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Structural Analysis of Unbraced Piles

Geotechnical Capacity
Vs.
Structural Pile Capacity

STRUCTUREPOINT

Structural Analysis of Unbraced Piles

» Geotechnical Pile Capacity:
— Pile capacity through soil resistance

— Soil resistance will consist of skin friction
capacity and/or end bearing capacity

— Pile capacities and recommendations will be
given in a Geotechnical Report

— Maximum pile reaction will be calculated with
applied axial force and additional forces due
to moments for Strength and Extreme Load
Cases
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Structural Analysis of Unbraced Piles

« Structural Pile Capacity:

— Steel pile capacity calculated in Section 6 of
the AASTHO LRFD Bridge Design

Specifications

— Section 6.9 addresses Compression
Members

— Combined Axial Compression and Flexure
Section 6.9.2.2

STRUCTUREPOINT

When will I need to design for an unbraced pile length?

IDM: Section 408-6.0

408-6.0 STRUCTURAL CONSIDERATIONS

Reference: LRFD 2.6.4.4.2,3.7.5,10.6, 10.7.3.13, 10.8.3.9.2

Scour is not a limit state in the context of LRFD. Tt is a change in foundation condition. All of
the applicable LRFD limit states shall be satisfied for both the as-built and scoured bridge-
foundation conditions.

The consequences of the change in foundation conditions resulting from the design flood for
scour shall be considered at all applicable strength- and service-limit states, The design flood for

scour is the more severe of the 100-year flood or an overtopping flood of lesser recurrence. The

consequences of the change in founda

ion conditions resulting from the check flood for scour
shall be considered at the Extreme Event limits. The check flood for scour shall not exceed the
500-year flood or an overtopping flood of lesser recurrence.

A spread footing shall be used only where the stream bed is extremely stable below the footing.
and where the spread footing is founded at a depth below the maximum scour computed in
Section 203-3.03(03). A footing may be founded above the scour elevation where it is keyed
into non-crodible rock

The pile cap for a deep foundation. driven-open-pile bent, or drilled shaft. shall be located such
that the top of the cap is below the estimated contraction-scour depth, A lower elevation shall be
considered where erosion or comosion can damage the piles or shafts. Where the cap cannot be
located below the maximum scour depth, soil loss surrounding the deep foundation results in
piles or shafts with unbraced lengths. The unbraced length is equal to the length of the pile o
shaft exposed by the scour. plus an estimated depth to fixity. The depth to fixity shall be
determined as specified in LRFD 10.7.3.13 for driven piles. or LRFD 10.8.3.9.4 for drilled
shafts. The piles or shafts exposed due 1o scour shall be designed structurally as unbraced-length
columns in accordance with LRFD Scction 5 for a concrete foundation, or LRFD Section 6 for a
steel foundation, Unscoured piles or shafts can be considered in structural design as

continuously-braced columuns
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When will | need to design for an unbraced pile length?
IDM: Figure 408-3D

PILE TIP ELEVATION GUIDELINES
(For Body of Water)

Figure 408-3D

STRUCTUREPOINT

When will | need to design for an unbraced pile length?

Do | need to design for scour if my pier is
not in the waterway?

YES
BUT.......
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When will | need to design for an unbraced pile length?

Do | need to design for scour if my pier is
not in the waterway?

CONTACT INDOT
HYDRAULICS IF ANY
EXCEPTIONS CAN BE MADE.

THIS WILL BE HANDLED ON
A CASE BY CASE BASIS!

STRUCTUREPOINT

When will | need to design for an unbraced pile length?

Why do | need to design for scour if my pier is
not in the waterway?

Waterways can change geometry over time:

A B C\

©
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Design of Pile Bent Foundation
Friction Piles
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Design of Pile Bent Foundation
Friction Piles

Flow Line = 510 ft Q100 Contract Scour = 9 ft
Q500 Contract Scour = 12 ft

Pier Scour = 5 ft

540

“Unbraced Pile
Length = 31ft

STRUCTUREPOINT

2/16/2016



Structural Analysis of Unbraced Piles

Point Bearing

Witston susTRUCTURE

Design of Pile Bent Foundation
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Design of Pile Bent Foundation

Point Bearing

540

Rock El 478ft
Drive to Ultimate
Bearing in Rock
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Flow Line = 510 ft Q100 Contract Scour = 9 ft
Pier Scour = 5 ft Q500 Contract Scour = 12 ft
—_— . | 1 B “Unbraced Pile
M= E—— Length = 31ft
77777777777 R Ter——— M -
© Rk E. 4890t
Core 3 feet
into Rock
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Design of Piers with Footings
Friction Piles
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PILE TIP ELEVATION GUIDELINES
(For Body of Water)

Figure 408-3D
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Design of Piers with Footings
Friction Piles

Flow Line = 495 ft

Q100 Contract Scour = 6 ft
Pier Scour = 11 ft

Q500 Contract Scour = © ft

BENT NO. 1

BENT NO. 4
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Design of Piers with Footings

Friction Piles

Flow Line = 495 ft

Q100 Contract Scour = 6 ft
Pier Scour = 11 ft

Q500 Contract Scour = 9 ft
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Design of Piers with Footings

