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Challenges

Design Stage: Total Resistance?
Construction Stage: WEAP; PDA/CAPWAP; Restrike

(LRFD: ¥ yQ < @R ??)

Shaft Resistance T T

Overburden Soll (e.g., AASHTO)

End Bearing
27?7
Shaft Resistance? T T Soft Rock (Var|ab|l|ty, d, & RQD, Not
Well Defined).
Current Practice: May Treat as Soill;
End Bearing? Local Experience; no ¢ values. oo

Hard Rock (Structure Governs)



What is Intermediate Geomaterial or Soft Rock?

Weathering
Shearing
Tectonization

Intermediate Geomaterial | Hard Rock

Lithification
Diagenesis




Coarse-grained Soil-based IGM
(SH-28 Lemhi River Bridge Project, Idaho)

AP TR

CG-IGM CG-IGM BED ROCK (c)

Core samples indicate CG-IGM starting from 12.5 ft and terminated at 50 ft,
overlaying the bedrock




Classification of Coarse-grained Soil IGM

COV of Resistance Biases
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Soft Siltstone (Lodgepole Creek Bridge Project, WY)

Depth =71.1to 75.6 ft

300 M ucs =22 ksf (> 2 ksf)
Cohesion = 53 psi; Friction Angle = 23°
o50 || HB m coefficient = 3.3 S~
Young’'s Modulus = 13,846 to 23,277 psi \I\GO/‘\/
—~ Poisson’s Ratio = 0.31 to 0.45 P
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Summary of Pile Load Test Data

o 12% Shell

213 Usable Test Piles into Known IGMs

= Shale

@ Claystone
@ Sandstone
O Mudstone
E Limestone
@ Siltstone

O Breccia

O Granite

B Grandionite
m Lignite

O Quartzite
O Soil-Based

229 Usable Test Pile Types



Pile Load
Test Data
(Pile)




Pile Load
Test Data
(IGMs)

FG-IGM = Fine-grained soil based IGM - Colorado
CG-IGM = Coarse-grained soil

based IGM - Kansas
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Classification Chart for Soil-based Geomaterials

Geomaterials

v

v

Soil-based Geomaterials

Rock-based Geomaterials

A 4

Fine Grained Coarse Grained
Geomaterials Geomaterials

IS (N;)go = 58

Is s, = 2.7 ksf ?

blows/ft ?
No| + NO
Fine Coarse
Grained Soil Grained Soil
Yes Yes|
Fine Grained Coarse Grained
Soil Based IGM Soil Based IGM
Soil Based IGM

* Adhikari, P., Ng, K.W., Gebreslasie, Z.Y., Wulff,
S.S. and Sudllivan, T. (2020). “Geomaterial
Classification Criteria for Driven Piles in IGM.”
Canadian Geotechnical Journal, 57(4), 616-621.

* Masud, N.B., Ng, K.W., WuUIff, S.S., & Johnson, T,
(2022). Driven piles in fine-grained soil-based
intermediate geomaterials. Journal for Bridge
Engineering, 27(6), 04022037.
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Classification Chart for Rock-based Geomaterials

Geotechnical

Investigation ¢

UCS from Lab
Test (qu)obs

Rock-based
Geomaterial
l )
RQD from
Field Test

v

Modified RMR Calculation

Yes

/S\
RMR

Is

(qu)obs
> qusi?

Yes

No

Percent Toe Resistance =
13.61-0.004(Embedded Pile Length)?
+12.8 In[(N;)'s0]

Percent Toe Resistance X 0.6P,
2.5 X 0.5 X Box Toe Area

Qusi =

Percent Toe Resistance X 0.6P,

[\/E + 4/ (myfs + S)] X 0.5 X Box Toe Area

Qusf =

Rock-based IGM

Yes

Is

(qu)obs 2

qusf?

A 4

A

Hard Rock

(N,)' 60 = Weighted Average (N,)q, of Overburden Soil

Adhikari, P., Ng, K.W., Gebreslasie, Z.Y., Wulff, S.S. and Sullivan, T. (2020). “Geomaterial Classification Criteria for
Driven Piles in IGM.” Canadian Geotechnical Journal, 57(4), 616-621.
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Ng, K.W., Adhikari, P., and Gebreslasie, Z.Y. (2019). Development of Load and Resistance Factor Design Procedures for
Driven Piles on Soft Rocks in Wyoming. Final Report WY1902F, Wyoming Department of Transportation, Cheyenne, WY.

