nominal pile resistance is:

Zl]yQ+7DDDD _54+0

= =108 Kips/pile
n p 0.50 ps/p
where: > 'nyQ=yQ=>54kips (Step 3)
v o0 DD=0 (no downdrag)
@ =050 (Step 5)

lTowa Department

A i Step 7. Estimate Contract Pile Length

D, =0ftR_,, =0
D =5 R, ;5 =R, 50 + (L4 KIE)(S) = 7.0 kips
D, =5+20=25ft R _,,, = R _,;, +(2.4KI)(20")
=7.0+48.0=55.0 kips

End bearing in Layer 3 = 32.0 kips,

R, 553 =R, 55 +32.0=87.0 kips
Required additional length in Layer 3 = (108.0 - 87.0)/2.8 = 7.5", say 8'
D,=25+8=33 feet,
R, gs: =R, gs; + (2.8 kips/ft) (8 ft) = 87.0 + 22.4 = 109.4 kips > 108 kips
L =33+2+1=36feet
Round pile length to nearest 5' increment, . L=35' [BDM 6.2.4.1]

10/25/2012
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‘&‘ of Transportation
NG O o B & sirctes

lowa Department

Step 7. Estimate Pile Length

Check resistance factor:
% non-cohesive soil = [(32-5)/32] (100)

=84% > 70% OK

Resistance Factor ()

istance

[ [ o

(f) Reduce the resistance factor to 0.35
for redundant groups of driven timber

pile, if the lowa DOT formula is used for

construction control. This is based on
lowa historic timber pile test data. For
timber pile driven with WEAP, the

5 resistance factor may be taken as 0.40.

(1) Reduce the resistance factor to 0.35 for redundant groups of driven timber pile, if the lowa DOT formula s used for construction
control. This is based on lowa historic timber pile test data. For timber pile driven with WEAP, the resistance factor may be taken as 0.40.]

(Z) = U.0o U.ZU | "\ﬁ/ I
N -
5) USE SIgnal matching to eterming Nomimal DIving FReststance

TA)

lowa Department

oftamsportion— Step 8. Target Nominal Driving Resistance

ol Bridgen &

Prn = 0.35 for all soil types (timber pile)

The target pile driving resistance is
X7+, 0D 5449
nde=T Poin 7035
(using a Modified lowa DOT Formula construction control)

R =154 kips/pile = 77 tons/pile

If construction control = WEAP analysis,
then R _ = M =135 kips/pile = 68 tons/pile
nar-T ~ 70 40

Topic 6
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’ lowa Department . i .
‘uf'wmw"f'm Step 8. Target Nominal Driving Resistance

Structural service load limit = 20 tons for timber pile,
and a driving limit=40tons  [IDOT S8 2501.03, O, 2, ]

A \l’f‘iﬂﬁi'}i?lil‘fé‘.’. Step 9. CADD Notes

N Step 9. CADD Notes

Topic 6
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A b Step 10. Check the Design

« Independent check of the
bridge design, when the
final plans are complete,

END DESIGN PHASE

Minimum Qergy Reqy

Pile Length Wood Pile _t __concrete Pile
(ft.)

1")" in AAY

| ———

( Maximum &ergyA

L Toncrete Pile

Pile Length Wood Pile
() / 12" to 14"

25' or less 1/ / 32
26'to 40" >+>C 24 D 32

4T 10 50 32
51’ to 65' @ @
LA i Step 11. Hammer Data

BEGIN CONSTRUCTION PHASE | _
« Contractor: provide hammer data sheets

» Delmag (APE) D19-42 rated energy:
Minimum 22,721 foot-pounds (setting 1) > 17,000 OK

Maximum 31,715 foot-pounds (setting 2) > 24,000 No Good
Maximum 37,868 foot-pounds (setting 3) > 24,000 No Good
Maximum 47,335 foot-pounds (setting 4) > 24,000 No Good

Accept Delmag D19-42 at Fuel Setting 1 (only)

Topic 6
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F):aiiin Step 12. Construction Observation

Observe construction, record driven resistance and resolve
any construction issues

* Record hammer stroke ad number of blows

EN:rminia Step 12. Construction Observation

R

W)
R
W

M = weight of pile, drive cap (helmet, cushion, striker plate and pile

E
H
S

12 = conversion factor for feet to inches

[ 12E N\ W

= As=o)lwsrr)
here:
. =nominal pile driving resistance, in tons

7 =weight of ram, in tons (include consideration for hammer efficiency)

inserts if used), drive anvil and follower (if applicable). in tons
= Wx H = energy per blow, in foot-tons
= Hammer stroke, in feet
= average pile penetration, in inches per blow. for the last 10 blows

A Track 2, Example 2

Wrap-up
* Blue Book unit nominal resistance

Resistance factor = f (Limit State, soil category, &
construction control)

Contract pile length, L = 35 feet

Construction Control: Modified lowa DOT Formula
Resistance factor at EOD = 0.35

Target driving resistance = 77 tons at EOD

Topic 6
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(A B Learning Outcomes

A. Follow the geotechnical design and construction
steps to implement lowa LRFD Pile Design with
Modified lowa DOT/ENR Formula construction
control.

B. Select a resistance factor to estimate the contract
pile length, L.

C. Estimate the target nominal pile driving
resistance, R, 4.1

Ay Questions? - Kam Ng

10/25/2012

Topic 6




Track 1 and Example 1

(A B Learning Outcomes

A. Follow the geotechnical design and construction
steps to implement lowa LRFD Pile Design.

B. Select a resistance factor to estimate the contract
pile length, L.

C. Estimate the target nominal pile driving
resistance, R, 4.1

D. Determine the pile setup factor for cohesive soil.

(ATt Track 1

Where are we going?