Point Bearing
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Design of Piers with Footings

STRUCTUREPOINT

Flow Line = 495 ft Q100 Contract Scour = 6 ft
Pier Scour = 11 ft Q500 Contract Scour = 9 ft
—
I |
frviaaieny —
1 sin Top ot Fia
I Q100 Scour El. = 478ft BTk
— S —=——. B _ = il IO BENT NO. 5
BENT NO. 1 Sk . by Rock £. 4san ot S
Boaring In Reck Baaring in Rock

Design of Piers with Footings
Point Bearing

Flow Line = 495 ft
Pier Scour = 11 ft

Q100 Contract Scour = 6 ft
QS00 Contract Scour = 9 ft
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2/16/2016

11



Structural Analysis of Unbraced Piles 2/16/2016

Design of Wall Piers

Friction / Point Bearing

AS REQUIRED
)

" VARIES /(M. 270
*—— 26" (MIN)

—i

|, ROUND FOR STREAM
CROSSING, RECTANGULAR
FOR GRADE SEPARATIONS

VARIES

}
3
A
%
s

it
M ] S
L0 1 il o

\\ PILES TYPE AND SIZE AS.
DE 0l
ELEVATION SECTION “~—pefeminiser =

Note: Elevation of bottom of imudsil' s/ slow ihe. scou 52 but not more than 6-0" below
the fowsline elevalion.

WALL PIER ON SINGLE ROW OF PILES

Figure 409-6B
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Design of Wall Piers
Friction Piles

Flow Line = 495 ft Q100 Contract Scour = 12 ft
Pier Scour = 5 ft Q500 Contract Scour = 15 ft

G860 Soour B. = 475 & BENT NO. &

BENT NO. 1

STRUCTUREPOINT
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Design of Wall Piers
Friction Piles

Flow Line = 495 ft

Q100 Contract Scour = 12 ft
Pier Scour = 5 ft

Q500 Contract Scour = 15 ft

10ft Min Below Q500 Scour

STRUCTUREPOINT

Design of Wall Piers

Point Bearing

Flow Line = 495 ft

Q100 Contract Scour = 12 ft
Pier Scour = 5 ft

Q500 Contract Scour = 15 ft

BENT NO. 1 *E‘.E.% E"hu%’ g
STRUCTUREPOINT
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Design of Wall Piers
Point Bearing

Flow Line = 495 ft Q100 Contract Scour = 12 ft
Pier Scour = 5 ft Q500 Contract Scour = 15 ft

Unbraced Pile
Length = 11ft =

g?i

STRUCTUREPOINT

Structural Design of Pile

Check Combined Axial Compression and Flexure
AASHTO LRFD Section: 6.9.2.2

- Slenderness Ratio:
Kl/r <120 (Section 6.9.3)

- IfP/P, < 0.2, then

Pu
2Pr

- IfP/P, >0.2, then

M M
+ (= +-—) < 1.0 (6.9.22-1)
er MTy

Pu ﬂ h M“ -
T (er + M—:) <1.0 (6.9.2.2-1)

r

STRUCTUREPOINT
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Structural Design of Pile

Combined Axial & Flexural Capacity (Compressive Resistance)

STRUCTUREPOINT

P, = Axial Compressive Load (from Load Combinations)
P. = Factored Compressive Resistance (Article 6.9.2.1)

PI’ = ¢C Pn

¢, = 0.9 Strength Combinations (Article 6.5.4.2)
¢. = 1.0 Extreme Combinations (Article 6.5.5)

P, = Nominal Compressive Resistance (Article 6.9.4)
If P/P, >0.44, then

,
Pn = [0.6587] « Po (Eqn. 6.9.4.1.1-1)

If PP, < 0.44, then

Pn = 0.877Pe (Egn. 6.9.4.1.1-2)

Structural Design of Pile

Combined Axial & Flexural Capacity (Compressive Resistance)

STRUCTUREPOINT

P, = Elastic Critical Buckling Resistance
Table 6.9.4.1.1-1 (FB)

2)E
P, = 4g (Eqn.6.9.4.1.2-1)
)
K = Effective Length Factor
| = Unbraced Length
r, = Radius of Gyration
A4 = Gross Cross-Sectional Area

(No need to check Eqn. 6.9.4.1.3-1, Elastic
Torsional Buckling does not control in H or Shell Piles)

P, = Equivalent Nominal Yield Stress

P, = QF A,
Q = Slender Element Reduction Factor
(H or Shell Piles are not Slender)

2/16/2016
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Structural Analysis of Unbraced Piles

Combined Axial & Flexural Capacity (Flexural Resistance)

Back to Combined Axial & Flexural Capacity Equations:

Pup B 4 By <10 (6.9.2.2-1)
2Pr |'M,, M,
P,

+% w | —w)l < 1.0 (6.9.2.2-2)

PT

M, = Factored Flexural Moment about x-axis (Strong-Axis)

M,, = Factored Flexural Moment about y-axis (Weak-Axis)
(Obtained from Strength & Extreme Load Combinations)

M,, = Factored Flexural Resistance about x-axis (Strong-Axis) = ¢:M,,.
M,, = Factored Flexural Resistance about y-axis (Weak-Axis) = ¢:M,,

STRUCTUREPOINT

Structural Analysis of Unbraced Piles

Flexural Resistance Due to FLB (Strong Axis)

To Calculate M,, (Strong Axis):  Both Flange Local Buckling (FLB) and
Lateral Torsional Buckling (LTB) need to
be calculated.