Determination of q,.
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Ng, K.W., Adhikari, P., and Gebreslasie, Z.Y. (2019). Development of Load and Resistance Factor Design Procedures for
Driven Piles on Soft Rocks in Wyoming. Final Report WY1902F, Wyoming Department of Transportation, Cheyenne, WY.

Determination of
(G50 HP14 x 73 Steel Pile)
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Classification Chart for Shales

Shale
' — Rock based Shales

Field identification system

Decomposition Cracks
Soil-based Shales (SS) Y 3
Slight 1 SW | Hair line
Yes | Isswellingin | No Moderate [»[ MW Visible
core box ? _l T
Clay Shales Silty Shales High HW Broken
Shale type Qualitative description n |gq, (MPa)| E (MPa) |y (KN/m3)| RQD (%) | q. (MPa)
Soil-Based Shale (SS) Clayey shale, silty shale, soft to hard |80 |0.61+0.58| 42+66 | 17.4+1.6 7722 | 0.079+0.031
Highly Weathered Shale (HW) Soft, highly weathered 42 (0.44+0.37| 24+30 | 16.2+1.3 70+21 | 0.028+0.013
Moderately Hard & Weathered Moderately hard, weathered, and 43 |1.18+1.77| sas13s | 17.342.1 S ST
Shale (MW) moderately weathered
Hard & gggretl)(/sv\\/lve)athered Hard, slightly weathered, and fresh | 56 [ 3.52+3.16 | 287+340 | 19.3£1.9 86+11 0.14+0.019

Islam, M.S., Ng, K.W., and Wulff, S.S. (2022). “Prediction of driven piles in shales considering weathering and

time effects.” Canadian Geotechnical Journal, 59(11), 1851-1871. 15
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Independent SLT System
(IADOT; Iﬁ\ilAD_DOT' KDOT)

Inltlal Gap to be Hose o

Soil

="

Masud, N., Ng, K.

Production piles

Innovative SLT System (CDOT)

W., Oluwatuyi, O., Islam, S., Kalauni, H.K., and Waulff,
S.S. (2023). “Evaluation of Static Load Test Systems for Driven Piles in
Intermediate  GeoMaterials.” Transportation Research Record,

2677(10), 741-756.

Initial Gap to be Closed
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SLT Results (I-80 Rock Springs, WY)
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Fine-grained Soil IGM: Low Plasticity Silt (ML-IGM)

Unit Shaft Resistance, g, (ksf)

.
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+ +
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+
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Undrained Shear Strength, s, (ksf)
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Validation: Piles in Fine-grained Soil IGM

Predicted Unit Resistance, gs' (ksf)

2.5

1.5

0.5

Measured Unit Shaft Resistance, gs (ksf)

X
°
'y
x °
| X o
x ¢ ° _
x8 t -
XX
HX X
i 0 o O
SA
Ratio Mean Sd. COV
qs/qs’ 0.91 0.28 0.31
0 0.5 1 1.5 2 2.

0 CH-IGM CEP (Long
& Anderson 2012)

A ML-IGM H pile
(KDOT)

x CH-IGM H pile
(Long & Anderson
2012)

— CH-IGM H pile
(KDOT)

¢ CL-IGM CEP (Long
& Anderson 2012)

x CL-IGM H Pile
(Long & Anderson
2012)

e CL-IGM H Pile
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Fine-grained Soil-based IGM (End Bearing)

Unit End Bearing, q, (ksf)
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Validation: Piles in Fine-grained Soil IGM

450
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Static Analysis Equations for FG-IGMs