Design Step

-

Preliminary Design Engineer: Develop bridge situation plan (or TS&L, Type, Size, and Location) @)

Soils Design Engineer: Develop soils package, including borings & foundation recommendations @

Final Design Engineer: Determine pile arrangement, pile loads, and other design requirements @)

Estimate nominal per foot of pile it

Select resistance factor & estimate pile length, based on soil profile & ion control

Calculate required nominal pile resi R,

Estimate contract pile length, L

Estimate target nominal pile driving resistance, R4t

ofa]~[o]o]~[ ] ]

Prepare CADD note for bridge plans

10 | Check design @

Construction Step

=

11 | Prepare bearing graph

12 | Observe , record driven and resolve any construction issues

Notes: (1) These steps determine the basic information for geotechnical pile design and will vary
depending on bridge project and office practice.
(2) Checking will vary depending on bridge project and office practice.

Topic 7
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A i Step 1 - Situation Plan

Integral Abutment

Zero Skew

Towa Department

(AT Step 2. Soils Package

Develop soils package, including soil borings and

foundation recommendations

Soils Design Engineer
« 6’ soft silty clay

e 9’ silty sand

« firm glacial clay

a0 .

430

g

ELEVATION (FT)
[
H

SPTN
VALUES
(BLOWS/FT)

3GQ' SILTY SAND e

& kil
FIRM

GLACIAL 14
clay  qo

Topic 7

10/25/2012




EN i, Step 2. Soils Package

e o]~
i earveuy
i v

I

Soils Design Engineer
Develop foundation recommendations

« Friction pile: tip out in firm glacial clay .

n

e )

Euevanon o

oo
- .

* Normal driving resistance »

« Structural Resistance Level-1, SRL-1 (drlvmg
analysis not required by Office of Construction
during design) [BDM 6.2.6.1]

» No special site considerations for stability, settlement,
or lateral movement

lowa Department

)i Step 3 Pile Arrangement

HILETIP

@ 128 kips
® o © ® @ @ @

Final Design Engineer

» HP10x57 friction pile

128 kips/pile (STR | limit state controls)
 No uplift, downdrag or scour

* Construction Control: WEAP analysis, no
planned retap

* No need for lateral load or special analysis

N 1oy Department
£ n3po

Step 4 Nominal Pile Resistance

N-VALUE WooD STEEL

MEAN | RANGE | piIE 10 12
Alluvium or Loess T

Stiff sandy silt 6 4-8 6 2 6

—0 4-8 6 1.6

Silty sand _F——»] 8 | 345 >—p|12] 2

73 620 0 7 0

T Sty dlacial clay | 15 8 : ;)

Firm clay (qumbotil) 2 9-15 28 2.4 2.8

i o (|
Firm sandy glaghl ciay“’

T T
[ il Ml il I
|Cd‘t/(vq-awl'mr-a =

value []

atural vati
(lDuanamrusenl\h!DﬂeWDﬂhr e o8 > 35, o > 40,
3 Presiessed concret pkes have e s GHAR ko cive i heoe sols. Fresiessod pies W notbs aiventn lacial clay wih

ent N

@ g::lwbﬁ vles:sah:m?jmlbedmemnwismmmunm 40. [BDM Table 627]

Topic 7
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Gy Step 4 Nominal Pile Resistance
Estimated
Stratum | Average | Unit Nominal
Soil . - Thickness | SPTN Resistance
Soil Description -
Stratum Value for Friction
Pile
(ft) (blows/ft) (kips/ft)
Soft Silty Clay 6 4 0.8
2 Silty Sand 9 6 1.2
within 30 feet of
3A natural ground 8 11 2.8
Firm elevation
Glacial| more than 30
3B Clay feet below 65 12 32
natural ground
elevation

’ Towa Department
<62 % of Transportation
NP ot o it & Serwerares

Step 5. Resistance Factor

Resistance Factors for DESIGN of Single Pile in Axial Compression (Contract Length)

T | Construction Control (field verification) (@ Resistance Factor (°)
"
‘2 | Driving Criteria
= a Retap X . . Non-
E Basis <§( Test S:,IIUC Cohesive Mixed Cohesive
= a ile
S | lowa S | 3-Days
2 porenr|weap | X | After | 0%
s 9 Test ¢ | beop | Peerwp | P ¢
< | Formula EOD
=
Yes - - - - 0.60 - - 0.60 0.50
lowa - = ° 0.65 ° ° 0.65 0.55
Blue - - 0.70 (© - - 0.70 0.60
- Yes @ | Yes
Book Yes - 0.80 - - 0.70 0.60
- - Yes 0.80 - - 0.80 0.80
Notes:

() Determine the construction control that will be specified on the Plans to achieve the Target Nominal Driving Resistance.

(b) Resistance factors presented in Table E1 are for redundant pile groups (minimum of 4 piles).

(c) Use BDM Article 6.2.7 to estimate the theoretical nominal pile resistance, based on the lowa Blue Book.

(d) Use the lowa Blue Book soil input procedure to complete WEAP analyses.

(€) Setup effect has been included when WEAP is used to establish driving criteria and CAPWAP is used as a construction control.

’ lowa Department

of Transportation
Office o B & .

Step 5. Resistance Factor

Resistance Factors for DESIGN of Single Pile in Axial Compression (Contract Length)
Resistance Factor (?)