FLB:
Check Section Ratios (A6.3.2):

Slenderness Ratio for Compression Flange: A; = Z—btf&

b;.: Compression Flange Width

t: Compression Flange Thickness

Limiting Slenderness Ratio for Compact Flange: A = O.38\/FE

E: Young’s Modulus
Fyc: Yield Strength of Compression Flange

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Flexural Resistance Due to FLB (Strong Axis)
FLB:
Check Section Ratios (A6.3.2):

L . Ek
Limiting Slenderness Ratio for Noncompact Flange: L ;= 0.95 /F—ﬁ
yr

k.: Flange local buckling coefficient (for rolled shapes = 0.76)

F,: Compression-flange stress at the onset of nominal yielding
within cross-section

F,.: taken as the smaller of: -0.7F,
R )
-F
- (But Not Less than 0.5F )
Fyc: Yield Strength of Compression Flange
Ry: Hybrid Factor = 1.0
Fy¢ Yield Strength of Tension Flange
S, Elastic Sect Modulus with respect to strong-axis tension flange
S,.: Elastic Sect Modulus with respect to strong-axis compress flange
Fy: Yield Strength of Web

STRUCTUREPOINT

Structural Analysis of Unbraced Piles

Flexural Resistance Due to FLB (Strong Axis)

FLB:
Calculate Flexural Resistance based on Compression Flange Local Buckling:
if A¢< Ay, then:
M, = RpeMy, (Egn. A6.3.2-1)
Otherwise:

F.S  Ai_ )\
M,.=[1-(1- ﬁ)(ﬁnRPCMVC (Egn. A6.3.2-2)

R,.: Web Plastification Factor for Comp. Flange
For rolled I-Shapes, R, = Shape Factor
Shape Factor = Z, / S, (Approx 1.10)

M,.: Yield Moment = F,S,

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Flexural Resistance Due to LTB (Strong Axis)

LTB:
Calculate Plastic Length Limit (L) and Elastic Length Limit (L,):
Section A6.3.3

L,=10rt /Fi (Eqn. AB.3.3-4)
ye

E: Young’s Modulus
Fyc: Yield Strength of Compression Flange
r: Effective radius of gyration for lateral torsional buckling

b
r, = ——f—"  (Eqn.A6.3.3-10)
1214125
Bbﬂtfc

b;.: Compression Flange Width

t;.: Compression Flange Thickness
D.: Depth of Web

t,: Web Thickness

STRUCTUREPOINT

Structural Analysis of Unbraced Piles

Flexural Resistance Due to LTB (Strong Axis)

LTB:
Calculate Plastic Length Limit (L,) and Elastic Length Limit (L,):
Section A6.3.3

2
L, = 1.95r,— /S’—h \/1 + |1+676 (EEL x Sl—") (Eqn. A6.3.3-5)
S

S,.: Elastic Section Modulus about Strong Axis
h: Depth between centerline of flanges
F,.: Yield Strength of Compression Flange
F,.: taken as the smaller of: -0.7F,,
< RyFy * (%)
Foy »
- (But Not Less than 0.5F ;)

J: St. Venant torsional constant (Eqn. A6.3.3-9)

J = (%) + (2ke) (1 - 0.63%) + 21— 0.63%)

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Flexural Resistance Due to LTB (Strong Axis)

LTB:
- The Limit Lengths of L, and L, have been calculated.
- Compare where the unbraced length, Ly, is in relation to L, and L..

IfL, <L,

ne = RocMye (Eqn. A8.3.3-1)

Web Plastification Factor for Comp. Flange
For rolled I-Shapes, R, = Shape Factor
Shape Factor=2Z, /S, (Approx 1.10)

pe-

My Yield Moment = F,S,

STRUCTUREPOINT

Structural Analysis of Unbraced Piles

Flexural Resistance Due to LTB (Strong Axis)

LTB:
IfL,<Ly<L,
F S L —Lp
M, =Cb|1—(1—2x)(2222)[R M <Rp,,,. (Eqn. A6.3.3-2)
RpCMyC L,—Lp pety b4
F,.: taken as the smaller of: -0.7F,
- RiFyex (59
-F
- (But Not Less than 0.5F )
Rpc: Web Plastification Factor for Comp. Flange
For rolled I-Shapes, R, = Shape Factor
Shape Factor =7,/ S, (Approx 1.10)
My : Yield Moment = F,S,
Syt Elastic Section Modulus about Strong Axis
Cy: Moment Gradient Modifier (Eqn. A6.3.3-6)

STRUCTUREPOINT

19



Structural Analysis of Unbraced Piles

Structural Analysis of Unbraced Piles

Flexural Resistance Due to LTB (Strong Axis)