Unit Resistance | Soil-based IGM Proposed Static Equation Applicable Range Pile
. 1.80 3.22 ksf<'s, <16.07 ksf HP &
Qs (ksf) ML-IGM s = su] B, . . 4T
1 + 440 "% 0.27 ksf< g, <4.35 ksf OEP
. 1.58 3.46 ksf<s, <15.31 ksf HP &
ds (ksf) CL-IGM ds = su | Fa . _< y _< .
1+ 47.69_1'34P_a 0.17 ksf<q, <4.24 ksf OEP
A 2 2.75 ksf<s, <15.94 ksf HP &
gs (ksf) CH-IGM qs = 5| P ' —< u —< '
1+ 50.48—1.413—(1 0.28 ksf<qg, <4.68 ksf OEP
Su, D ftift< s, = <
) 2 X D, 0.08 ksf-ft/ft< s, Pp = 0.89 HP &
gp (ksf) FG-IGM qp = P, ksf-ft/ft
0.001 + 0.00273x x 2. OEP
e ' P, " Dg| 27.71 ksf<q, < 399.16 ksf

s,~undrained shear strength (ksf); P ,=atmospheric pressure=2.12 ksf, D=pile dimension or diameter; Dg=total pile penetration;

OEP=0pen ended steel pipe pile.

Masud, N.B., Ng, K.W., WUIff, S.S., & Johnson, T., (2022). Driven piles in fine-grained soil-based intermediate geomaterials.
Journal for Bridge Engineering, 27(6), 04022037.
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LRFD Resistance Factors for Piles in FG-IGMs

o Monte Carlo Simulation
CGIGM Statistical Parameters B.=2.33 B.=3.0
N Mean COoVv ()] ()]
Unit Shaft Resistance
ML-IGM 41 1.07 0.47 0.44 0.31
CL-IGM 92 0.91 0.41 0.43 0.31
CH-IGM 43 1.13 0.24 0.80 0.66
Unit End Bearing
FG-IGM 27 1.07 0.36 0.57 0.43

N-Sample size; ¢—Resistance factor; B—Target reliability index; COV—Coefficient of variation.

Masud, N.B., Ng, K.W., Wulff, S.S., & Johnson, T., (2022). Driven piles in fine-grained soil-based intermediate
geomaterials. Journal for Bridge Engineering, 27(6), 04022037.
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Static Analysis Equations for Shales

Shale Type Proposed Static Equation for qg Applicable Range Pile
. 3.523 qy 2.18 ksf< g, <51.5 ksf HP &

- hal Gs= = Tu=
=oll-based (33) Shale 5= 8.6 + g1 05 0.76 ksf<q, <2.68 ksf Shell
Soft & Highly Weathered (HW) 5 — 0230045 2.18 ksf< g, <25.6 ksf HP &
Shale s = V-234u 0.18 ksf<g, <1.06 ksf Shell
Moderately Hard & Weathered ~ _ 11964¢, 2.6 ksf< g, <58 ksf HP &
(MW) Shale I =05 + ¢,)0%3 1.12 ksf<q, <2.29 ksf Shell
Hard & Slightly Weathered (SW) A _ 2.62 qy 4.54 ksf< q, <126 ksf HP &
Shale s = (0467 + q,)09%5 2.24 ksf<q <3.78 ksf Shell
Shale Type Proposed Static Equation for q, Applicable Range Pile

Soil-based Shale and Soft &
. 3.61 ksf< g, <51.5 ksf HP &
- A — 0.35 u

Highly Weahered (SSHW) ap = 4572 qy 30.7 ksf<q, <182.7 ksf Shell
Moderarely tiard & T sathered _ 19064 ¢, 5.4 ksf< q, <124 ksf HP &
lvd b= 1% q,)088 35.1 ksf<q, <384.5 ksf Shell

Weathered (MW-SW) Shale

q,= uniaxial compressive strength in ksf

Islam, M.S., Ng, K.W., and Wulff, S.S. (2022). “Prediction of driven piles in shales considering weathering and

time effects.” Canadian Geotechnical Journal, 59(11), 1851-1871.




LRFD Resistance Factors for Piles in Shales

Statistical Parameters

Monte Carlo Simulation

Shale Type B=2.33 B=3.0
N Mean COoVv ()] ()]
Unit Shaft Resistance
SS 27 1.01 0.33 0.57 0.44
HW 23 0.97 0.38 0.49 0.37
MW 31 1.02 0.23 0.74 0.61
SW 34 1.06 0.32 0.62 0.49
Unit End Bearing
SS-HW 28 0.98 0.32 0.57 0.45
MW-SW 36 1.02 0.29 0.64 0.51

N-Sample size; ¢—Resistance factor; B—Target reliability index; COV—-Coefficient of variation.

