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Class Study in Monte Carlo Simulation for Probabilistic Load Estimating . . .

Case Study: Confederation Bridge, PEI, NB

B OE

Yy 14

Ice Loading
on Pier : Diameter

Floe Movement

' .=~ Thickness |

A 100 year design load for pier stability required by developer. Models suggest:
1) Pier Force = Lesser of Ice Crushing or Driving Force

2) Ice Crush Resist = Ice Thickness * constants

3) Driving Force = Floe Diameter * Wind * constants

4) Ice thickness is independent of floe size is independent of wind
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Ice Thick, Floe
diameter, Wind

v

Simulation: random number for each

p.d.f. to get a simulated value for each |«
parameter (thick, diameter, wind)

Repeat for
No of floes

per year

\
Compute force on pier [

Repeat for No of

years of Simulation

J

Y

Sort forces into
frequency

A

intervals track
years also

Prob(x) = Freq(x)/ No. simulations

Cumulative(x) = sum of prob up to Freq(x)

\

Tabulate data
Plot Data

End
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Simplified Assumptions for Illustrative Purposes

F(pier) = lesserof F(thick), F(diameter, wind)

-

thickniss .

diameter

" T ~. These three factors are naturally

random independent variables
that affect loading every time a
collision occurs — perhaps millions
of times over the life of the
structure, therefore. . .

We must research and judge what the best representative probability
distributions are that will provide the best long term estimates for each. In this
case study lets assume that a triangular probability distribution is sufficient.

The Triangular Distribution is typically used in cases where the relationship
between variables is known but data is scarce (possibly because of the
high cost of collection). It is based on a knowledge of the minimum and
maximum and an "inspired guess" as to the modal value. the triangular
distribution is a continuous probability distribution with lower limit a, mode
c and upper limit b

f{ﬂ?|t’1,h, ﬂ) = 4

(height of
triangle)

[ 2(z—a)

2(b—x)

(b—a)(c—a)

, (b—a)(b—c)

fora<xr<e

fore<zxz<bh

2/(b-a)
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Design Project For period of 100 years

Minimum Mole Maximum
a C ]
a 0.5 2

lce Thickness

INSTRUCTOR Floe Diameter U 200 7000
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Lecture

Monte Carlo

simulation

Case Study for Now, what do we know:

otmating 2 1. The area under a probability density function is

For ice Thickness

REFERENCES, equal to 1.0 (triangular included)

2. The random variable (thickness etc) always has a
value somewhere between a and b

3. For each collision in a monte carlo simulation we

FILES need a value for the random variable that is
between a and b and weighted towards c in
WEB accordance with the probability function.

http://www.engr.mun.c
a/~sbruneau/teaching/

8700project We get this random value each time using the following ... === === == s
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Simplified Assumptions for lllustrative Purposes

Select Triangular: A

d
- | Density function for
O .
y e Ice Thickness
%3
35
o
_ : >
a £ & n c
Elemend Sharisdie
= Y-
Area of Triangle: Artea, = %E(b_&)+ (C"b)_i:l-ﬁ - cic;_o..'}
(b-a)  (c-a)o-o)
Probability of Thickness (1) = P P=d(t-Jk = 4 G- = (1-a)?
f- ‘3-*\-3 (c=o)(b-=)

Similarly,
@from bD M {t.. n} 2 le-n
C-o)e -6)

1= 2 (e- u} = | -le-nie-n

L]

_ e-n)
(c—a)e-h)

Probability of Thickness (n) =P P

"

So, a random number generator is used to give a value for P between 0

and 1, thus a value of | or n is computed with the formulas above, giving. . .




” I!I|II.I |I ||

UNIVERSITY

COURSE
ENGI -8700

CIVIL

Design Project

£y

INSTRUCTOR

Dr. Steve Bruneau
EN.4013Ph 8642119
Sbruneau@mun.ca

TOPIC

Lecture

Monte Carlo
simulation

Case Study for
cost and load
estimating

REFERENCES.

FILES

WEB

http://www.engr.mun.c
a/~sbruneau/teaching/
8700project

A value for thickness, diameter and wind. We then use the deterministic

formulas that we know about for Ice Cruching Force and Driving forces to
get a force on the pier , ie

F(pier) = lesser of F(thick), F(diameter, wind)

Monte Carlo Simulation

|ml.lﬂ!
| ice Thick, Floe
\ dumlnr wind

\
ih th | )
pdl. toget asim e foreach |«
So we end up with thI.S. T e s
after many, many collisions
are modeled in the —
simulation yoars of Simulation
) T
O —
c _ -
0
S
30 i
[&]
O -
B — —
E‘ Probdd = Freq)y/ No. simulations
'.g Cumulative{x) = sum of prob up bo Freqd
2 3
o HH | ST — — — _ [ Tebulaisdate
. HHHHI_IH* =k \. — .\ . =~ ~ Plot Deta
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So from this figure we can get
the probability of exceedance for S
any risk level over the period of
the simulation.