LTB:
Moment Gradient Modifier, C,;:
For an Unbraced Cantilever, C, = 1.0 (Egn. A6.3.3-6)
For all other cases:
M M)\ 2
¢, =1.75—-1.05 (ﬁl) +03 (ﬁz) <23 (Eqn. A6.3.3-2)
M;: Moment at brace point opposite to M,
M,: Largest Moment at either end of the unbraced length

STRUCTUREPOINT

Structural Analysis of Unbraced Piles

Flexural Resistance Due to LTB (Strong Axis)

LTB:
IfL,>L,
Mo = FoSye < RpM,, (Egn. A6.3.3-3)

Rpc: Web Plastification Factor for Comp. Flange
For rolled I-Shapes, R, = Shape Factor
Shape Factor=2Z,/ S, (Approx 1.10)

Yield Moment = F,S,
Elastic Section Modulus about Strong Axis
Elastic Lateral Torsional Buckling Stress

n-n xmg

c,°E J (L)\?
F, = J(h 1+ 0.0785(;5) (Eqn. A6.3.3-8)

T

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Flexural Capacity (Mw, Strong Axis)

Flexural Resistance based on compression flange local buckling
has been calculated.

- Compare the values of M, for FLB and LTB
- The lower value of M, will be used

er = (I)anc

_’;L (Mﬁ _u)<1o (6.9.2.2-1)
oo

)< 1.0 (6.9.2.2-2)

STRUCTUREPOINT

Structural Analysis of Unbraced Piles

Flexural Capacity (M, Weak Axis)

Flexural Resistance for Weak Axis (Section 6.12.2.2)
- LTB does not control
- FLB controls and needs to be checked

- Mry = ¢fM

Py o My My ]
T G +) <10 (6.9.2.2-1)

+ 20 L +-)<1o (6.9.2.2-2)

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Flexural Resistance Due to FLB (Weak Axis)

FLB:
Check Section Ratios (Article 6.12.2.2):

Slenderness Ratio for Flange: A; = Z_bt%

b;: Flange Width

t;: Flange Thickness

Limiting Slenderness Ratio for Compact Flange: A = 0.38\/Fz
yf

E: Young’s Modulus
Fy Yield Strength of Flange

STRUCTUREPOINT

Structural Analysis of Unbraced Piles

Flexural Resistance Due to FLB (Weak Axis)

FLB:
Check Section Ratios (Article 6.12.2.2):

Limiting Slenderness Ratio for Noncompact Flange: A, = 0.83\/FE

f

E: Young’s Modulus
Fy Yield Strength of Flange

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Flexural Resistance Due to FLB (Weak Axis)

FLB:
Calculate Flexural Resistance based on Flange Local Buckling:
if 2¢ <Ay, then:
M, =M, (Egn. 6.12.2.2.1-1)
Mp = Fyfzy

Fy Yield Strength of Flange
Z,: Plastic Section Modulus about Weak-Axis

STRUCTUREPOINT

Structural Analysis of Unbraced Piles

Flexural Resistance Due to FLB (Weak Axis)

FLB:
Calculate Flexural Resistance based on Flange Local Buckling:

if Ape <2A¢< Ay then:

M =[1—( —iu)<ifiat>]pyfzy (Eqn. 6.12.2.2.1-2)

Z E
0.45 F_
yf’

y
S,: Section Modulus about Weak-Axis
E: Young’s Modulus
Fy: Yield Strength of Flange
Z,: Plastic Section Modulus about Weak-Axis

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Flexural Capacity (M, Weak Axis)

Flexural Resistance based on weak-axis bending.

- I\/Iry = (I)an

Py My M, ]
i+ G <10 (69.22-1)

P, , 80 M . M,
ot m+)S1'0 (6.9.2.2-2)

%(M

STRUCTUREPOINT

Structural Design of Pile

Check Combined Axial Compression and Flexure
AASHTO LRFD Section: 6.9.2.2

Unbraced Pile Design is complete for combined Axial
Compression and Flexure!

- Slenderness Ratio (Section 6.9.3)
Kl/r <120

- Combined Axial Compression and Flexure  (Section 6.9.2.2)
- Factored Axial Forces, Strong-Axis and Weak Axis Moments Calculated
- Compressive Resistance, P,, Calculated
- Strong-Axis Flexural Resistance, M,,, Calculated
- Weak-Axis Flexural Resistance, M,,, Calculated

STRUCTUREPOINT
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2/16/2016

Structural Analysis of Unbraced Piles

Example 1: Two Span Structure (153ft Ea)

Vi 10543000
o w200
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T
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| —— crE e
+ Bott of Faoting EL.: 3841t N R
12,120 russ we e s w e sces == DTG G0N WA 1z sz s e
(esT. TP EL 340.0) {est. 00} Flow Line: El 379 ; EST. PRE TP B 340
Total Q100 Scour: EI 361t |
ELEVATION E el
Total Q500 Scour: EI 3591t 2
(Pile Tip E1.: 340f1)

Fixity Depth: EI 356ft
Total Unbraced Length =
384ft - 3561 = 281
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Structural Analysis of Unbraced Piles

