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A. Project description

In this example we will design a drilled reinforced concrete 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.
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Figure: Project model.
Table 1: Soil properties.
Soil General properties Lateral properties
Layer Soil Type ¢’ C’/Su Y Yary | Ewoap | Ereroap k e50 Krm
(deg) | (psf) | (pcf) | (pcf) | (ksf) | (ksf) | (pci)
F Fill 25 0 120 120 300 900 60 - -
Clay
C (Undrained) - 1300 | 116 | 116 | 400 1200 - 0.005 -
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) 800 0 50
Stage 1 (Tension) -180 0 50

Table 4: Pile parameters.

Pile Type Drilled Reinforced Concrete
Pile Width 5ft
Longitudinal Reinforcement 24 bars #5

Steel Grade Grade 60
Conctere Grade 3 ksi

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.

o 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 Test Data | SPT Estimator | Notes | Other
Description| Miscellaneous fill

2. Sail Type - Behaviour

® Sand Osit O Rock T

(O Clay () IGM (intermediate geo mat.) Ec)

() Gravel

3. Default drained-undrained behavior for clays (See Theory Manual)
Undrained Drained

Mept

A.General | B Hlastoplastic | Lateral | E. Adv
4. Unit Weights - Density
7, [120 |pct a1 Jper 7 <[FE ]
5. Strength Parameters and Poisson Ratio
Drrained strength properties

eln et & |5 |degrees

[] Elasticity medulus

Important Nole:
V035 The ultimate skin friction can be used to calculate the geotechnical

. capacity of tiebacks.
e o ot 5. fiest cocfficients To do this. you have toswitch on the Use Soil Bond Sirengihs
ptions far 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 = KolC = (OCR)"nOCR Ao P S0 B DT fo e tG e T L
_ 6. Utimate bond (grouted piles when bond option is selected)
Delete Selected Soil
4 skinu |20 pal
Delete all soils
[[] Rock jeints are open filled with gouge
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Figure: Edit Soil Type Data Dialog.
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.

—!Soil Layers 3
Available Borings 1. General Boring Information - Coordinates
Name Baring 1
Coordinates X 50 ft Y|0 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 OCR Ko Edit
2 0 F 1 0577 Edit
-5 C v 0.5151... Edit
-18 51 w1 047 Edit
1

-27 52

Add Mew 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]+[+

SOOI

Selected design secti
E‘ o seeen ‘ | Stage 0 | Stage 1
] ] Stage: 041  X:-15 7: 4243
All Aocirm cordinme
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 load iESAELE
Load 1, DL

2. Load Type
' DL: Dead load (AASHTO DC)

3. Load magnitude

[] &pply same load on all stages
[+] &ctivate for current stage

Load for every stage

Moment (<) Horzontal

Add new load

Delete selected load

[] Apply to all design sections Pile weight | lanore 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.
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A.General | B. Prestress-Unbraced | C. Comosion | D. Results | E. with Depth | Py

B e Pile Side\View section A-A
1. Selection of Support Type

Type of Support: | Non Helical Pile v

method | Driled

[] Use belled bottem | Edit bell base dimensions

3. Dimensions
1.1 Coordinates at top of pile 1.3 Lengths

f tree5 i
Zo e
1.2 Angles

G EO ™
2. Pile Sections
Length ft) Section Type
5t pile

Graphics Cortrol
[] Fit to image scale

Show full calculations

Concrete Sections Section name and type Section Drawing

Section name

H Pile

- | 3ksi Concrete v fc 3
Grade 60 v fy 60

Section Froperties | Steel sections - Hollow bars|
et
c n |:| Bars l| #5 W | N|24

Bt v

[] Use user defined reinforcement

Add New Concrete
Section

Delete Selected
Concrete Section

Figure: Select the pile type and choose to edit the steel section.
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C. Define Analysis Options
After we create the model in DeepFND, we have to define several analysis parameters.

¢ 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.

| + _ﬁ_ A Optimize pile length E !
- =] ft —
Clays

_ _ Max. Depth 45.00
Edit / add Analysis Stages  Water
P pile loads Default - | settings step 1.00 *  options~

External loads Clays Analysis settings Stages

4k 4K

Figure: Option to optimize pile length in the General tab.