Probability of Occurrence

So, if you want a design load ” HHHHHH
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Fixed Link and the Confederation Bridge
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Getting Ice Floe Thicknesses
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Document for —

Bridge Design -

PROBABILISTIC ANALYSIS OF
ICE LOADS ON CONICAL BRIDGE PIERS
FOR THE NORTHUMBERLAND STRAIT CROSSING
FINAL REPORT

Contract report

Prepared for

Stanley Atlantic Inc.
Calgary, Alberta

Prepared by

C-CORE - Centre for Cold Ocean Resources Engineering

C-CORE Contract 93-C2
May 1993

Centre for Cold Ocean Resources Engineering
Memaorial University of Newfoundland

St. John's, NF, A1B 3X5, Canada

Tel. (709) 737-8354 Fax. 709-737-4706

C-CORE

—
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The correct citation for this report is:

Cammaert, AB Jordaan, I.J., Bruneau, S.E., Crocker, G.B., McKenna, R.F., and Williams
S.A. _ Probap:l:syc Analysis of Ice Loads on Conical Bridge Piers for the Northumberland Strai;
Crossing Project”. Contract report for Stanley Atlantic Inc., C-CORE Contract Number 93-c2
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Figure 1.3

May 14, 1893

Data Input

Start new year

freezing degree days (end of year)

Stant new month

Determine freezing degree days
(end of month)

i |

|

Sample from defined distribution —l
1

rnrnn

Start new floe |

Sample from defined distributions.
- floe size and arientation

water level

3-day temperatures

wind and current velogity

wind and current direction

Start new ridge |

Sample from defined distributions:
— core consolidated thickness
— keel dimensions
- friction coefficient
- flexural strength
- rubble height
— keel shear strength

Caiculate:
— core bending failure load
= keel shear failure load
— total ridge failure load (RFL)

l Keep track of largest ridge on floe ;HFLi |

[ Next ridge |

Calculate:

— environmental driving force iEDF;]

| Determine minimum of RFL and EDF__ |

[ Keep track of largest force ]
. | Next floe ]
- | Next month ]
| Next year ]
| Create extremal distribution ]

| Find 1:100, 1:10,000 loads 1

Overall Probabilistic Model Framework.
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Probabilistic

Estimating:

Cost example

Pk kbbb kbbb kbbb bbb bbb bbb bbb bbb bt btk btk b ks

' C-CORE PROGRAM

FPROGRAM TO ASSESS LORDING ONM BRIDGE FIERS IN
NORTHUMBERLAND STRAIT

FORCE OF CRUSHING AND SHEARTNG CONSOLIDATED ICE RIDGE
(MONTHLY STATS TO BE INCORFPORATED)

THIS FILEMAME: kingcone2.BAS

REVISED: FROM PIERCOLZ ON SEPT14
FOR INCLUSION OF DRIVING FORCES
AND STATISTICAL WEATHER DATA

REVISED TO ACCOMMODATE WIND DIRECTION COSINE
CURRENT DIRECTION RELATIONSHIPS

REVISED ON JANZ28/93 FOR FINAL SIMULATION
OF RIDGE LOADS ON PIERS

NEWCONE EVOLVED FROM CONEPIER ON MARCH 2/93
FOR FINAL RUN INCLUDING CHANGES FROM LATE
FEBRUARY TRIFP TO CALGARY (CAMM)

SEE REVISED ON mARCH 31/9%3 FOR NEW RAN NUMEER GENERATOR
AND ALS0O CHECK RIDGE KEEL STRENGTH CALC FOR PARALLEL CONTACT

EVOLVED FROM NCONE.BAS FOR LOOKING AT UPPER TAIL

REVISION AFTER mAY 12 MEETING FROM LONGCONE TC SCICONE.BAS

SEBS2 -AUG25 - FEBS3 - MAR93

hkkkhkhkkhkhkkhkhkkhkhkhhkdkhhkhkhhkhkhhkhkhhkhk kbt btk kdkkk ok

DECLARE SUE NORMAL (VAR#, MEAN#, STD#, IDUM&, IFF&)

DECLARE SUB LOGWORM (LVAR#, MEAN#, STD#, IDUM&, IFF&)

DECLARE SUE UNIFOFRM (THICKFAC#, THICEMIN#, THICEMAX#, IDUM&, IFF&)
DECLARE SUE GAMA (GAM#, MEAN#, STD#, IDUM&, IFF&)

