2bay2storyProblems.nb

Two-Bay Two-Story Frame Benchmark Model

Consider a FEM model of a two-bay two-story steel frame, as described in [Popova,E.,R.lankov,Z.Bonev:Bounding the Response of Mechanical Structures with Uncertainties in all the Parame-
ters.In R.L.Muhannah,R.L.Mullen (Eds): Proceedings of the NSF Workshop on Reliable Engineering Computing (REC), Svannah, Georgia USA, Feb. 22-24, 2006, pp.245-265.
http://www.math.bas.bg/~epopova/papers/06recPopovaEtAl.pdf]

The FEM model leads to a parametric linear system of dimension 18 involving rational dependencies between the uncertain parameters. Depending on which parameters are considered to be
uncertain, we consider two problems defined below.

m Problem 1. 13 uncertain parameters.

The data, saved in 3 ASCII files, can be downloaded from http://www.math.bas.bg/~epopova/papers/2Bay2Story13pars_matrix.dat, resp. 2Story13pars_vector.dat and 2Story13pars_pars110.dat.
Therein the matrix is presented row by row enclosed in curly brackets, the row elements also enclosed in curly brackets.

The parametric matrix is presented below column by column, where the rows and the columns are labeled accordingly.
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In[16]:= TableForm[TakeColumns[matl3, 5] , TableHeadings -» {Automatic, Automatic}]

Out[16]//TableForm=
1 2 3 4 5
1 AbGEb L 4 Eg Ic 0 2 Eg Ic _ Ab6Eb 0
2 0 c Eb 1b+6 Ac Ec (c+Eb Ib) cEb lb 0 _ cEblb
18 (c+Eb I1b) 6Cc+6EDID 18 (c+Eb Ib)
3 2Eclc cEblb cEb Ib (2 c+Eb 1b) 4 4Eclc 0 _ cEblb
3 6Cc+6ED ID 3c2+4 CEb Ib+Eb? 1b? 3 6 (c+Eb Ib)
4 - AbEL 0 0 %+ (3AbEb +4Ec lc) 0
5 0 _ cEblb ~_cEblb 0 CcEb Ib+3 Ac Ec (c+Eb 1b)
18 (c+Eb Ib) 6 (C+ED ID) 9 (c+Eb Ib)
Eb Ib 2 Eb Ib 2Ec1
6 0 6§+6Eblb 3c2+4cCEb|b+Eb2 1b? g € 0
7 0 0 0 - AbEL 0
Eb Ib
8 0 0 0 0 ~ T8 (c.Eb 1B
9 0 0 0 0 Gg+%bElbblb
10 74Eglc 0 72Eglc 0 0
11 0 - Acke 0 0 0
12 ZES Ic 0 2Eg Ic 0 0
13 0 0 0 - % 0
14 0 0 0 0 - Aefe
15 0 0 0 2Eele 0
16 0 0 0 0 0
17 0 0 0 0 0
18 0 0 0 0 0
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In[17]:= TableForm[TakeColumns[matl3,

{6, 10}] , TableHeadings -» {Automatic,

Out[17]//TableForm=

6

1 0
cEb Ib

2 6Cc+6ED ID
3 c?Eblb

3¢c2+4 cEb Ib+ED? 102

2Eclc
4 =3¢
5

cEb Ib (2c+Eb 1b) Eclc
6 4 (§czscepib 26p2 162 * ~ 3
7
Eb Ib

8 ~6 (%+Eb 1D)
9 c2Eblb

3 ¢c2+4 cEb Ib+Eb?Z 1bZ
10 0
11 0
12 0

2Ecl

13 -2ggle
14 0

2Eclc
15 =5
16 0
17 0
18 0

)

O O O N

_ AbEb
6

0

0

+

Ab Eb 4Eclc
9

6
0

2Eclc
3

O O O oo

_ 4Eclc
9

2Eclc
3

O O O O ™

cEb b
18 (c+EDb Ib)

cEb Ib
6 (C+ED ID)

0

c Eb 1b+6 Ac Ec (c+Eb Ib)

18 (c+Eb Ib)

~_cEblb
6 (c+Eb Ib)

O O OO0 oo o

_ AcEc
3

{6, 7,8,9, 10}}]

O O O O ©

cEb b
6 c+6 Eb Ib

c2Eb Ib

3 c2+4 cEb Ib+EbZ 1b2
2Eclc

3
_ __CEblb

6 (c+Eb Ib)

cEb Ib (2 c+Eb Ib)

3 c2+4 cEb Ib+EbZ 1bZ

O OO oo o

_ 2Eclc
3

2Eclc
3

4Eclc
t 73

10
_ 4Eclc
9

_ 2Eclc
3
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In[22]:= TableForm[TakeColumns[matl3,

Out[22]//TableForm=

0
0
0
0
0
0
0
0

C

Eb 1b+12 Ac Ec (c+Eb Ib)

