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DISCLAIMER

This report/user manual and the accompanying design software (WBUZPILE) were prepared for
use by the Alabama Department of Transportation (ALDOT) technical staff. Neither the
Alabama Department of Transportation nor the Principal Investigator warrants the manual, the
software and results to be free of defects. All users are warned that they must have the technical
training and experience to apply the information to their needs, and they must be responsible for
the outcomes of such applications. Methods and techniques applicable to one locale or situation
may not be suitable for others, and users are responsible for recognizing such deviations and for
making appropriate adjustments. Some errors may exist in both the manual and software that
may affect the results obtained. It is the user’s responsibility to check results and to assure
correctness and suitability of those results. This report and the accompanying design software do

not constitute standard specifications, or regulations.



FORWARD

This report and the accompanying computer code (Software, WBUZPILE) describe the
characterization and analysis of piles under axial loads. A combination of different formulas
obtained from ALDOT long time experience along with fundamental equations of deep
foundations are employed in this program to assess the axial capacity of driven piles. The report
focuses on the entry of input data, interpretation of the output results and description of the
employed soils and equations. In addition to sand and clay models developed by ALDOT, the
report presents modeling formula for silt soils that include sandy silt and clayey silt and
weathered rock (soft rock). The current program analysis allows the utilization of the LRFD
approach that determines the geotechnical resistance factor based on the calibration by fitting as
presented in Chapter 1. In addition to the use of varying values of safety factors and DL/LL, the
program user can also use a default resistance factor of 0.71 which is based on a commonly used

safety factor of 2 and DL/LL ratio of 2 as recommended by ALDOT.

The obtained results are presented numerically and graphically through the output data files and
plotted graphs. Several warning messages are built in the program to avoid many of the common
mistakes. It should be mentioned that the current version of the program WBUZPILE has the
capability of directly uploading the input data files created earlier by the original program

BUZPILE with no need for any modifications.

This report/user manual and related software have been developed by Dr. Mohamed Ashour, Mr.
Amr Helal and Mr. Hamed Ardalan at the University of Alabama, Huntsville for the Alabama

Department of Transportation (ALDOT) under the Research Project 930-769.
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CHAPTER 1

IMPLEMENTATION OF LRFD IN THE DESIGN OF DRIVEN PILES
USING THE CALIBRATION BY FITTING

1.1 Introduction

In the Allowable Stress Design (ASD), the uncertainties or risks (errors and variations) in the
calculations of loads and resistances are accounted for through one single factor of safety (FS).
That factor of safety is applied to the sum of unfactored loads {Dead Load (DL), Live Load

(LL), ....} to compare with the nominal resistance (Ry)

R,>FS (DL + LL)

Unlike the ASD, the Load and Resistance Factored Design (LRFD) accounts for

1. the uncertainties associated with the estimated design load through the load factor (y);

and

2. the uncertainties associated with the estimated nominal geotechnical resistance (Ry) via

the resistance factor, ¢.

In the LRFD, the sources of uncertainties are separated to make it simpler and more rational to

evaluate them (determine ¢ and y) based on scientific methods (Abu-Hejleh et al. 2009).

The way the loads are combined in the LRFD for the strength limit and compared to resistances
is significantly different from the ASD. Strength | is the most common and basic load group (no
wind). The load factors (y) for the same load type vary among the different strength groups
(Strength I, 11, 111, 1V, and V). The Strength | load factors are considered in the calibration of the
geotechnical resistance factors, where the dominant loads are the Dead Load (DL, load factor
1.25) and Live Load (LL, load factor 1.75), with an average load factor of 1.4 (Abu-Hejleh et al.
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2009). The load factors of the other load groups (Strength II, Ill, 1V, and V) are selected to
reflect the certainty and importance of these loads and to generate overall reliability with the
loads close to that of the Strength | loads. Consequently, it is suggested the calibration of

resistance factors using the Strength | Load Group be reasonable for use with other load groups.

There are two calibration methods to determine the LRFD resistance factor (¢).

1. The first method is the calibration by fitting with factors of safety of the allowable stress
design (ASD) method to avoid unacceptable deviation from the past safe and satisfactory
practices. With this approach, the LRFD geotechnical design results would be similar to
those generated in the ASD method. This method is usually used to determine the
resistance factors when a database or case histories are not available.

2. The second calibration method is to use the reliability analysis that would be considered

when reliable/adequate number of load test data is available.

1.2 Calibration of Geotechnical Resistance Factor (¢) by Fitting to the ASD Factor of
Safety (FS)

ALDOT uses in-house design method for the evaluation of the static axial capacity of driven
piles based on the correlation between the SPT-N and soil properties to obtain pile tip and side
ultimate resistance. With this approach, the LRFD geotechnical design results would be similar
to those generated in the ASD method. This approach requires the Factor of safety (FS) of the
ASD method and Strength | load factors with a load factor of 1.25 for Dead Loads (DL) and 1.75
for Live Loads (LL), as appeared in AASHTO LRFD 2010.