Plan View
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Structural Analysis of Unbraced Piles

Cross-Section View

Hammer Head Pier: Example 1
Abutment Isometric View

/L A MEN) NEICHT
™ % Deck

% AV FILLET

STRUCTUREPOINT
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Hammer Head Pier: Example 1
Abutment Plan View

gyt 7 SPA@ 7-1' =510 l[vlf" ‘

STRUCTUREPOINT

Hammer Head Pier: Example 1
Abutment Stiffness
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Structural Analysis of Unbraced Piles

Hammer Head Pier: Example 1
Pier Isometric View

STRUCTUREPOINT

Hammer Head Pier: Example 1
Pier Plan View

L/
Hase
»

~

STRUCTUREPOINT
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Hammer Head Pier: Example 1
Pier Elevation View

HFIZ x79 piLes [1te)
T, - A 7.0 FT
Or OF FOuT NG EL. = 3%7.47 ou
: = 29 ) TOTAL SCOUR = |$07 FT
Lorrem df FoarmG EL. =3%397 0 2 i
FIXITY DEFTH = SFT
[ 5 -~ K T CFT
cral = \ 2 R ET) - | - ]
WBARCED LENGTH= 35397 - 355.93 Fuimy eL,= (3790 FT)- 18.07FT-5T

=38093 FT

= 2504 FT = b
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Hammer Head Pier: Example 1
Pier Elevation View
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Structural Analysis of Unbraced Piles

Hammer Head Pier: Example 1
Pier Stiffness Calculation

STRUCTUREPOINT

Hammer Head Pier: Example 1
Pier Stiffness Calculation

BEAUNG S<TIFFNESS

C = 0psi - -
(5 '
WL ~ o
= 30625 .
: ~
0p53) % -
A /: . ~ -
3 /12%a)
'
= 1%6.2 % e T8
1) BEPRWGS TUTAL /
s g
127862 Yer T 20394 b1
OTRL  STIFFNESS
! | - 2791t (
N R L EL
Ko Kpew K 139 by 289 = .
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Hammer Head Pier: Example 1
Pier Stiffness Calculation

I R DUsr 18V 100

REUTMENT | ST IFFNVESS: [9]9 %eq
PlIER B .STIFFNESS ¢ B19.Y by
ABUTMENT 3 STIFFNESS: 1514 %

PERUENVTACE OF Lon¢iTuoivel FORGE AT PrER 2°
YN8y ey
| b i i = ' , =
= 0186 = |kE 20% [0F LONGITUDIN BL

1519 %5 + 9299 %1 1 1314 b U=k
FOREES—GEIS—DISTHIBUIED
To PIER D,
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Hammer Head Pier: Example 1
Controlling Load Case

» Strength Cases | — V were Checked
« Strength Case | controlled
« 1.25DC + 1.5DW + 1.75LL + 1.75BR

STRUCTUREPOINT
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Hammer Head Pier: Example 1
Strength I: Max Axial Force = 355Kips

BEAM FORCE

MAY AINL  FiRE
FOR ALL LoAD
CAsEs = 355 ps

STRUCTUREPOINT

Hammer Head Pier: Example 1
Strength I: Max Axial Force = 355Kkips

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Hammer Head Pier: Example 1
STR I: Max Strong-Axis Moment = 15.0ft-k

STRUCTUREPOINT

M FORCE

MMENT -y

Hammer Head Pier: Example 1
STR I: Max Strong-Axis Moment = 15.0ft-k
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m
BEAM FORCE
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Structural Analysis of Unbraced Piles 2/16/2016

Hammer Head Pier: Example 1
STR I: Max Weak-Axis Moment = 4.5ft-k

BEAM FORCE

MOMENT-z

STRUCTUREPOINT

Hammer Head Pier: Example 1
HP12x74 Section Properties

Area = 21.8in? Depth =12.1in

Web thick = 0.605 in Flange Width = 12.2 in
Flange thick = 0.610 in

l, =569.0 in* l, =186.0 in*
S,=93.8in3 S, =30.4in3
r,=5110in r,=2.920in
Z,=105.0in3 Z,=46.6in3

r,=3.260 in

J=2.98in*

C, =6170in®

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Hammer Head Pier: Example 1
Calculate Slenderness Ratio

- Slenderness Ratio:
Kl/r <120 (Section 6.9.3)

0.85(28ft x 12"/5) / 2.92in = 97.8

STRUCTUREPOINT

Hammer Head Pier: Example 1
Calculate Pu / Pr

- Pu=200.1 kips
- To Calculate P,, Find P./P,
p, = % «Ag  (Eqn.6.9.4.1.2-1)
p, = (T)20000ksi 51 gin? = 652.3k
e (97.8in)2
P, = QF A

P, = 1.0(50ksi)(21.8in2) = 1090k

P./P, =652.3k / 1090.0k = 0.60

STRUCTUREPOINT

2/16/2016
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Hammer Head Pier: Example 1
Calculate Pu / Pr

Since P_/P,> 0.44, then
pn = l0.6587] « Po (Eqn. 6.9.4.1.1-1)

1090k

652 3k

Pn = [0.658 ] + 1090k = 541.6k

P, = Factored Compressive Resistance (Article 6.9.2.1)
P. = ¢.P, = 0.9(541.6k) = 487.4k

P,/P, = (355.0k / 487.4) = 0.728
Since P/P, > 0.2, Use Eqn. (6.9.2.2-2)

STRUCTUREPOINT

Hammer Head Pier: Example 1
Combined Axial & Flexural Egn.

