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Singiresu S, Rao, Reliability Engineering, Pearson, Upper Saddle River, NJ, 2015

Chapter 1
Introd_uction

N

Interval Obséniations . Freq

Data ' :
251 . 2.7 294 20.1 316 " 2538 " 3 0060
254 278 202 303 318 2827 i 4 0pE0
(w) 258 284 203 304 - 318 2728 "5 040
265 283 204 305 323 2829 8 0160
266, 283 295 308 325 20.30 16 0200
268 28.4 206 30.8 227 . 2031 7 0140
260 Y 298 208 328 3132 6 0120
272 . 286 297 312 334 . 3233 4 0030
274 v 287 298 3t3 338 33-34 2 . 0040
276 239 289 ar4 347 2435 1 0020
50 1.000
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Young's Modulus of Steel (10° psi)

DATA  'YOUNGS MOD |Xi- Xave (Xi - Xave)"2
25.1 I 25100000|  -4476000| 2.0035E+13
20.9 | 29900000 324000! 1.0498E+11
58.1 @ 281000001 -1478000{ 2.1786E+12
a0 5 | 32500000]  2924000] 8.5498E+12
28.5 | 28500000/ -1076000} 1.1578E+12
20.4 ' 29400000 -176000{ 3.0976E+10
55 4 1 25400000] -4176000; 1.7439E+13
33.4 | 33400000 3824000 1.4623E+13
31.8 | 31900000 2324000] 5.401E+12
56.6 |  26600000] -2076000] 8.8566E+12
26.5 56500000| -30768000{ 9.4618E+i2
31.2 31200000 1624000} 2.6374E+12
29.2 | 29200000 -376000| 1.4138E+11] |
56.9 | 269000000 -2676000f 7.161E+12| |
59.3 ¢ 29300000 -276000| 7.6176E+10| |
30.5 | 30500000l 924000| 8.5378E+11] |
28.6 | 28600000 -976000| 9.5258E+11
283 | 28300000] -1276000f 1.6282E+12
33.8 33800000 4224000| 1.7842E+13
 26.8 56800000] -2776000| 7.7062E+12
27.4 27400000] -2176000] 4.735E+12
32.3 32300000 5724000 7.4202E+12
29.8 29800000 224000] 5.0176E+10
30.3 30300000! 724000| 5.2418E+11
30.4 30400000 824000 6.7898E+11
31.6 31600000 2024000| 4.0966E+12
29.5 29500000 -76000| 5776000000
28.7 28700000 -876000| 7.6738E+11
30.9 30900000  1324000] 1.763E+12
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1
r)

3.1542E+12

7.8 278000001 -1776000
28.4 284000001 -1176000] 1.383E+i2
34,7 34700000 5124000 2.6255E+13
30.1 30100000] 524000 2.7458E11}
25.9 55900000] -3676000] 1,3513E+13
31.4 31400000 1824000 3.327E+12
32.8 32800000 3224000| 1.0394E+13
30.6 30600000 1024000 1.0486E+12
29,8 29600000! " 24000| 576000000
29.6 29600000| 24000| 576000000
28.9 28900000 7676000| 4.5698E+11
29 .1 29100000 -476000! 2.2688E+11
27.2 57200000] -2376000] 5.6454E+12
31.3 31300000 1724000] 2.9722E+12
27.6 57600000] -19760006| 3.9046E+12
32.7 32700000 3124000] 9.75%94E+12
28.3 58300000] -1276000] 1,6282E+12
31.8 31800000 2024000| 4.9462E+12
30.8 30800000 1224000] 1.4982E+12
27.7 577000000  -1876000| 3.5194E+12
29,7 29700000 124000| 1.5376E+10]
TOTALSUM | 1478800000 ] LA079E+14
MEANVALUE | 295760001 ib/inz - :
STDDEV _ ~ | 2194498.58 Lo/ 2