Islam, M.S., Ng, K.W., and Wulff, S.S. (2022). “Prediction of driven piles in shales considering weathering and
time effects.” Canadian Geotechnical Journal, 59(11), 1851-1871.




Static Analysis Equations for Rock-based IGMs

Rock-based IGM Proposed Static Equation for qg Applicable Range Pile

7.34 ksf< q, <67.7 ksf

~ 0.44
4s = 0454y 0.99 ksf<q, <3.24 ksf HP & OEP
Siltstone
A AN 16 b/ft< (N;)go <151 bfft
Gs = 042k, [ T 0.89 ksf<q, <3.90 ksf HP & OEP
Claystone qs = 0.74q,%3°° 1.46 ksf< g, < 163.1 ksf HP & OEP

0.42 ksf<q, <3.55 ksf

N 19 b/ft < N <168 b/t
Mudstone 6. = 6.19[1 — e(-005215%0%)] 0.19 ksf < g, < 8.1 ksf HP & OEP
0.19 ksf <q, < 5.2 ksf

1.25 ksf< q, < 459 ksf
0.42 ksf<q, < 5.01 ksf HP & OEP

P

Sandstone Gy = 0.56q,%37

Masud, N., Ng, K.W., Kalauni, H., and Wulff, S.S. (2023). “Reliability-based design improvement and prediction of steel
driven pile resistances in rock-based intermediate geomaterials.” Acta Geotechnica. https://doi.org/10.1007/s11440-023-
01909-1




Static Analysis Equations for Rock-based IGMs

Rock-based IGM Proposed Static Equation for qp Applicable Range Pile
; 324 N
Siltstone 6, = 12,9, [, 13G555)] 213 bif® < N/D, < 11.13 b/ft? | HP & OEP
. 313.27q, 3.55 ksf< g, < 109.65 ksf
Claystone b =%096+q, 44.7 ksf <q, < 264.4 kst HP & OEP
N; = 0.907¢? — 71.399¢ + 1428.55 37 deg.< ¢ <45 deg.
Sandstone 2 = Ny 6< N, <107 HP

Masud, N., Ng, K.W., Kalauni, H., and Wulff, S.S. (2023). “Reliability-based design improvement and prediction of steel
driven pile resistances in rock-based intermediate geomaterials.” Acta Geotechnica. https://doi.org/10.1007/s11440-023-
01909-1




LRFD Resistance Factors for Piles in Rock-based IGMs

Monte Carlo Simulation
Pile Type Rock-Based IGM N Mean Cov B.=2.33 B.=3.0
4 4
Unit Shaft Resistance
H & Pipe Pile Siltstone: qu 29 1.02 0.31 0.61 0.48
H & Pipe Pile Siltstone: (N1)so 48 1.04 0.33 0.60 0.46
H & Pipe Pile Claystone 12 1.09 0.45 0.47 0.34
H & Pipe Pile Mudstone 24 0.97 0.44 0.43 0.31
H-Pile Sandstone 17 1.03 0.45 0.44 0.31
Unit End Bearing

H & Pipe Pile Siltstone 20 1.03 0.47 0.42 0.31
H & Pipe Pile Claystone 9 0.99 0.44 0.43 0.31
H-Pile Sandstone 18 1.17 0.41 0.55 0.41

N-Sample size; p—Resistance factor; B—Target reliability index; COV-Coefficient of variation.

Masud, N., Ng, K.W., Kalauni, H., and Wulff, S.S. (2023). “Reliability-based design improvement and prediction of steel
driven pile resistances in rock-based intermediate geomaterials.” Acta Geotechnica. https://doi.org/10.1007/s11440-

023-01909-1
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Change in Unit Shaft Resistance (%)

Setup/Relaxation of Unit Shaft Resistance in Shale
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Setup/Relaxation of Unit Shaft Resistance in Shale

Change in unit shaft resistance (%)
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Setup/Relaxation of Unit End Bearing in Shale
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Subsurface Conditions | to V for WEAP Procedure

Subsurface
Condition |

Subsurface

Condition Il

Over- -
“burden
oSl
Soil-
Chaiee 4 based
. o IGM
Fraiiet @rebeiwdd
Subsurface Subsurface Subsurface
Condition Il Condition 1V Condition V

Islam, M.S., Ng, K.W., and Wulff, S.S. (2022). “Improved Wave Equation Analysis of Steel H-Piles in Shales Considering LRFD and Economic
Impact Studies.” Journal of Bridge Engineering, 27(6), 04022039.

