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What is Foundation Reuse?

Definition: Use of an existing foundation or substructure of a bridge, in
whole or in part, when the existing foundation has been evaluated for
new loads.

Applications For Foundation Reuse

Situations when foundation reuse may be
COI‘ISidEI‘Ed: = Superstructure widening

* Bridge superstructure replacement = Superstructure

replacement
= Seismic retrofit of

o Bridge Widening foundation
Increase clearance

* Bridge repurposing (local to state highway)

N
%

= Bridge repurposing

* Major retrofitting for seismic, scour, or other

purposes. NCHRP Synthesis 505 (Boeckmann and Loehr 2017)
RUTGERS 21st Annual NJDOT The City College
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Why Reuse?

* The average age of US Bridges in 2019 is 45 US Bridges by Age
years old.

8% bridges (47,619 out of 615,002) are in poor
condition.

* 15% bridges are older than the average
design life of 75 years for bridges.

* In 2012, $17.5 billion was spent on bridge
construction.

* 94% of 17.5 BD ($16,4 billion) was spent to  ®=0-9 =10-19 ©120-29 130-39 @40-49 =50-59 WE0-69 @>70

rehabilitate or replace existing bridges. Data from NBI (FHWA 2018)

* Rehabilitation cost of a bridge is almost 68%
of its replacement cost.
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Reuse Motivations

* Economical

O

O
O
O

Reconstruction / Demolition Cost Savings
Right of way (ROW)

Utility coordination

User cost

* Environmental

O
O
O

Environmental permitting /NEPA
Waste disposals
Air quality emission

e Social

@)

O O O O
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Impacts on mobility

Traffic management and traffic noise
Community impact

Work zone safety

Cultural preservation and archeology

Number of Respondents
1

Economic considerations 78%
Accelerated construction

Constructability

Project schedule

Environmental / permitting considerations
Bridge repurposing

Right-of-way constraints

Historic preservation

Emergency repairs

Utility conflicts

Others

1
I
%
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0 5 10 15 20 25 30 35 40 45

Adapted from Boeckmann and Loehr
(2017) NCHRP Synthesis
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History of Foundation Reuse

e Foundation reuse in not a new idea

* Foundations reused regularly for buildings
o Reuse of Foundations for Urban Sites(RUFUS): A Best Practice Handbook

* Foundations of bridges have been reused in U.S.
o lllinois DOT: Bridge Condition Report Procedures and Practices
o Maine DOT: Bridge Design Guide - Chapter 10
o Massachusetts DOT: LRFD Bridge Manual
o North Carolina DOT
o FHWA workshop (2013) under the Foundation Characterization Program

o NCHRP Synthesis 505:Current Practices and Guidelines for the Reuse of Bridge
Foundations

o FWHA Report: Foundation Reuse for Highway Bridges (2018)

A\ 21st Annual NJDOT The City College
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Two Main Questions in Foundation Reuse

Is reuse feasible in comparison with the other
options ? (Y/N)
* A decision-making process

* How to reuse? (As-is or enhanced?)

Agrawal et al. (2018)
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supplermental methods
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g in Buildings
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RuFUS Manual (Butcher et al. 2006)
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Reuse Decision-making in Buildings

Level Site location oh previously Level Archacology and histarical
developed land: Unprotecled constraints: Level of historic
greentield land as a percentage importance
of total meterage of a
community (%}
1 <01 1 Praperty-based architectural
designation
2 Olzx=< 2 Neighbourhood/district-based
architectural designation
3 1<x<2 3 100 years old < x
4 2<x<h 4 50 years old < x < 100 years old
5 S<x<10 5 25 years old < x < 50 years old
6 10<x 3 X< 25 years old
Level Geological conditions Level Sustainability and materials
and constraints: reuse: Quantity of material: m*
Sail type
1 Karst 1 250<
2 High shrink-swell clay 2 200 < x < 250
3 Mixed 3 150 < x < 200
4 Low shrink-swell clay 4 100 <x <150
E Sand 5 S50<x <100
3 Raock 3 <50
Level Land value and cash flow Level Approvals and development
projections: Monthly ground risk: Length of time far planning
floor rent for a retail unit as a approval permission: manths
multiplier of median menthly
household income of community
1 025« 1 12«
2 0-20<x <0-25 2 10-12
3 015 «x <020 3 79
4 010 <x <015 4 56
5 0-05<x=<0-10 5 34
4] <0-05 ] <2
Level Construction costs on site! Level Consistency in building location:
Mumber of Big Macs equivalent Length of time a building is at
1o the cost of a cubic metre of the location: years
concrete delivered to the site: m?
1 75« 1 50«
2 60 <x <75 2 25 <x <50
3 45 <x < 60 3 10 <x <25
4 30 <x<4b 4 S5<x<10
5 15 <x <30 5 2<x<h
4] <15 G =2
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Environmental Social

