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Figure 2.11 Shapes of common failure distributions, reliability and hazard rate functions (shown in relation to t).



V
ariatio

n
in
En
gin

eerin
g

4
3

1.0

0.5

a = 0.5

a = 1

a = 2f(
t
)

0 2 4
t(xSD)

β = 3

β = 1

β = 0.5

1.0

f(
t
)

0 1 2 3
t(xη)

0.3

0.2

0.1

f(
t
)

0 1
t(xσ)

min max
1.0

R
(t
)

0 1
t(xσ)

min

max 0.632

0.378

5

4

3

2

1

h
(t
)

0 1
t(xσ)

min

max

1.0

0.5

R
(t
)

0 2 4
t(xSD)

a = 2
a = 1
a = 0.5

2.0

1.0

h
(t
)

0 2 4
t(xSD)

a = 2

a = 1

a = 0.5Gamma Failure rate, λ

Events per failure,
or Time to a th
failure

SD = a½/λ

Note: when a is
an integer

Γ(a) = (a − 1)!

Weibull Shape, β Scale
(characteristic
life), η

Location
(minimum life), γ
Curves shown
for γ = 0

Extreme
value

Scale, σ
Location (mode), µ
SD = 1.283σ
Means = µ . 0.577σ
+ for max
− for min

Type I
(shown)

Type II is
In (EV)

Type III
(min) is
Weibull Maximum

values

Minimium
values

(λt)a−1exp(−λt)f(t) =
λ

Γ(a) t
ta−1 exp(−λt) dtR(t) =

λa

Γ(a)
h(t) =

f(t)

R(t)

(general
expression)

f(t) = (t −γ)β−1exp
β

ηβ

t  − γ

η

β

β = 3

β = 1

β = 0.5

1.0

R
(t
)

0 1 2 3
t(xη)

β

R(t) = exp
t − γ

η
−

β = 3
β = 1

β = 0.5

h
(t
)

0 1

1
η

2 3
t(xη)

h(t) =
β(t − γ)β−1

ηβ

f(t) =
l

σ
exp

f(t) =
l

σ
exp

R(t) = 1− exp −exp −
t  − µ

σ

R(t) = exp −exp
t − µ

σ

l

σ
h(t) = exp −

t − µ

σ

l

σ
h(t) = exp

t − µ

σ

l

σ

l

σ
(t  − µ)(t − µ) − exp −−

l

σ

l

σ
(t − µ)(t  − µ) − exp 

Figure 2.11 (Continued).


