AASHTOWare Bridge Design Training — Drilled Shaft

AASHTOWare Bridge Design Training - (BrD 6.4) - Drilled Shaft

Topics Covered

e Drilled Shaft Definition

e Drilled Shaft Reinforcement

e Drilled Shaft Analysis Control

Bridge Bxplorer (24 Virtis/Opis bridges retrieved for the current folder, all rows retrieved) EI@
B& All Bridges BID Bridge i Bridge Mame | District| County | Facility | Location | Route Fezt L Owner | Maintainer | Area EIEH Buitt
© @ Sample Bridges _ . : Intersected | (mi) (7).

@8 Deleted Bridges 1 TrainingBridge1 Training Brid | 11 01 SR 005 | Pittsburg | 0051 | SR 6060 17.00 | 1 1 -2 161.00 | 998
2 | TrainingBridge2 Training Brid |-1 -1 NJA (LY -1 NiA 0.00 | -1 -1 0.00 | 596
3 | TrainingBridge3 Training Brid | 11 01 73 Pittsburg | 0079 | Ohio River 125.00 |1 1 -1 455.00 | 999
4 PCMrainingBridge1 PCI TrainingB -1 0.00 -1 0.00 o
5 PCMrainingBridge2 PCMrainingBr -1 0.00 -1 0.00 o
6 PCMrainingBridge3 PCI TrainingB -1 0.00 -1 0.00 o
7 PCMrainingBridged PCMrainingBr -1 0.00 -1 0.00 o
e PCMrainingBridges PCI TrainingB -1 0.00 -1 0.00 o
9 PCMrainingBridges PCMrainingBr -1 0.00 -1 0.00 i}
10 | Example? Example 7 PS| -1 0.00 -1 0.00 i}
11 | RCTrainingBridge1 RC Training B -1 0.00 -1 0.00 i}
12 | TimberTrainingBridgel Timber Tr. Bri -1 0.00 -1 0.00 0
13 | FSys GFS TrainingBridge1 FloorSystem | 06 15 NJ-Tur | NJCity -1 0.00 -1 0.00 | 002
14 | FSys F5 TrainingBridge2 FloorSystem | 11 333 -85 WY C -1 0.00 |1 2z -1 0.00 | 998
15 | FSys GF TrainingBridge3 FloorSystem | 07 05 85 ATL -1 0.00|2 -1 0.00 | 938
16 |FLine GFS TrainingBridge1 FloorLine GF | 01 01 75 JAX -1 0.00 |1 1 -1 0.00 | 001
17 | FLine FS TrainingBridge2 FloorLine FS | 02 0z 75 GNV -1 0.00 |1 1 -1 0.00 | 000
18 |FLine GF TrainingBridge3 FloorLine GF | 01 01 35 WY 15 220000 | 2 -1 -1 0.00 | 559
18 | TrussTrainingExample Truss Trainin 5 0.00 0.00 | 930
20 LRFD Substructure Example 1 LRFD Substr 0.00 0.00 i)
21 | LRFD Substructure Example 2 LRFD Substr SR 403 | ERIE CO | 4034 | FOUR MILE 8.12 0895.20 | 002
22 | LRFD Substructure Example 3 LRFD Substr 0.00 0.00 i}
23 | LRFD Substructure Example 4 LRFD Substr -1 0.00 240.00 | 004
24 | Visual Reference 1 Visual Refer |01 12 76 WATSFI | 76 | MAD RVER | 1199.25 | 1 1 -1 168.00 | 938

Fig 1. Bridge Explorer

From the Bridge Explorer (Fig 1) select LRFD Substructure Example 1(BID20) and double click (or right
click and select open) to open it.

Once Bridge Workspace tree shows up expand “PIERS” under “BRIDGE ALTERNATIVES”- “2 Span
Bridge (E)(C)” by clicking on “+” . Then expand “pier 1” and select “3 — column pier (E)(C)” under “PIER
ALTERNATIVES”.