Fitting the geotechnical resistance factor (¢) with the ASD Factor of Safety (FS) is expressed as,

b= Yo (DL/LL) +y,,
(DL/LL +1)FS



yoL = 1.25 and y = 1.75 where typical DL/LL ratio ranges between 1.5 to 3.

Table 1.1 Resistance factors fitting with different ASD factors of safety

DL/LL Resistance Factor (¢)
FS=15 FS=20 FS=25 FS=3.0
1.5 0.97 0.73 0.58 0.48
2 0.94 0.71 0.57 0.47
2.5 0.93 0.70 0.56 0.46
3 0.92 0.69 0.55 0.46

Based on DL/LL ratio =

Geotechnical resistance Factor (¢) is calculated (0.71) and employed to obtain the Pile Factored

2 and desired Factor of Safety (FS = 2.0) as an example, the

Resistance. To facilitate the implementation of the LRFD, the computer program WBUZPILE

internally employs a resistance factor (¢) of 0.71 as a default value in the program that has been

determined based on the method of calibration by fitting to the ASD safety factor. However, the

program allows the user to enter different values of DL/LL and FS to obtain different

Geotechnical resistance Factor (¢).



CHAPTER 2

INPUT DATA

The user needs to enter the following data as shown in Fig. 2-1:
1. Number of Soil Layers:
Enter the total number of soil layers in the soil profile with maximum of 15 layers.
The program does not allow the user to enter more than 15 layers.

Press Enter or click Update Screen to update the soil tables for the new soil layers.

2. Elevation of Zero Depth (ft):

Enter the elevation of the ground surface (zero, positive or negative value).

3. Table of Soil Profile and Properties:
a) Soil Type (Fig. 2-2):
The program provides five different types of soil (sand, clay, weak rock, sandy silt,
clay silt). Click the appropriate type of soils.
Sand
Clay
Weathered Rock
Sandy Silt:  Use sandy silt for fine soil with plasticity index (PI) < 4
Clayey Silt:  Use clayey silt for fine soil with plasticity index
7>(P>4
b)  Soil Description (Fig. 2-3):
The user can type up to 30 characters for soil description.
c) Depth to Bottom of Layer:
Enter a positive value for the depth of the soil layer measured from the ground
surface (Not the elevation of the ground surface)
d) Blowcounts (N):
Enter the Standard Penetration Test blowcounts per foot (N) after correcting N for
the hammer efficiency of 60% (Neo) .



Hammer Efficiency %
60%

N =Neo = N geiq

Use the mouse click or click Enter to move among the same soil table cells. Use

the tab key to alternate between the soil and pile properties tables.

File  Units

Project N
County

Project Ti

Profile LRFD Run Plot Results OutputFiles  ManualMHelp

umber ]10_245_90 Update Sereen
]Mmlison
itle lALDOT

Mumber of Soil Layers 1 Elevation of Zero Depth (ft) 0.0

Soil Layer | Soil | Soil Discription | Depth to Bottom | Blowcounts (M)
Mo. Type of Layer (ft) Blowes/ft
1R -
File Type | Soil-File Perimeter | Pile End Area | Depth of File Tip| “Water Depth [ Pile Tip Resistance
ft ft2 ft ft Ewery 1 ft
14" Solid Concrete Pile d 4670 1.360 Yes |

Fig. 2-1 Basic image for the software initial front page

Soil Layer |

Soil | Soil Discription Depth to Bottom | Blowecounts (M)

Mo,
1

Type of Layer (f) Blows/ft

Sand -

Clay

Weathered Rock
Sandly Sik
Clayey Silt

Fig. 2-2 The different types of soil employed in the software
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Mumber of Soil Layers 11 Elevation of Zero Depth (ft) 90.0

Soil Layer Sail | Soil Discription | Depth to Bottom | Blowcounts (M) | «
Mo, Type of Layer (ft) Blowes/ft ||
1 Sand Loose Moist Sand 1.00 4
2 Sand Medium Maist Sand 5.00 1
3 Sand Loose Moist Sand 11.00 g
4 Sand Medium Damp Silty Sand 15.00 21
= Sand Denge Sand 25.00 30 7

Fig. 2-3 Input soil profile and field data

4. Table of Pile Properties (Fig. 2-4):
a) Pile Type:
The user can choose the pile type from a drop-down menu that contains 11 different
types of piles (most common type of piles used by ALDOT).

