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Overview of Extreme Events

o Overall Design Approach
& Scour

+ Vessel Collision

# Seismic Loadings
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LRFD Design Approach

General Form of Equation:

Z¢ R>>70Q

where: = resistance factor for resistance component i
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Load and Resistance Factors for Extreme Events:
+ Lower probability that the load will occur
¢ Resistance to transient load may exceed nominal

+ Load > resistance for transient condition may be tolerated
in some cases
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Limit State Type Case Load Combination
1 Normal vehicular use of the bridge without wind
" Use of the bridge by Owner-specified special vehicles, evaluation permit vehicles, or both, without T oty corresponding
win
Strength 1 Bridge exposed to wind velocity exceeding 55 mph k /ﬂ,,
v Very high dead load to live load force effect ratios -
v Normal vehicular use of the bridge with wind of 55 mph IS 4
ProcanvR S |5
. . . . M
I Load combination including earthquake Qal T o Roactons st hadand ol suppors
Feimarsronirs
P . . Q are taken as axial, shear, and moment
Extreme Ice load, collision by vessels and vehicles, and certain Mo ST e
Event II | hydraulic events with a reduced live load other than
that which is part of the vehicular collision load, CT
1 Normal operational use of the bridge with a 55 mph wind and all loads taken at their nominal values
i
il Intended to control yielding of steel structures and slip of slip-critical connections due to vehicular v
live load
Service
i Longitudinal analysis relating to tension in prestressed concrete superstructures with the objective
of crack control and to principal tension in the webs of segmental concrete girders
v Tension in prestressed concrete columns with the objective of crack control
Fatigue Repemn: gravitational vehicular live load and dynamic responses under the effects of a single
esign truck

Load Factors (AASHTO)
TABLE 10-2 LOAD COMBINATIONS AND LOAD FACTORS
(AFTER AASHTO 2007, TABLE 3.4.1-1)
Load Combination Use one of these at a time
LimitState | p_ | L | wA | ws | wL FR TCS TG | SE EQ Ic cT | cv

Strength T Y, 1.75 1.00 - - 1.00 0.50/1.20 Yra Yse - - - -
Strength 1T Y, 135 1.00 - - 1.00 0.50/1.20 Yra Yse - - - -
Strength I11 Yy - 1.00 1.40 - 1.00 0.50/1.20 Yra YsE - - - -
Strength IV v, - 1.00 - - 1.00 0.50/1.20 - - - - - -
Strength V Y, 1.35 1.00 0.40 1.00 1.00 0.50/1.20 Vg Yer - - - -
Extreme Event I % Yoo | 1.00 - - 1.00 - - - 1.00 - - -
Extreme Event1l | y, | 0.50 | 1.00 - - 1.00 - - - - 1.00 | 1.00 | 1.00
Service [ 100 | 1.00 1.00 0.30 1.00 1.00 1.00/1.20 Yr6 Yei - - - -
Service I1 1.00 1.30 1.00 - - 1.00 1.00/1.20 - - - - - -
Service 11 100 | 0.80 1.00 - - 1.00 1.00/1.20 Yrg Yeu - - - -
Service IV 1.00 - 1.00 0.70 - 1.00 1.00/1.20 - 1.00 - - - -
Fatigue - 0.75 - - - - - - - - - - -

PL permanent load WL wind on live load EQ earthquake

LL live load FR friction IC ice load

WA water load and stream pressure TG temperature gradient cT vehicular collision force

ws wind load on structure SE settlement cv vessel collision force

TCS uniform temperature, creep, and shrinkage A Load factor for permanent loads Yo Live load factor for earthquake
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Design for Lateral Loading

+ Geotechnical Strength Limit State ~
& Overturning failure

o Structural Strength Limit State
+ Yield in flexure

+ Servicability Limit State
o Lateral Deformations

Resistance Factors for Drilled Shafts

Limit State Component of Resistance Geomaterial Equation, Method, or Chapter Reference |~ Resistance Factor,
Overturning of individual elastic shaft; head i
i) All geomaterials -y method pushover analysis; Ch. 12 067
Strength | through Strength V/ Overturning of single row, retaining wall or
Geotechnical Lateral Resistance abutment; head free to rotate All geomaterials Py pushover analysis 067
Pushover of elastic shaft within multiple-row All geomaterials oy pushover aralysis 080
group, w/ moment connection to cap
Cotesontes il o 1GM e 0551045
Conesve sl Al method 0451035
Side esstance i comprssionuplif
Rock / Eq. 1335 0.50/0.40
e 1GM Modifedalpha method 0601050
. . | Novalue 050
Note: currently for Do capciy o
: Conesonless IGM
Stength oo Sength V. o Nealue 050
lateral in AASHTO, || 5
¢=1.00 Conesve sl Bearing capaciyeq 0.0
Rock and Cohesive GV kg, 1336 050
Sttic compresive resiance from load ets Allgeomaterils <07