Eqgn. 6.9.2.2-1
P, 80 M, M
—+—(——+-<10
P, 90°M, M,

P, = 355.0k

P, = 487.4k

Mgy = 15.0 ft-k

My, = 4.5 ft-k

Calculate Flexural Capacities M,, & M,

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Hammer Head Pier: Example 1
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

FLB
Calculate Section Ratios: A, A s and A

b 12.2in .
= —fc =" =
M 2tf, 2(0.610in) 10.0in

=0.38 /i = 0.38 /29000".5" — 9.15in
Fyf 50ksi
s =0.95 /ﬂ =095 /w = 19.9in
Fyr 50ksi

STRUCTUREPOINT

Hammer Head Pier: Example 1
Calculate Strong-Axis Flexural Capacity
Calculate Flexural Resistance based on FLB & LTB

FLB
Since A;> xpf, then:

=[1-(Q1- #)(—"—)]R s (EQN. AB.3.2-2)

Ry, = 105in%/93.8in® = 1.12
M, = 50ksi(93.8in3) = 4690 in-k

F,: taken as the smaller of: - 0.7F,, = 35ksi
- RyFy, % (3%) = 50ksi

- Fyy, - 50ksi
- (But Not Less than 0.5F )

STRUCTUREPOINT

2/16/2016
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Hammer Head Pier: Example 1
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

FLB

_ (35ksi)(93.8in%) | [10.0" —9.15"

M, =[1-(1 (1.12)(4690in—k))(19.9" - 9.15")](

nc

1.12x4690in-k)

M,, = 5097.0in-k = 424.8ft-k

STRUCTUREPOINT

Hammer Head Pier: Example 1
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

LTB
Calculate Plastic Length Limit (L) and Elastic Length Limit (L,):
Section A6.3.3

L, = 28ft
’ E
Lp = 1.0rt F_yc (Egn. A6.3.3-4)
.\ [29000ksi _ L
L, =1.0(3.26in) s 78.5in = 6.5t

STRUCTUREPOINT

38



Structural Analysis of Unbraced Piles

Hammer Head Pier: Example 1
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

LTB
Calculate Plastic Length Limit (L,) and Elastic Length Limit (L,):
Section A6.3.3

L, =1957,— |~
yr

xc

J Fy , S
\/1+\/1+6.76(E * ]) (Eqn. A6.3.3-5)

_ . 29000ksi 2.98in* 35ksi 93.8in(10.88in)\ 2
L, =1.95(3.260in) 35ksi \/93.8in3(10.88in) jl + \/1 +6.76 (29000ksi * 2.98in* )

L. = 447.1in = 37.3ft

STRUCTUREPOINT

Hammer Head Pier: Example 1
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

LTB
Since L, <L, <L,
M, =Cb [1 -(1- —v—) (i 2;)] R,M,. < Rpoy,.  (Ean. A6.3.3-2)

35ksi(93.8in? 28ft — 6.5ft
Mm=1.0[1—<1— si(93.8in") )( / f

1.12(4690in — k) ) \37.3ft — 6.5ft)] 1.12(4690in = k)

M,, = 3877.8in—k = 323.2ft — k

STRUCTUREPOINT

2/16/2016
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Structural Analysis of Unbraced Piles

Hammer Head Pier: Example 1
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

FLB
M, = 5097.0in-k = 424.8ft-k

LTB
M, = 3877.8in-k = 323.2ft-k

M, for LTB Controls

M., = M, = 0.9(323.2ft-k) = 290.0ft-k

STRUCTUREPOINT

Hammer Head Pier: Example 1
Calculate Weak-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB

FLB
Calculate Section Ratios: A, A s and A

b 12.2in .
= —fc — =
M 2tf, 2(0.610in) 10.0in

hor = 0.38 /i= 0.38 | 22000kt _ g 455
Fyf 50ksi

Jos = 0.83 /i = 0.83 /29"00",5" = 20.0in
Fyf 50ksi

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Hammer Head Pier: Example 1
Calculate Weak-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB

FLB
Since A;> Ay, then:
S\ [ A=A
M, = [1 -(1-3) <;f5—\/nzt>] F,Z, (Eqn.6.122.2.1-2)
’ Fyf
_ [+ _ (4 _ 304in* /10.0in-9.15in . 4
M, = [1 (1 46.6in3)< 045\[29000ksi )] 50ksi(46.6in")
: 50ksi

M, = 2266.5in — k = 188.9ft — k

My, = &;M, = 0.9(188.9ft-k) = 170.0ft-k

STRUCTUREPOINT

Hammer Head Pier: Example 1
Combined Axial & Flexural Egn.