£

i

X
Ax

/

29.5760Mps{ = mean value

241945 Mpst = stomcga.roq deviation




Observations of eccentricity of applied load

n e Ye Yehr2
inches inches inches?2
1 0410 0410 0.1681} .
2 0.050 0.460 0.1706]:
.3 0.090 0550 0.1787( |
4 0.195 0.745 - 0.216725
51 0.345 1,000 033575} |
6 0.155 1,245 0.3597751
7 0.320 1.563 0462175{ -
8 0.120 1.685 0476575
0 0.200 1.975 0.560675
10 0.065 2040 0.5649
11 0.275 2315 0.640525
12 0,230 2.545 0.693425
13 0.140 2.685| 0.713025
14 0.265 2.950 0,78325
15 0.215 3.165 0.829475(
16 0070 3035  0.834375|
17} 0.115 3.350 (L8476
18 0.305 3.655 0.940625
19 0435 4,000 1.12985
20 0.130 4,220 1.14675
21 0.535 47551 1432975
22 0.110 4,865 1.445075
23 0.205 5.070 1.4871
24 0,085 5,155 1.494325 '
25 0.135 5.290 “1.51255]
26 0.125 5415 1528175
27 , 0,185 5.600 1.5624
28 0480 6.080 1.7928
29 0.175 6.255 1,823425
30 0.145 6.400 1,84445
31 0.380 6.780 1.98885
32 0,165 6.945 2.016075
33 0.255 7.200 20811
34 0.180 7.380 2.1135
35 0.240 T7.620 21711
36 0.220 7.840 22195
37 0.105 + 7,945 2.230525
— Number of observations in each inferval ‘
From: ' 0 0.05] ~0.1 o458 0.2{- 0.25 0.2 0.35 0.4l 0.45 05
To: 0.06 0.1 0.15 0.2 * 0.25 031 0.35 0.4 0.45 0.5 0.55
"Midpoint, | 0.025] 0.075] 0.125 0.175] ©0.225] 0.275] 0.325] 0.375] 0425 0.475 0.525
Total: 0 3 9 6 5 4 3 1 2 1 1
Eréaency: | 0.00% 13.51%] 24.32%| 16.22% 13.519%) 10.81%| 8.11% 290%| 541%| 2.70% 2.70%
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Column Load Eccentricity Histogram

7

Obsexvations

0.025 0075 0125 Q175 0,225 0275 0325 0375 0.425 0475 0525
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: 78
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) Mean \(aju.e o‘.F eccehfrfc:{:j = E ,:_,/.l - A s E. = 7945
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- 29 VO{LHM o mMARimum k(aa.& caxried Ey welded beams given.
smallesh velue: 123.1 &N, La-rgeg'b velue: (86,9 kN

Range chssen: 120 «Ni—~ 190 kN

All dater points are 5;raulaeo¥ into 7 infervals of 10 kN
each. o .

ey

Renge of foad: Freguency of load
volues _—fcpuir:f in the range

z120< (30 KN : g
2 130 < 146 KN 4
E 40 < (50 &N 5
= 18p < 60 %N ' 7
266 < 170 RN 5
2170 < {80 %N 2
Z(Bb < 190 «N , 1
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Compressive strength of Concrete cylinders (in Kpsi):

Data:

5.9 &2 5.8 78 6.5 — ==z 372:2
63 9 53 37 04 — = = 25/§
2.4 68 g1 4.3 32 —» == 255
72 &1 57 49 26 — = = 265
g4 c.8 &3 5l 73 — = = 30.9
g2 77 54 T 45 — == 295
g.t 5:6 64 &7 T2 - = 307
69 75 5.2 4.3 G+ 6 — &= = 305
5.y Gl — = = -8

Totad Aum = 2482

Mean volue = X = 243:2 . 579 kpsE

Pl

42
. N 2
Standard devistion = /.S’K = &i—l st (X,-.-’)Z) } = 1481 &psi
' oAz
Range of Number of - Relative
compressive oceuyrances freguency
strength (kpsi) .
t—2 ' ! qu = o024
P

2 z 2/42 = o048
Chate 4 ‘f/a;cz = 0.095
-5 .5 5/42 = o0+169
E-£ 9 '

; ? 2, =1 o.ﬁ.[Lf
s N /4 .
129 ) Wiae = co2§'z
g9 5/42 = o0-143

_ B4 = 071
9-—-10 | f4 @07
‘ 1/42 = 9.021-{
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0.3 - .

0:26 — N — :
5 02 < \ |
O : o X
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E; 0.1 : o
2 _
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@ yield sTrength date of reinforcing bavs (in kpsid
made of Twe o\n‘Ff@-ren’c gra.c?es of /sfeel.!