Approvals and

Site Location on Previously Development Risk

Developed Land

Consistency in
Building Location

Archeology and
Historical
Constraints

Geological .
Conditions and Construction
Constraints Costs
Sustainability Land Value
and Materials and Cash Flow
Reuse Projections
Natural Resources Economic

Modified SPeAR Diagram for a building
site in NYC (Laefer 2011)
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Reuse Decision-making in Buildings

Hybrid Method (Laefer and Farrell 2015)

* A hybrid of three methods (RuFUS, SPeAR and
Modifed SPeAR)

e Socio-economic evaluation
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Considerations

Yes No

Are there existing foundations on site partially/totally compatible
with proposed new layout?

Are there existing records available? Do they support foundation
reuse? Consider the quality of the records.

Are there site-specific constraints/concerns? Strict site boundaries,
archaeology, ground congestion (tunnels etc.). Do they encourage
foundation reuse?

Are the foundations reliable? Capacity, condition, deterioration,
size, location.

Does reuse offer advantages over alternative foundation solutions?
Is a foundation reuse solution acceptable to all parties? Fully
explain risks. Utilise SPeAR method in explaining drivers and
illustrating reuse potential.

Are the foundations capable of ensuring sufficient load transfer
for the new structure?

21st Annual NJDOT
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Reuse Decision-making in Bridges
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Deep Foundation

Desk Study
(driving logs, soil data, test
data, design calculations)

]

Are the existing
and new foundation’s
footprint fully/partially
compatible?

Yes

Evaluate the integrity
and durability of the
exiting foundation

|

Estimate scour
depth using | +Yes
hydraulic analysis

Are countermeasures
neededisufficient to
reduce scour depth?

Is foundation scour
criticallsusceptible?

__________________________________ |
: RISK ANALYSIS Yes T
4

Perform LCCA of
available options

Design
counlermeasures

!

Does reuse offer
greater than
other options?

Yes

4

Is the associat
level of risk with
reuse acceptable?

Reuse is not
feasible

T

No

Yes

|

Demand < Capacity

oes reuse offer
graater than
other options?

I Foundation System I

Yes
+

I Reuse is feasible I

|
|
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
1
\
I
I
I
I
I
I
I
I
I
I
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I
I
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Check Geometrical
Compatibility

!

Define available options

¢ Not reuse

+ ¢ Reuse as-is

* Reuse enhanced

i" Preliminary Assessment |
I Y Y Y I
1 |
I Integrity Durability Capacity |
: Assessment Assessment Assessment :
I 1
i | | |
| . ] e i
‘ ___________________ ~
; Decision Making ';
L S | OO0 - P o
: U AHP Feeding |
1 Develop the Decision Pl
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I 1 |11
1 L
I ¥ £ |8
I 1 |11
: Evaluate and Compare | ! ! Life cycle cost assessment
1 Alternatives for Criteria | ; | of each option
I 1 |1
I 1 |1
I 1 |1
| I I
: : . Environmental impact
I Y | 1 |assessment of each option
: Make a decision and ! —_— 3
| perform a sensitivity :
: analysis of the model |
e :
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Foundation Reconstruction Options

Existing —»

Option 1: Install new foundation on new alignment

2

Hurricane Deck Bridge, Lake of the Ozarks, MO Bridge B-23-005-M-18-002, Bridgewater, MA

RUTGERS " 21st Annual NJDOT The City College
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Foundation Reconstruction Options

Existing

r
|
|
|
1
1

Existing

Option 3: Reevaluation and reuse existing foundation

Huey P. Long Bridge in Jefferson Parish, Louisiana

N2 21st Annual NJDOT The City College
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Analytical Hierarchy Process (AHP) in Reuse

* The overall objective: To reuse the existing foundation in the most cost effective and safe manner with
the least environmental impact.