Non-
Cohesive

Cohesive Mixed

¢ ¢'EOD ¢setup d) ¢'

0.60 - - 0.60 0.50
0.65 = = 0.65 0.55

Topic 7
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’ lowa Department
%Y of Transportation
-’ o .

zes

Step 5 Resistance Factor

Select resistance factor to estimate pile length

=06
@ = 0.65 for mixed soil *
@ = 0.55 for non-cohesive soil *

* average over full depth of estimated pile penetration

> 70% of pile embedment in cohesive soil Se=065

’ Towa Department
6> Y of Transportation
N ot o ks & Serwerares

Step 5 Resistance Factor

Soil Cl Method
Generalized
Soil USDA BDM 6.2.7 Geotechnical
AASHTO
Category Textural Resistance Chart
Very soft silty clay
" Soft silty clay
Clay 2 Stiff silty clay
8 Firm silty clay
3
Sitty clay Siiff st
2 Silty clay loam Stiff sandy clay
g A-4, A5, A6 silt Firm silty glacial clay
5 and A-7 Clay loam - Firm clay (g_uthII‘
[§] Silt loam = Firm glacial clay
= Firm sandy glacial clay
Loam <
S Firm-very firm glacial clay
Sandy clay g Very firm glacial clay
Very firm sandy glacial clay
Cohesive or glacial material
” Stiff sandy silt
@
g Sandy clay g Silty sand
g loam S Clayey sand
£ AL A2andA-| o O 5 Fine sand
3 3 Y £ Coarse sand
5 Loamy sand 2 Gravely sand
z Sand 2
E Granular material (N>40)

Towa Department

€N Step 6 Required Nominal Resistance

Offce of Beidgs & Serwe

The required nominal pile resistance is:

5 - 2Q+y, DD 12840

=197 kips/pile

n

¢

0.65

where: > nyQ=7Q =128kips (Step3)

v

‘D

DD=0
D

© =065

(no downdrag)
(Step 5)

10/25/2012
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£\ Step 7 Estimate pile length
Estimate contract pile length, L
D,=0ft,R, ., =0
D, =61t,R_,; =R, 4, +(0.8KIf)(6) = 4.8 kips
D,=6+9=15ft. R_,,, =R, +(1.2KkIf)(©)
=4.8+10.8=15.6 kips
D, =15+8=23ft, R_,5, = R_;;, + (2.8 KIf)(8)
=15.6+22.4 =38.0 kips
D, =23+65=881t. R_,;, = R_z, +(32KIF)(65)
=38.0+208.0 = 246.0 kips

O Step 7 Estimate pile length
ﬂcﬂlk..i';'gT

73’ soil embedment R e

1’ cutoff :

+ 2’ ftg. embedment

76’

olue

L = 75 feet* 73

DepthBelow Bottom of Footing feet)

Check resistance factor:
% cohesive soil = [(72-9)/72] (100) = 88% > 70% OK

* H-pile length estimated to the nearest 5’ increment [BDM 6.2.4.2]

Towa Department . .. .
€Noiiiiin  Step 8. Target Nominal Driving Resistance

Resistance Factors for CONSTRUCTION CONTROL

T Construction Control (field verification) 2 i Factor (®
8 Driving Criteria Non-
2 e o | REER Cohesive Mixed -
2 Basis § | Test | statc Cohesive
3 z 3- | Pile
S lowa S |o
- g ays | Load
g DOTENR | WEAP | & | after | Test ¢ | beop | beern ¢ [
2 Formula o
Yes - - - - 0550 ] - - 0551 | 050"
= > 0.65 | 0.20
towa 065 0.55
8l Yes - 0.70
ue
- Yes @ B B —T oo
Book Yes ) 0.70 0.70
Yes. - 0.80
- Yes | 080 | - - 0.80 0.80

Notes:

(a) Refer to the Plans for the specified construction control that is required to achieve the Target Nominal Driving Resistance.

(b) Resistance factors presented are for redundant pile groups (minimum of 4 piles).

(c) Use BDM Article 6.2.7 to estimate the theoretical nominal pile resistance, based on the lowa Blue Book.

(d) Use the lowa Blue Book soil input procedure to complete WEAP analyses.

(¢) Use signal matching to determine Nominal Driving Resistance

() Reduce the resistance factor to 0.35 for redundant groups of driven timber pile, if the lowa DOT ENR formula is used for construction
control. This is based on lowa historic timber pile test data. For timber pile driven with WEAP, the resistance factor may be taken as 0.40.

Topic 7 6



’*‘ It;?:‘a Department . .. .
Y remperation — Step 8, Target Nominal Driving Resistance

Offce of i & Str

Resistance Factors for CONSTRUCTION CONTROL
Resistance Factor ("

Non-
Cohesive Mixed X
Cohesive
¢ dJEOD cbselup Cb ¢’
0.55 (N - - 0.55 M 0.50
- 0.65 0.20 0.65 0.55
0.70 - - : :
078 040

lowa Department - . . .
@zﬁ;!‘z:.“;%*ﬁ:ti&aStep 8 Target nominal driving resistance

Estimate target nominal pile driving resistance, R .1

@con = 0.65 for cohesive soil *
@eree = 0.20 for cohesive soil *
@ = 0.65 for mixed soil *
@ = 0.55 for non-cohesive soil *
* average over full depth of estimated pile penetration

Determine R, at end of drive by scaling-back setup gain,
and then adjust retaps to account for setup.

