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OUTLINE OF PRESENTATION

1. General Background Information on Dams Throughout the
U.S.

2.  What Risks are Involved with Operating Gated Structures?

3. How Mechanical /Electrical affects/fits into the overall
Project s Risk Assessment.

4. Quick Background on Statistical Weibull Distribution
Formulas.

5. The Dormant — Weibull Formula
6. Key Elements of the Formula
7. Fault Tree Software

8. Demonstration of Software
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The US Army Corps Of Engineers
Inventory of Dams (610 Dams)
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Federal Agencies Provided Information
on 5,104 Dams

e Forest Service, NRCS,
Air Foce, Dept of
Energy, USGS did
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Problem
Aging Mechanical & Electrical Systems

What risks are involved with operating gates at a our
structure?

Issue 1. Will the gates open or close when needed?

Issue 2. Is there a way to predict if the gates will operate when
needed?

Issue 3. What are the consequence if the gates don’t opers

Risk = Probablllty of X

j\RTMENT (0]3 THE
5 VEges
/ A\ _

BUREAY oF nECLmM\O“



“We also Want to Know”

How Does failure of Mechanical
or Electrical Components

Affect the
Overall Projects Risk Assessme




How Mech or Elect failures affect Risk
“Simple Examples”

e If a spillway gate does not operate during a
flood event it can cause overtopping of the
structure leading to failure.

e |f power fails at a project all operation of gates
fail thus increasing the risk of loading on the

dam or even overtopping.
* |f service gates cannot raise, wmt d
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Where does Mechanical or
Electrical failure fit into the
event tree of a project to predict

Overall Risk?




Simple Event Tree

Electrical Power Fails

Electrical Power
Fails

High Water or

All Gates Fail
to Operate

Yes

Hydraulicly
will Emergency
Spillway take

Flood Event

Me_chanical Drive
Fails

Controls Fail
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Flow Capacity

Electrical does
not affect risk

Yes Electrical affects

risk

Will Dam Overtop

No Electrical does

not affect risk




Simple Event Tree

Mechanical Drive Fails to Open Gate

Mechanical One

E!ﬁlc:;rical Power Yes gate oot ;!0 ||('ki =
Flighd“éatertor ? ng Gati TR Hydraulicly ossess T
ood Even o Operate .
Mechanical Drive P Flow Capacity
Fails Suffers
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Simple Event Tree

Controls Fail to Open Gate

Electrical Power

Fails
Il;lligthEatertor
ood Even
glaeifglanical Drive Yes §g¥;’l“’5 E\_lao::('i? ng“e
ossess Ris
? ng Gatc: Fails Hlydraulicly
o Operate .

Controls Fail g:f\alagapa(:lty
Controls Cause One
Gate not Workin

| No Possess Little Risk
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Predicting/Calculating the Probability of
Failure of Dam components

There are two ways of predicting Probability of Failure
* Expert Elicitation
* Statistical Formulas

The Corps researched many statlstlcal formulas for |ts use ir
mula to predlct probabi '
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Weibull Distribution Formula

Weibull Distribution Formula

R(T) = Reliability

T="Time I }ﬁ
y = Location Parameter H( T) = € "

B = Shape Parameter

n = Characteristic Life
e=2.718

The Weibull distribution is one of the most widely used lifetime
distributions in reliability engineering.

Weibull Dis

tribution was inve

Waleddi Weibull 1857-1970
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http://www.weibull.com/LifeDataWeb/distributions.htm
http://www.weibull.com/LifeDataWeb/reliability_engineering.htm

Problem with the traditional Weibull
Formula

It doesn’t take into account durations of time when a product is not in use.

Example: Dam gates that are operated only once a month.

Solution: The Dormant - Weibull Formula

QH=1—EHI}[{H LT- }-’ [ m‘ y]]
7

Q,, = Probability of Failure over the entire interval n
n = Characteristic Life Paramete
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15t Key Element in the Formula

n = Characteristic life a--e(®2=] | {=]]
7 7/

Definition: The characteristic life is the point in time when we could expect
63.2% of the components under study to have failed.