Expand “3 — column pier (E)(C)” by clicking on “+” and select “Columnl” under COLUMNS. Select

“FOUNDATION ALTERNATIVES” and expand it. Now the Bridge Workspace tree will be as shown in
Fig 2.
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= % LRFD Substructure Example 1
- [ Materials
[ ] Beam Shapes
- [] Appurtenances
....... [_] Diaphragm Definitions
------- j Impact / Dynamic Load Allowance
------- HFF LRFD Multiple Presence Factors
- ] Factors
[ [_J LRFD Substructure Design Settings
------- EC Envircnmental Conditions
....... OF  Design Pararmeters
= [ SUPERSTRUCTURE DEFIMITIONS
..... b Simple span structure (right support is rolled)
----- bt Simple span structure (left support is rolled)
..... b 2 Continuous span
=[] BRIDGE ALTERMATIVES
= M 2 span bridge (E) (C)
----- ([ SUPERSTRUCTURES
....... P Stiffness Analysis
= [ PIERS
2 TT Pierl
& (13 PIER ALTERNATIVES
= TT 3-column pier (E) (C)
....... &1 Default Materials
....... o Geometry
H-- P Cap
= (23 COLUMMS
Z W Columnl
. B Components
....... O Geometry
----- ([ Reinforcement Definitions
....... Reinforcement
EEY-OUNDATION ALTERNATIVES
..... B Foundation Alt1
..... B Pile Footing (E) (C)
@ M Column2
@ M Column3
....... =& Superstructure Loads
------- = Superstructure Environmental Loads
....... 1+t Substructure Loads
= #M% Continuous span steel bridge
..... [ SUPERSTRUCTURES
- 1 Stiffness Analysis
..... (L1 PIERS

Fig 2. Bridge Workspace Tree — Foundation Alternatives
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Double click on “FOUNDATION ALTERNATIVES” to open New Foundation Alternative Wizard
window (Fig 3).

-
Mew Foundation Alternative Wi

5

Spread Footing Pile Footing

S

Fig 3. New Foundation Alternative Wizard Window

Select Single Drilled Shaft alternative and click on “Next” button. Enter the data on next window as shown
in (Fig 4).
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ra ™
e oo sverns e SR =)

Type: |Drlled-Shaft Foundation

Mame: 4 Drlled Shaft

Description:

Units: | US Customary -

| = R

Top of shaft elevation: |~ ft

Bottom of shaft elevation: 30.00 ft

Shaft diameter: 4.00 ft

Shaft material: |Class A (US) -

Rock socket [

Bottom of socket elevation: ft

Socket diameter: ft

Socket materal: |Class A(US)

| <Back |/ Fnsh | | Cancel | | Hep

Fig 4. New Foundation Alternative Wizard Window

Click on “Finish” button to save and close the window. Once “Finish” button has been clicked Foundation
Properties window (Fig 5) will pop up. On Foundation Properties window go to Soil tab enter Water
Elevation as 40 ft. Click on “New” button to add a new row for Soil Profile. Add two new rows and enter

the data as shown in Fig. 6. Click on “OK” button to save and close the window.
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#M Foundation Properties - Pier 1 - 3-column pier - Calumnl EI@

4 Dirilled Shaft Foundation type:  Drilled-Shaft Foundation

M ame:

Description | Sail I User pp Curves | Usger bz Curves | User g-w Curves

Description: ~  Urits: |US Customary hd

Shaft material: ’ Clags & (US] ' [7] Consider avial lnading

Fiock socket [
Socket material | Class A [US]

Steel Casing

[ Include steel casing Casing runz entire length of shaft [excluding rock socket]

Casing material: |A5TM A572 - 1" max, Fy = Tap of casing elevation: ft

Conoded casing thickness: in Eattom of casing elevation:

ak ” Apply ” Cancel

Fig 5. Foundation Properties Window

If the “‘Consider axial loading’ box is checked, the analysis will consider the axial loading (t-z, g-w curves)
of the shaft in addition to the lateral loading (p-y curves). If the box is not checked, the analysis will only
consider the lateral loading (p-y curves) of the shaft.
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Enter the following data to describe the soil profile.