Rénge ~ # of Oceourances Relative Frequenay

80.0 - 80.9' 1 0.019
'31.0-381.9. 3 0.068
32.0-329 5 0.098
33,0 - 33.9 4 0.077
34.0-34.9 3 0.058
85.0- 359 2 0.038
36.0 - 36.9 1 0.019
37.0-87.9 2 0.038
38.0 - 58.9 3 0.058
39,0 - 39.9 5 0.006
40,0 - 40.9 7 0.185
- 410-41.8 8 0,154
420 - 42.9 6 0.115
43,0 - 48.9 2 0,088
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(€) The relative freguency diagram has o distinct peaks
which shows that the fwe grades of steel have fwe
di'fferent average yield strengths which are a.jafsrax;‘ma,i'el‘y

225 amd 415 «(6/i2).

CO!) DATA Y, STRENGTHS | XI - Xave {Xi - Xave}'2
35.7 35700[-2315.38462| 5361005.92
31.1! 31100| -6915.38462| 47822544.4|
33.2] 33200|-4815.38462| 23187929
42,51 42500] 4484.61538| 20111775.1
41.2 41200| 3184.61538] 10141775.1]
42.8 42800| 4784.61538| 22892544.4)
37.5] . 37500(-515.384615| 265621.302
40.7 40700| 2684.61538| 7207159.78
42.3 42300 4284.61538] 18357929
42,2 42200| 4184.61538| 17511005.9
34.1 34100| -3915.38462] 15330236.7|
40.9 40900 2884.61538| 8321005.92
43.3 43300| 5284.61538| 27927159.8
38.8 38800] 784.615385] 615621.302]
40.4 40400] 2384.61538) 5686390.53
42,9 42900 4884.61538] 23859467.5!
38.4 38400| 384.615385( 147928.994]
41.7 41700| 3684.61538] 13576390.5
42.7 42700] 4684.61538| 21945621.3
40.1 40100 2084.61538! 4345621.3
41.4 41400| 3384.61538] 11456621.3]
39.2 30200| 1184.61538| 1403313.61
43.4 43400] 5384.81538] 28994082.8
40.8 40800] 2784.61538] 7754082.84
39.6 39600 1584.61538] 2511005.92
33.8}" 13800| -4215.38462] 17769467.5|
36.6 36600/ -1415.38462| 2003313.61),
39.9 39900| 1884.61538| 3551775.15)
32.3 39300|-5715.38462| 32665621.3]i
32.6 30600/ -5415.38462| 29326390.5);

" 32.9 32000| -5115.38462; 26167159.8/

) 34.5 34500 -3515.38462] 12357929|
30.2 30200| -7815.38462| 61080236.7

38.1 38100| 84.6153846 7169.76331|
41.5 41500| 3484.61538| 12142544.4]
31.2 31200|-6815.38462| 46449467.5

31.7 31700] -6315.38462| 39884082.8
 34.5 34600] -3415.38462 11664852.1!
41.1 41100 3084.61538] 9514852.07
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- 37.2 37200|-815.384615| 664852.071;
© 385 36500] 1484.61538] 2204082,84!
39.3 39300| 1284.61538! 1650236,691
35.5 35500] -2515.38462| 6327159.761
33.7] .  33700{-4315.38462 18622544.4/
'32.5 325001 -5515.38462| 30419467.5..
40.3 40300| 2284.615381 5219467.46]
41.8 41800| 3784.61538] 14323313.6
32.2 30200| -5815.38462| 33818698.2|
*40.5 40600 2584.61538] 6680236.69]
33.4 33400|-4615.38462] 21301775.1
41.6 41600| 3584.61538] 12849467.5}
41.3 41300| 3284.61538] 10788698.2
TOTAL SUM 1976800|LB/INA2 . 816187692|
MEAN VALUE | 38015.3846|LB/INA2 i '
STD. DEV. 3961.80731|LB/IN2 |
!
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Data on compressive strength of a-luminum = Lith/um

specivnens (in MP):

I_hter\r’ai'a’s- Nu.mlae.r'i%a Relative
Compressive - observed fregu’eﬂcy
zg'l;reng'l:h (MP) values Vel
0:500] — 0.6080 f a.g 1373
otoo | — ar 7800 T2 a-02 g7
G: 7001 —~ 08000 5 0.04¢0
0'8 —_— ’ .

