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Response Variability of Reinforced Concrete Frame
By the Stochastic Finite Element Method

R R

Chung, Young-Soco

Abstract

Response variability of reinforced concrete frame subjected to material property randomness has
been evaluated with the aid of the finite element method. The spatial variation of Young's modulus is
assumed to be a two-dimensional homogeneous stochastic process. Young’s Modulus of concrete ma-
terial has been investigated based on the uniaxial strength of concrete cylinder. Direct Monte Carlo
simulation method is used to investigate the response of reinforced concrete frame due to the variation
of Young’s modulus with the Neumnann expansion method and the pertubation method. The results by
three analytic methods are compared with those by deterministic finite element analysis. These stoch-
astic technique may be an efficient tool for evaluating the structural safety and reliablity of reinforced

concrete structures,
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Scale of X-Displacement at Node 1 End-Moment at Beam 10 End-Moment at Column 14
Correlation Monte Carlo Neumann Exp. Monte Carlo Neumann Exp. Monte Carlo Neumann Exp.

d Up. Mean | St. D. |Up. Mean| St. D. |Up. Mean| St. D. |Up. Mean| St. D. |Up. Mean | St. D. |Up. Mean| St. D.
10 7.641 [0.1557 7.640 |[0.1557 1391 79.97 1391 79.94 1361 108.9 1361 108.8
50 7.641 0.1557 7.640 0.1557 1391 79.97 1391 79.94 1361 108.9 1361 108.8
100 7.641 [0.1557| 7.640 |0.1557 1391 83.38 1391 79.94 1361 108.9 1361 108.8
200 7.641 0.180 7.640 0.180 1391 79.97 1390 83.45 1363 106.9 1362 106.9
300 7.638 |0.2463| 7.638 |0.2463 1390 93.94 1390 94.06 1367 103.5 1367 103.6
400 7.631 10.3056{ 7.630 {0.3055 1391 102.0 1391 101.9 1370 102.5 1370 102.7
500 7.622 [0.3567] 7.62 |0.3565 1393 106.4 1393 106.4 1369 99.21 | * 1369 99,22
600 7610 [0.402] 7.610 |0.4022 1393 107.7 1393 107.9 1367 92.48 1366 92.49
700 7.508 |[0.4419| 7.598 [0.4418 1392 106.0 1392 106.0 1364 85.08 1364 85.01
800 7.586 [0.4752! 7586 |0.4750 1391 101.8 1391 101.8 1362 78.38 1362 78.37
900 7.575 [05023| 7.575 |0.5022 1390 96.28 1390 96.28 1360 72.40 1360 7241
1000 7.566 [0.5239| 7.5 [0.5238 1389 90.31 1389 90.33 1359 66.90 1359 67.08
2000 7.531 [0.5%5( 7.531 |[0.5953 1384 52.51 1384 52.51 1356 2.4 1356 .14
3000 7.528 |[0.6080] 7.528 |0.6078 1385 37.80 1385 37.80 1357 2.05 1357 20.06
4000 7.530 (0.6142] 7.530 [0.6140 1386 29.57 1386 29.58 1358 14.68 1358 14.69
5000 7.532 [06183| 7.532.|06180 | 138 4.5 1386 24.25 1358 11.64 1358 11.66
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Scale of X-Displacement at Node 1 End-Moment at Beam 10 End-Moment at Column 14
Correlation 1st Pertub, 2nd Pertub. 1st Pertub, 2nd Pertub, 1st Pertub, 2nd Pertub.

d Up. Mean | St. D. {Up. Mean{ St. D. [Up. Mean| St. D, |Up. Mean| St. D. |Up, Mean| St. D, {Up. Mean| St. D.