14" Solid Concrete Pile
16" Solid Concrete Pile
18" Solid Concrete Pile
20" Solid Concrete Pile
HP 10" x 42 Steel Pile
HP 12" x 53 Steel Pile
HP 14" x 73 Steel Pile
HP 14" x 89 Steel Pile
24" Hollow PSPT

30" Hollow PSPT

36" Hollow PSPT

New Steel Pile

New Concrete Pile

o By clicking the appropriate pile type, the following pile properties of the pile

section will be uploaded,
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b)

d)

Soil-Pile Perimeter: Pile perimeter in contact with soils that is used to
determine the soil-pile frictional resistance along
the pile side (shaft)

Pile End Area: Pile tip/base area used to calculate the pile tip

bearing capacity (i.e. tip resistance)

e The user can also click “New Steel Pile” or “New Concrete Pile” option at the
end of the Pile Type drop-down menu to enter new properties (Soil-Pile

Perimeter and Pile End Area) for unregistered piles.

Depth of Pile Tip:
Enter the depth of the pile tip measured from the ground surface (i.e. the embedded

length of the pile)

Water Depth:
Enter the depth of free water table (positive value) measured from the ground
surface. If the water table is too deep, use a water depth value larger than the pile

length.

Pile Tip Resistance:

e Check the pile tip resistance box every unit length to get the pile tip and side
resistance every unit length (1 ft or 1 meter). This provides a profile for the
pile side and tip resistance during the pile driving. Regardless of the value
entered for the “Depth of Pile Tip”, the embedded pile length (i.e. the
analysis) continues down to the depth of the bottom of the last soil layer
entered in the Soil Property Table.

e Uncheck the box of “Pile Tip Resistance every 1 ft” to get the pile capacity,
pile tip resistance and side resistance just at the value assigned for the “Depth
of Pile Tip” (not every unit length of the pile)



File Type

ft fi2 ft ft Every 1 ft

14" Solid Conerete Pile

16" Seolid Concrete Pile
18" Selid Concrete Pile
20" Solid Concrete Pile
HP 10" x 42 Steel Pile
HP 12" x 53 Steel Pile
HP 14" x T3 Steel Pile
HP 14" x 89 Steel Pile

14" Solid Concrete Pile

| S0il-Pile Perimeter | Pile End Area | Depth of Pile Tip [ Water Depth | Pile Tip Resmtancel

ﬂ Yes i~

Fig. 2-4 Pile database in the software

5. Program Features for Input Data

a) Save

Input Data File:

Click File on the upper menu and then Save As to save the input data for the
first time with a specific file name. The user can choose/create any folder to
save the new file (Fig. 2-5). The name of the file will appear on the left upper
corner of the program window. The program saves the input data file with an
extension (*.INP)

Click File and then Save to save the data input at anytime during the process
of entering data. If the user clicks Save before the file yet has a name
assigned, the Save As window will be opened.

The user can upload any saved input data file that was created earlier by
clicking Open File on the File menu (Fig. 2-5). A new window will be
opened to list all saved input data file in that folder with extension (*.INP)
(Fig. 2-6).

Click Exit on File menu to close the program

b)  Units:

The program has the capability to use Imperial and SI units with the input and

outpu

clicki

t data. It can also convert the SI units to Imperial ones and vise versa by
ng the desired units (Fig. 2-7).
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= WBuzpile

@I=N Units  Profile LRFD Run Plot Results  Output Files  ManualMHelp

MNew File
Cpen File
Save
Save As
Exit

Project Title

ber 10-245.90 Update Sereen

]Ma(lison

|ALDOT

Mumber of Soil Layers 1 Elevation of Zero Depth (ft) 0.0

Fig. 2-5 Save and Open options in the software

Open @

Look in: [ Fie -] £t Ev
5 B1INP BIUZFILE-4.INF
EC) EE [ Buzpile MLD MEMORIAL ABUTL.inp
My Riecent aza.INP Buzpile SPC MEMORIAL BENTZ. inp
D°°i”‘e”‘3 =] sbuts. P =l Buzpile SPC MEMORIAL BENTZ.inp
[T = pentz.Mp = Buzpile SPC MEMORIAL BENT4,inp
BentzB. INP buzpile.inp
Desktop BUZ MOBILE ABUT1E IN.inp BuzpileFowlRABUIE, inp
. BUZ MOBILE BENT2B IN.inp BuzpileFowIRBEnt2, inp
_,.) BUZFILEL.INP BuzpileFowIRBentz. inp
Mo t BUZFILE2.INP BuzpileFowIRBents. inp
S HORUMENS ) BUZPILES. INP BuzpileFowIRBeNtS. inp
. BUZFILE-1.INP BuzpileFowIR iverBenta. inp
_31)! buzpile-2.INP Example-1a-Report, INP
by Computer < »
.":‘] File name: | ﬂ Open |
D
My Metwork  Files of type: [Iput Data File [*INF) | Cancel
flaces ™ Open az read-only

Fig.2-6 Open existing input data file

Profile:

Click Profile in the upper menu to plot the pile as embedded in the given soil layers.
Plotted soil layers will be numbered from the top down listed in the Soil Property
Table. The pile and values of soil layer depths below the ground surface will be
plotted on the soil profile. As seen in Fig. 2-8, every soil type (sand, clay, ----- )
will have a distinctive color after selection. In addition to the table of soil
properties, the user can plot the soil profile to locate any mistake in soil layer

thicknesses.
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=, Example.INP

File BEE8 Frofile LRFD Run Flof Results  Output Files  Manual/MHelp
Irmperial
Project Number |ALPHA-##5#(NNN) Update Sereen
County IMobile
Project Title [Bent2 14in Concrete