ZnyQ+gypDD = @R,
where 7 = 1.0 = load modifier [BDM 6.2.3.1]

€N aiiinStep 8 Target nominal driving resistance

Let R“ = RT = nominal pile resistance at time T (days) after EQD.
> Qe+ ‘fDDDD
Peop + Pserup ‘:FSETUP -1)
where: > 1yQ=vQ = 128 kips, (Step 3)
';DDDD =0 (no downdrag)

FSETUP = Setup Ratio = RT IREOD

REOD -

Topic 7
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lowa Department - . . .
@zﬁ;yr‘:,n;f»,«;::{ingtep 8 Target nominal driving resistance

Calculate average SPT N-value for cohesive soil portion.
Avg. SPT N-value = [(6")(4)+(8")(11)+(72'-23")(12)]/(72"-9") = 11

21 seTH
vaLUES
----- 1-Day el (BLOWSFT)
24 - - 3Dy “o
Iy
——7-Day -] I —
w0 ¢ | SUTYELAY &
o survsano
o @ s
& ” "
g an - |
= GLACAL 14
g wo CAY 1o
a |
e 3
|
e |
2
o |
i
00 |
1
0 |
13 -
0 T 20 30 40 50 e
o
1 Average SPT N-value, N,

lowa Department - . . .
@zﬁ;!ﬁ:.“:ﬁ*:iﬁﬁzStep 8 Target nominal driving resistance

Let P = Resistance factor for target nominal resistance <100

= Peop *Peeryp (Feerus 1)
and Rn:r—* = REDZ
The target pile driving resistance at End Of Drive, EQD, is
Rogr =Reop
. SnyQ+v__DD
- O'—R
> Q-+ 0000
Peop +Pserup (Fserue —1)
~ 128+0 128
{065 +<(02)(161-1) 077
=166 kips/pile = 83 tons/pile
Towa Department . . - -
(-*. e Step 8 Target nominal driving resistance

Retap target nominal driving resistance:
Rndr-T (retap) = minimum [REODszetup or Rn (IBB)]

RarT (1-day) = Smaller of [166x1.48= 246 Kips or 197 Kips]=99 tons
Riar.T (a-day) = Smaller of [166x1.55=257 Kips or 197 Kips]=99 tons
Riar.T (7-day) = Smaller of [166x1.61=267 Kips or 197 kips]=99 tons

Thus, target nominal driving resistance = 99 tons/pile after EOD

Topic 7
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(AR Step 9 CADD Notes

LA Tttt Step 9 CADD Note_s

£ Step 10 Check the design

* Independent check of the ==

bridge design, when the final
7/
. A

plans are complete.
END DESIGN PHASE <
g —

Topic 7
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Step 11 Bearing Graph

BEGIN CONSTRUCTION PHASE

* Contractor: provide
hammer data sheets

* Office of Construction:
perform WEAP
analysis & prepare
LRFD driving graph

Orving Restance, Toma

oBUELEEBABEE

R EEEEEEEE R

LRFD Driving Graph

£ Step 12 Construction observation

Observe construction, record driven resistance and resolve
any construction issues

¢ Record hammer stroke and
number of blows h 4

« Use the LRFD driving graph &
to determine driven
resistance at EOD

« If resistance at EOD is less

than the target, retap pile 24 ©%
hours after EOD *

Topic 7

10/25/2012
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)L Step 12 Construction observation

o

A igasti Track 1, Example 1
Wrap-up
* Blue Book unit nominal resistance

« Resistance factor = f (Limit State, soil category, &
construction control)

« Contract pile length, L = 75 feet
 Construction Control: WEAP analysis
 Resistance factor at EOD = 0.77

« Target driving resistance = 83 tons at EOD
 Pile retap = 99 tons at any retap after EOD

lTowa Department

N Questions? — Kam Ng

Topic 7
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Learning Outcomes

A. Recognize the different design and construction
control procedures of Track 1 and Track 2.

B. Compare the different outcomes from Track 1
and Track 2

C. Recognize the advantages of using WEAP as a
construction control method

’ lowa Department
'Y of Transportation
P Otce ot Bedges & Serucinees

Steps

Design Step
1 | preliminary Design Engineer: Develop bridge situation plan (or TS&L, Type, Size, and Location) (1)
2 | soils Design Engineer: Develop soils package, including borings & foundation recommendations (1)
3 | Final Design Engineer: Determine pile arrangement, pile loads, and other design requirements (1)
4 | Estimate nominal i i per foot of pile it
5 | Select resistance factor & estimate pile length, based on soil profile & ion control
6 | Calculate required nominal pile resi: R,

7 | Estimate contract pile length, L

8 | Estimate target nominal pile driving resistance, Rq.1

9 | Prepare CADD note for bridge plans

10 | Check design @

Construction Step

11 | Prepare bearing graph

12 | Observe , record driven and resolve any construction issues

Notes: (1) These steps determine the basic information for geotechnical pile design and will vary
depending on bridge project and office practice.
(2) Checking will vary depending on bridge project and office practice.

Topic 8
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(AR Example 1

Integral Abutment
H-Pile & Cohesive Soil with Setup
Construction Controls:
WEAP versus Modified lowa ENR

A T Step 1 - Situation Plan

¢ 120 ft, single-span, prestressed concrete
beam superstructure

* Zero skew

¢ Integral abutments

* Pile foundations, no prebored holes
(because the bridge length is less than 130
ft) (BDM 6.5.1.1.1)

* Bottom of abutment footing elevation 433 ft

lowa Department .

