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A. Project description

In this example we will design a steel beam foundation pile. The Figure below presents the project
model. Tables 1 and 2 present the soil properties and the stratigraphy respectively. Table 3
presents the external loads applied on the pile head. Table 4 presents the pile section properties
that we are going to use. The general ground surface is at El. Oft and the general water table is at

El. -15 ft.
150k

Figure: Project model.

Table 1: Soil properties.

Soil General properties Lateral properties
Layer Soil Type ¢’ C’/Su ' Ydry | Ewoap | Ereroap k e50 Krm
(deg) | (psf) | (pcf) | (pcf) | (ksf) | (ksf) | (pci)
F Fill 25 0 120 | 120 300 900 60 - -
C Clay - | 1300 |116 |116 | 400 | 1200 | - |0.005| -
(Undrained)

S1 Sand 32 0 130 130 600 1800 60 - -
S2 Sand 34 10 135 135 900 2700 90 - -
Table 2: Stratigraphy.

Soil Layer Elevation (ft) OCR Ko
F -0 1 0.577
C -5 1 0.515
S1 -18 1 0.47
S2 -27 1 0.441
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Table 3: External loads.

Stage Axial Load Moment Lateral Load
(kips) (k-ft) (kips)
Stage 0 (Compression) 150 0 20
Stage 1 (Tension) -100 0 20
Table 4: Pile parameters.

Pile Type Steel Driven

Steel pile section W30x108

Steel Grade A36

Initial pile depth 45 ft

B. Modeling with DeepFND

In DeepFND software, we should define initially the soil properties of all soils according to the
geotechnical report, the model stratigraphy, the pile head loads and the pile initial depth and
structural section.

e Define soil properties:

From the General tab of DeepFND we can select the option “Edit Soil Type Data”. In the dialog that
appears, we can modify the existing soils database or add new soils, and then for each one of
them, we have to define the general soil properties, the soil model and the lateral soil properties.
The soil parameters can be defined manually, or with the use of the software SPT estimator or local
parameter estimation tools.

Soil Types 1. Name and Basic Soil Type -
Soil Name |F Color Test Data | SPT Estimator | Notes | Other
1 Description| Miscellaneous fill
gg 2. Scil Type - Behaviour Nept
: i ' Show test data
®) Sand O silt O Rock (SPT. CPT. i 0 20 0 40 50 60
(O Clay () IGM (intermediate geo mat.) Ec)
Y
() Gravel :
3. Default drained-undrained behavior for clays (See Theory Manual) & 50 i 1 12 12l e
Undrained Drained &
A.General | B Hlastoplastic | Lateral | E. Adv 20 30 40 50 (=]
4. Unit Weights - Density
7, 20 |pu Ty o peFE] | €
5. Strength Parameters and Poisson Ratio 0 500 1000 1500 2000
Dirained strength properties Su
<0 psf &' |25 degrees
0 2000 4000 6000 8000

[] Elasticity medulus
Important Nole:

v|0.38 The ultimate skin friction can be used to calculate the gectechnical
. capacity of tiebacks.
o ot 5. fiest cocfficients To do this. you have toswitch on the Use Soil Bond Sirengihs
ptions for the tiel therwise, the program will either average
KoNC 0577 nOCR 0.5 the vertical and horizontal confining stresses or use the bond stress
Ko = KoNC * {OCR)"*nOCR as defined in the Geotech tab from the tieback section option.

_ 6. Ultimate bond (grouted piles when bond option is selected)
Delete Selected Soil X
Y skinu |20 pst
Delete all soils
[[] Rock jeints are open filled with gouge

Figure: Edit Soil Type Data Dialog.
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o Define stratigraphy:
From the General tab of DeepFND we can select the option “Edit Boring”. In the dialog that
appears, we can define the top of the soil layer elevation and the soil type for each soil layer.

—ISoil Layers 3
Available Borings 1. General Boring Information - Coordinates
Name | Baring 1
Coordinates X 50 ft Y0 ft

The x coordinate controls where the baring is shown in your design
section view. Each design section uses one boring (soil strata). You
can use a different boring on each design section.