Mumber of Soil Layers |5 Elevation of Zero Depth (m) 2745

Soil Layer | Soil | Soil Discription | Depth to Bottam | Blowcounts (M)
Mo Type of Layer {m) Blows/0.3m
1 Sand Loose moist sand 5.49 4
2 Clay tedium stiff clay (CL) 12.20 1
3 Sandy Silt Sandy silt soil 15.86 a
s EEEE sy it ol 2135 21
5 Weak rock 24.40 30

File Type | Soil-Pile Perimeter | File End Area | Depth of File Tip | Water Depth | Pile Tip Resistance
lul m2 m m Every 1 m
- 1.424 0.126 30.50 0.00 Yes v

Fig. 2-7a Program flexibility of using SI units including unit conversion

= Example.INP

File Qg Profile LRFD Run Flof Results  OufputFiles  Manual/MHelp
Irnperial
SI
Project Number [ALPHA-####(NNN) Update Serzen
County [Mobile
Project Title [Bertz 14in Concrete
Mumber of Soil Layers |5 Elevation of Zero Depth (ft) 90.0
Soil Layer | Soil | Soil Discription | Depth to Bottom | Blowcounts (M)
Ma. Type of Layer (ft) Bl o/t
1 Sand Loose Moist Sand 18.00 4
2 Clay Medium stiff clay (CL) 40.00 N
3 Sandy Silt Sandy silt soil 52.00 g
4 R Cavey Silt soil 70.00 21
o} ¢ Weak rock 80.00 a0
Pile Type | Soil-Pile Perimeter | Pile End Area | Depth of Pile Tipl YWater Depth | Pile Tip Resistance
ft fi2 ft ft Every 1 ft
- 4670 1.360 100.00 0.00 Yes v

Fig. 2-7b Program flexibility of using Imperial units including unit conversion



= Example.INP

Sl isrgton

__ of Latyte {m)

Loose maist sand I 543
M ey

1220
1586
2135

Fig. 2-8a Plot of input soil profile in SI units

= BuzpileFowlRBent2.inp

Fig. 2-8b Plot of input soil profile in Imperial units

d) LRFD:

Click LRFD in the upper menu to show the LRFD table parameters (Fig. 2-9)
DL/LL and FS that was previously employed in the ASD method. The user can

check the default option to use a geotechnical resistance factor (¢) of 0.71 as
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explained in Chapter 1. The calculated ¢ will be shown on the load-depth plot after

executing the program. The value of ¢ will be also printed in the output data file.

= Example.INP

File Units Profile LRFD Run | Results OutputFiles  ManualMHelp
Project Number |ALPHA-.'=".-"-'551NNN|' pdate Soreen
County ]Mohile
. . Print
Project Title |Bem2 14in Concrete
Mumber of Sail Layers |5 Elevation of Zera Depth (m)  |27.45
Soil Layer Soil | Soil Discription Denth to Bottom | Blowcaounts (M)
Mo. Type Input for Resistance Factor Blows/.3m
1 Sand Loose Moist Sand T 4
2 Clay Mediurn stiff clay [CL) : 11
3 Sandy Silt Sandy silt soil 8
2 R ke Silt soil 21
5 7 d Rock Weak rack a0

Fig. 2-9 LRFD parameters input to determine the geotechnical resistance factor (¢)
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CHAPTER 3

OUTPUT DATA

1. Run:
Click Run to execute the program. Once the calculation process is achieved, the table
shown in Fig. 3-1 will be visible. The values of
Pile tip elevation (based on entered ground surface elevation);
Pile tip embedment below ground surface;

Pile tip ultimate resistance; and

Pile side ultimate resistance

will be displayed in the results table. This table is available when the “Pile Tip
Resistance Every Unit Length” option is checked.

If the “Pile Tip Resistance Every Unit Length” option is unchecked, just the pile tip and
side resistance only for the case of assigned “Depth of Pile Tip” is displayed (Fig. 3-2).

2. Plot:

As shown in Figs. 3-3 and 3-4, click Plot and choose either the Ultimate Resistance (pile

side and tip resistance with no safety factors, Fig. 3-3) or Factored Resistance (using the
LRFD resistance factored, ¢ = 0.71, Fig. 3-4, given in Chapter 1). Notice that the
designer should use factored loads (DL and LL), as described in Chapter 1, to compare

with the plotted factored resistance.

3. Results:
Click Results Tab in the upper menu bar to get the input and output data formatted as
shown in Fig. 3-5. The user can print out this file or create a pdf-file by clicking the
Print command as shown in Fig. 3-6.