N Step 2. Soils Package
Develop soils package, including soil borings and
foundation recommendations it

(.HLQWWI
Soils Design Engineer “ Y i

R K 40 & [SILTYCLAY 4 N
* 6’ soft silty clay Ty suveamo
P "
40 - FIRM
GLACIAL 1“
CLAY

* 9’ silty sand

ELEVATION (FT)

* firm glacial clay

Topic 8
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Step 3 Pile Arrangement

H-PILE Tib)

®

©

& o e e ® 0 ©

Final Design Engineer
» HP10x57 friction pile

» 128 kips/pile (STR I limit state controls)
* No uplift, downdrag or scour
¢ Construction Control: Track 1 = WEAP, Track 2 =

Modified lowa ENR
* No planned retap

* No need for lateral load or special analysis

lowa Department . . .
A T Step 4 Nominal Pile Resistance

Estimated
Stratum | Average | Unit Nominal
Soil . - Thickness | SPTN Resistance
Soil Description -
Stratum Value for Friction
Pile
(ft) (blows/ft) (kips/ft)
Soft Silty Clay 6 4 0.8
2 Silty Sand 9 6 12
within 30 feet of
3A natural ground 8 11 2.8
Firm elevation
Glacial| more than 30
o Clay feet below 65 12 32
natural ground
elevation

’ lowa Department
'<%> % of Transportation
L L —

Step 5 Resistance Factor

Select resistance factor (@) to estimate pile length

e Track 1: WEAP
— 0.65 for cohesive
— 0.65 for mixed

—0.55 for non-
cohesive

e Track 2: ENR
— 0.60 for cohesive
— 0.60 for mixed
—0.50 for non-

cohesive

Track 1 has higher resistance factors

Topic 8
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lowa Department . . .
’& otmperaion— Step 6 Required Nominal Resistance

The required nominal pile resistance in cohesive soil is:

e Track 1: WEAP e Track 2: ENR
2yQ Y vQ
“Ra=5 R =57
_ 128 128
"= 065 "= 560
R, = 197 kips/pile R, = 213 kips/pile

Track 1 requires smaller R by 16 kips/pile

£t Step 7 Estimate pile length

Estimate contract pile length, L

e Track 1: WEAP e Track 2: ENR

— Required 73 ft — Required 78 ft

— 1 ft cutoff — 1 ft cutoff

— 2 ft ftg embedment — 2 ft ftg embedment
— 75 ft contract length — 80 ft contract length

Track 1 requires smaller contract length by 5 ft/pile

Towa Department . o . .
’& ot Step 8 Target nominal driving resistance
Estimate target nominal pile driving resistance at EOD,
R4 (EOD)

» Track 1: WEAP » Track 2: ENR
— Qgop = 0.65 - 9=0.55
= Qe = 0.20 - Rpgroy =220
~- N, =11 @
128
— Fop=1.61 - Ruar-1 =355
Ry mv@ || - Rygr(EOD) =
ndr=T = op+@setup (Fsetup—1) 233 kips/pile
R _ 128 _ 128
T ®ndr-T T G651020(161-1) 077
- Rpar-7(EOD) = 166 kips/pile
Track 1 requires smaller R, (EOD) by 67 kips/pile

Topic 8
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lowa Department . .. .
’& orteansporion Stery 8 Target nominal driving resistance

Estimate target nominal pile driving resistance at retap,

Rndr-T

e Track 1: WEAP

— R (1 day) > min[197 or — Ry (1 day
1.47x166 = 244] = 197 kips/pile or later) > 233
— R,ge.1 (3 day) > min[197 or kips/pile

1.55%166 = 257] = 197 kips/pile
— Rig.r (7 day) > min[197 or
1.61x166 = 267] = 197kips/pile

e Track 2: ENR

Track 1 requires a lower R, 4. 1 at retaps

’ Towa Department
6> Y of Transportation
N ot o ks & Serwerares

Step 9 CADD Notes

Design Notes

Track 1: WEAP

Track 2: ENR

THE CONTRACT LENGTH OF 75 FEET
FOR THE WEST ABUTMENT PILES IS
BASED ON A COHESIVE SOIL
CLASSIFICATION, A TOTAL
FACTORED AXIAL LOAD PER PILE
(Py) OF 128 KIPS, AND A
GEOTECHNICAL RESISTANCE
FACTOR (PHI) OF 0.65.

THE NOMINAL AXIAL BEARING
RESISTANCE FOR CONSTRUCTION
CONTROL WAS DETERMINED FROM
A COHESIVE SOIL CLASSIFICATION
AND A GEOTECHNICAL RESISTANCE
FACTOR (PHI) OF 0.77.

THE CONTRACT LENGTH OF 80 FEET
FOR THE WEST ABUTMENT PILES IS
BASED ON A COHESIVE SOIL
CLASSIFICATION, A TOTAL
FACTORED AXIAL LOAD PER PILE
(Py) OF 128 KIPS, AND A
GEOTECHNICAL RESISTANCE
FACTOR (PHI) OF 0.60.

THE NOMINAL AXIAL BEARING
RESISTANCE FOR CONSTRUCTION
CONTROL WAS DETERMINED FROM
A COHESIVE SOIL CLASSIFICATION
AND A GEOTECHNICAL RESISTANCE
FACTOR (PHI) OF 0.55.

’ lowa Department

of Transportation
Office o B & .

Step 9 CADD Notes

Driving Notes

Track 1: WEAP

Track 2: ENR

THE REQUIRED NOMINAL AXIAL
BEARING RESISTANCE FOR WEST
ABUTMENT PILES IS 166 KIPS AT END
OF DRIVE (EOD). IF RETAPS ARE
NECESSARY TO ACHIEVE BEARING,
THE REQUIRED NOMINAL AXIAL
BEARING RESISTANCE IS 197 KIPS.
THE PILE CONTRACT LENGTH SHALL
BE DRIVEN AS PER PLAN UNLESS
PILES REACH REFUSAL.
CONSTRUCTION CONTROL
REQUIRES A WEAP ANALYSIS AND
BEARING GRAPH.

THE REQUIRED NOMINAL AXIAL
BEARING RESISTANCE FOR WEST
ABUTMENT PILES IS 233 KIPS AT END
OF DRIVE (EOD). IF RETAPS ARE
NECESSARY TO ACHIEVE BEARING,
THE REQUIRED NOMINAL AXIAL
BEARING RESISTANCE IS 233 KIPS.
THE PILE CONTRACT LENGTH SHALL
BE DRIVEN AS PER PLAN UNLESS
PILES REACH REFUSAL.
CONSTRUCTION CONTROL
REQUIRES A MODIFIED IOWA DOT
FORMULA.