* The ability of each construction alternative selected from one of the 4 options to achieve this objective
can be evaluated with respect to the following criteria:

+ Safety of the bridge (S)
» (ost effectiveness of the option (C)
* Minimum impact on the environment and ecosystems (E)

' b
RUTGERS
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Foundation Reuse

|
Safety

Environmental Impacts

Time-dependentRisk

Solid Waste

% 21st Annual NJDOT
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LEVEL 0

LEVEL 1

LEVEL 2

LEVEL 3
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Analytical Hierarchy Process (AHP) in Reuse

Ws [ Wg
W, | Wy

We | W
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we [ W,
W, | W,
A

We [ We
W, | We

W [ we

Opt 1
Opt1[ S,/ S,
Opt2| S,/ S,
Opt3| S,/ S,
Opt4d| S,/ S,

Importance Definition Explanation
1 Equal Importance Two Activities Contribute equally to the Objective
Weak Importance of one Experience and judgment slightly favor one activity
3 over another over another
Essential or Strong Experience and judgment strongly favor one activity
> Importance over another
Demonstrated An activity is strongly favored, and its dominance
7 Importance demonstrated in practice
Absolute Importance The evidence favoring one activity over another is
? P of the highest possible order of affirmation
5.4.6.8 Intermediate Values Used to facilitate compromise between slightly
40 between two Judgments differing judgments
S,/S S,/S SIS
S,/S, S,/S, SIS,
S,/S, S,/S, SIS,
S,/'S, SIS, S,!8S,]

2 21st Annual NJDOT

Research Showcase
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Why Foundation Reuse is Risky?

* Option 1: Few risks associated with the condition of the existing bridge.
e Option 2: Similar to option 1

¢ O ptiO n 4: Th e U Se Of e e g, / festructive Tests
. ructive Tests
strengthening can also

= : Field Surv / Risk Cost (Testing
mitigate some of the risks | — | | e
}.

aSSOCiated Wlth reUSing an Reliability

existing design. 4 T neralnlgy

Main sources of risk

O\ 21st Annual NJDOT The City College
v~/ Research Showcase of New York
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of existing components that IM Jomlte N
. e ey N ; cceptable
may be of uncertain initial | . N._ Optimal ol
. o). . I State DO ""-..____RISk e Investment Costs 4 Investigation
quality, condition, or design 1  E --r-- ey
U lation
I
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|
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Estimation of Risk

Safety Risk=Probability of Failure x Consequences Costs

R = Ij...jC(X1,X2,...,Xn)fX (X4 Xy ooy X, ) AX,0X,.. OX,

C(X) is the consequences associated with the hazard, f,(X) is the joint PDF of the random

variables.
By assuming the hazards are mutually exclusive and collectively exhaustive:

n
R=>CxP(F|H,)P(H,)
i=1 Hazards: Members deterioration, increase in live load, and
extreme events (i.e. earthquake, scour, and extreme wind)

R=CxP(F|H)P(H)

RUTGERS 21st Annual NJDOT The City College
Cenler lor Adveniced lrasiiicluce Xl Research Showcase OfNeWYork 17
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Estimation of Time-dependent Risk

Critical section
capacity

Since demand and capacity are functions of time, safety
risk also becomes a function time:

Y

Internal forces due dead
and live loads

.
R(T) — Z NcCtot ff,t
t=1

where N, is the epistemic uncertainty coefficient [ Traffic orowth Concrete
. . . model deterioration model

referring to the consequences, C, , is total failure cost,
]2t is the PDF of the time-dependent failure, t is the time T

1 Annual probability of

n year). failu:Je of substrlt:ci,ure

Consequences T ime-dependent
estimation probability of failure

Y

Time-dependent risk

3\ 21st Annual NJDOT The City College
7/ Research Showcase of New York *
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Time-Depend Demand

LOadS in Reuse: Moment Increase Factor (S=50')
 Dead Load

 Live Load

o span length, truck weight, axle loads, axel
configuration, position of the vehicle on the bridge
(transverse and longitudinal), truck traffic volume
(ADTT), number of vehicles on the bridge (multiple
presence), girder spacing, and stiffness of structural

members (Nowak and Hong 1991). 0 15 30 45 60 75
Time (Years)

et
o

v
i

—

Increase factor (o)
on

o

(4]
=
7
Qa

=

* By increasing the average daily truck traffic, the Data extracted from Nowak (1999)
probability of extreme-weight vehicles occurring y
increases. be =p+olu, +—)