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.).

m General Properties Analysis Design Settlement Lateral Results Report View Help
Method Meyerhof/Hansen -~ Include shaft resistance [[] Use additienal multipliers Factors on ¢’ | FHWA GEC10-Drilled pile - method FHWA-GEC10- Drilled pil -~
Equation FHWA GEC10-Drilled = & on concrete | 100 % [C] Additional factor at shaft Rock | Use specified seil 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).
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n General Properties Analysis | Design | Settlement Lateral Results Report View Help

CO f 6 DES [ Use mob. axial for STR checks | [[] Custom STR Adjust ultimate STR capacity by FS
oE [ IL L [y Foctorsha 2 STR.des[05
Code Steel-Design:  General Members:
options ~| AISC 360-10 ALL. - Settings US Sizes ™ | Safety Factor Bearing |2 Method  International Building Cor ~
Safety factors ‘ Structural factors
Concrete Code Options
Base rodel
[1:AC1 31811 _
Su | @ [fmes | =50 [ 0w [R00 [em
= [G= (e | - [0 [0 | -
= [@ | - =
Steel Code Options EdENENES
2 50 -

| 17:AISC 360-10 ALL.

Timber Code Options

1ED k

| Service, a=0.36

Design Approach
() Do NotUse A Code
@ Analyze only one Code Case

+ Mult. - [ Examine corrosion effects

Approach: Service

Load combinations Design Life

Design Code i
TTeT=T=1| AASHTO LRFD (2010) - -
BTN Load Case i
Strength Ib o 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 appropniate case.

Load combinations can be applied at each stage or you can create
different design sections where dirrent load combinations are assumed.

Figure: Option to assign a design standard load combination.

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.
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General Properties Analysis Design | |Sett|ement || Lateral Results Report View Help

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

Edit pile settlernent

[ Include corrosion effects in PY response acceptance criteria

Settlement analysis Settlement Parameters

Units Base model

Pile acceptance criteria

English Units fft, inch. kips) M Available criteria Acceptance criteria
“Dost sectors |Tovon] EECI— 1. Nane
Tree view| T

|Elastic ” Color
2. Set active/visible
W Criterion iz active o be analyzed)

Design Sections
.D: Base model

W' Criterion is visible (on graphs)
3. Equation

y=0 |+f0 Jp_ o p_+[1 |rLiAE

D
A

= Plate diameter = Shaft diameter

D
5

|}\\re|age plate size W |

Define maximum net settlement

Ultimate 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 Reset to Davisson ‘
Eﬂﬂ Delete criteria Butler-Hoy || NYC 2011-011 |
View
INCIECNE ook || o

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

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 Settlement 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

———
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. With red we can see
some values that are critical. In this case, we can see that at least one stress check is above the
limit “1”. We can locate the issue by closing the summary table and reviewing the results
graphically on the model area for every stage. In this case, the structural capacity and moment
capacity on the pile in Stage 1 (tension stage) are not enough to cover the combination of the
tension and lateral load applied on the pile head. In this case we need to somehow increase the
pile capacity (increase number or size of rebars, concrete grade, pile diameter etc.).

Table: Analysis and Checking Summary table.

BExdended Summary
Frax Cap. Frax Cap. Max. Pile Pile
Calculation Filetype compression compression tension  tension  stress length 0D i) Bearing
k) ] check )
b Base model Driled 800 11291 1m0 B @ E 50 Alip=19.63f2
Compression P [k}
[4] 40 1280 1920 2580 3200
1T 1 17 71T "™ 7171
Frap.ten.ULT= 37357 k Coamp. GED Cap.k
Fcap.comp.ULT= 2258.1% k
Fcap.tension= 186.78 k 800 k ] €40 1280 1820 2360 3200
Frap.comp= 11231k l 1T 17 1 "1 7717
S )
F 5 fi
x
C [UND.)
51 32 ft
= it £ .
qTip= 47.99ksf, Ftip=942.31k
Baring 1

Figure: Pile geotechnical capacities and settlement.

. ______________________________________________________________________________________________________|
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Fcap.ten.ULT= 37357 k
Fcap.comp.ULT= 225819 k

Fcap.tension= 186 78 k E00k
Fcap.comp= 112531k
i 0.155in i en [eoonn = 3
F gft B Fshaft= 186.78k
*
C [UND.)
AP D1kt
21 33
[ -29. 7k
52 b
-0.021in ATz 2 21kt
qTip=47.99ksf, Ftip= 942 .31k
m— Wall Shear
=== Wall Displacemeant
Boring 1
Figure: Pile displacement, shear and moment diagrams — Stage 0.
Fcap.ten. ULT= 37357 k
Fecap.comp. ULT= 2258.15% k
Fcap.tension= 186.78 Kk
Feap.comp= 11251k
i F CREET ok 21541kt [315.6Tk-t ~ 3
5 fi Fshaft= 186.78k
®* 420 &
C[UND.)
421018t
51 E il
Z 29.76k
52 b
-0.021in -315.61k-ft 21561kt
= Wall Shear
== Wazll Displacement
Baring 1

Figure: Pile displacement, shear and moment diagrams — Stage 1.

. ______________________________________________________________________________________________________|
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