Kalauni, H.K. (2021). New static analysis methods and improved wave equation analysis program for driven piles in intermediate geomaterials
with load and resistance factor design recommendations. MS thesis, University of Wyoming, Laramie, WY.
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LRFD Resistance Factors for WEAP Methods
(Rock-based IGMs)

FOSM
Method N Mean CcoV 2.33 3.00
¢ ¢p/x ¢ P/x
WEAP-SA-D 119 1.15 0.25 0.72 0.62 0.58 0.50
WEAP-UW-D 119 1.16 0.26 0.73 0.63 0.6 0.52
WEAP-UW-R 119 1.03 0.20 0.71 0.70 0.59 0.58
WEAP-SA-R 119 1.02 0.21 0.69 0.70 0.58 0.59

N-Sample size; p—Resistance factor; 3—Target reliability index; COV—Coefficient of variation; @/x—Efficiency factor; FOSM-First Order

Second Moment; FORM-First Order Reliability Method; MCS—Monte Carlo Simulation.




Recommended Driven Pile Design and
Construction Control Process

Optimum Site Proposed

Investigation Geomaterial
(Sub_su_rf_ace — | Classification
Variability) System

Overburden Soills
(Existing SA Methods)

+

IGMs

(Proposed SA Methods)

Y

| Existing LRFD (Solls) and

Proposed LRFD (IGMs)

Construction Controls:
* Proposed WEAP Procedure and LRFD
* Dynamic Testing + Pile Restrikes

|

I

Prediction of Pile
Resistances and Depth
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Example (Replacement of Memorial Bridge, ND)

Subsurface Profile

Hammer & Pile information

= Hammer: Delmag D 36
= Pile: HP14x102

= Pile Length: 125 ft

Geo- S, o

Sand 35.5 5 -- Soll

Clay 15 23 | 5.8

Clay 15 46 | 9. | Fine-grained soil -
based IGM

Clay 5 34 | 7.7

Sand i [ — | Coarse-grained soil-

Sand 19.5 84 N based IGM

- Embeddedtength 97—
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Default WEAP Method — Drivability Analysis

Step 1: Drivability Analysis using the SA input procedure

Select Hammer X Analysis Type
D: 16 Name:  |DELMAG D 36 ~ Bearing Graph i
~ List of Hammers (" Proportional Shaft Resistance/End Bearing
Type: |ALL | Manufacturer: | _ALL_ | " Constant Shaft Resistance
ID l Name I Type l Ram Wt I Energy/Power A ¢ Constant End Bearing
11 DELMAG D 30 OED 6.600 59.730 :
12 DELMAGD3002 OED 6600 66.198 L omnec o it
13 DELMAG D 30-13 OED 6.600 66.198
10 DELMAG D 25-32 OED 5510 66.340
14 DELMAG D 30-23 OED 6.600 73.788
15 DELMAG D 30-32 OED 6.600 75.438
16 DELMAG D 36 OED 7.930 83.820
17 DELMAG D 36-02 OED 7.930 83.820 v
< >

Note: You can customize the hammer after this wizard in the main input form.

< Back | Next > I Finish I Cancel Help < Back Next > Finish l Cancel I Help

Selection of Hammer Analysis Selection




Detftault WEAP Method — Drivability Anal

Step 1: Drivability Analysis using the SA input procedure

Pile Input

i~ Pile material Pile Type:
" Concrete (¢ Steel " Timber ‘ I H Pie

~ Pile - 11~ Pile Cushion -
Length Area 0.0 in"2
Penetration Elastic Modulus 0.0 ksi
Section Area Thickness 0.0 in
Elast Modulus COR. 0.5
Spec Weight Stiffness 0.0 kips/in
Toe Area
Perimeter

Pile Size

Press F3for help on a selected parameter.

