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Ry—ng .
Zy = oy R, = GRZ3+;.LR = 6000Z, + 60000
i ile
6= o Ra = OgZy+hy = 60002+ 60000
Rg—ng
Zs = —g— Rg = Opls+ iy = 6000 + 60000

By the substitutions, one can get:

M, = R, +0.5P, —0.866P, = (6000Z,+60000) +0.5 (1000Z, + 10000)

~0.866 (1000Z,, + 10000)
M, = 56340 + 500Z, — 866Z, + 6000Z,

M, = 9.26+0.0822Z, — 0.1424Z, + 0.9864Z , (atter unification)

® (=9.26) = 0.1098x10™ 7

M, = R,~0.5P, —0.289P, = (6000Z, + 60000) —0.5 (1000Z, + 10000)

~0.289 (1000Z,, + 10000)
M, = 52110 - 500Z, — 289Z, + 6000Z,

M., = 8.65-0.0829Z, —0.0479Z, +0.9954Z,

@ (-8.65) = 0.2736x107"7
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My = R=0.5P, —0.289P, = (6000Z, +60000) —0.5 (1000Z, + 10000)

~0.289 (1000Z,, + 10000)
My = 52110~ 500Z, — 289Z, + 6000Z,

M, = 8.65-0.0829Z,-0.0479Z, + 0.9954Z,

® (-8.65) = 0.2736x1077

M, = Rg—0.75P; - 0.433P, = (6000Z4+ 60000) — 0.75 (1000Z, + 10000)

—0.433 (1000Z, + 10000)

M, = 48170~ 750Z, — 433Z, + 6000Z;

M, = 7.95-0.1237Z, - 0.0714Z, + 0.9897Z;

® (—7.95) = 0.9823x1071°

Mg = R—0.25P, —0.144P, = (6000Z5 + 60000) — 0.25 (1000Z, + 10000)

~0.144 (1000Z,, + 10000)
Mg = 56060 —250Z, — 144Z, + 6000Z5
Mg = 933-0.0416Z, - 0.024Z, + 0.9988Z

® (-9.33) = 0.553x10 20

The coefficients of correlation are
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Py = —0.0822 x 0.0822 + 0.1424 x 0.0479 = 0.00000658 =0

Pz = —0.0822x0.0829 +0.1424 x 0.0479 + 0.9864 x 0.9954 = 0.9819
Pig = -;0.0822 x 0.1237 + 0.1424 x 0.0714 = ~-0.00000078 =0

P15 = —0.0822x0.0416 + 0.1424 x 0.024 = —0.00000192 =0

P,y = 0.0829 x0.0829 +0.0479 < 0.0479 = 0.0092

P,y = 0.0829 x0.1237 +0.0479 X 0.0714 = 0.0137

Pys = 0.0829 x0.0416 +0.0479 x 0.024 = 0.0046

P34 = 0.0829 x0.1237+0.0479 X 0.0714 = 0.0137

P35 = 0.0829 x0.0416 +0.0479 x 0.024 = 0.0046

P4s = 0.1237x0.0416 +0.0714 % 0.024 + 0.9897 x 0.9988 = 0.9953

® (-7.95) = 0.9823x107"° > @ (-8.65) = 0.2736x107L7 =

-17

@ (—8.65) = 0.2736x10"17 > ® (~9.26) = 0.1098x10™*° >

® (~9.33) = 0.553x10"2°

—-33
@, (-B,,—B,;p) = @, (-8.65,-7.95;0.0137) = 6.534x10

-33
@, (-B5,—B,ip) = @, (~8.65,~7.95;,0.0137) = 6.534x10
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@, (B —B,ip) = @, (~8.65,-8.65;0.092) = 5.472x107"°

1.0786x107>3

@, (-B,,-B;:p) = @,(-9.26,-7.95;0)