10 7.588 [0.1585| 7.627 |0.1591| 1389.6 | 79.40 | 1383.7 | 80.11 | 13599 | 103.7 | 1357.8 | 103.7
50 758 {01585 | 7.627 }0.1591| 1389.6 | 79.40 | 13837 | 80.11 | 1359.9 |} 103.7 | 1357.8 | 103.7
100 7.588 [0.1585| 7.627 |0.1591| 1389.6 | 79.40 | 1383.7 | 80.11 | 13599 [ 103.7 | 1357.8 | 103.7
200 7.588 [0.1835| 7.627 [0.1841] 13896 | 81.92 | 13838 | 8263 | 13599 [ 1027 | 1357.8 | 102.8
300 7.588 [0.2533| 7.625 ([0.2539| 1389.6 | 89.64 | 13842 | 9037 | 1359.9 | 100.1 | 1357.8 | 100.1
400 7.588 [0.3201] 7624 |[0.3200] 1389.6 | 95.30 | 13843 | 96.08 | 1359.9 | 95.53 | 1357.8 | 95.58
500 7.588 (03787 7.625 [0.3799| 1389.6 | 97.81 | 1384.0 | 98.68 | 13599 | 89.50 | 13579 | 89.55
600 7.588 |0.4293] 7.628 {0.4309] 1389.6 | 98.02 | 13835 {99.01 | 13599 | 82.98 | 1358.0 | 83.02
700 7.588 047280 7.631 {04748 13896 | 96.67 | 13828 | 97.79 | 13599 | 76.46 | 1358.1 ) 76.51
800 7.588 (05099 7.6334 |05124| 1389.6 | 94.30 | 13821 | 9556 | 13599 [ 70.25 | 1358.1 | 70.30
900 7.588 {05415 7.636 {05444 | 13396 | 91.28 | 1381.4 | 9269 | 1359.9 | 64.49 | 1358.2 | 64.54
1000 7.588 (05683{ 7.639 [05716| 13806 | 87.90 | 1380.7 | 89.48 | 1359.9 | 59.26 | 13582 | 59.32
2000 7.588 |0.6939| 7.655 {0.6997| 1389.6 | 57.40 | 1376.7 | 60.74 | 1359.9 | 30.16 | 13585 | 30.23
3000 7.588 107279 7.660 |0.7346| 1389.6 | 4064 | 13754 | 4567 | 1359.9 [ 19.73 | 1358.6 | 19.83
4000 7.588 [0.7410| 7.662 |0.7480| 1380.6 | 31.16 | 13749 | 37.69 | 1359.9 | 1465 | 1358.6 | 14.77
5000 7.588 0.7473 7.663 0.7545 | 1389.6 25.19 1374.7 33.04 1359.9 11.65 1358.6 11.80
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271 Aol A
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oltt. 23y sFe YPEANoz MNHYon
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3.3.2 22 #HEelwold 7Y (2nd Order Pertu-
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& A A g waksl 3 (Static Lateral Load)ol A%
& 4= 9l = ACI 318—89 A [11]98] Z=4AW

o web ARG AR AR (Base
Shear) & &7 o] 38 4 Uth
V= ——Zéc x W (36

A7) Ae (1) ‘4ARAXG2Z 7Y st Z=0.
4, (2) #2242l F2%(Occupancy Importance
Factor)& 1#ldtd I=1.0, (3) C=1.255/T?/*
=275 223 R,=0.672 7FFsted AAAHA
w2 (Base Shear)g Tatged Z#H e AF
& W=298.63to 2 Al4txl At

V = 0.67 X 0.14 X 298.63 = 28.0" (37)

a3 13 go] Zyde 2079 BA « 28749
va2 FAHYE fdesnda oldssined
A ze] eAAS] Holghe F 1% H 394
0.12 FAtslo} e(x)9] EFUAEZA ¢.=01&
Abgstgoh. 9 Aagsls FaRaAA d

6. WA 12| x—uH welo| (Xt BEHX}
X-Displacement at Node 1
Expected Value St. Deviation
d{MI!| N [1stP2ndP| M N |istP|2nd P
100 |7.605 | 7.604 | 7.588 | 7.538 [0.0763]0.0764)0.07930.0793
200 |7.605 | 7.605 | 7.588 | 7.598 }0.0883{0.0883}0.0918/0.0918
300 |7.604 17.604 | 7.588 | 7.598 [0.1200[0.1209]0.126610. 1267
400 |7.601 | 7.601 | 7.588 | 7.597 |0.1505(0.1505]0.16000.1601
100 |7.64117.640 | 7.588 | 7.627 {0.1557]0.1557{0.1585]0. 1591
200 |7.641 | 7.640}7.588 | 7.627 10.1800]0.1800{0.1835]0.1841
300 [7.6387.638 |7.588 | 7.625 |0.246310.2463)0.2533{0.2539
400 |7.63117.630|7.588 | 7.624 [0.3056(0.3056{0.3201 0.3209
100
200
300
400
100
200
300