Example: Its determined that the characteristic life of a component is 25
years, then you would expect to have 63 of 100 components fail by that
time in history.

Characteristic life is traditionally gathered through testing of thousands of
samples.

The Corps has gone through a rigorous data search 0 it
and complled a I|st of how r w lor |
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Adjustments to Characteristic life

When the Corps performed its data search to determine the characteristic life, it
considered the components life over the entire range of projects throughout the
U.S. with average maintenance.

In reality components have a varying characteristic lives depending on environments
and conditions there operated in.

To adjust for environment, stress and temperature factors the characteristic life is
adjusted by a predetermined factor.

Existing condition of the components are taken into account by inspections
scale is used to rate the condition of the component for corrosior
Condition is also used to adjust the characteristic life of a cor
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2"d Key Element in the Formula \ \
B = Beta Shape Parameter Qﬂ=1_Exp[w-gf-?]ﬁ_exp[_[m]’“’]

B<1 Implies quality problems or insufficient “Burn In”. Usually
associated with beginning of a components life.

B=1 Random failures or failures independent of time in service.

B>1 Wear out failures at a definite or predictable end of life. Typlcally
age related due to service conditions such as corrosion, wear, or fat
cracking. |

ZRTMENT OF THE
5 VEges
_ M _

BUREy OF nECLmAT\U“



3@ Key Element in the Formula (H_U\T_tyﬁ \'},
v = Location Parameter s Xp“ n ]]

y = Location Parameter is the difference in years between when the
component was originally installed and when it was replaced.

Example: If a component was originally installed in 1965 and was
replaced in 1995 the location parameter would be.

1995 - 1965 = 30 years
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4th Key Element in the \N \
Formula o, 1o U2 [
t = Inspection Interval

il

T = Inspection Interval. Time in (years) between when the
component was last inspected or operated properly to present.

Example: A component was last operated 1 month ago.




Final Results

A formula which predicts a components probability
of failure as of this year.

Example: An 25 year electric motor with a characteristic life of 80 years which

was last operated 1 month ago in a normal environment would have a
probability of failure of .001 this year.

Q,, =1-[exp[((300-1)*.0833-0)/80]*1]*exp[-[((300*.0833-0)/80)]*1] = .001
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We want More

Knowing the probability failure of a individual components is
good but we want to know what the systems probability of
failure is.

To find the solution the Corps relies on a fault tree program.

The Corps reviewed up to a halve dozen types of software
packages which performed fault tree analysis.




Fault Tree Software

Probability of Failure to Operate
US Army Corps Gates

of Engineers

Dam & Levee Safety
Risk Management Center

Gate Fails to
Operate

Lo [orcee

OR GATE
Q=0.02783

¥§¥

Q=0.007 Q=0.02 Q=0.001
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Fault Tree Software

Probability of Hydrualic

US Army Corps Power Failure

of Engineers
Dam & Levee Safety
Risk Management Center

Both Pumps
Fail to
Operate

PN

AND GATE
Q=0.0002
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Fault Tree Software

25 Year old
components
Operated
1/month

[ |
Brake Brake Mech Coupling Coupling Motor to Gear || Gear Reducer Right Angle

Electrical Pads & Springs (Flexible) (Rigid) box Connecting Gear

Elements Rotating Shaft

SN N N N N N
1A1 1A2 1A3 1A4 1A5 1A6 1A7

eta=30 tau=0.083 eta=60 tau=0.083 eta=40 tau=0.083 eta=60 tau=0.083 eta=100tau=0.083 eta=60 tau=0.083 eta=40 tau=0.083
Q=2.875e-3 Q=7.216e-4 Q=2.126e-3 Q=1.389e-3 Q=7.946e-4 Q=7.216e-4 Q=2.433e-3
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Example of a Simple Fault Tree for a
Flood Control Gate

Probability of Failure to Operate
the Crest Gates at Bluestone Dam|
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Demonstration Time

The excel spreadsheet for calculating characteristic life and probability of failure
of components.

The Isograph Reliability Workbench software demonstrating a typical probability
of failure of a dam gate.

Note: There are other vendor
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