4. Output Files:
The input and output data is also saved in a file with the same name of the input data file
with extension (*.out). Click Output Files tab on the upper menu bar to open the window
shown in Fig. 3-7. The open windows display only the output data files with extension.
By default, the output data files will be created in the same folder where the input data

file is saved. However, the user can rename and relocate these files in any other folder.

The user can open the input and output data files with the program Notepad
(automatically defined in the file windows) as shown in Fig. 3-8.



= BuzpileFowlRBent3.inp

File Units Profile LRFD Run Plot Results CutputFiles  Manual/MHelp

Project Number
County

Project Title

Mumber of Soil Layers

|ALPHA-####{NNN}

[Mobile

|Be|113 14in Concrete

7

Elevation of Zero Depth (/)

1.0

Update Screen

Soil Layer Soil | Soil Discription | Depth ta Bottom | Blowcounts (M) | ~
Mo, Type of Laver (ft) Blowes/ft
1 Sand Loose Moist Sand 2.00 4
2 Sand Medium Moist Sand E.00 11
3 Sand Loose Muoist Sand 13.00 8
4 Sand Dense Sand 32.00 30
5 Sand “ery Loose Damp Silty Sand 56.00 2 7

Pile Type | Soil-File Perimeter | Pile End Area | Depth of File Tip| Water Depth | Pile Tip Resistance
ft ft ft ft Every 1 ft
- 4 670 1.360 999.00 0.0o Yes v
FieTip  Embedmentin P Capacity File Tip File Side _
Elev. (i) Ground [ft] [kipz) Resistance (kipz] Resistance [kipz]

a0 1 04 03 01
a3 2 2.8 254 0.3
ot 3 34 254 0.4
a7 4 4 254 1.5
a6 5 46 254 21
a5 B 6.8 414 27
a4 7 az 414 4
a3 8 96 414 b4
g2 3 104 414 E.8
a1 10 12.3 414 8.2
a0 1 137 414 9.5
79 12 15 414 1049
7a 13 58.4 46.11 12.3
It 14 624 46.11 16.3
7B 15 BE.5 46.11 20.4
75 16 706 46,11 245
74 17 746 46,11 285
73 18 7av 46.11 326
72 19 827 46.11 J6E6
1 20 86.8 46.11 40.7
70 21 909 46.11 448

Fig. 3-1 Output data per one foot increment of pile driving after running the software
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=~ BuzpileFowlRBent3.inp

File Units Profile LRFD Run Flot Results OufputFiles  ManualMHeln

ALPHA-#252{NNN)

Bent3 14in Concrete

Soil Layer

Soil Discription

Depth to Bottom

Update Screen

Blowcounts (N)

Mo,

of Layer (ft)

Blows/ft

Loose Moist Sand

200

4

tedium Moist Sand

5.00

11

Lonse Moist Sand

13.00

g

1
2
3
4
a

Dense Sand

32.00

30

File Type

Soil-Pile Perimeter

YWery Loose Darmp

Pile End Area

Depth of Pile Tip

56.00

Water Depth

2

Pile Tip Resistance

ft

ft2

ft

ft

Every 1 ft

4" Solid Concrete Pile -

4.670

1.360

A1)

0.00

Yes

F

| Ikl a0 3471 459 a2 _
Fig. 3-2 Output data of pile capacity at specific driving depth
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= BuzpileFowlRBent3.inp

Fig. 3-3 Plot of the nominal axial load capacity (Diagram of pile tip/side
resistance vs. depth)

s BuzpileFowlRBent3.inp

Fesistance Factor = 0.710

Fig. 3-4 Plot of the factored axial load capacity (Diagram of pile tip/side
resistance vs. depth)



BuzpileFowlRBen

Units LRFD R

ManualHelp

Project Number

|ALPHA =52 {NNN)

County [Mobile
Project Title Bent3

Mumber of Sail Layers |7

Soil Layer Soil
Mo, Type
1 Sand
2 Sand
3 Sand
4 Sand
5 Sand

Pile Type

PFieTip  Embedmentin  F
Elew.[f) Ground [ff

El] 1

3] 2
83 3
&7 4
&6 5
&5 3
84 7
3] 3
82 3
il 10
&0 1
ko] 12
b 13
bl 14
76 15
b 18
74 17
7 13
72 13
bl El
] 2

Closs Input/Output Data | P |

Update Sereen

EEEREARKEEXRKRR

Input File Name: BuzpilsFowlRBent3.inp
Project Number: ALPHA-####(HNN)

County Name: Mobile

Description: Bent3 14in Concrete

Pile type: 14 inch Solid Concrete Pile
Elevation at beginning of driwing = 91.0 ft
Pile tip embedment = 399 ft

Elevation at desired pile tip = Every 1 ft
Water table depth = O ft

IRFD resistance factor = 0.71

Pile Capacity Analysis

EREXARKEXRERRRR

Blow—Counts
(N per ft)