* Extreme value distribution type | (Gumbel distribution) A,

T ©
Cr =—F—=—

RUTGERS
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Time-Dependent Capacity

e Corrosion in steel rebars

1mrD,-2 t<T
4
A() :<%n7z[D, — 2A(¢ —T,.)]2 TI.<t<T,+D,/ 24
0 t>T. +D. /22

\

C.= A = 0.0203i_,,, : rate of corrosion

Corrosion Rates Measured

Corrosion Rate mm/year

Condition Tape water 1% NaCl+0.5% Na,So,
Noncoated 0.0678 0.0980
Coated 0.0073 0.0130

Source: Adapted from El-Sayed et al., Corrosion Prevention
and Control, February 1987.

RUTGERS
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Mean of Ratio fo A (t)/A

20

40 60 80 100 120
Time (Years)

Weorr = 2.5 mA/cm?

N

Uniform corrosion Steel bars
on the steel bars without corrosion
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Time-Dependent Capacity

* Corrosion in steel piles (Albrecht and Naeemi 1984): 3000
——Low (
" 2500 —a&— Medium
— £ —%—High
AW = ,Ot 2 2000
2
€ 1500
1 5
g 1000
————— u—i—c [
— & 500
0.1
- 0
3 0 20 40 60 80 100 120
< 001 Time (Years)
Corrosion rate of steel girder bridges, data
from Park and Nowak (1997)
0.001 -
1 10 100
Time (Years)
Total thickness loss of pile section from corrosion
(Decker et al. 2008)
F{UTGERS 2 21st Annual NJDOT The City College
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Reliability Analysis

A
Time-dependent probability of failure Capacity
2 _ Demand
P,f(i)(l‘) = P[g,-(l‘) < 0] = P[C,.(t) —-D.(f) < 0] I=12..k SE,
P}i)(t) is the time-dependent probability of failure for the failure mode j, ﬁ £
g;(t) is the time-dependent performance function, .
D C D
C.; (t) and D; (t) are time-dependent capacity and demand function “:’ :,C
associated with failure mode i, respectively. s
2z A
n

_ (1) Unsaf ' Safe Region

pf,loc B pr,loc nsa(;gfglon (@>0)
i=1

_ (i) .

Ptjoc = MaX |:p f’/oc} Probability of Reliability (R)
failure (py)

_ -

P s = j_[ fo (X, Xp o, X, )X, X, B = D7 (1P )
>
Limit state: He 9(C.D)

Approximate methods (e.g., FOSM, SORM, AFOSM) g()=0

' b
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Consequences Evaluation
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Loss of life
Bridge replacement costs,

Loss of equipment

Road user costs (delayed traffic costs due to slowing down
of traffic, costs due to detours of traffic) composed of
additional costs for vehicle operating, travel time and
accidents, costs of non-travelling—no detours possible—
and social impact costs.

Cost of temporary measures

Cor (1) =Co. )+ C,,. (1) +Crp(2)

opr

L T T
C,=|—+1|||1-——|n_+—n,, |ICAF(1+r)
SL (D ]|:( 100) car 100 trki| ( )

N

21st Annual NJDOT
Research Showcase

1. Commercial Loss
2. Safety Loss

Crot(f) = Cep () +Cg (£)

FV =PV(1+r)
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Case Example: Oxford Valley Road Bridge over U.S-1

Three-span steel girder cast-in-place concrete bridge

Constructed in 1972 in Bucks County, Cochranville, PA.

Bridge superstructure was evaluated structurally deficient and replaced in 2017.

The existing bridge consisted of three spans of 34.5’-100’-32” and skewed 6 degrees.

The abutments are retaining walls with constant sections sitting on H-piles.

»

Oxford Valley
Road Bridge
ADT=31,424 (2017)

u.s-1
AADT=81,000 (2017)

7, 21st Annual NJDOT The City College
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Case Example: Oxford Valley Road Bridge over U.S-1
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Defining the Options

* Option 2 is defined as construction of a new pier with the same geometrical and
structural details at the north side of the existing pier (Pier 2 Lt. Ahd) and south of
abutment 2.

