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By the substitutions, one can get:

M 1 = R i +0.5P 1 - 0.866P 2 = (6000Z3 + 60000) + 0.5 (1000; + 10000)

-0.866 (1000Z2 + 10000)

M 1 = 56340 + 500Z 1 - 866Z2 + 6000Z3

M1 = 9 .26 + 0.0822Z 1 -0.1424Z2 + 0.9864Z3 (after unification)

(13 (-9.26) = 0.1098x10 19

M2 = R 2-05P 1 - 0.289P2 = (6000Z4 + 60000) - 0.5 (1000Z 1 + 10000)

-0.289 (1000Z2 + 10000)

M2 = 52110 - 500Z 1 289Z + 6000Z4

M2 = 8 . 65 - 0.0829Z 1 - 0.0479Z2 + 0.9954Z4

1 (-8.65) = 0.2736x10 -17
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M3 = R 1 -0.5P 1 - 0.289P2 = (6000Z3 + 60000) 0.5 (1000Z 1 + 10000)

- 0.289 (1000Z2 + 10000)

M3 = 52110 - 500Z 1 - 289Z2 + 6000Z3

M3 = 8.65-0.0829Z 1 -0.0479Z2 + 0.9954Z3

(I) (-8.65) = 0.2736X10 17

M4 = R 6-0.75P 1 — 0.433P2 = (6000Z5 + 60000) - 0.75 (1000Z 1 + 10000)

- 0.433 (1000Z2 + 10000)

M4 = 48170 - 750Z 1 - 433Z2 + 6000Z5

M4 = 7.95 - 0.1237Z 1 - 0.0714Z2 + 0.9897Z5

1 (-7.95) = 0.9823x10 15

M5 = R 6-0.25P 1 0.144P2 = (6000Z5 + 60000) - 0.25 (1000Z 1 + 10000)

- 0.144 (1000Z2 + 10000)

M5 = 56060 - 250Z 1 - 144Z2 + 6000Z5

M5 = 9.33 - 0.0416Z 1 — 0.024Z2 + 0.9988Z5

(13 (-9.33) = 0.553x10-20

The coefficients of correlation are
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= -0.0822 x 0.0822 + 0.1424 x 0.0479 = 0.00000658 0P12

p 13 = -0.0822 x 0.0829 + 0.1424 x 0.0479 + 0.9864 x 0.9954 = 0.9819

-0.0822 x 0.1237 + 0.1424 x 0.0714 = -0.00000078 . 0P14 =

p 15 = -0 .0822 x 0.0416 + 0.1424x 0.024 = -0.00000192 0

p 23 = 0.0829 x 0.0829 + 0.0479 x 0.0479 = 0.0092

P24 = 0.0829 x 0.1237 + 0.0479 x 0.0714 = 0.0137

p 25 = 0.0829x 0.0416 + 0.0479x 0.024 = 0.0046

p 34 = 0.0829 x 0.1237 + 0.0479 x 0.0714 = 0.0137

p 35 = 0.0829 x 0.0416 + 0.0479 x 0.024 = 0.0046

p 45 = 0.1237 x 0.0416 + 0.0714 x 0.024 + 0.9897 x 0.9988 = 0.9953

Φ (-7.95) = 0.9823x10-15 > (I) (-8.65) = 0.2736x10 -17 =

Φ  (-8.65) = 0.2736x10 -17 > (1) (-9.26) = 0.1098x10-19 >

Φ  (-9.33) = 0.553x10 -20

Φ2 (-β2 , -β 1 ,ρ) = Φ2 (-8.65, -7.95;0.0137) = 6.534x10 -33

Φ2 (-β3, -β1 ,ρ)= Φ2 (-8.65, -7.95;0.0137) = 6.534x10 -33
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02 (-133 , —02 ;p) =^2 (-8.65, —8.65;0.092) = 5.472X10-18