Topic 8
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(AR Step 10 Check the design

+ Independent check of the

=
bridge design, when the final
lans are complete.
p P » 4 7
Y
END DESIGN PHASE < NS
g —

lowa Department .
A T Step 11 Construction Control

BEGIN CONSTRUCTION PHASE

Track 1: WEAP Track 2: ENR
« Perform WEAP analysis ¢ Check minimum energy
¢ Prepare bearing graph requirement
« Observe construction * Observe construction
« Record hammer blow counts | | ¢ Record hammer blow counts
* Determine driving * Determine driving
resistance from bearing resistance from modified
graph Iowa ENR formula
lowa Department
(AT Step 11 Hammer Data

Track 1: WEAP Track 2: ENR

Contractor provides Delmag D19-42 hammer

» JTowa Blue Book Soil Input « Based on Iowa DOT SS:

Procedure _ 29 fi-kips < E < 40 fi-kips

: ¢ Delmag D19-42 with
settings 2 (E =31.7 ft-kips)
and setting 3 (E =37.9 ft-
kips) are accepted

Topic 8
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e of Bebdges

Step 12 Observe Construction

Track 1: WEAP |

Track 2: ENR

At the EOD, hammer stroke = 7.5 ft and driving resistance =
30 blows/ft are recorded.

« Based on the bearing ||
graph, R 4 = 88 tons
=176 kips, which is
larger than R 4. 1 =
166 kips. Hence, the
pile performance is
accepted.

Using the modified ENR formula:
R 12E w
= x
TS H01T WM
‘W =2.007 tons x 0.80 = 1.606 tons
M = 2.28+0.375+0.6 = 3.26 tons
E = WH = 12.045 ft-tons
s =12 in/30 blows = 0.4 in/blow
12x12045 1606
04+0.1 ~ 1.606 + 3.26
Rpar = 191kips < Rpgr—1 = 233 kips.
Hence, the pile performance is not
accepted.

Rpar =

’ Towa Department
<62 % of Transportation
NP ot o it & Serwerares

Step

12 Observe Construction

Track 1: WEAP |

Track 2: ENR

At the 1-day retap, hammer stroke = 8.5 ft and driving
resistance = 40 blows/ft are recorded.

« Based on the bearing ||
graph, R 4. = 114 tons
= 228 kips, which is
higher than R 4.1 =
197 kips. Again, the
pile performance is
accepted.

Hence, the pile performance is now
accepted.

Using the modified ENR formula:
R 12E W
TSR 01T WM
W =2.007 tons x 0.80 = 1.606 tons
M = 2.28+0.375+0.6 = 3.26 tons
E = WH = 13.65 ft-tons
s =12 in/40 blows = 0.30 in/blow
_12x13.65 1606

Rnar =030+ 0.1 ¥ 1606 + 326 ~
Rpdr = 270 kips = Rpgr—1 = 233 kips.

Towa Department
(AT Example 1
Summary of comparison
Track 1: WEAP Track 2: ENR

* 9 HP 10x57 steel piles

« Total contract length = 675 ft

* R, /pile = 197 kips

* R,q.r (EOD) =166 kips

¢ Ryg.r (Retap) = 197 Kips

« Pile performance is likely to
be accepted at EOD

« Lower chances of pile retaps

* 9 HP 10x57 steel piles

+ Total contract length = 720 ft
» R, /pile = 213 kips

* R,q.r (EOD) =233 kips

* R,g.r (Retap) = 233 Kips

» Relatively, pile performance is

less likely to be accepted at
EOD

+ Higher chances of pile retaps

Topic 8
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A Rigasio Learning Outcomes

A. Recognize the different design and construction
control procedures of Track 1 and Track 2.

B. Compare the different outcomes from Track 1
and Track 2

C. Recognize the advantages of using WEAP as a
construction control method

LA\ T Questions? — Kam Ng

Topic 8 8



A\ i Track 3 Example — Kam Ng

(A B Learning Outcomes
A. Follow the geotechnical design and construction

steps to implement lowa LRFD Pile Design.

. Select a resistance factor to estimate the contract

pile length, L.

. Estimate the target nominal pile driving

resistance, R, 4.1

. Describe what is required for planned retaps.

(&‘ If:v_;;l Deplrlmfm
- o -

Track 3 Example 2

10/25/2012
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Step 1. Situation Plan

’ lowa Department
%% of Transportation
L LT A ——

Integral Abutment 240

Towa Depariment -
A igasti Step 2. Soils Package
Develop soils package, including soil borings and
foundation recommendations [ﬁsﬁfﬂ

Soils Design Engineer

« 3’ topsoil

e 27’ firm glacial clay

« 50" very firm glacial clay

(AR Step 2. Soils Package

vaLves
@LowsrT)

Soils Design Engineer :

Develop foundation recommendations

« Friction pile: tip out in very firm
glacial clay g

« Normal driving resistance

« Structural Resistance Level-1, SRL-1 (driving
analysis not required by Office of Construction
during design) [BDM 6.2.6.1]

« No special site considerations for stability, settlement,
or lateral movement

ik

ghis

Topic 9
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Step 3 Pile Arrangement

HARETIR)