* Option 3 can be defined as reusing the existing substructure and foundation with
minor rehabilitations (patching spalled, deteriorated, and cracked parts of the pier
cap without any corrosion mitigation).

* Option 4 can be defined as reusing the
existing pier and steel piles with retrofitting

the deteriorated parts of pier and corrosion g% 5| I EE——
mitigation. e
| A7
F{UTGERS N 21st Annual NJDOT The City College
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Calculation Procedure . e \

.| Generate n unique sample

ntify the d
Jdensdy the randam sets using LHS method

variables for a multi-

Fs

column substructure
bridge with driven piles

I

1

1

1

1

1

i

]

1

1

]

]

1

1

1

FEM input files generator and Reliability Analyzer ) i
output files analyzer : =

]

1

1

i 1

I

o 1

1

1

1

I

\

¥

Generate automated
designs for each sample set

Assign proper probabilistic
models and parameters to
the random variables for

the existing condition

k4

Generate FE models for
each design within each

MATLAB sample set
N e 1 Increase
\. \ time step
FEM Analyzer k ¥ 7
Analyze n FE models using
FB-MultiPier FB-Multi Pier
e e e ]
—-

L 4

Calculate the probability
of failure of the system

¥

Calculate the reliability
index of the system

21st Annual NJDOT The City College
Research Showcase of New York
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Random Variables and Associated Statistical Parameters

Random Variable
Steel rebar yielding stress (f,,)
Steel pile yielding stress (f,,)
Steel modulus of elasticity (E,)
Steel unit weight (y,)
Concrete compressive strength (f’,)
Concrete modulus of elasticity(E, )
Concrete unit weight (y,)
Column width (W)
Pile cap depth (d,,.)
Driven pile length (L,)
H-Pile web thickness (t,,)
H-Pile depth (d,)
Live load (LL)
Epistemic uncertainty for demand
Epistemic uncertainty for capacity
Corrosion initiation time (T,)
Steel bar corrosion rate (A)
Steel pile corrosion parameter p
Steel pile corrosion parameter b

Layer No.

Description

Vi W N =

Sandy Clay
Very Stiff Clay
Schist Rock
Schist Rock
Schist Rock

Reference
COV based on Estes (1997)

Nowak et al. (1994)

COV based ACI (2002)
COV based on Estes (1997)

Naaman and Siriaksorn (1982)

COV based on Mirza and MacGregor (1979)
COV based on Mirza and MacGregor (1979)

COV assumed

COV based on Deco and Frangopol (2011)
COV based on Decd and Frangopol (2011)

Nowak and Hong (1991)
Ang and Leon (2005)
Ang and Leon (2005)

Estes (1997)

Thoft-Christensen et al. (1996)

Decker et al. (2008)
Decker et al. (2008)

Mean cov Dist.
60 ksi 0.11 LN
36 ksi 0.09 LN
29,000 ksi 0.06 LN
490 pcf 0.01 LN
4 ksi 0.07 LN
4000 ksi 0.05 LN
150 pcf 0.03 Normal
3 ft. 0.016 LN
4 ft. 0.01 LN
20 ft. 0.01 LN
0.435in. 0.015 LN
1.8 in. 0.015 LN
Varies Varies Gumbel
1 0.1 LN
1 0.06 LN
19 yrs 0.273 LN
3x104infyr 0.29 Uniform
0.0002 in. 0.41 LN
0.67 0.21 LN
Lateral
Top (ft) Bottom (ft) N, Resistance
172.7 164.5 15 Clay (Stiff)
164.5 160.5 20 Clay (Stiff)
160.5 154.6 31 Weak Rock
154.6 143.9 60 Weak Rock
138.5 N/A  Strong Rock

143.9

=% 21st Annual NJDOT

Research Showcase

Axial Torsional
Resistance Model
Driven Pile Hyperbolic
Driven Pile Hyperbolic
Driven Pile Hyperbolic
Driven Pile Hyperbolic
Driven Pile Hyperbolic
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Latin HyperCUbe Sampling (LHS) Divide Continuous Parameters

into n intervals
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Finite Element Modeling
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Series-parallel System Model
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Probability of Failure

* Among all 4,000 FE models created to run in FB-MultiPier, it is probable that some
cases do not converge because of the random variables have been sampled from
extreme tails of probability distribution functions.