DECLARE SUE RAN1 (IDUM&, IFF&, RANN#)

DECLARE SUB WDIRMAR (FETCH#, ALFA#, SPEED#, IDUM&, IFF&)

DECLARE SUE WDIRAPR (FETCH#, ARLFA#, SPEED#, IDUM&, IFF&)

DECLARE SUB DAY3MAR (TEMP2#, IDUM&, IFF&)

DECLARE SUE DAY3APR (TEMP3#, IDUM&, IFF&)

DECLARE FUNCTION MODULUS! (B&, C&)

DIM HUMDAY (2}

DIM THICBIN(1000), TBIN(1000), SIGFBIN(1000)

DIM PIERBIN{1000), RIGBIN{1000}', DRIVBIN{10000)
DIM YCOREEBIN(1000), YTHICEIN(1000)

COMMON SHARED IXl&, IX2&, IX3&
DIM SHARED R(100)
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EXECUTIVE SUMMARY

This report has been prepared in response to a request from Stanley Atlantic Inc. It deals with
ice loading calculations for the main spans of the proposed Northumberland Strait Crossing
Froject. The current bridge pier design consists of an upward-breaking cone at the waterline,
with a cone angle of 60°. The waterline diameter of the bridge pier at mean sea level is
12.9m.

Generally, the ice season in Northumberland Strait begins in late December or early January,
with ice conditions worsening until late March. The average thickness of ice floes increases
from about 0.10m in early January to about 0.30m in early March. The dynamic nature of
ice movement in the Strait result in rafting and ridging of ice floes. Ice ridges usually consist
of a consofidated core of refrozen ice at the waterline, with loosely bonded blocks of ice
forming a small "sail" on top of the ridge core, and a much larger "keel” below water.

The most serious hazard to the bridge pier structure. which must be analyzed in terms of ice
loads, is the consolidated ice in the ridge core. The ridge saif and keel will also contribute to
the total loading on the structure, as will the broken ice pieces moving around the structure.
As the on-coming ridge core makes contact with the edge of the cone, radial cracks will form
within the ice sheet. The cracks divide the ice sheet into wedge-shaped beams that are
subject to an upward force at the pier contact surface. The maximum ice loads occur just
before several wedge shaped beams fail in bending. Subsequent circumferential cracks result
in broken ice pieces and thereafter, with continuing ice movement, the broken ice blocks are
pushed up and around the surface of the cone. An accumulation of ice blocks fi.e. "rubble”)
can form around the bridge pier; the weight of the ice rubble is supported partly by the cone
and partly by the ice sheet. As the ice blocks move up the cone additional friction forces
develop and the horizontal force on the structure is increased.

Many numerical models have been proposed for the calculation of ice loads on conical
structures. The individual formulations have been reviewed and the basic approach and
limitations of the theories are discussed in the report. The general conclusion of the report
is that Croasdale’s model, for bending failure of the ridge core, gives good, yet conservative
estimates.

The actual load estimate for a given ridge pier interaction is chosen as the lesser value of two
load estimates - the environmental driving force which is governed by pack ice pressures
acting on the floe, and the ridge failure load which consists of bending. rideup. and clearing
forces to fail the ridge core and shearing forces to fail the ridge keel.

It is important to evaluate the uncertainties associated with the load estimates. Maximum
ridge loadings are calculated from a simulation of the ice and environmental data for a given
year using statistical distributions as input data, and a specific structural configuration. The
process is repeated for a number of years, and a distribution of annual extreme lpads is
derived. The design load is then given as a function of the expected occurrence of the load
fas in once in 100 years, or once in 10,000 years).
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for a 10,000 year period. A 55° cone has also been

1 The design loads detg
a 100 year period, §
analyzed; this config

ecked against measured ice forces on a Baltic lighthouse which is very similar to
the profiosed bridge piers. The project team therefore expresses a very high level of
conifence in the results of this assessment of ice loadings.
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Class example using excel

Cost Estimate Example: Grade 2 Elementary School Start-up Cost

DETERMIMISTIC

(= JEN = AT, RN

pencils

$

Unit price

1.00

binders

Erazers

Fiuler

RANGE

Pencil price

Binder price

Eraser price

B 3 60 3E 6 3R 4 3

A e LN

Ffra|n) ooo|m| e

Ruler price

Probabilistic

Py Front . var 1

var 2 . var 3

var 4

var 6

var 7

Filename: monte carlo simulation xnew.xlIsx

Probability of Occume nce

Probability Density Function

1= ——Prob Density Function

M
i

Cumubtive probability of Mo Excesde e

Cumulative Density Fu

nction

——Cumulative Density
Function

e

7