2. Boring Layers - Layer Elevations

Top Sail type QOCR Ko Edit

» 0 F w1 0.577 Edit
-5 C v 0.5151... Edit
-18 51 vl 047 Edit
=27 52 1

Add MNew Boring

Delete Selected
Boring {Strati ) Insert Layer H Delete Layer |

| oK || Cancel

Figure: Edit Soil Layers Dialog.

o Define external loads on pile head:
In any model in DeepFND we can add several stages. In our deep foundation software these can
work as loading stages, so in each stage we can define a different load (load type, magnitude etc).

In this example, we will use Stage 0 to define our maximum compression load, and Stage 1 to
define our maximum tension load on the pile head.

First of all, we right-click on the Stage 0 tab right below the model area and we select to Add Stage
(so Stage 1 is added):

E[V[+[-[t]+]+]

fiew
O HENE
E‘Sda:tadduimm:tim ‘m

a l Stage: 071 ¥o-15 Z 4243
All Aocinn cortinne
Figure: Stages in DeepFND.
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After we create the stages, we double-click on the load in the model area. In the dialog that
appears, we can add several loads in the list and define the load type and the magnitude of each
load, in each stage. The summary of all loads will be applied on the pile head. If we apply a design
standard (i.e. AASHTO LRFD), the loads will be factored depending on the load type (dead, live,
wind, ice, vehicular etc.).

List of loads Load properties
Load 1, DL, DL: Dead loadBAE LG
\Load 1, DL
2. Load Type
DL: Dead load (AASHTO DC)

3. Load magnitude

[ ] Apply same load on all stages
[+] Activate for current stage

Load for every stage

Momert (oft) Horzortal

P Stage D
Stage 1

Add new load

Delete selected load

[] Apply toall design sections Pile weight | Ignore pile weight

Figure: Define loads on pile head.

o Define pile section and initial length:

In DeepFND we have to define the pile type, installation method, structural section and original
depth. Later, based on the analyses results, we can choose to optimize the pile section and the pile
embedment. The required pile length can also be calculated by the software. We have to double-
click on the pile and define the pile parameters in the dialog that appears. By pressing “Edit” on
this dialog, we can define the pile type and the pile structural section.

In the Steel Sections dialog, we can select the steel beam type (H beam, Circular, Square hollow),
and select the steel section from the software extensive database. All steel section properties are
implemented within the software.

Important: In this dialog we should also define the steel Fy value (the default value is 0 leading to
no results).
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A.General | B. Prestress-Unbraced | C. Comosion | D. Results | E. with Depth | Py

File Properties File SideView section A-A

1. Selection of Support Type
[Fvpe of Support | Non Helical Pile vl

| Installation method |Driven v| |

Concrete type [] Pile tip is plugged (for open steel sections

3. Dimensions
1.1 Coordinates at top of pile 1.3 Lengths

T T

1.2 Angles
G O
2. Pile Sections
Length ft) Section Type
H PFile

Graphics Control
[] Fit to image scale

Show full calculations

Figure: Define pile dimensions and data dialog.

Concrete Sections Section name and type Section Drawing
Bt pile Section name
L — |H Pile T Steel (. orpi

Structural materials Rect |
Concrete mat. | 3 ksi Concrete v ectanguiar

Rebar steel mat. | Grade 60 ]

Circular

Steel Section - Hollow bar I— Circular Hellow

Section Properties

Octagon

Edit Steel Section ] W3108 Steel (H, or pipes) | I

Rotation 0 Timber pile

[] Has concrete Grout (used only for compression)

Options
x-2lmm y:0mm Use user defined reinforcement

Add Mew Concrete
Section

Delete Selected
Concrete Section

Figure: Select the pile type and choose to edit the steel section.
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1. Section Type

) Section Rotation
® H Use a steel |-Sectior] | LUEIEATE] | v Apply section . -
W30X151 “~ 1 propeties o =l
i i W30X173
O @ Use a pipe section ® Vertical I

W30X148
e it
O () Use hollow sections | w3016 [] Edit properties manually [ fy[ag
V30X95

3. Section Dimensions - Mechani W30%50

D23g i A 31 E 29000 ksi ™ 119

bf 105  in 07 k141 B v 215

boc 4470 ind lyy 14 W 108 T 261
S 299 N3 Syy 27 Zyy 439 Cw 30900

||= Database [

W24X370
W24X335

Figure: Define the steel beam type, select the steel section and define Fy.