M Foundation Properties - Pier1 - 3-column pier - Columnl [a|[=@|[==]
Mame: 4 Drilled Shaft Foundation type:  Driled-Shaft Foundation
Descmpt\onl Soil | User p-y Curves | User -z Curves I User g-w Curves
54.50
Finizhed groundline elevation: ft Finizhed groundline slope: Dearees
| “wiater elevation: 40.00 ft | MNominal end bearing:

Soil Profile

Loading Type

@ Static: () Cyclic Mumber of cycles:
Top Bottom Soil Saturated c Ehi " UNnDrtmE‘,r::;
Elevati Elevati D Densi i
Layer | Curve Type | User Defined Name er;]lun a;r;}mn ?::fgy ;ﬂ;r]ty (ke Strains0 (Degrees) (ke AlF Resistance
thstr
1 |[Sand - 54.500 40.000 0.100 30.00 68.120
2 |Sand - 40.000 10.000 0.600 35.00 £9.120
[ Mew ] [ Duplicate ] [ Delete ]
[ Ok l [ Apply I [ Cancel ]

Fig 6. Foundation Properties Window — Soil Tab

The Nominal end bearing and nominal unit side resistance data are only required if you have chosen to

consider the axial loading in the shaft analysis.

Soil resistance curves (p-y, t-z, g-w curves) will be developed based on the data entered here in accordance

with procedures specified in the FHWA report “Handbook on Design of Piles and Drilled Shafts Under
Lateral Load” and AASHTO LRFD 10.8.2.2.2.

The user also has the ability to enter user defined soil curves.

Graphical plots of computed and user entered soil curves will be available in the software.
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i

Bridge Workspace - LRFD Substructure Example 1
P g L4 Simple span structure (right support is rolled)
..... L Simple span structure (left support is rolled)
I b 2 Continucus span
= (L] BRIDGE ALTERNATIVES
5 M 2 span bridge (E) (C)
. [_1 SUPERSTRUCTURES
- Stiffness Analysis
[_1 PIERS
& TT Pierl
= [ PIER ALTERNATIVES
Zj TT 3-column pier (E} (C)
....... &1 Default Materials
....... T Geometry
- P Cap
B [0 COLUMMS
S MW Columnl

....... B Compeonents
....... O Geometry
..... [C3 Reinforcement Definitions
....... Reinforcement
EI ..... ([ FOUNDATIOM ALTERMATIVES
..... M Foundation Alt1
..... M Pile Footin

E) (C

m

- W Celumn
G- W Celumn3

(=l Y4’ Drilled Shaft

L Geemetry
[C3 Reinforcement Definitions
Reinforcement

Analysis Control

------- = Superstructure Loads

------- ++ Substructure Loads
= M Continuous span steel bridge
----- (L3 SUPERSTRUCTURES
- Stiffness Analysis
- [ PIERS

s )
------- = Superstructure Environmental Loads

1

Fig 7. Bridge Workspace Tree — 4’ Drilled Shaft

After Drilled Shaft has been defined, a 4’ Drilled Shaft has been added to the Bridge Workspace tree as

shown in Fig. 7. Expand 4’ Drilled Shaft by clicking on “+”.
click on “Geometry” to open Drilled Shaft Geometry window (Fig 8).
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i =

M Drilled Shaft Geometry - 4' Drilled Shaft == [

Bottom of Column
El B3.75 1 Fier Transverse Axiz
uj i Shaft Transverse Axis

|
L

|

|

Pier Longitudinal Axiz /

Shaft Longitudinal Axis f

£

| /
I
N /
T
| |
' 400t '
El 30,00 ft
\ T Segment Mo 1
i
T I STA. AHEAD
» L - L &
Elesation Wiew | Plan Yiew
[ Ok ] [ Apply ][ Cancel

Fig 8. Drilled Shaft Geometry Window

Click on “OK” button to save and close the window.
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Select and double click on Reinforcement Definitions to open Reinforcement Definition window (Fig 9).

On this window click on “Generate Pattern” button to open Generate Pattern Wizard (Fig 10).

.