18 (C+EDb ID)

cEb Ib
6 c+6 Eb Ib

0

cEblb
18 (c+Eb Ib)

cEb b
6c+6 Eb Ib

0
0

0

12
2Eclc
3
0
2Eclc
3
0
0
0
0
0
0
0
cEblb
6C+6EDID
1 cEb b (6c+3Eb lIb)
5 (ot saeni + 8Eclc)
0
__cEblb
6 (C+Eb Ib)
c2Eb1b
3c2+4 cEDb Ib+Eb?Z 1b?
0
0
0

{11, 15}] , TableHeadings -» {None,

13
0

_ 4Eclc
9

_ 2Eclc
3

o O o

_ AbEb

©O Ogr © O

_ AbEb

o

(3AbEb + 8Ec Ic)

{11, 12, 13, 14, 15}}]

14

o

_ AcEc
3

O OO 0o o

cEb Ib
18 (c+EDb Ib)

_ __CEblb
6 (c+Eb Ib)

0
Cc Eb Ib+6 Ac Ec (c+Eb Ib)

9 (c+Eb Ib)

_ cEb lb
18 (c+Eb Ib)

cEblb
6c+6Eb Ib

15
0
0
0
2Eclc

3
0
2Eclc

3
0
0
0
0

cEb b
6c+6Eb Ib

c2Eb Ib
3 c2+4 cEb Ib+EbZ 1b2
0
0
4 ( cEb Ib (2 c+Eb 1b) +
6 c2+8 c Eb 1b+2 EbZ 1b?

0
_ __CEblb

6 (c+Eb Ib)

c2Eb 1b

3c2+4 cEb Ib+Eb? 1b2

2Eclc
3 )
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In[19]:= TableForm[TakeColumns[matl3, {16, 18}] , TableHeadings -» {Automatic, {16, 17, 18}}]

Out[19]//TableForm=
16 17 18
1 0] 0] 0]
2 0 0 0]
3 0 0 0]
4 0] 0 0
5 0 0 0]
6 0 0 0]
4Ecl 2Ec|
7 e 0 £
AcE
8 0] - fEEE 0]
2Ecl 2Ec|
9 _ g c 0 gc
10 0] 0 0
11 0 0 0
12 0 0 0
Ab Eb
13 - 0 0]
Eb Ib Eb Ib
14 0 18 ‘(:C+Eblb) 5C.6Eb 1B
Eb Ib 2Eb Ib
15 0 6 ($:+Eb D) 374 GEb 1b. EBZ 52
16 AbGEb 4 SESIC 0 0
Eb Ib+12 AcEc (c+Eb Ib Eb Ib
17 0 € 18 (CSEIC():l(l;:) : ~6 ((z:+Eb 1b)
Eb Ib 1 Eb Ib (6c+3Eb b
18 0 -~ §(c.Eb 16) 3 (eeo D) Geebipr * BEC Ic)
The parametric right hand side vector is
out[23]= (2, -3wl, -~ el .0, -3wl-3w2, ~owr. - 3¥2 o, 3w,
1+ 52 1+ 52 1+ 532
3w2 3w3 3w3 3w4 3w4
——pp > T1, -3W3, -—5, 0, -3w3-3w4, - ,0, -3w4, —
1+ Eb Tb 1+ Eb Tb 1+ Eg(l:b 1+Eb|b 1+ Eb Ib }

3c 3c 3c 3c

The parameters vary within the following intervals

{Eb » Interval [{2.0895% 1078, 2.1105%10"8}], Ib - Interval [{0.000230144, 0.0002324565}], Ab - Interval[{0.00840377, 0.00848823}],
Ec » Interval [{2.0895% 1078, 2.1105%1078}], Ic > Interval [{0.0001917365, 0.0001936635}], Ac » Interval [{0.0130743, 0.0132057}1],
c- Interval[{9.5%107"7, 1.05%1078}], wl - Interval[{28.5, 31.5}], w2 -» Interval[{28.5, 31.5}],
w3 -» Interval[{28.5, 31.5}], w4 -» Interval[{28.5, 31.5}], f1 - Interval[{95.0, 105.0}], f2 > Interval[{95.0, 105.0}1}

The vector of the unknown variables is (dx1, dy1, thetal, dx2, dy2, theta2, dx3, dy3, theta3, ...). Some results are presented in the paper cited above.
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m Problem 2. 37 uncertain parameters.
Consider the same structure as above but assume that each structure element has properties varying independently within tolerance intervals.

The data, saved in 3 ASCII files, can be downloaded from http://www.math.bas.bg/~epopova/papers/2Bay2Story37pars_matrix.dat, resp. 2Story37pars_vector.dat and 2Story37pars_parsl.dat.
Therein the matrix is presented row by row enclosed in curly brackets, the row elements also enclosed in curly brackets.

The parametric matrix is presented below column by column, where the rows and the columns are labeled accordingly.