3.004x10738

@, (B, —B,ip) = @, (-9.26,-8.65;0)
@, (=B, —Byip) = D,(-9.26,-8.65;0.9819) = 1.04x10™>"
@, (BB ip) = D,(-9.33,-7.95;0.9953) = 5311107
@, (B, —Bip) = @, (-9.33,-8.65;0.0046) = 2.14x107°"
@, (B, ~B,ip) = D, (-9.33,-8.65;0.0046) = 2.14x107>°
D, (-Bs, —B,ip) = @,(-9.33,-9.26;0) = 6.0719x10~

By using the Ditlevsen bounds:

n n
upper bound: P,< 2 (o (_Bi) - Z maxq)2 (‘Bp _ﬁj;P)

i=1 i=2,j<i

P,<9.878x107' - max [®, (B, ~B3p)]
—max [(I>2 (—-B3, —BZQP) s (D?_ (“By —Bl p) ]
—max [(I) (_ﬁ4’ —ﬁl;p)a o (—B4’ "[32§P) ’ P (_B4: —B3 ,P) ]

—max [q) (_BS’ —ﬁl;p)’ o (—_[35’ —ﬁz;p) ’ o (—BS’ '—B3 ;P) ’ P (—BS’ —34;[)) ]
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= 9.878x107 10 - 6.534x1073% — 5.472x10718 - 1.04x1072% — 5.311x10~ 2L
= 9.823x10"16
n i-1
lower bound: PfZ 0] (—Bl) + szax L)) (—[31.) - Z (D2 (_Bi’ —-Bj;p) ,0
i= =1

P> 9.823x107' + max [® (-B,) ~ @, (=B, ~B,;p), 0]
+max [(b (—B3) - (DZ (—'33’ —Bl ap) - (I)2 (—[33» _Bz;p) s O] +

max [(D (—B4) - (I)2 (_B4’ _Bl;p) - (1)2 ("“B4y _BZ;P) - (I)2 (—64, _33;9) ’ O]

+
max [P (_BS) - (DZ (-B5> —Bl p) — q)z (_Bsa —Bz;p) - (1)2 (_BS’ _B3;p)

_q)2 (_Bs; -ﬁ4;p)’ 0 ]

P> 9.823x107 10 + 0.2736x10717 — 6.534x107>2 +0.2736x10™ 7

— 65341022 = 5.472x107 18 + 0.1098x1071? - 1.0786x10>° — 3.004x10~>8

-20 -20

— 1.04x10 ~5.311x1072t = 2.14x10738 = 2.14x10738

+0.533x10

~6.0719x10~H = 9.823x10716

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

follows:

P, = 9.823x10 C and B = ™! (P) = -7.95

From the result one can expect that the failure bar six is the only dominant failure mode.
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When W, = 30000, Ky, = 30000, pp = 60000’GP1 = 3000, S, = 3000,

Op = 6000

The structure reliability can be evaluated as follows:

R-uR
Zy = —5 "+ R = Ogly + g = 60002, + 60000
Py—np
Zy = —5 Py = Op Zy+ip, = 30002, + 30000
1
Py,
Zy =~ Py = Op Ly tp, = 30002+ 30000
2

Mg = Rg—0.75P - 0.433P, = (6000Z, +60000) — 0.75 (3000Z, + 30000)

—~0.433 (3000Z, + 30000)
M = 24510 + 6000Z, - 2250Z, — 1299Z,

M = 3.75+09177Z, - 0.3441Z, — 0.1987Z; (after unification)

P;= ®(-375) = 8.837x107°



when h, = 50000, “Pz = 50000, up = 60000, ¢
1

1

Cp = 6000

The Structure reliability can be evaluated as follows:

R
Z = oy , R = GRZI'H‘LR . 6OOOZI+60000
Pi—Hp
Zy = g Py = Oy Zy iy = S000Z, + 50000
1
Py—up,
Zy = gt Py = O 2y, = S000Z, + 50000

= 5000, sz
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= 5000

M = R-0.75P, - 0.433P, = (6000Z, + 60000) — 0.75 (5000Z, + 50000)

—0.433 (500024 + 50000)