Soil Layer Soil Soil Depth (£t) Soil Total Unit
Huzbsr Description From Ta Veight (pef)
1. Loose Moist Sand 0.00 2.00 115.00
2. Mediun Moist Sand 2.00 6.00 120.00
3. Loose Moist Sand &.00 13.00 115.00
4. Dense_Sand 13.00 32.00 125.00
5. Very Looss Damp Silty Sand 32.00 56.00 115.00
6. Mediun Moist Sand 56.00 70.00 120.00
7. Very Stiff Moist Gray Clay 70.00 101.00 125.00

wsesseserewnnnnnse  OUTPUT DATE %5303 HHHENNIEEERNE

Pile Tip  Pile snbedment File Capacity Pile Tip Pile Side

Elev. (ft) in Ground (ft) (kips) Resistance (kips) Resistance (kips)
90.00 1.00 0.40 0.30 0.10
89.00 2.00 2.80 2.54 0.30
88.00 3.00 3.40 2.54 0.90
87.00 4.00 4.00 2.54 1.50
86.00 5.00 4.60 2.54 z.10
85.00 &.00 6.80 414 2.70
84.00 7.00 g.20 4.1 4.00
83.00 g.00 9.60 4.1 540
82.00 9.00 10.90 4.1 6.80
81.00 10.00 12.30 4.1 8.20
80.00 11.00 13.70 4.1 9.50
79.00 12.00 15.00 4.1 10.90
78.00 13.00 58.40 46.11 12.30
77.00 14.00 62.40 46.11 16.30
76.00 15.00 66.50 46.11 20.40
75.00 16.00 70.60 46.11 24.50
74.00 17.00 74.60 46.11 23.50
73.00 18.00 78.70 46.11 32.60
72.00 19.00 82.70 46.11 36.60
71.00 20.00 86.80 46.11 40.70

(I3

153

General 1

Select Printer

|2l add Printer ‘
2 Adobe PDF \a Microsoft Office Docy|
2 CEE Office Laser aMicrasoft XPS DDcur}
< 3|
Status:  Feady ™ Printtofile  Preferences
Locatiar

(i Find Printer...
Page Range =
& Al Mumber of copies: |1 5:
 Selection t Page

fx (—]

Update Soreen

Pile Capacity Analvsis
[FowlEBent?2 . inp

Pile Type

T Loose Moist

2 Medium stif
[s 3 Sandy =ilt

4 Clayey S5ilt

5. Weak rock
—

Solid Concrete Pile

FU IS I T 33N

KKK KKK ERKK

[ (NN

Concrete

f driving = 90.0 ft

ft

e tip = Every 1 ft
Soil Depth (ft) Soil Total Unit
From To Weight (pci)

Sand 0.00 1a.00 115.00

f clay (CL) 18.00 40.00 120.00

=0il 40.00 52.00 115.00

=0il 52.00 70.00 125.00
70.00 g0.0o0 125.00

%% (OTTPTTT TIATE  R¥EXEXHREREEREXXERENH.

Fig. 3-6 Printing the Input/output data file as pdf-file

Blow-Counts
(N per ft)