Statc uplif resistance from load tests N All geomaterals 060
Group blok flure NG Conesive soi 055

Group uplift resistance Lesive and cohesionless soil 0.5
Streneth I through Strength V; Axial compression 075

Simetural Resstance of R
‘Combined axial and flours N 07510090
Shear N 090

Serviee 1 All cases, all geomaterials Ch. 13, Appendix B \ 1.00
Axial geotechnical uplift resistance All geomaterials g::::ds cited above for S‘”M 080
W
Extreme Event I and 11 Geotechnical lateral resistance Al geomaterials -y method pushover analysis; Ch. 12 TC o )
All other cases All geomaterials SM';:Q;’“ cited above for Strength Limit 1.00
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Drilled Shafts

¢ Long-term aggradation and degradation of
the river bed

¢ General scour at the bridge
¢ Contraction scour
¢ Other general scour
¢ Local scour at piers or abutments

Scour Design Philosophy

o Design Flood: 100 year recurrence interval
+ Strength limit conditions apply
o Check Flood: 500 year recurrence interval

+ Nominal resistance (¢ = 1) should exceed
unfactored loads (incl debris) for strength
limit state

¢ For uplift, = 0.8
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Effect of Scour on Axial Resistance

For Granular Soils:

Vertical stress is reduced but Vo
OCR is increased, therefore —
horizontal stress at shaft/soil o~ Pre-scour streambed elevation
ZA! =
interface is reduced as much Degradation + -
g:r?:alastgur Weag gf.gl,i:

“Total scour line ."."

For Cohesive Soils: - ) € e IO e
Estimate the effect of : ) NN .115y. - 'st?;ysss;ztsrorllljerg Esrgtlf;am;ed .
Ac’,on S, then: fo=asS, -

- — - Below this depth, compute -
. - stresses based on .
- streambed elevation B

°l . “elevation B at depth = 1.5 ys
. " . "Drilled shaft

. ' . "embedment depth .

For Rock:
Effect of Ac”, on resistance
is considered insignificant

Effect of Scour on Side Resistance

For Granular Soils:

OCR O'v, pre—scour = 1 ! ! \
—_— ———————— =]
- o | _ .
O'v, post—scour @ N
35 7 P2
£ 3 | zZ I I
g 0.6 s |
_ : sin ¢ o 77 A ‘
K = (1-sing)OCR HU N
, £ 0.477;',7T777****:** ~ -phi=38r -
fs =0 ) 85 LI 1~ ] e
- Ay - pni=; L
! o 027 e R
B a | I

0 ; T 1
B 0 0.2 0.4 0.6 0.8 1

Therefore:
vert stress after scour / before scour

o', post-scour = (0", pre-scour)/OCR

(K post-scour / K pre-scour) = OCR®"™

(f; post-scour / f, pre-scour) = OCR*"*/OCR
= OCR(sion?
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Vessel Collision

Vessel Collision Forces

load

+ Max load at piers adjacent to 47 ﬁ

channel, lesser magnitude
load away from channel

+ Full barge tow under power
with %2 scour (FDOT)

« Drifting barge with full design
(100yr) scour (FDOT)

+ Consider as equivalent static
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Design Approach for Vessel Collisions

¢ Some damage may be permitted: depends
on structure

# Design for strength; large lateral deflections
may be tolerable

& Pushover analysis of groups
¢ Group effects on p-y curves
+ Pile to cap connection is important

+ Nominal axial resistance of some piles or
shafts may be fully mobilized

Design for Vessel Collisions

o Use longer spans

+ fewer (or zero) exposed foundations
o Large diameter shafts

& advantages due to flexural strength
o Consider protective barrier

& deep water and/or large vessels
+ Consider alternative layouts
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Bond Memorial Bridge, Kansas City