M = 850+ 6000Z, — 3750Z, - 2165Z,

M = 0.11+0.8109Z, - 0.5068Z, — 0.2926Z,
P, = @ (-0.11) = 0.4562
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when L = 20000, ) = 20000, i, = 60000, 3, = 2000, 5, = 2000
1 2 1

Cp = 6000

The Structure reliability can be evaluated as follows:

R—uR
Zy = —5 R = Oply *ig = 6000Z, + 60000
Py—Hp
Zy = —g— Py = OpZythp, = 20002, +20000
i
Py—kp,
Zy = —g— Py = OpZyhp, = 2000Z;+20000

M = R-0.75P, - 0433P, = (6000Z, + 60000) — 0.75 (2000Z, + 20000)

—0.433 (2000Z + 20000)
M = 36340 + 6000Z, — 1500Z,, - 866Z,

M = 5.82+0.9608Z, - 0.2402Z, - 0.1387Z,

P;= @ (-582) = 2951x10™
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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:

R,™ =R, = 60000, (i=1,2,...,6) are independent.

1

H; = 80000, p, = 60000, o, = 8000, Cp = 6000

L=80000 2(0,50) @ 3(50,50)
—»

© O,

3 4
0,001 @ 4 (50,0)
X;= Wy,
Z = oy X = O'Xizi+}LXi

R; = OpZ;+ Wy = 6000Z;+60000,L = 6,Z;+p, = 8000Z;+80000

The safety margins of the structure are given as:

M, = R, —0.5L = 2.77+0.8321Z, - 0.5547Z,
M,y = Ry—R; = 0-0.7071Z, +0.7071Z,
My qy = Ry+1414R, — 1414 = 2.06 +0.5523Z; +0.3906Z, — 0.7365Z,

M,y = Ry—14142R, = -2.39 - 0.8165Z; +0.5774Z,
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Ms 1y = Rs+R| ~L = 3.43+0.5145Z, +0.5145Z ~ 0.686Z,

M, = Ry-05L = 277+ 0.8321Z, - 0.5547Z,

My 5y = R, —R, = 0-0.7071Z; +0.7071Z,

My ) = Ry+1.414R)— 1.4142L = 2.06 + 0.5523Z, +0.3906Z, — 0.7365Z,
My gy = Ry~ 14142R, = -2.39 —0.8165Z, + 0.5774Z,

Mg 5y = Rg+Ry-L = 343+0.5145Z, +0.5145Z; - 0.686Z,

Mg gy = Rg+R,—L = 3.43+0.5145Z, +0.5145Z¢ - 0.686Z,

My = Ry~0.7071L = 0.42+0.7276Z, — 0.686Z,,

My 3y = Ry +0.707T1R;~L = 2.06+0.5523Z, + 0.3906Z, — 0.7365Z;
My 3y = Ry+0.7071R;— L = 2.06+0.5523Z, + 0.3906Z, — 0.7365Z,
My 3 = R4+ Ry~ 141421 = 0.49 +0.4243Z; +0.4243Z,, - 0.8Z,

Ms 3y = Rs—0.7071R; = 2.39 - 0.5773Z; + 0.8165Z
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M, = R,~0.7071L = 0.42+0.7276Z, ~ 0.686Z,

My 4 = Ry —0.7071R, = 239 + 0.8165Z, - 0.5773Z,

M, 4y = Ry—0.7071R, = 239+ 0.8165Z, - 0.5773Z,

My 4 = R3+R,~ 141421 = 049 +0.4243Z, +0.4243Z, - 0.8Z,
Mg 4y = Rg+0.7071R L = 2.06 +0.3906Z, + 0.5523Z; — 0.7365Z,

Mg 4y = Rg+0.7071R,— L = 2.06+ 0.3906Z, + 0.5523Z¢ — 0.7365Z,

Mg = Ry~ 0.5L = 2.77+0.8321Z, — 0.5547Z,,

My sy = R{+Rs—-L = 343+05145Z, +0.5145Z; - 0.686Z

My sy = Ry+Rs—L = 3.43+05145Z, +0.5145Z; - 0.686Z,

My sy = Ry—14142Rg = -2.39 +0.5774Z; - 0.8165Z;