C. Define Analysis Options
After we create the model in DeepFND, we have to define several analysis parameters.

e Pile length automatic optimization:

In the general tab of DeepFND we can select to optimize the pile length. In this case, we need to
define the maximum pile depth and the step. The software will use the step to calculate the pile
tensional and compressional capacity in several depths and compare them with the applied
tension and compression loads respectively. It will stop the analysis when both capacities exceed
the applied loads and return as a result the pile depth, the calculated capacities and the pile
structural results (moment, shear, displacement etc.). If the software reaches the maximum depth
and fails to find a suitable solution, it will stop the analysis and return as a result the calculated
capacities etc. of the maximum depth.

If we leave this option unselected, the software will use the pile depth we manually specified for
the analysis and return all analysis results.

I -+ _*_ A Optimize pile length E -
- =] | - —
Clays

: _ Max. Depth 4500 . |t
Edit / add Analysis Stages  Water
; pile loads Default ~ | settings Step 100 L # *  options~

k

| Externalloads | Clays | Analysis settings | Stages

Figure: Option to optimize pile length in the General tab.
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e Analysis equations and settings:

In the Analysis tab of DeepFND, all analysis parameters are automatically defined according to the
pile type (helical or non-helical) and the pile installation method (drilled, driven, caisson, micporile
etc.).

General Properties Analysis Design Settlement Lateral Results Report View Help
Method | Meyerhof/Hansen = Include shaft resistance [C] Use additional multipliers Factors on ¢’ FHWA-AASHTO: Driven | ~ method AASHTO-Merlund, Driver ~
Equation AASHTO Driven: Nor ~ & on concrete | 100 % | [C] Additional factor at shaft Rock | Use specified soil bond =
Consider disturbance Ed % onsteel |50 %
Bearing Capacity Method | Shaft resistance Reductions on side ¢' Cylinder method

Figure: Analysis settings, automatically selected.

e Design standards and Safety factors:

In the Design tab we can define the structural codes and the safety factors applied on the bearing,
shaft and structural capacities. Alternatively, we can select a load combination of a specific
geotechnical design standard (we will not use one in the current example).

m General Properties Analysis Design Settlement Lateral Results Report View Help
co f 6 DES [T Use mob. axial for STR checks | [[] Custom STR Adjust ultimate STR capacity by FS
EE u I Safety Factor Shaft |2 STR.des (0.6 Safety Factor 1.6

Code Steel-Design: General Members:

options=| AISC360-10 ALL - Settings US Sizes ™ | Safety Factor Bearing 2 Methed International Building Cor ~
Safety factors ‘ Structural factors
Concrete Code Options
Base model
|1:AC1 31811 __
Su @ ¥zub | =50 Qu |RAD [krm
[ e e I s S
FEIEN - -
Steel Code Options G = |ooos
FEIENE

| 17:AISC 360-10 ALL.