Eqn. 6.9.2.2-2

P, = 355.0k
P, = 487.4k
M,, = 15.0 ft-k
My, = 4.5 ft-k
M,, = 290.0 ft-k

M,, =170.0 ft-k

355.0k |, 8.0 ( 15.0ft-k , 45ft-k ) —0.798

487.4k ' 9.0 \290.0ft—k ' 170.0ft—k

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Example 2: Two Span Structure (100ft Ea)
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Structural Analysis of Unbraced Piles

Plan View

HJEJLALEL_ﬁ_____

BEGIN PROJECT. LS. 5 >
. Nh Ty, | Y S— -
e B = "

TEFIE

AT
SRS
g3

g#
35add

§

STRUCTUREPOINT




Structural Analysis of Unbraced Piles

Structural Analysis of Unbraced Piles

Plan View
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Structural Analysis of Unbraced Piles

Cross-Section View

1
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Single of Row Piles: Example 2

T SOMETRIC \E\‘\/

<L pEWNO BUT MEWS MDELEQ

JiTn B SUBGRIDE meDULUS RUPr3

100 Fr Jea FT

1

Single of Row Piles: Example 2

ELEVATUN VIE

BENT | BENT 2 BENT 3

1 <R o<

= &)=y
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Single of Row Piles: Example 2

‘ PLil VIEW

Single of Row Piles: Example 2
Find Seismic Loads

» Calculate Seismic Forces
» Used Single Mode Spectral Method

STRUCTUREPOINT
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Single of Row Piles: Example 2
Find Seismic Loads

STRUCTUREPOINT

Single of Row Piles: Example 2
Find Seismic Loads

STRUCTUREPOINT
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Single of Row Piles: Example 2
Find Seismic Loads

Single of Row Piles: Example 2
Find Seismic Loads

LONGITUDINAL. DEFLEzTion (1 FEET)
DUE TO UNMIT |KLF

MAx= O-Q024FT I

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles 2/16/2016

Single of Row Piles: Example 2
Find Seismic Loads

TRENSVERSE. DEFLEGHoW (W FEET)
DUE To | kLF
Mix= Q00527 FT F

STRUCTUREPOINT

Single of Row Piles: Example 2
Controlling Load Case

* Both Seismic Load Cases were checked
* Transverse Seismic Load Case controlled
« 1.25DC + 1.5DW + 0.3EQ + 1.0EQ

STRUCTUREPOINT
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Single of Row Piles: Example 2
(Max Axial Force = 200.1 Kips)

125 De + L5 DwW + 0.3 EQ (Lowt\* 1.OEQ (TRAKS) —> RESPonsE FlicroR =~ 22 =17

MIDAS/Civil
PILE AIAL FORE (KIF) e

(LI
L

Single of Row Piles: Example 2
Strong Axis Moment = 5.6ft-k

.25 DO+ LS DW + O3 EQ [LonG) + 1.0 EQ(IReS) = RESPVSE FRCTOR = >3/ =175

STRONG - AXS momens (FT-k)

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Single of Row Piles: Example 2
Weak Axis Moment = 33.8ft-k

L 25D+ 1.5DW + (EG (o) + Lo EQ (TRAK) —> RESRuaSE Facaer = 3% =175

MIDAS/Civil
WEBX-AXS MImENT [F “k}

—————
—————
- ——
——
mir

STRUCTUREPOINT

Single of Row Piles: Example 2
HP14x117 Section Properties

Area = 34.4 in? Depth =14.2in

Web thick = 0.805 in Flange Width = 14.9 in
Flange thick = 0.805 in

l, = 1220.0 in* |, =443.0 in*
S,=172.0in3 S, =59.5in3

r, =5.960 in r,=3.390 in
Z,=194.0in3 Z,=91.4in

r,=4.000 in

J =8.02in*

C, = 19900 in®

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Single of Row Piles: Example 2
Calculate Slenderness Ratio

- Slenderness Ratio:
Kl/r <120 (Section 6.9.3)

1.2(17ft x 12/ / 3.59in = 68.2

STRUCTUREPOINT

Single of Row Piles: Example 2
Calculate Pu / Pr

- Pu=200.1 kips
- To Calculate P,, Find P./P,
p, = % «Ag  (Eqn.6.9.4.1.2-1)
p, = (T)29000kst 24 4in2 = 2116.8k
e (68.2in)2
P, = QF A,

P, = 1.0(50ksi)(34.4in2) = 1720.0k

P./P,=2118.8k / 1720.0k = 1.23

STRUCTUREPOINT
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Single of Row Piles: Example 2
Calculate Pu / Pr

Since P_/P,> 0.44, then

P
Pn= [0.658F:] * Po (Egn. 6.9.4.1.1-1)
Pn = [0.658m] « 1720k = 12241k

P, = Factored Compressive Resistance (Article 6.9.2.1)
P.=¢.P, =1.0(1224.1k) = 12241k

P/P, = (200.1k / 1224.1k) = 0.163
Since P/P, < 0.2, Use Eqn. (6.9.2.2-1)

STRUCTUREPOINT

Single of Row Piles: Example 2
Combined Axial & Flexural Egn.