OO'I (&} 9609 4—' O'Og 33
0:/80C0] —l-poo O q o:{2 0 ©
lc000l — I:lo00O |6 021293
(vloet — (2000 (7 '0.2267
{20061 — |+ 300 C 7 609 33
(-300)1 — 114000 9 01200
l-400l — I'5000 A ore2677
|-5001 — - 6004 3 004 060
{-6co) — [r'?ooo‘ 2 8.0 2 &7

Tekd 75 lFoocoo
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(@) .
Number of Hrs fog ram

K osbservations
15
o r+
e
5‘ -
. (
| e
o } p E ; [ | ! 1 ‘x‘zi aj
05 o6 07 a8 09 10 .1 b2 I3 g 45 g 1
(b) .
i Rela,‘h‘fg ) . . uenc o\' ram
§r9?}0\9m—j Relw{"we Jcrea 3 19
r
{ :
0:2000F
a 1333 [
7 f !
) i r
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— { . )
c = = — Xe - (1 ' . )
(¢ ) Me an VOJM.L X 75 El T (10335‘-;- 0.9302 4+ | 309D
= (1227 Mt
‘ ‘ I = —2 _1?:
S.ta_ncia_rcl q\ev;‘a.{:aon = /§X = :l_'§ Z‘ (*: . X) } _ | .
. Py ;

{

= {:]—'g [Q-osaS—f- 122'}9%—!- oot (10807 f'f§.27>2]}2

= 8, 092927 M P .

(d) From the -given dedar , number of Apecimens thel gave o

vetue O'G x; belew 4 M = (9 out of 75 = % = 0.2533

bar 25.33 /,
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@. Dot o annual ;[-’[aw rodzs ifn o river C:’n C’.ff!):

50 dellar points:
Intervah of Number of  Relafive
flow rate ebgerved ;—re,?)u.p_nr:j.
L edA) Vehues
¢ ~ 500 1 022
50l — (000 6 o+l 2
Joct — 1500 8 o6
{501 — 2000 4 g08
200l —~ 2500 9 o' 18
- 2501 ~ 3000 { 6r 02
300! - 3500 4 0,09'
,350£—-4'coo y 0.08
400f — f500 2. 604
450 t{ ~ 5000 | o o
5061 ~B5500 0 o)
£5¢1 — goco o o
_ 600 — 6500 o o
?501._7000' | 0.02
Total 50 o0
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(Ov') MNum be,\" QF

% observations

HiStogf‘a.m

12 +=

2...

[P

i e
Lom

3000 3500 Hooo 4500 500¢ Efeo €000 {506 7000
Flow rates, % (cfs)

o .
¢ 5oo ioao I500 2000 2500

(b) aRelative fre guency

T o0

Q.osn- 7

e N . - -

o o '5“00 loos 1500 2000 2500 300 3500 4000 4500 5000 5500 §ooo 6500 TO0O

Flow rates, x; (cf&)
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) 50
¢) Meav vadume = X = 2 . 88577
‘ X =50 X o= g

|
a=t

—

= 1771.59 cfs

Fo
]

o LY 2)?
| Sfandard deviation = £y, = : Z: (a,’:... 1771 '59) }-

= 1,34 2.9 3

) Percem{'aﬁe 0’5— H(m«r wolis &Laee&knﬁ aJ Va.f,u.e:fg-

4000 cfs = 3 ouk_gg 50 = 0.06
]
o 67
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Dota om g‘oinf 'Eem]ogr‘a:{'ures ol O —rings (n’n°F>;
30 A_a./taJ d@o:’n'ﬁs. '

Tuterval of Naom ber o} Redolivwe
‘bem[aerov'f‘ure _ obser vt’.a\ &re%eﬁcg
(5}:) _Va-b«l—%
30— 35 i 00333
25— 4O o o
4o - 45 ! 0.0% 3 3
50 — 55 o o
585 —
ce 3 o-(oo®
6o — 65
| 4 0:133%3
. £5—-70 -
6 0r2000
70— T5 -
- . 1667
75— 8o
4 g- 13973
Jo —85 A
_ . o233
Total 30 lreco0o0
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) - X = L =
Mean velue = X = e = % = Ha—éé —c5.8667 F
L=

Stamd dontotion - 36 +
£ OJLA ‘m”’gx: 'él—é 2(95,3*65'-8667)2}2
| i=1
| | = 2.549¢ °F
(9!> Fe.rc,e.‘n'l'oaje C’& jofnf? i‘emfﬂe.r‘a,{‘ures' fa%nf} below
freezing: point ok walZn (8 ZaF> i, feomn 'h%eﬂ
observed Jdata, o oub JL, 20, i'e- 07 ’
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| patas on number of cﬂe(yecf:ue ,(aa_g, BpUngs in s pleg L
@ Aize 50 '
To'é'a-l c{ara_- Pofn".f's = 40