X

< Back

Finish I Cancel |

Help

Pile Information Input

Hammer Cushion

r~Info. for Selected Hammer - - — Hammer Cushion -
‘ ID: | 16 Area in"2
| Neme: | DELMAGD 36 Blastic Modulus ksi
Thickness in

‘ Type: | OED COR.
| Ram Wt.: | 7.930 kips Stiffness kips/in

Energy/ | 83.820 kipsft | | Helmet Weight kips

Power,
Press F3for help on a selected parameter.
< Back Next > Fish | Cancel | Help

Hammer Cushion Input
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Geomaterial Input — Drivability Anal

Step 1: Drivability Analysis using the SA input procedure

Seoil Profile Input for Static Analysis

Profile/Resistance | Other Parameters | SPT N vs. Depth |

B . O = |

Profile Settings Layers
Penetration:
ol
00 oo™ e IEI'?.

Depth below ground surface (ft)

<

Layer: |4|‘1|3 » H|°5
Mumber of Layers: m
Water Table: ID— fi

Layer Top Depth: [50.5 ft
Layer Bottom Depth: |55 5 ft
Layer Thickness: |15. ft

— Sail Type

A= " Sand:

 Sikt:
= Clay

4 hE.5 " Rock

N=23.0

" Gravel Graded: Size:

I jv

" Peat or other w/o resistance Description:
 Cther:

| ] [oay

SPT N Value: I-iﬁ =60 Interp.

>

— Sall Parameters

~[uake
sheft [N n  [Corst
Toe m I
.—Damping 1
Shaft =/ft ;Ennst
Toe [RENN =t [Srith

Smith_ Parameters for Drivability Analysis

N=486.0

BES 5

N=34.0

For selected soil, you need to specify:

& =t
¢) [~ Degree
Unit Weight: [135.03 bt ™2

Top: [1.566 |51.879 ksf
Bottom:

Friction: End Bearing:

» Fine grained soil-based IGM

[1.566 |51.879

a7.0—>—

Update == Ru=505.1; Rs=357.0 kips

» Unit resistances assigned by WEAP

OK I Cancel Help

SA Input Form

» Alternate input for coarse grained IGM N>60

Run Drivability Analysis to Obtain
Percent Shaft Resistance
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Default WEAP — Bearing Graph Anal

Step 2: Use the percent shaft resistance to run bearing graph analysis

1000

DELMAG D 36
’f;,,el
L] Stroke 8.50 ft
200 ] Ram Weight 7.93 kips
w Efficiency 0.800
i Pressure Variable
3 eoo Helmet Weight 1.90 kips
< Hammer Cushion 60155 kipsfin
E COR of H.C. 0.800
| Slpopets o Smith parameters
: I )
. Skin Damping 0.142 secht assigned by the
200l Toe Damping 0.150 sec/ft WEAP
Pile Length 125.00 ft
' Pile Penetration 97.00 ft
o Pile Top Area 30.10 in2
i} 100 200 300 400 500 -1 1]
Blow Count (blft)

Bearing Graph Using Default WEAP Method
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Proposed WEAP Method — Geomaterial input

Step 1: Drivability Analysis using the UW proposed static analysis methods

X

Low plasticity clay based IGM

) 1.58
s = —1.34°u Fa
1+ 47.6e Pq
Sy D
R P, D
dp = a8 s, D P,
_0.0011 + 0.0027P—aD—B

Sand based IGM (Steel H-pile)