© 129 kips
©® ® ® ® ® @ ©®

Final Design Engineer

» HP10x57 friction pile

128.6 kips/pile (STR | limit state controls)
* No uplift, downdrag or scour

Construction Control: WEAP analysis
with 3-day planned retap

No need for lateral load or special analysis

’ Towa Department
6> Y of Transportation
N ot o ks & Serwerares

Step 4 Nominal Pile Resistance

. Cumulative .
Estimated ) Estimated
) Nominal N
Stratum Average Nominal Fricti Nominal
riction
Soil Soil Thickness SPTN Resistance Resist " Resistance
esistance a
o! ?I R Value for Friction for End
Stratum | Description . Bottom of )
Pile Bearing
Layer
(ft) (blows/ft) (kips/ft) (kips) (ksi)
1 Topsoil 3 (prebore) - - - -
A Firm 7
glacial clay | (prebore)
Firm 20
1
2B . (below 11 2.8 56 -
glacial clay
prebore)
Very firm
2 N 50 25 4.0 256 2.0
glacial clay

Towa Department

G of Tranporixtion

Step 5. Resistance Factor

Resistance Factors for DESIGN of Single Pile in Axial Compression (Contract Length)

T | Construction Control (field verification) @ i e Factor (®
@
2 Driving Criteria
_: ; i < Retap Stati Cohesive Mixed Al
3 Basis = Test ? < Cohesive
= o Pile
S lowa S | 3-Days
S porenk|weap | X | After | ¢
o er
o o Test ] Peop | Dsetup ¢ ¢
2 | Formula & EOD
=
Yes - - - - 0.60 - - 0.60 0.50
lowa - - - 0.65 - - 0.65 0.55
Blue d - - 0.70 (¢ - - 0.70 0.60
- Yes @ | Yes
Book Yes - 0.80 - - 0.70 0.60
- Yes 0.80 - - 0.80 0.80
Notes:
(2) Determine the construction control that will be specified on the Plans to achieve the Target Nominal Driving Resistance.
b) Resistance factors presented in Table EX are for redundant pile groups (minimum of 4 piles).
(©) Use BDM Article 6.2.7 to estimate the theoretical nominal pile resistance, based on the lowa Blue Book.
(d) Use the lowa Blue Book soil input procedure to complete WEAP analyses.
(&) Setup effect has been included when WEAP is used to establish driving criteria and CAPWAP is used as a construction control.

Topic 9
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Gy Step 5. Resistance Factor

Resistance Factors for DESIGN of Single Pile in Axial Compression (Contract Length)

Resistance Factor (P

. . Non-
Cohesive Mixed .
Cohesive

¢’ ¢)EOD ¢’setup ¢’ d)

0.60 - - 0.60 0.50
0.65 = = 0.65 0.55

Lol

lowa Department . - -
@.".f;!'f:.":f'"::itiﬁf Step 6 Required Nominal Resistance

The required nominal pile resistance is:

> nyQ+y DD
o= oo~ _1286+0 107 5 ips/pile
e 065
where: > nyQ=yQ=1286 kips (Step3)
vy DD=0 d d
,:DD (no downdrag)
©0=065 (Step 5)

£)immiin - Step 7 Estimate pile length
Estimate contract pile length, L
D,=0ft.R,_,, =0
D, =10ft. R, _,; =R, 55, +0=0 kips
D, =10+ 20 =30 ft, R, 55 = R, z5, + (2.8 kIf)(20")
=0+ 56.0 =36.0 kips
D, =30+ X ft.R, ;55 = R,_5;, + (2.0 ksi)(16.8in’)
=56.0+33.6 =89.6 kips
D, =30+ X ft. X =(197.8-89.6)/(4.0 kIf) = 27.1 ft
D,=30+27.1ft=757.1ft
L=571+2+1=60.1feet UseL =60" *
* H-pile length estimated to the nearest 5’ increment [BDM 6.2.4.2]

Topic 9
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@'f'""’w” Step 8. Target Nominal Driving Resistance

Resistance Factors for CONSTRUCTION CONTROL

T Construction Control (field verification) (&) Resistance Factor (®/
k Driving Criteria L | Rewr U, Mixed | Mo
] Basis % | Test | static Cohesive
% z 3- | Pile
% lowa 9 | pays | Load
§ [DoTENR | WEAP | Z | e | st || ¢ | Boo | B | @ ¢
2 Formula ED
Yes - - - - 0550 ] - - 055 | 050
- - - o65] 020
lowa = = ol = 065 0.55
Blue - Yes @ - - o
Book Yes®) 0.70 0.70
Yes - 0.80 -
- - Yes | 080 | - - 0.80 0.80

Notes:

(@) Refer to the Plans for the specified construction control that is required to achieve the Target Nominal Driving Resistance.

(b) Resistance factors presented are for redundant pile groups (minimum of 4 piles)

(¢) Use BDM Article 6.2.7 to estimate the theoretical nominal pile resistance, based on the lowa Blue Book.

(d) Use the lowa Blue Book soil input procedure to complete WEAP analyses.

(¢) Use signal matching to determine Nominal Driving Resistance

() Reduce the resistance factor to 0.35 for redundant groups of driven timber pile, if the lowa DOT ENR formula is used for construction
control. This is based on lowa historic timber pile test data. For timber pile driven with WEAP, the resistance factor may be taken as 0.40.

10/25/2012

I Dey et
@ o Department

Step 8. Target Nominal Driving Resistance

Resistance Factor )

Non-
Cohesive Mixed on

Cohesive

d) ¢EOD ¢SE"II|) ¢ ¢

0.55 - 0.55M | 0.50"
- ] 0.65 [ 0.20 i .
| 0.70 - - : :
~— o075 | 040

070 070

€N aiiinStep 8 Target nominal driving resistance

@ = 0.70 for cohesive soil, with retap test 3 days after EOD

Determine the nominal geotechnical bearing resistance per
pile at 3-day retap.
128.6

Rn = W =183.7 kips

The average SPT N-value over the estimated pile embedment
length is needed to use the setup factor chart.