My (s) = Ry+1414Rs - 1414L = 2.06 +0.3906Z, +0.5523Z5 ~ 073652,



170

Mg = Rg-0.5L = 2.77 +0.8321Z, — 0.5547Z,

M5 =R +Rg—L = 3.43+0.5145Z, +0.5145Z¢ - 0.686Z,

M, = Ry+Rg—L = 3.43+0.5145Z, +0.5145Z¢ - 0.686Z,

My ) = Ry—14142Rg = —2.39+0.5774Z; — 0.8165Z

My ) = Ry+1.414Rg—1414L = 2.06 +0.3906Z,, +0.5523Z¢ - 0.7365Z,

Ms ) = Rs—Rg = 0+0.7071Z5~0.7071Z¢

There are thirty different failure modes, and the corresponding probabilities of failure are

calculated as follows:

M, = 2.77+0.8321Z, - 0.5547Z,

p = —0.5884, @, (-2.77,0;-0.5884) = 0.0000393003 M; 1y

M, = 2.77+0.8321Z, - 0.5547Z,

M, 1y = 2.06 +0.5523Z, +0.3906Z; — 0.7365Z,

p = 0.8681, ®

, (-2.77,-2.06;0.8681) = 0.00242703 L Mj )




M, = 2.77+0.8321Z, ~0.5547Z,,
Mgy = —2.39-08165Z +0.5774Z,

p = —0.6794, @, (-2.77,2.39;-0.6794) = 0.00184232

M, = 2.77+0.8321Z, - 0.5547Z,
Mg 1y = 343+05145Z +0.5145Z; — 0.686Z,

p = 0.8086, @, (-2.77,-3.43;0.8086) = 0.00019021

M, = 2.77+0.8321Z, - 0.5547Z,

Mg 1y = 343+05145Z, +0.5145Z;— 0.686Z,

p = 0.8086, @, (-2.77,-3.43;0.8086) = 0.00019021
M, = 2.77+0.8321Z, - 0.5547Z,

My 5y = 0+0.7071Z,-0.70712,

p = —0.5884, @, (-2.77,0;-0.5884) = 0.0000393003

M, = 2.77+0.8321Z, - 0.5547Z,
M3 (3 = 2.06+0.5523Z, +0.3906Z; — 0.7365Z,

p = 0.8681, ®, (-2.77, -2.06;0.8681) = 0.00242703

M, = 2.77+0.8321Z, - 0.5547Z,
My () = —2.39-0.81652,+0.5774Z,

p = —0.6794, @, (-2.77,2.39;-0.6794) = 0.00184232

5 (
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|
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M, = 2.77+0.8321Z, - 0.5547Z,

M
2

Mg 5y = 3.43+0.5145Z, +0.5145Z5 - 0.686Z,

p = 0.8086, @, (-2.77,-3.43:0.8086) = 0.00019021 [ ] py, .

M, = 277 +0.8321Z, - 0.5547Z, M,

Mgy = 343+05145Z, +0.5145Z¢ - 0.686Z,

p = 0.8086, @, (-2.77,-3.43;0.8086) = 0.00019021 L Mg 3

Mj = 0.42+0.7276Z, - 0.686Z, ",
My 3) = 2.06+0.5523Z; +0.3906Z; — 0.7365Z,

p = 0.7894, @, (<0.42,-2.06;0.7894) = 0.0194841 M, 3
M, = 0.42 +0.7276Z, ~ 0.686Z, ,
My 3y = 2.06+0.5523Z, +0.3906Z; — 0.7365Z,

p = 0.7894, @, (~0.42,-2.06;0.7894) = 0.0194841 M, 3
M; = 0.42+0.7276Z, - 0.686Z, ",
My (3) = 0.49 +0.4243Z; +0.4243Z, — 0.8Z,

p = 0.8575, @, (~0.42,-0.49;0.8575) = 0.246666 My 3