[l

W e

Seismic

¢ Inertial force effects from structure
o Liquefaction
o Lateral spreading
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Seismic Design

+ Expected Earthquake (EE)
¢ 50% probability of exceedance in 75yrs
¢ Immediate service, minimal to no damage
+ Maximum Considered Earthquake (MCE)
¢ 3% probability of exceedance in 75yrs
¢ Service disrupted, significant damage (Life Safety)
¢ Immediate service, minimal damage (Operational)

Foundation Force Effects

Establish the design
response spectrum for
the bridge site

l

Elastic Seismic Coafficient, Cun

2. Calculate the equivalent
horizontal static load, Pe(x),
acting on the superstructure
W
l Po)= ConW
3. Perlod, T,, (secon ds)
Elastic structural analysis of bridge
model under Extreme Event Load .
Combination | to determine Design Response Spectrum
foundation force effects L
Envelope of all the possibilities
l (so far as we know)
4. Limit state evaluation of S, Sy, PGA from seismic hazard maps

drilled shafts under EQ

force effects F,, F, = site coefficients
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Site Effects on Design Response Spectrum

Table 15-1 Seismic Site Classification Based on Subsurface Profile

. . . Additional
Site Class Soil Type and Profile V, (ft/sec) SPT N-value ¢, (ksf) Criteria
A Hard rock > 5,000
B Rock 2,500 — 5,000
C Very dense soil and soil rock 1,200 - 2,500 >50 >2.0
D Stiff soil profile 600 — 1,200 15-50 1.0-2.0
. > 10 ft of soft Fa, Fy
E Soil profile <600 <15 <10 clay® generally
. - .. s > 10 ft of peat or highly organic clays (OH) increasing
F SSOe‘lcffjgte‘le; rz&‘;‘smg site > 25 ft of high plasticity clay (P1> 75)
P valu > 120 ft of soft-mdm stiff clay
\'A = average shear wave velocity, upper 100 ft of the subsurface profile
N = average SPT N-value (blows/ft), upper 100 ft of the subsurface profile
c, = average undrained shear strength, upper 100 ft. of subsurface profile
U] soft clay defined as soil with PI > 20, W% > 40, and ¢, < 0.5 ksf
Seismic Risk Z
Acceleration Coefficient Seismic Zone
Sp <0.15 1 <EE Zone 1, Seismic analysis not req’d
0.15<S,,<0.30 2
0.30<S,, <0.50 3
0.50 < Sy, 4

<> <>

lLeq Kzﬁ
Ly QU

Ky
Leg = E_quivalent Depth K, ,w = Equivalent
of fixity, zones 2 or 3, Linear Spring Constants

Site class A-D
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Drilled Shaft Design for Seismic Forces

¢ Type |
+ Extension of column below grade
o Type ll

+ Drilled shaft designed to remain elastic

& Shaft designed for seismic force to produce
plastic hinge moment in column above

LPILE Analyses of a Type |l Design

7ft Dia by 30ft High Column

1.5% Reinf
0 >
10 | [
-20 -
d:: -30 M_ult Col-Shaft Transition - I
<
‘5._40 \ \ 201t soft clay
8 50 L 20ft Soft Clay, 8.5ft Shaft | a8
=9V 77~ = - 20ft Soft Clay, 9ft Shaft W,
—=—30ft V_So Clay, 8.5ft Shaft —
60 1. 30 V_So Clay, 9ft Shaft
70 1 o hard clay
-80 S atll
0.00 0.20 0.40 0.60 0.80 1.00

M/M_ult
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Constructability Issues with Type |l
Connections

# Difficult to hold or position
column reinforcement during
placement

+ Problems with tremie-placed
concrete flow through 2
concentric cages

Solutions

¢ Use pea gravel concrete mix
+ Bundle the bars, including hoops

+ Pour shaft, then stick column cage into the
fluid concrete

Best Solution:

o Use surface casing with cold joint, place
concrete in the dry
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Slip-in Surface Casing

Liquefaction

o Temporary loss of strength & stiffness in
liquefied zone

& May occur during seismic loading
+ May trigger lateral spreading
+ Post-event downdrag
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Lateral Resistance of Liquefied Soll

+ Typically model with p-y curve having
reduced resistance

¢ Soft clay with Su

¢ Sand with P-multiplier

¢ Reduced effective stress
¢ Specific p-y formulation

Undrained Shear Strength

(N1)60-cs = (N1)60 - Ncorr

2000
| ® Earthquake-induced Biquefaction and siiding case histories whars
SPT data and resicual strang wred.
1600 |-
O Earthquake-induced bquefact
SPT dats and resicual strangth par
1200 -
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ﬂur San Farnando dam

Q 4 8 12 16 20 24
Equivalent "clean sand" SPT blow count, (N s

Seed BB, and 4
predeur
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P-multiplier Approach

.....