Soil Profile Input for Static Analysis
Profile/Resistance | Other Parameters | SPT N vs. Depth |
b . O - Laver: 4142 D DIkiE
Profile Settings Layers Number of Layers: iS 5:
o Penetration: Water Table: [0. f
OO O o [97. Layer Top Depth: 355 ft
- g - Layer Bottom Depth: [5p5  ft
Layer Thickness: |15. ft
10 sl 1 Soil Type
" Gravel Graded: Size:
o " Sand: I L] l ;]
" Sit: | -I
E 30 L oy
§ " Rock I 'I
E o] (" Peat or other w/o resistance  Description:
§ N=23.0 Other (% Other: [Cohesive | [Other
=
ga 50 & SPT N Value: |23. <=60 _Intep
E I
‘§ N=46.0 Other u Sl
2 60— ¢ [~ Degree
§ B5.5 e — Unit Weight: [128.909 b&"3
=34, x
70 0.5 ~ For selected soil, you need to specify:
b7 5 a=45.0 Other Friction: End Bearing:
80 Top: {2.05 [122.68 ksf
Bottom: [2.05 [122.68
a=45.0 Other |
. Update => Ru=1012.0; Rs=753.1kips |
srod B0 <= Expand |
oK | Cancel | Hep

G. = 0.63P o', 58]
qS - " a Pa N
P, N
X o, 58
dp = J2 N Pa
0.0029 + 0.0071 % X ¢
| oy 58

SA input form for geomaterial input

Run drivability
analysis to
obtain
new percent
shaft
resistance
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Based on Boring logs and Geotechnical reports

Identify Geomaterial of Bearing layer

l Based on geomaterial Description

‘ Soil- Based Geomaterial

Based on USCS

Fine Grained Geomaterials (CH,
CL, ML, MH)

Coarse Grained Geomaterials (SW,
GW, SP, GP, SM, GM, SP-SM)

|

|
Yes Yes
v v
: y p Fine ; .
Fine Grained Soil Based Grained/Coarse Coarse Grained soil
IGM ; ; Based IGM
Grained soil

Are all Overlying
—(_ geomaterial layers
soil based?

Are all Overlying
geomaterial layers >-

Are any of the Overlying soil based?

geomaterial layers soil based
IGM? —‘

WEAP
Default

Are any of the
Overlying Geomaterial
layer Coarse Grained
Soil Based IGM?

Are any of the
Overlying Geomateria
layer Fine Grained
Soil Based IGM?

No

v
Subsurface Subsurface i‘l:)tl)ls:lrnfi;e
Condition: I condition: IIT = 2

Proposed WEAP —
Subsurface Condition

Step 2: Determine subsurface condition

Bearing Layers — Soil Based IGMs:
| — Overburden Soll + Fine Grained Soil based-IGMs
Il — Overburden Soil + Coarse Grained Soil based-

IGMs

Il — Overburden Soil + Coarse Grained

Soll based-IGMs + Fine Grained

Soil based-IGMs

Subsurface

. Geomaterial
Condition

Qs (in)

Q (in)

Shaft or Toe
Damping (s/ft)

Soill

[l Fine-Grained SB-IGM

Coarse-grained SB-
IGM

0.1

D/60; Soft soils
D/120:; Hard soils

0.05 (Coarse);
0.10 (Fine)

D/120

0.18

D/120

0.10

a7



Bearing Graph — Soil/Pile Segment Input

Step 3: Assigh new back-calculated guake and damping values

. File Edit View Options Tools Window Help 5 n2an
Pile S t Input X
J 0| || §|‘ﬂ Check Status b [sT(sacpt|sei| ¢ [A| O] ile Segment Inpu
Job Information Input I
E General Options | ~ Input Option
P ; . stiffness and weigl
Select from following list Soil Parameters 2 §p||.;?e-; Update ] - e sl e s bt
D I M ame Hammer Parameters Additional Input I ~ * determination of stifness and weight
571 APE D 13-4 Offshore t Pile Profile Section |nput " User defined seg. length, stiffness and weight
572 APE D 304 o :
RT3 APE D 3E-42 OED EEttErflﬂCllﬂEtlDﬂ W
Static Soil Weight in Pile Segment Segment A
|—Hammer parameters H LI S GEs (Ui T Number Length
. — Lirme 1 28
2 35.5
Assign The Soil/Pile Segments ; 2
5 5
Pile Segment | Geomaterial | Depth (ft) Description E 7
.5 |
1 Above Ground 28 None
2 Sand 35.5 Saoll
3 Clay 15 Ei ned soil
4 Clay 15 Ine-grainea soil - v
based IGM
5 Clay 5 ok | Cancel | Hep |
6 Sand 7 -grai il- -
Coar;e g';jallrgl\cjl soil Pile Segment Input Form
7 Sand 19.5 ase A8