?cije 0'6— Number Reladtuve
num ber 0'6- ok obs exved freguenc
/amabi
egeclivre volues
Ap7eings
3~ 49 4 or1o°
5 £.9 0:225
7 — 8.9 Is) 6250
9— 16.9 3 616775
1= 12,9 4 o 100
o o 625
— 1§.
17 7 | 4 o l00
19— 209 { 0:025
Total: 40 -000
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[d) Feréenfa,je of aQleechfve (S’(Fn‘njs ot O(‘aj,ﬂ U;j;&a& {;‘5

\‘e'. -
res 9315 3 (4-4761) = 93715 34283

€y - 46533 & 22,8033

e, o K 22.8033

From the given olo./{?ia_. we ;Ft‘nol that none cac the dote.

Falls cubgde o- 22:8033

He.y'l,c,é the re?/u(rao\ Fercehi‘a_ge is Zero.
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Detn on.Mumdien ef& ut/{?mabfles crogsing om a‘nﬁerséc-"&gbh :

Deta .&Oofni’S'. 100
Number Number | Relafive
of o .ob served Fre guen catf
axdomobiles ' '
c‘roSanﬁ‘
inTersection
! o ©
2 o o
3 2 ) 002
A‘L' 3 003
5 . 7 0107
7 I,. N Gy ll
8 _ 12 ol 2
9 g‘ 14 o 14
(o ' 6 a.06b
I 7 0:.0°7
{2 {0 o-{0
(3 6* 006
14 3 003
Ig & 00 C
17 | 6.0 |
(g o .
iS ! oo ‘
20 0 o
2 . i
Totel: 100 {-00
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() .Sa-\'nfa’em.eﬁ.mz L S wy = 9031 - %

i=t

o . oo 1
.Sa,m]:’e Altomdornd deaalton = {g’; Z/(’*.; . 9'302}?_

, x=]
= A= 3-3795
() Arerciﬁ-héo-ﬁe oy number of autemobiles exceec&“ng
Ou velue d’f)- !é (_-Fram vaerl\ olai'a.) 'S ?,oui" o’&{o@)

o
e 3/0 .
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Faedune data of degr dnives -
Tofoj. number 033 fayb.ﬁu’x 179

Hours "of Nu_ml:?er' oﬁfa&m Relatiie
operation observed: freguency
(Uni'{"- 1o o hgu.rs‘)
¢~ lo:0 o e
jg+} — 200 8 004 47
20-1— 300 15 00838
20 [— 40:0 19 0 1o 6
40.] — 50:0 21 0. 1173
Fo'l — 6610 1"7 0. 0950
60| — 70+0 _ 23 01235
"'704—80-0 - 27 0. 1509
go0-1— 90.G - 25 o 1397
90:1 — (000 24 0 (34 |
Total : -1!1‘7"? {0000
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P = X ) = ¢l 257 xioo houre

c £ wlom =
(? a.m‘pfe X = l?‘i >

Soamfule f&'f’wno\-ahﬁl deacotfon = Ag = zg,qq X 100 féour.s’
Expecf'e_o\ reliability of deste dniver of 8,000 heownt
5& gaaanaffﬁﬂ (fram given dadzu) '
Fro!aﬁ)a [; l‘j cfg. thowns o’é— o’daﬂw-il’dn > 80 Um'l‘s‘
(25_;-24) owl of 179 Ffailurnes

Y

—

0:273 71

11
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Fé.;lqré dats o’B, tarbine blades
Da_i-g_, Po;‘n‘l's‘ s 2 5

Number of Num‘a:e,r Relative
C3c\es ok _ of Freguency
Pailune . fatlwwr
( Range) observed
in the range
0~ 1000 . 8 0:32
iogl — 2000 3 012
200 — 2000 2 c.08
3col — 4000 2 6. 08
4001 — 5000 { 004
‘Beo| — Go0O ' jo 04
oo | — 7000 l o0k
7601 — £300 | ‘o0l -
200}~ 8 a00 2 o008
3001 — [0 000 2 i0'08
(006l — | 000 i Y
oo | — {20060 ! o ol
Tofaj-', 25 00
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.(c).'Samdﬁ’le tam = 3(‘:.2_*§ gx; _ 412516 cycles

gw,ugfmam=gx- Z@”x)}
= ':-376*;.42 eyeles

) Percentage of turhine blades that hone a Alje
jﬁ'mﬂjf’ﬁx‘am 7500 C#GQM (frc)m 3:"\/&\ o{ai'a.«)

= 7 ol of 25 = 287,
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