0.5

0.6 =

0.4

0.2 4

(NJM

/ From centrifuge
4 testing at UC Davis

Fig. 4. Summary ‘of recommended p multipliers foe liquefied ground

Reduced Effective Stress

¢ Brown & Camp (2002)

o Based on field tests of 8ft dia shafts with
blast-induced liquefaction
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Lateral Statnamic w/ Liquefaction
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ECDOT
Load Terl Pregan
Far 1ba roglne smand af 1he

Cacged Rivar Bridges

Lariwenl S{anami: Tasl oo b shaft undsrqoing

Blagl-aduced Lijurluclica

Lateral Static (cyclic) Test w/

Liguefaction
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Depth (m)

Tip Resistance

qr (MPa)

12

Pre-Blast

——Blast2 ||

Peak Strain Data

Strain Data, MP-3 Load 1
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Peak Displacement vs Depth

MP-3, Load 1 Downhole Displacements
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Lateral Static (cyclic) Results
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Modeling Liquefaction p-y Response, MP1

Load, MN

measured
LPILE st, Ru=0
LPILE st, Ru=0.7
LPILE cyc, Ru=0.7

0.1 0.15 02
Displacement, m

Modeling Liquefaction p-y Response, MP3
E]
45f -
4t e
35} 7
3 J,”/ o
- L
s L
525 L .
L -
2t e
15} e .
A e LPILE static, Ru=0.7
1 e LPILE static, Ru=0.85
/ o Measured Peak
05/ —— meas static+damping
ch 0.62 0.I04 O,IOG D.E)S DI.1 0.12
Displacement, m
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Rollins, Pipe Pile Group Tests

Empirical p-y relationship
from Treasure Island site

o Sy P Caboued

L B

e

w m m m m e
Dxiimtion w Load Priss pmm)

£ Rollins, et al, ASCE GT
Journal, Jan05

I
EES
i
i,

Lateral Spreading

‘T 1
X Displaced Shape T
Non-Liquefiable of Soil =
Spread Material T~
(Crust)
quueh?ble Displaced Shape
Material X
of Pile
) Non-Liquefiable \
Drilled 1 Material
Shaft
ﬁ%_

# De-coupled from inertial forces
o Static LPILE analysis with offset p-y curves

o Liquefied p-y soil, but may include crust of
non-liquefied soill
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I-15 Bridge, Salt Lake City

T | m

Moment, kip-ft Deflection, inches
2000 0 2000 4000 6000 8000 10000 -1 0 1 2 3 4
20 20 /
0 0 T / T
o & 2
- 5
o S 40 1 S 40
o °
o <
(o] & /
2 60 1 2 60
Dense 8 S
© ]
sand o @ g} %
£ £
iglravel § :-.,_
clay
2 00 9 00
oft
ol 120 120
shaft %
-140 -140

Estimated lateral spread of up to 7ft

Design of Reinforcement for
Constructability

o Large, heavy cages
pose construction
challenge

¢ Concrete Flow
¢ Lifting

+ Splicing

¢ Time
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Design of Reinforcement for
Constructability

+ Effect of permanent steel liner

C-1, C-3 Static Lateral Tes!

C-1; ')ermanent casing
C-3; temporary casing
2 s B 8 10
Displacement at Load Peint, inches

Design of Reinforcement for
Constructability

¢ Use of permanent steel liner (CISS) for
design offers advantages:

# Increased Strength
# Increased Ductility
¢ Reduce rebar
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Need for Passing Ability

Slump Flow (left) and L-Box (right) Measurements of
Workability and Passing Ability
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SCC Study — Scottsboro, AL

SCC Study — Scottsboro, AL
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SCC Study — Scottsboro, AL

Conventional Drilled Shaft Concrete SCC Mix

Thanks for Listening!
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