D Drilled Shaft Reinforcement Def - Pier1 - 3-column pier - Colurmnl =]
pi
Mame :
‘-I-Y [] Bundle bars
]
/,-— 1T . Bar | Bar Size Material (?:) (:)

; | N
i i v
i : "i +X

_|1. ______ JI. ...... >
!

\ )

N | P

w ~ | e
- _I .
" .
Sta sdhead
L‘ L
l Mew ] [ Duplicate ] l Delete ]
[ ] 4 ] ’ Apply ] l Cancel ]

Fig 9. Drilled Shaft Reinforcement Definition Window

Generate Pattern Wizard

1641 0bars Bundls Type

Pattern name:

Drrilled shaft zegrment:

Bar gize: |10
@ Single

() 2 Parallel

() 2 Perpendicular
(") 3Bar

b aterial: [Epu:-:ieu:l Grade B0 v]

Clear cover:  3.5000

Segment croge gection:

Mumber of barz: 15

Top/Bottan:

Owerall trans width:

Overall lang width:
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Fig 10. Generate Pattern Wizard

Top

420000 |4,

48,0000

Drilled Shaft - 9

AASHTOWare BrD 6.4



AASHTOWare Bridge Design Training — Drilled Shaft

On Generate Pattern Wizard window enter data as shown in Fig 10 and click on “Apply” button. Once

“Apply” button is clicked reinforcement will be populated on Reinforcement Definition window (Fig 11).

i

#M Drilled Shaft Reinforcement Def - Pier 1 - 3-column pier - Columnl EI@
Mame:  15810bars
‘+Y [] Bundle bars
[
- T~ _ _ X Y
, -~ | % . Bar | Bar Size Material (in) (in)
£
: N
Ir'r | Vo 1 10 | = ||[Epoxied Grade &0 hd 19.865 0.000
- 1—e— > 2 10 |=||Epoxied Grade 50 |=] 18.148 -8.080
‘,l ' ;" 3 10 | ||[Epoxied Grade 80 R 13292 | -14.783
b ' / 4 10 |=||[Epoxied Grade 80 |- 5138 | -18.883
-
‘H___:F,f 5 10 | ||[Epoxied Grade 80 |- -2076 | -19.756
] 10 |=||Epoxied Grade 50 L2 -5532 | 17204
. 7 10 |=||Epoxied Grade 50 |=l| -18.071| -11678
T TEta hesd 8 10 |=||Epoxied Grade 50 =l  -19.43 -4.130
9 10 |=||Epoxied Grade 50 =l  -19.431 4130
L 10 |10 | =|Epoxied Grade 60 =l -18.071 11.676
11 10 |=||Epoxied Grade 50 |=] -9.932 17.204
12 |10 |=| Epoxied Grade 60 R -2.078 19.758
13 |10 |=|Epoxied Grade 60 |- 5.138 18.893
14 |10 | =|Epoxied Grade 60 |- 13.282 14.763
15 |10 | =|Epoxied Grade 60 |- 18148 8.080
[ Mew ] [ Duplicate ] [ Delete
Generate Pattern...
[ Ok ] [ Apply ] [ Cancel l

Fig 11. Reinforcement Definition Window

Now click on “OK” button to save and close the Drilled Shaft Reinforcement Definition Window.
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i

Bridge Workspace - LRFD Substructure Example 1

..... bd Simple span structure (rght suppert is rolled)

..... b Simple span structure (left support is rolled)
R 3 b 2 Continuous span
= (L] BRIDGE ALTERNATIVES
|_:_| ..... dMy 2 =pan bridge (E) (C)
; (£ SUPERSTRUCTURES
- Stiffness Analysis
[Z2 PIERS
= TT Pierl

= [ PIER ALTERNATIVES

Ej TT 3-column pier (E} (C)

....... &1 Default Materials
....... T Geometry
[ W Cap
B [ COLUMMS
- MW Columnl
....... B Components
....... O Geometry