de

0.05

0.10

7.698 | 7.695 | 7.588 | 7.676 {0.2407(0.2407|0.237810.2399
7.698 | 7.695 | 7.588 | 7.675 |0.27800.2780[0.2753|0.2772
7.692]7.6917.588 | 7.670 |0.3801(0.3796|0.3799|0.3819
7.680 | 7.678 | 7.588 | 7.668 |0.4697]0.4693|0.48010.4830
7.779 | 7.774 | 7.588 | 7.743 {0.3347]0.3349{0.3170/0.3219
) |7.778 | 7.772| 7.588 | 7.742 |0.3861 0.3860(0.36710.3715
7.767|7.765 | 7.588 | 7.733 [0.5278{0.5269]0.5065)0.5113
400 |7.75017.747|7.588 | 7.731 |0.6490|0.6480]0.64010.6470

M : Monte Carlo Simulation
N : Neumann Expansion
P : Pertubation

0.15

0.20
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CASE

Left End-Moment at Beam 10

Expected Value

St. Deviation

O

M

N

Ist P

2nd P

M

N

Ist P

2nd P

0.05

1391

1391

1390

1388

40.11

40.11

39.70

39.80

1391

1391

1390

1388

41.76

41.80

40.96

41.05

1391

1391

1390

1388

46.90

46.92

44.82

44.91

1391

1391

1390

1388

50.83

50.84

47.65

47.75

0.10

1391

1390

1350

1384

79.97

79.94

79.40

80.11

1390

1390

1390

1384

83.38

83.45

81.92

82.61

1391

1391

1390

1384

93.94

94.06

89.64

90.37

1391

1391

1390

1384

1020

10L.9

95.30

96.08

015

1390

1390

1376

120.3

120.3

119.11

121.5

1389

1390

1377

125.6

126.9

122.9

126.3

1389

1390

1377

141.9

142.0

134.5

136.9

SeEEEEEEEEEER

1391

1390

1378

14.2

142.9

145.6

0.20

100

1388

1390

1366

161.7

161.8

158.8

164.4

200

1386

1390

1367

169.1

169.6

163.8

169.4

300

1386

1390

1368

191.9

191.9

179.3

185.0

400

1390

1389

1390

1368

208.5

208.2

190.6

196.8

M : Monte Carlo Simulation
N : Neumann Expansion

P : Pertubation

B 8715 24(C14)9) 2oE] 7|LhR| o} EETX}

CASE

Lower End-Moment at Col. 14

Expected Value

St. Deviation

Oe

M

N

1st P

2nd P

M

N

Ist P

2nd P

0.05

1360

1360

1360

1360

54.21

54.24

51.85

51.85

1361

1361

1360

1359

53.19

53.20

51.36

§1.37

1364

1364

1360

1359

5151

51.51

50.04

50.05

1365

1365

1360

1359

50.90

50.95

47.76

1.7

0.10

1361

1361

1360

1358

108.9

108.8

103.7

103.7

1363

1362

1360

1358

106.9

106.9

102.7

102.8

1367

1367

1360

1358

103.5

103.6

100.1

100.1

1370

1370

1360

1358

102.5

102.7

95.53

95.57

0.15

1363

1362

1360

1355

164.6

164.4

155.5

185.7

1365

1364

1360

1355

161.6

161.6

154.1

14.2

1371

1371

1360

1355

156.6

156.6

150.1

150.3

1374

1374

1360

1355

15.5

156.0

143.3

1434

0.20

1365

1365

1360

1351

21.9

21.6

207.4

207.7

1368

1367

1360

1351

218.0

218.3

205.5

205.8

gE[5|88]3|5/88 8]z /88]xl5]~

1376

1376

1360

1351

2114

211.3

200.2

400

1379

1379

1360

1352

210.5

211.1

191.1

191.4

M : Monte Carlo Simulation

N : Neumann Expansion
P : Pertubation
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X-Displacement al Node !

8t.0ev of X-Displacemont al Nodo 1

Le#t End-Moment of Beam 10
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Lower End-Moment of Column 14

St Dav of Lower End-Moment at Column 14

St, Dev of Left End-Moment at Beam 10
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