02 (44, -13 1 ;p) = 02 (-9.26, -7.95;0) = 1.0786x10 35

(-34, -0 2 ;p) = 02 (-9.26, —8.65;0) = 3.004x10 38

432 (44 , —03;P) = 	 (-9.26, -8.65;0.9819) = 1.04x10 2°

4)2 (45' — 13 1;P) = 02 (-9.33, —7.95 ;0.9953) = 5.311x10 21

432 (-135 , - 13 2 ;P) = 02 (-9.33, -8.65;0.0046) = 2.14X10 38

= 	 (-9.33, -8.65;0.0046) = 2.14x10 38

'2 	 44 ;P) = 02 (-9.33, -9.26;0) 	 6.0719x10-41

By using the Ditlevsen bounds:

Pf 9.878X10 16 - max [4:02 (—f32 , 	 ;p)

—max [02 (-03, --02 ;f3), 02 (-133 , -P l ;P)

—max [ (1) (44, —P1 ;(3 ), 4:13 (-04, -02;P), (- 134, —133 ;P)

—max [ (1) (- 135 , -0 1 ;P), (1) (-05, —02;P), (— f35, — 133;P), (1) 	—134;P)
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—= 9.878x10-16 
- 6.534x10-33 

— 5.472x10- 18 
— 1.04x10 20 - 5.311 x10 21

= 9.823x10-16

Pf ?_ 9.823x10-16 
+ max [43 (42 ) - (D2 (-02 , 	 ;p) , 0]

+ max [0 (43) - 2 (-133 , -13 1 ;P) - 2 (-13 3 , -132 ;p) , 0] +

max [41) (-p4) - 2 (-134 , 	 ,p) - 	 (44, 42 ;p) - 2 (-134, -133 ,p) 9 0 ]

max [ (1) (- 13 5 ) — 2 ( — I35 , 	 ;p) - 	 (-135 , -132 ;p) - 2 (-135 , 	 3 p );p

- 02 ( -35, - 134;ID), 0 ]

Pf 9.823x10-16 0.2736x10-17 
— 6.534x10-33 

+ 0.2736x10-17

- 6.534x10 33 
- 5.472x10- 18 

+0.1098><10
-19 

— 1.0786x10 35 
— 3.004X10

-38

— - 1.04x10 20 + 0.533x10 20 - 5.311x10 21 — 2.14x10 38 
- 2.14x10 38

-6.0719x10-41 
= 9.823x10- 16

Therefore, one can get the probability of failure and probability index of the structure as

follows:

Pf = 9.823x10- 16 
and 13 =	 (Pr) = -7.95

From the result one can expect that the failure bar six is the only dominant failure mode.
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M6 = R6-0.75P1 - 0.433P2

When R.171 = 30000,11P2 = 30000, ix)? = 60000, api = 3000, apt = 3000,

a
R 

= 6000

The structure reliability can be evaluated as follows:

R [iR
Z 1 	  , R = aRZi + 	 = 6000Z 1 + 60000

P 1
	, P = pi Z2 	pi+ 	 = 3000Z2 Z 2 + 30000Z2 = a	 1 

P l

P2
Z3 =  a 	2, P 2 = Op2Z3 +	 = 3000Z3 + 30000

P 2

M6 = R 6-0.75P 1 — 0.433P2 = (6000Z 1 + 60000) - 0.75 (3000Z2 + 30000)

-0.433 (3000Z3 + 30000)

M = 24510 + 6000Z 1 - 2250Z2 - 1299Z3

M = 3.75 + 0.9177Z 1 - 0.3441Z2 - 0.1987Z3 (after unification)

f (13 (-3.75) = 8.837x10 5



The Structure reliability can be evaluated as follows:
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The Structure reliability can be evaluated as follows:
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Example 2. Consider the structure of example 3 of chapter 8. Calculate the reliability of

the structure. The expected values and standard deviations are given below. Assume that:

RR. 	 = R7 = 60000, (i = 1, 2, 	 6) are independent.

The safety margins of the structure are given as:
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There are thirty different failure modes, and the corresponding probabilities of failure are

calculated as follows:
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