4
11
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Cutput Files

Update Screen |

Fig. 3-7 Access to the output data as a text file

Cou Look in: | (=3 Fie ~| « @k E-
Proj Lé = A1.out [ Buzpile SPC MEMORIAL BENTZ.out
4 = As.out [=] Buzpile SPC MEMORIAL BENTS.0UE
My Recert aaa.out [=] Buzpile SPC MEMORIAL BENT4.0ut
_ L bt Abut,out BUZPILE.OUT
Mum E Bentz.out BuzpileFow IR AbUtS.out
= Bent2B.out BuzpileFow|RBentz2, out
Desktop BUZ MOBILE ABUT1E IN.out BuzpileFowIRBent3.out
1 . @ BUZ MOBILE BEMTZB IM.out BuzpiIeFDwIRBent4.Dut
Soif __) BUZPILEL cut BuzpileFowIRBents.out Blawcounts (M) |«
ol e | EIBUZPILES aut BuzpileFowIRiverBent3.out Blows/ft |
J" buzpile-2.out Example-1a-Report.out 4
BUZPILE-4.0ut Exarnple-1-Repart.out 11
gj = Buzpile MLD MEMORIAL ABUT Lout [E]F_Creek.out B
My Computer ¢ | 3 3a
5 B 5 o
g File name: || _V_J L—?EEP.—.I
My Netvok Filesof ype:  [WBLIZPILE Files [*.oul) = Cancel | ETEST RS AT
[ Open az read-only Every 1 f
14" SO EOTeTETe P s o — Yes
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File Edit View Insert Format Help
DEeE SR # R
-
Eak ok o o o o o File Capacit? Analysis Ek o o o o o o
Input File MName: BuzpileFowlREent3.inp
Project Number: ALPHAL-#### (NN
County Name: Mobhile
Description: EBent3 14in Concrete
Pile type: 14 inch 3olid Concrete FPile
Elevation at beginning of driwving = 91.0 £t
Pile tip embedmwent = 999 ft
Elevation at desired pile tip = Ewery 1 ft
Water table depth = 0 ft
LRFD resistance factor = 0.71
SJoil Laver Soil Soil Depth (£t Zoil Total Unit Elow-Counts
Nunber Description From To Weight (pef) (M per ft)
1. Loose Moist 3Jand 0.00 Z.00 115.00 4.00
2. Mediuwm Moist Sand 2.00 6.00 1z0.00 11.00
3. Loose Moist band 6.00 13.00 115.00 g.00
4, Dense Zand 13.00 32.00 125.00 30,00
5. Very Loose Damp Silty Jand 3z.00 56.00 115.00 Z.00
G, Mediwn Moist Sand 56.00 70,00 120,00 16.00
7. Very Stiff Moist Gray Clay ToO.00 101.00 125.00 30.00
*#Q0*
Pile Tip Pile Embecdwent Pile Capacity Pile Tip Pile Side
Elew. (fr) in Ground [(£ft) [kips) FEesistance (kips) FEesistance (kips)
20,00 1.00 a.40 a.30 a.10
§9.00 z.00 2.80 2.54 0.30
85.00 3.00 3.40 2.54 a.3an0
§7.00 4,00 4,00 2.54 1.50
S56.00 5.00 4. 60 2.54 2.10
85.00 £.00 &, 80 4.14 2.70
§4.00 7.00 g.20 4.14 4.00
83.00 8.00 2.60 4.14 5.40
§2.00 9,00 10.90 4.14 6.80
S51.00 10.00 12.30 4.14 5.20
80.00 11.00 13.70 4.14 2.50
79.00 12.00 15.00 4.14 10.90
75.00 13.00 E5.40 45.11 12.30
77,00 14.00 62,40 45,11 16.30
T6.00 15.00 66,50 46.11 20.40
75.00 16.00 70,60 46,11 Z4.50
74,00 17.00 74,60 45,11 28.50
73.00 15.00 78.70 45.11 32.60
72.00 19.00 gz.70 45,11 36.60
71.00 20.00 S6.580 46.11 40.70
70.00 Z1.00 20,20 46,11 44,50
69.00 Z2.00 94,90 45,11 45,80
65.00 23.00 239,00 45.11 Ez.90
67.00 Z4.00 103,10 45,11 56.90
66,00 25.00 107.10 46.11 61.00 3
AE MmN A NN 1441 2nm as 11 AE 4N
For Help, press F1

Fig. 3-8 Input/output data file as opened with Notepad
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4.1.

CHAPTER 4

SOIL MODELING

Silt Model

Fine soil with low Plasticity Index (PI) less than 7 and considerable percentage of grain
size finer than 0.075 mm can be treated as silt. The user can use Ds, (grain size of 50%
finer) as a measure to identify the type of soil.

e Soil is treated as sandy silt if 5 um < Dsp < 0.075 mm and Pl < 4

e Soil is treated as clayey silt if 5 um < Dsp < 0.075 mmand 4 <Pl <7

e Soil is considered as clay if P1 > 7

Using Dso, the correlation presented by Kulhawy and Mayne, 1990 (Fig. 4-1) is used to
convert the SPT-N (where N = Ngo) to the CPT bearing resistance (qc). The atmospheric
pressure is represented by p,. The average values of the term (q./p.)/N are equal to 2.25

and 1.5 (in the program) for sandy silt and clayey silt soils, respectively.

As presented in the chart of Robertson and Kampanella, 1983 (Fig. 4-2), N values for
sandy silt and clayey silt soil (corrected for hammer efficiency) are expected to be less
than 8 and 6, respectively. If N is less than 6, soil type will be assumed to be silty clay as

seen below.

The chart of soil classification based on CPT test results that were developed by
Robertson and Kampanella, 1983 is utilized to determine the friction ratio (Rf) for sand

silt and clayey silt soils (Fig. 4-3).

Rt (%) = [In(qc) — 2.58] / 0.742 sandy silt

Rt (%) = [In(qc) — 1.894] / 0.547 clayey silt

adhesion = R¢ Q¢



The failure to capture a positive value for the friction ratio (Rf) using the above soil
classification (according to the user assigned soil type) results in the downgrade of the
soil type to silty clay. Such an adjustment is undertaken internally in the program

because of the conflict between the utilized SPT-N and the chosen type of silt.
Rt (%) = [In(qc) — 0.817]/0.36 silty clay

The silt effective angle of internal friction is calculated using Caquot’s relationship
(Caquot and Kerisel 1948) that is formulated as follows,

Friction angle (o) = [In(qc) + 1.386] / 0.184

Pile bearing resistance = q

Pile tip (base) resistance = g (Area of pile tip)