Eqgn. 6.9.2.2-1
P + (M“" + M“y) <1.0
2Pr M, M,  ~

P, =200.1k

P, =1224 1k

M,, = 5.6 ft-k

M,, = 33.8 ft-k

Calculate Flexural Capacities M,, & M,

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Single of Row Piles: Example 2
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

FLB
Calculate Section Ratios: A, A s and A

b 14.9in .
=l =__ """ =
M 2tf,  2(0.805in) 9.25in

=0.38 /i = 0.38 /29000".5" — 9.15in
Fyf 50ksi
s =0.95 /ﬂ =095 /w = 19.9in
Fyr 50ksi

STRUCTUREPOINT

Single of Row Piles: Example 2
Calculate Strong-Axis Flexural Capacity
Calculate Flexural Resistance based on FLB & LTB

FLB
Since A;> xpf, then:

=[1-(Q1- #)(—"—)]R s (EQN. AB.3.2-2)

Ry, = 194in3/172in%= 1.13
M, = 50Ksi(172in3) = 8600 in-k

F,: taken as the smaller of: - 0.7F,, = 35ksi
- RyFy, % (3%) = 50ksi

- Fyy, - 50ksi
- (But Not Less than 0.5F )

STRUCTUREPOINT
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Single of Row Piles: Example 2
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

FLB

(35ksi)(172in%) | ,9.25" _9.15"

Mpe =[1-(1- (1.13)(8600in—k))(19.9" - 9.15")](

1.13x8600in-k)

M,, = 9683.6in-k = 807.0ft-k

STRUCTUREPOINT

Single of Row Piles: Example 2
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

LTB
Calculate Plastic Length Limit (L) and Elastic Length Limit (L,):
Section A6.3.3

L, = 17ft
E
Lp = 1.0rt /F_yc (Eqn. A6.3.3-4)
.| [29000ksi _ o
L, = 1.0(4.000in) [===2 = 96.3in = 8.0ft

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Single of Row Piles: Example 2
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

LTB
Calculate Plastic Length Limit (L,) and Elastic Length Limit (L,):
Section A6.3.3

L, =1957,— |~
yr

xc

J Fy , S
\/1+\/1+6.76(E * ]) (Eqn. A6.3.3-5)

_ . 29000ksi , 8.02in* 35ksi 172in%(12.59in)\ 2
L, = 1.95(4.000in) 35ksi 172in3(12.59in) jl + \/1 +6.76 (29000ksi * 8.02in* )

L. = 597.0in = 49.8ft

STRUCTUREPOINT

Single of Row Piles: Example 2
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

LTB
Since L, <L, <L,
M, =Cb [1 -(1- —v—) (i 2;)] R,M,. < Rpoy,.  (Ean. A6.3.3-2)

35ksi(172in3 17ft — 8.0t
Mm=1.0[1—<1— si( Ln))( / /

11 in —
1.13(8600in — k) 49.8ft—8.0ft>] 3(8600in k)

M,, =8921.8in — k = 743.5ft — k

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Single of Row Piles: Example 2
Calculate Strong-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB & LTB

FLB
M, = 9683.6in-k = 807.0ft—k

LTB
M, = 8921.8in-k = 743.5ft-k

M, for LTB Controls

M., = oM, . = 1.0(743.5ft-k) = 743.5ft-k

STRUCTUREPOINT

Single of Row Piles: Example 2
Calculate Weak-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB

FLB
Calculate Section Ratios: A, A s and A

b 14.9in .
= —fc — =
M 2tf, 2(0.805in) 9.25in

hor = 0.38 /i= 0.38 | 22000kt _ g 455
Fyf 50ksi

Jos = 0.83 /i = 0.83 /29"00",5" = 20.0in
Fyf 50ksi

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

Single of Row Piles: Example 2
Calculate Weak-Axis Flexural Capacity

Calculate Flexural Resistance based on FLB

FLB
Since A;> Ay, then:
s A=A
M, = [1 -(1-3) <;f5—\/nzt>] F,Z, (Eqn.6.122.2.1-2)
’ Fyf
_[+4 _ (4 _ 595in*) /9.25in-9.15in . .
M, = [1 (1 91.4in3)< 045\[290001(51' )] S0ksi(91.4in°)
: 50ksi

M, = 4555.3in — k = 379.6ft — k

My, = &M, = 1.0(379.6ft-k) = 379.6ft-k

STRUCTUREPOINT

Single of Row Piles: Example 2
Combined Axial & Flexural Egn.

Eqn. 6.9.2.2-1

Pu Mux Muy
et Gt Mry) <10
P, = 200.1k
P, = 1224.1k
M,, = 5.6 ft-k
M,, = 33.8 ftk
M,, = 743.5 ft-k
M,, = 379.6 ft-k

ry

200.1k ( 5.6ft—k 33.8ft—k

2(1224.1k) ~ \743.5ft-k 379'6ft—k) =0.178

STRUCTUREPOINT
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Structural Analysis of Unbraced Piles

QUESTIONS?

STRUCTUREPOINT
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