~(20)(11)+(27)(25)

19
(20+27)

a
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@zﬁ;yr‘:,n;f»,«;::{ingtep 8 Target nominal driving resistance

21 SPTH
VALUES
----- 1-Day (BLowsFT)
2 - - 30y
—7-Day ¥ BF1G
i . TOPSOIL
FIRM
i GLACIAL 11
cLar
VERY
FIRM 5
GLACIAL
50| CLAY.
0 10 20 a0 W 50 | I
Average SPT N-value, N, :

lowa Department - . . .
@zﬁ;!ﬁ:.“:ﬁ*:iﬁﬁzStep 8 Target nominal driving resistance

183.7 i
Reop = 157 - 117 kips = 59 tons

Determine the nominal resistance at 3 days. From the setup chart,

R¢
Fsetup = % =1.52
The target nominal geotechnical resistance at the 3-day retap is

RS-day = FsetupxREOD
Ra.qay = 1.52x117 = 177.8 kips = 89 tons/pile

(AR Step 9 CADD Notes

10/25/2012
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(AYrEe Step 9 CADD Notes

£y Step 10 Check the design

« Independent check of the bridge
design, when the final plans are
complete.

END DESIGN PHASE

A Bt Step 11 Bearing Graph

BEGIN CONSTRUCTION PHASE

« Contractor: provide
hammer data sheets

« Office of Construction:
perform WEAP
analysis & prepare
LRFD driving graph

Topic 9
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(A B Step 11 Bearing Graph

Soroe Wonitor 3110 | Do NGT [Project Ne:

Do trampe 06131 [Grapher P0G T

o0 [Mammer Mo o000

Conditions 7 ounty:

SpecialOrivng | () Exceed_[Designivo:

00t [eon o

3 = [esation:

o pertont 5 [Hammer.

West Abatment [PieType:  we 1057
eiemag 01942 [Pie Lengt 60

] EEIEEE

o5EE 558388 EEEEEEE

Oxiving Revintance, Toms

o W N X & % @ N

®OoW 0 N W M W 0 0

LRFD Driving Graph

€N Step 12 Construction observation

Observe construction, record driven resistance and resolve

any construction issues

¢ Record hammer stroke and

number of blows

¢ Use the LRFD driving graph
to determine driven resistance

at EOD

« |f resistance at EOD is less

than the target resistance,

retap pile at 3 days after EOD

to verify its performance

’ lowa Department
'Y of Transportation
L L —

Track 3, Example 2

Wrap-up
* Blue Book unit nominal

resistance

 Resistance factor = f (Limit State, soil category, &

construction control)

¢ Contract pile length, L =

60 feet

¢ Construction Control: WEAP analysis with 3-day

planned retap

¢ Resistance factor at 7-days after EOD =0.70

¢ Target nominal driving resistance = 59 tons at EOD
« Pile setup factor = 1.52 at 3-days after EOD

« Pile retap = 89 tons at 3-days

10/25/2012
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Learning Outcomes

A. Follow the geotechnical design and construction
steps to implement lowa LRFD Pile Design.

B. Select a resistance factor to estimate the contract
pile length, L.

C. Estimate the target nominal pile driving
resistance, R4t

D. Describe how planned retaps are accounted for.

Ay Questions? - Kam Ng

10/25/2012
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£):iwii Typical Pile Types and Use

Prestressed Steel Pipe

Steel H Timber Concrete  Concrete Fill
I:]t;g;:lm * * Do not use. Do not use.
itl?ltl)tmem *
Frame Pier
T-pier %
Pile Bent % * T %k %

*These cases are detailed on standard plans. Usually
simplified structural design information is available in BDM.

lTowa Department

LA i Design: All Pile Types

Basic LRFD relationship:
XnyQ < ¢R,
* Structural (notation Q =P
and Rn = P)
 Geotechnical
* Driving Target

Topic 10



A b Loads: All Pile Types

vP AASHTO except downdrag

JOH

YoD 1.0
DD BDM Table for friction

Ol

Strength Limit State

lowa Department
@35;!::.“:&1’::’}:2 Structural: Steel H

P SRL-1, SRL-2, & SRL-3,

BDM
I P inegra |< SLR-2, BDM
18 kips plus battered pile
component, BDM
) AASHTO

n

n

Strength Limit State

10/25/2012

(“; P rmspoiaton Structural: Timber
P, 64 kips for 20-30-foot,

80 kips for 35-55-foot,
BDM

O Py integrat |64 kips, BDM

7 kips plus battered pile
component, BDM

(0] AASHTO

n

Strength Limit State

Topic 10
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ENimiiin Structural: Pile Bents, Three Types

Pn
Embedment BDM
KD :': Bott f Pn
ottom of cap Table

| BDM
Hmax ¢ Table

—— Ground, streambed, or design scour

Gmin

Strength Limit State
B Pile tip P10L Standard

10/25/2012

AR Geotechnical: All Pile Types

Resistance factor varies with soil classification
and construction control.

® bearing | BDM Table
¢ i | BDM Table
R .« |BDM Table
R, friction | BDM Table

OH

O

Strength Limit State

LA i Driving Target: Three Pile Types

Resistance factor varies with soil classification
and construction control.

1
O

(91 |BDM Table

Strength Limit State

Topic 10
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A T Driving Target: Timber Piles

Resistance factor varies with construction control
only.

O TAR 0.35, formula control
O 0.40, WEAP control
BDM Table Note

Strength Limit State

10/25/2012

BNt Summary -1

lTowa Department

LA i Summary - 2

(BDM) values for typical bridges.

I - Use Bridge Design Manual

 If no BDM value is available, or
for non-typical bridges, use
O AASHTO LRFD Specifications.
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