12 reeprrrrey

YT v T Ad J 'A T r
[~ {Robertson and Campanella, 1983 7
10} © Zervogiannis and Kalezictis, 1988 o
® Chin et al., 1988
™ 0 Jamiolkowski et al., 1985 A A
8l A Andrus and Youd, 1087 o° i
= M Kasim ot al., 1986 Y/
= | @Seed and deAba, 1086 .
E 6k @ Muromachi, 1981 o |
)
& o -
S
4t -
00 T
2 (/PIN=544+Dg0 |1
(n=197, r =0.702) .
Aodod asasl Ao A aiaaal

(ADEN PR
0.001 ! 0.01 To.1 1 10

Mean particle size Dy, (mm)

Fig. 4-1 CPT-SPT correlation with grain size
(Kulhawy and Mayne, 1990)
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Gravelly Sand
/ to Sand

1000 T T T T T

Sand to Clayey Sand
(Ovrerconselidated
or Cemented)

Wery S5tiff Fine-Grained
(Orverconsolidated
or Cementad)

Cone Bearing, ¢ (kg/cm®)

100

10

(=]
—
(]

3 s 5 6 7 8
Friction Ratie, Rr (%)

Fig. 4-2 Soil classification based on CPT test results
(Robertson and Kampanella, 1983)

Gravelly Sand
/e Sand

1000 | | | | | |
Sand to Clavey Sand
(Ovrerconsolidated
or Camented)

IT'TTTTI
—

WVary 5tff Fime-Gramnad
(Overconsolidated
or Cementad)

Cone Bearing, g (kefom®)

100

10

I I
0 1 2 3 4 5 ] 7 g

Friction Eatio, BA{%:)

Fig. 4-3 The Use of soil classification based on CPT test results
(Robertson and Kampanella, 1983)
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4.2

Current Sand and Clay Models

Sand and clay properties (unit weight, friction angle) are determined using SPT-N and an

empirical equation proposed by ALDOT. The suggested empirical formula was developed based

on field and test data assessed by ALDOT over several years of experience.

4.3

Sand

Friction angle (¢) = 27.9877 + 0.0951663 N + 0.0137846 N? - 0.000354596 N* +
0.00000290751 N*

Bearing factor = 76103.3 - 11496.7 ¢ + 691.929 ¢ - 20.7312 ¢° + 0.309012 ¢* -

0.00183079 ¢°
Clay
Cohesion (C) =125 N (psf) if N <100
Cohesion (C) =0.375 * 144 N (psf) if N> 100

Bearing factor = 9 C (psf)

Weathered Rock

Bearing factor = 0.59 (Ngo) *® oo (psf) O’Neill and Reese (1999)
Nso = N corrected for the Hummer efficiency

o = effective stress at the pile tip



4.4  Example:

The following example shows the effect of assuming the sandy silt and clayey silt soils to be
sand and clay, respectively, for the same number of blowcounts (N). Compared to the modified
soil profile (Fig 4-5), the use of the actual soil classification (silty soils, Fig. 4-4) provides larger

tip resistance and less side resistance which is realistic response with silt properties (Fig. 4-6).

Mumber of Sail Layers |3— Elevation of Zera Depth (ft) 840
Soil Layer Soil | Soil Discription | Depth to Bottormn | Blowcounts (M)
Ma. Type of Layer (ft) Blowsit
1 Sand Loose Moaist Sand £.50 4
2 Sandy Silt Sandy silt 20.00 g
3 Clayey Silt 40.00

File Type | Soil-Pile Perimeter | Pile End Area | Depth of Pile Tip | “Water Depth | Pile Tip Resistance
ft ft2 ft ft Every 1 ft
147 Solid Concrete Pile | 4670 1.360 999.00 0.00 Yes v

Fig. 4-4 Example 1a using actual soil profile of silty soils

Soil Layer Soil | Soil Discription | Depth to Bottom | Blowcounts (M)
Ma. Type of Layer (ft) Blows/ft
1 =and Loose Maist Sand £.450 4
2 Sand Sandy silt 20.00 5
3 Clay Clayey Silt 40.00 ]

File Type | SoilPile Perimeter | Pile End Area | Depth of Pile Tip | “Water Depth | Pile Tip Resistance
ft 2 ft fi Every 1 f
147 Solid Concrete Pile | 4670 1,360 899.00 0.00 Yes v

Fig. 4-5 Example 1b using modified soil profile of sand and clay soils
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Elevation, ft

Example-1b

Example-1a _ ) : _ _
Pile Nominal Axial Load Capacity (kips) Pile Nominal Axial Load Capacity (kips)
0 10 20 30 40 0 20 40 60 80 100
100 | | | | 100 Pttt
|
90—{\ 90+
# Total Resistance
80— = ap4
-
.9_. /# Tip Resistance
m
=
@
701 e
Side Resistance
60— Side Resistance - s
Total Rsistance 60 Total Resistance
50 Tip Resistance 50 Tip Resistance Side Resistance

Fig. 4-6 Pile tip and side resistance along actual (Fig. 4-4) and modified (Fig. 4-5) soil profile
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