Bearing Graph — Shaft Damping Input

Step 3: Assign new back-calculated quake and damping values

u File Edit View Options Tools Window Help

R

i IBearing Graph - prop. sH

— General Information —
| Pile Length:

Check Status

Job Information
General Options
AC-H Pile Parameters

He:: Soil Segment Damping/Quake |

Hammer Parameters ’

l English

»

Extended Soil Model

Im Offshore |
‘ Depths below ground 'sunammvmmel:tion l

Assign Shaft Damping to Pile Segments

Soil Segment Input
Input

Number of Segments |“ {

Input Option
~

No individual soil segment input.

¢ Individual damping input for each segment.

Segment Soil A
Number Damping

0.05

0.05

0.18

0.18

0.18

0.10

Io’w&uw-

6250F -~ -

Damping

0K I Cancel | Help

Seglr:]eent Geomaterial chl?;h Description |Damping (s/ft)
1 Above Ground 28 None Any
2 Sand 35.5 Sall 0.05
3 Clay 15 _ _ 0.18
A Clay 15 F_me-gralned 018
5 Clay 5 soil -based IGM 0.15
6 Sand 7 Coarse-grained 0.10
7 Sand 19.5 |soil-based IGM 0.10

Pile Segment Input Form




Bearing Graph — Quake/Damping Input

Step 3: Assignh new back-calculated guake and damping values

m Toe damping and toe quake are input on the main form

— =0l Parameters

2nd Toe - Mo ]
— Huake Tl
shat (NN in  [Const
Toe Ir
D amping -
Shaft st Mar
Toe m s/t [Smith

Shaft or Toe

o iooe| Geomaterial | Q, (in) Q, (in) Damping
Condition
(s/ft)
Soil D/60 (Soft soils) | 0.05 (Coarse);
D/120 (Hard soils) | 0.10 (Fine)
Fine-Grained
Coarse-grained

SB-IGM D/120 0.10
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Depth (ft)

Alternative Method to Input Shaft Damping

Unit Shaft Resistance (ksf) Layer | Ji(s/it) A AXJ;
0 1 2 3
0 : : : 1 0.05 6.07 0.30
10 A 2 0.18 30.75 5.54
Layer 1 ] o 2?;1 Aix‘]i
20 A Y ]S = n . 3 0.18 | 45.45 | 8.18
21:1 l
30 T A = Area of shaft 4 0.18 16.25 2.93
40 Layer 2 resistance profile 5 0.1 1785 | 1.79
50 +-==----m---- -- 6 0.1 40.56 4.06
Layer 3
60 - Ve Sum = | 156.93 | 22.79 | J = 22.79
------------------ - 156.93
70 + - - - Layer4 _ _ _ _ _. - Soil Parameters = (0.145
______ L_a)./e.ré - _——— = - Huake
80 -
Layer 6 shat (RN in  [Const
90 - Taoe i
D amping

Toe m /ft |Smith 51



Proposed WEAP - Bearing Graph Analysis

Step 4: Run bearing graph based on the new percent shaft resistance

1000

DELMAG D 36
-
e Stroke 8.50 ft
800 | Ram Weight 7.93 kips
@ Efficiency 0.800
i Pressure Variable
g c00 Helmet Weight 1.90 kips
© Hammer Cushion 60155 kipsfin
E COR of H.C. 0.800
= 0 Skin Quake 0.100 in _
Toe Quake 0122in | =~ Newly assigned
500 Toe Damping 0.100 secit
I Pile Length 125.00 ft
Pile Penetration 97.00 ft
o Pile Top Area 30.10 in2
a 40 a0 120 180 200 240

Blow Count (bl#t)

Bearing Graph Using Proposed WEAP




Default WEAP vs Proposed WEAP

1000

(o]

o

o
1

(@)

o

o
1

N

o

o
1

600 -

500 -

400 -

300 A

200 -

Ultimate Pile Resistance, R (kips)

— Default WEAP
— —Proposed WEAP

100 A

0 50 100 150 200 250
Blow Count (b/ft)

Bearing Graph Comparison for Stoke Height = 8.5 ft and Hammer Blow Count = 49 bl/ft
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