p; = PyeyP(CV) + P, o PINCV)

ncs

* psis the probability of failure of the substructure

* P is the probability of failure on the given converged models

* P(CV) is the probability of convergence in analysis

* Prnes) is the probability of failure on the given diverged models which is 1.0
* P(NCV) is the probability of models not converging
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Substructure System Reliability Analysis

Live Load and Corrosion
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Substructure System Reliability Analysis

Live Load and Corrosion
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Evaluation of Consequences

100

9 |
9 |
85 |
80 |
75 F

AADT (x1000)

70 |

65

60

2017

—g=0.3%
-——-g=0.1%
2032 2047 20862 2077 2092
Year

ADT is the average daily traffic (vehicle/day)

VOC,, is the average unit vehicle operating cost (USD/mile/vehicle)

L, is the additional length of the detour route (mile)
d is the duration of a detour (month)
Vis the average velocity of vehicles (mph)

C,; is the value of time per adult (USD/adult/hour)
C;g is the value of time for a truck (USD/hour)
ICAF is the implied cost of averting a fatality
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Random Variable

ncar

Mean

65,000
0.74 $/mile/veh
3.9 miles
6 month
15 mph
32.54 $/adult/hour
35.47 $/hour
2.5x10° ¢
1.5
1
2%

150 ft
6 ft
3%

301 $/ft?

cov

0.2
0.05
N/A
0.1
0.15
0.15
0.15
0.1
0.15
0.15
0.2
N/A
N/A
0.10
0.2

Distribution

LN
LN
N/A
LN
LN
LN
LN
LN
LN
LN
LN
N/A
N/A
LN
LN

Reference

Deco and Frangopol (2011)
Assumed

Assumed

Deco and Frangopol (2011)
AASHTO (2010)

AASHTO (2010)

Rackwitz (2002)

Deco and Frangopol (2011)
Deco and Frangopol (2011)
Mahmoud et al. (2005)

Assumed
FHWA (2018b)

is the average number of people per vehicle for cars(person/vehicle)
N, is the average vehicle occupancy for trucks

T the average truck daily traffic percentage (%)

L is the total bridge length (ft)

D, is the safe following distance during driving (ft)

ris the annual discount rate

Crec IS reconstruction cost

=% 21st Annual NJDOT
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Evaluation of Consequences
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Time-dependent Risk
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Time-Dependent Risk (USD)
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Bridge Life-Cycle Cost Analysis (BLCCA)

The costs of project alternatives should be Compared

over the entirety of the project lifespan.
1) Determining analysis period
2) Cost estimation (agency and user)

3) Life-cycle costs computation

* Deterministic life-cycle cost analysis

* Probabilistic life-cycle cost analysis
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Bridge Life-Cycle Cost Analysis (BLCCA)

2 o~
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Design and
Engineering $18,993 $0 $14,730 Type Parameter Value
Construction $316,545.84  $54,340 $185,500 Work zone dil.n.ension Lepgth of work zone (mile) 1.6
Corrosion Mitigation $0 $0 $55,087 Norma(;.d.rlvmg il’l\/_ldng speed (I\n/?\?:/l)T* 55
Traffic Control $172,521 $10,514 $93,485 con |t|on. ] C_C', ent rate ( ) 0.011
) Work zone driving Driving speed (mph) 25
Construction . .
Inspection $15,827 $0 $9,275 condition Accident rate (MVMT) 0.018
y p A & Drivers Delay (USD/hr) 30.12
o aintenance $27,976 457,652 $27,976 Costs VOC (USD/hr) 10.64
€pair Accident (USD/accident) 99,558
Demolishing $31,655 $31,655 $31,655
Salvage -$9,496 -$7,597 -$8,547
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Bridge Life-Cycle Cost Analysis (BLCCA)
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Environmental Impact Assessment

Foundation reuse is likely to have significantly lower environmental impacts than alternatives
from Options 1 and 2 through savings of material and labor.

|F0undation Reuse LEVEL 0
I " ——————————————— \‘ I
Safety I Environmental Impacts I Costs LEVEL 1
| |
|
: LEVEL 2
LEVEL 3
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Life-Cycle Environmental Impact Assessment (LCEIA)

The Material and energy consumption can be
evaluated in 4 life-cycle phases:

* Manufacturing Phase
e Construction Phase

e Use Phase

* End-of-Life Phase
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Questions?
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Ehssan Hoomaan
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