....... Reinforcement
----- M Foundation Alt 1

- R 4" Drilled Shaft
- O Geometry

----- [23 Reinforcement Definitions
EI ----- [ FOUMNDATIOMN ALTERMATIVES

..... I Pile Footing (E) (C)

m

El ----- [23 Reinforcement Definitions
T
------- Reinforcement

o Analysis Control

[ B Column2

[ B Column3

=& Superstructure Loads

=& Superstructure Environmental Loads

++ Substructure Loads 4

= M Continucus span steel bridge
..... ([ SUPERSTRUCTURES

Fig 12. Bridge Workspace Tree — Reinforcement Definition

Now we can see 15#10bars reinforcement definition has been add to the Bridge Workspace tree. To apply

this reinforcement definition to drilled

Reinforcement window.
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4™ Drilled Shaft Reinforcement - Pier 1 - 3-column pier - Columnl E\@
Flewural | Shear

Start | Straight| End

. . Hook at| Hook at | Developed | Developed
Set| Distance| Length | Distance Pattern Start End at Start at End

(ft) (ft) (ft)
1 0.187 | 23.417 | 23.584 [15#10bars |=| [O] 0o 0o =

[ Mew ] [ Duplicate ] [ Delete ]
[ QK l [ Apply ] l Cancel ]

Fig 13. Drilled Shaft Reinforcement Definition Window — Flexure Tab

Enter data on Drilled Shaft Reinforcement Definition Window — Flexure Tab as shown in Fig 13. Now go

to Shear tab and enter data as shown in Fig. 14. Click on “OK?” button to save and close the window.

™ Drilled Shaft Reinforcement - Pier 1 - 3-column pier - Columnl EI@
Flesural | Shear

Shear Reinforcement Type
() Ties (@) Spirals (") Spirals designed as ties

Bar | Pitch _ EE Length | Ed

Size {in) Material Distance () Distance

(ft) (Tt}
4 - 3.00 |Grade 80 - 0187 23.417 | 23584
[ Mew l l Duplicate l [ Delete ]
| (1] 4 | [ Spply ] [ Cancel ]

Fig 14. Drilled Shaft Reinforcement Definition Window — Shear Tab
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Select and double click on Analysis Control in the Bridge Workspace tree to open Drilled Shaft Analysis
Control window. On this window on FE Control tab enter the data as shown in Fig 15.

™ Drilled Shaft Analysis Control =] S
FE Contral | |Jltimate Moment

[ Consider shaft nor-inear [cracked) stiffriess Target FE slement length: 2.00

ft
FE finalysiz Control
Additional Points of Interest

M awirum rumber of iterations: 20
Default nodes are located at columin/shaft interface,

shaft/rack socket interface, bathorn of shaft/rock socket,

Corvergence tolerance:  0.001 in and groudiing elewvation.
Excessive shaft head deflection: 30,000 in Elevation
(ft) |

COutput
Froduce output at:

[ A uzer-defined poirks
FE Modes

@ Every node

1 Every other node
1 Every third node
) Every fourth node Mew I I Duplicate I I Delete

1 Every fifth node

[ ak, ] I Apply I l Cancel

Fig 15. Drilled Shaft Analysis Control Window — FE Control tab

Convergence tolerance: when the maximum change in deflection at any node for successive iterations is
less than this value, iteration stops.

Excessive shaft head deflection: the value of deflection at the top of the shaft that is considered grossly
excessive and stops the analysis.
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-
M Drilled Shaft Analysis Control o= | =]
FE Contral | Ultimate Mament
Produce ultimate moment capacity output at; For asial loads:
Elevation Axial Load
(ft) ki
45.00 1200.00
Mew ] [ Duplicate ] [ Delete ] [ I 2w ] [ Duplicate ] [ Delete
[ 1] ] [ Apply ] [ Cancel

Fig 16. Drilled Shaft Analysis Control Window — Ultimate Moment tab

Go to the Ultimate Moment tab and enter data as shown in Fig. 16. To add a new row to Elevation and
Axial Load column click on “New” button under corresponding columns. Click on “OK” button to save
and close the window.
This tab allows the user to specify locations where the ultimate moment capacity output is desired. At a
location and for a specified axial load, the following ultimate moment capacity output will be generated:

1. Report containing moment capacity, El, curvature, maximum strain, neutral axis location

2. Results graphs showing moment vs. curvature, EI vs. moment
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