Timber Code Options
180k

| Service, a=0.36

Design
7 Use mob. axiall| Design Approach + Mult. - [ Examine corrosion effects
sfety Factor Shaff| () Do NotUse A Code
sfety Factor Bear| || (@ Analyze only one Code Case Approach: Service
Load combinations Design Life

Design Code [
T v == AASHTO LRFD (2010) M r
“ &5 ]| Load Case I
By [ =1 | Strengthlb = r

when you are analyzing a wall with LRFD or ULS procedures you will -
need to define the appropriate load combination or design approach.
Select 1st the design code, and then select the appropriate case.
Load combinations can be applied at each stage or you can create
different design sections where dirrent load combinations are assumed. u

Figure: Option to assign a design standard load combination.
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e Settlement analysis options:
In the Settlement tab we can select the option to perform settlement analysis. Also there, we can
define pile settlement acceptance criteria.

m General Properties Analysis Design | |Sett|emer1t || Lateral Results Report View Help

Perform settlernent analysis | [[] Use when optimizing length Inflection factor for shaft response Rm| 4 §
[C] Calculate design capacity from PY response Maximum settlement yMax 2 in
Effective area percentage factor Aeff 100 %

Edit pile settlernent
acceptance criteria

[ Include corrosion effects in PY response

Settlement analysis Settlement Parameters Pile acceptance criteria

Units Base model
English Units fft. inch. kips) M Available criteria Acceptance criteria
ET— 1. Vare

ICC-AC358 | Elastic ” Colar

Design Sections

2. Set active/visibl
?D: Base model active/visible

W Criterion is active o be analyzed)

W' Criterion is visible {on graphs)

3. Equation
= D D

v J+b o 0 o, 1 Jeuac

Dﬂ = Plate diameter DS = Shaft diameter

|Pure|age plate size W |

[ Define maximum net settlement

[ Utimate load criterion (Criteria determines ultimate load)

| Determine load from criterion

[ Use deflection load slope

Add new criteria
‘ Reset to Elastic H Reset to ICC355 H R&seﬂoDavissun‘

SNEENE

Figure: Option to perform settlement analysis and pile settlement acceptance criteria.

Delete criteria BulerHoy || NYC2011-011 |

S0 e

e Lateral pile analysis options:

In the Lateral tab we can select the lateral pile analysis method. The available options are either to
calculate pile moment, shear and displacement for the defined lateral loads, or perform a
pushover analysis and report the required load to achieve a specific displacement.

General Properties Analysis Design Settlermnent Lateral Results Report

2._ I = Analysis type | Lateral load define:H Loading is | Static -

Pile head is Ff Lateral load defined |
Pushover analysis

Lateral load analysis Edit / add
‘ assumptions distributed loads

Analysis Loading type

e ————
Figure: Lateral load options.
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D. Analysis and Results

Since the model is ready, we can choose to calculate the design section. After the analysis is
succeeded, the Summary table appears. The table below includes the calculated compression and
tension capacities, the optimized pile depth, the lateral pile results and more. By closing the
summary table, we can review the results graphically on the model area.

Table: Analysis and Checking Summary table.

Exdended Summary
i Frman: Cap. Frma Cap. Max. Pilz :
. Pile ) ) g : Pile .
Calculation type compression compression tension tension stress length oD in) Bearing
] 3] ] k) check )
P Base model Calculation succ... M= R 156.1 100 145 0.961 41 10.5 Atip= 0.22 ft2
Compression P (k)
(1] 80 180 240 320 400
17T 17 17T 771771
Feap.ten ULT= 282.54 k Comp. GEO Cap.k
Feap.comp. ULT= 31216 k
Feap.tension= 144.37 & 150k 0 80 18D 240 320 40
T T T T T
Frap.comp= 15608 k [ I T I T ] 802
S5ft Fshaft= 144.97k
Sft E
C [UND.)
-1t
51
36 ft -
=
2Tt =
N E
nle
qTip= 50 46ksf, Ftip= 11.11k
Boring 1

Figure: Pile geotechnical capacities and settlement.

Fcap.ten.ULT= 28594 k
Fcap.comp. ULT= 31216 k

Fcap.tension= 14437 & 150k
Fcap.comp= 156.08 k

F Pfﬁ'" 0k KL 14497k
St 3>
€ [UND.)
18t
51
0. D:DBin 35 ft
o7
52
0.7k
e
an Tip= 50.48kst Fripe it 11k o
Boring 1 flip= SO.AEEEL FHp= 22

Figure: Pile displacement, shear and moment diagrams.
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