In[29]:= TableForm[TakeColumns[mat37, 4] , TableHeadings -» {Automatic, Automatic}]

Out[29]//TableForm=

1 2 3 4

1 AblEbl , 4Ecllcl 0 2Ecllcl _ AblEbl
6 9 3 6
2 0 CEbl Ib1+6 Acl Ecl (c+Eb1 Ibl) CEDb1 Ibl 0
18 (c+Eb11b1) 6 c+6 Ebl Ibl
3 2Ecllcl CEbl Ibl CEblIbl (2c+Ebl1bl)  4Ecllicl 0
3 6 c+6 Ebl Ibl 3c2+4 cEbl Ib1+Eb1? 1b1? 3
4 - £bLEDL 0 0 = (3Ab1Ebl + 3 Ab2Eb2 + 8 Ec2 Ic2)
Ebl 1bl Eb1 1bl
5 0 18 ((:C+Ebl 1bl1) G (?:+Eb1 1bl) 0
6 0 cEbl Ibl c2Ebl Ibl 2Ec21c2
6 c+6 Ebl Ibl 3 c2+4 cEbl Ib1+Eb1Z 1b12 3

7 0 0 0 _ Ab26Eb2
8 0 0 0 0
9 0 0 0 0
10 _ 4Ecélcl 0 _ 2Ecélcl 0
11 0 _ ACl3ECl 0 0
12 2EC% Icl 0 2EC% Icl 0
13 0 0 0 _ 4 ECS 1c2
14 0 0 0 0
15 0 0 0 2 EC% Ic2
16 0 0 0 0
17 0 0 0 0
18 0 0] 0 0]
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In[3]:= TableForm[TakeColumns[mat37, {5, 7}] , TableHeadings - {None, {5, 6, 7}}]

Out[3]//TableForm=

5 6 7
0 0 0
_ __cEbllibl CEbl Ibl 0

18 (c+Eb1 Ib1) 6C+6 EDL Ib1
__ cEbllbl c2Ebl Ibl 0

& (C+EDP1 Ib1) 3cZ+4 c EbL Ib1+Eb1Z 1b12

2Ec2Ic2 Ab2 Eb2
0 2Ec21c2 _ Ab2 Eb2
3 6
6 Ac2 Ec2 (c+Ebl Ibl) (c+Eb2 Ib2)+c (cEbl IblcEb2 1b2+2 Eb1Eb2 Ibl 1b2) _ % (Ebl1Ibl-Eb2 Ib2) 0
18 (c+EbI Ibl) (c+Eb2 Ib2) 6 (C+EDL Ib1) (C+ED2 1b2)

___c? (Ebl Ib1-Eb2 Ib2) 1 (_cEbllbl (6c+3EbllIbl) CEb2 I1b2 (6 c+3Eb2 1b2)

6 (c+Eb11bI) (c+Eb2 1b2) 7 (oo Tb1) (3c+EBTIb) * (c.Eb21b2) (3ciebz bz *+ 4 EC2 Ic2) 0
0 0 Ab26Eb2 L 4 Ecg Ic3
_ __cEb21b2 ___CEb21b2 0

18 (c+Eb2 1b2) 6 (C+ED2 1b2)

CEb2 1b2 c? Eb2 1b2 2Ec31c3
6 C+6 ED2 Ib2 3¢2+4 c Eb2 1b2+Eb2Z 1b22 3
0 0 0
0 0 0
0 0 0
0 _ 2Ec21c2 0

3

Ac2 Ec2
R 0 0
0 2Ec21c2 0

3

0 0 _ 4 EClgB 1c3
0 0 0
0 0 2 Ecg 1c3
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In[32]:= TableForm[TakeColumns[mat37,

Out[32]//TableForm=
8

O O O O

c Eb2 1b2
18 (c+Eb2 1b2)

CEb2 1b2
6 (C+Eb2 1b2)

0
CEb2 1b2+6 Ac3 Ec3 (c+Eb2 1b2)

18 (c+Eb2 Ib2)

_ CcEb21b2
6 (C+ED2 1b2)

O O O O o o o

_ Ac3Ec3
3

O O O o

__CEb21b2 _
6 c+6 Eb2 1b2

c2 Eb2 1h2

3 c2+4 cEb2 1b2+Eb22 1b22
2Ec31c3
3

__cEb21b2
6 (C+ED2 1b2)

CEb2 1b2 (2 c+Eb2 1b2)

3 c2+4 c Eb2 1b2+Eb2Z 1b22

O O O o o o

_ 2Ec31c3
3

0
2Ec31c3
3

4Ec31c3
3

{8, 11}] , TableHeadings -» {None, {8, 9, 10, 11}}]

10
_ 4Ecllcl
9

0
_ 2Ecllcl
3

(3Ab3 Eb3 + 8Ecl Icl + 8Ec4 Ic4)

wLNO,5|HOOOOOO

(-Ecl1cl + Ec4ic4)
_ Ab3Eb3
6

O O O O O

11

0
_ AclEcl
3

0
0
0
0
0
0
0
0

C

Eb3 1b3+6 Acl1 Ecl (c+Eb3 1b3) +6 Ac4 Ec4 (c+Eb3 1b3)

18 (c+Eb3 1b3)

C Eb3 1b3
6 c+6 Eb3 1b3

0

C Eb3 1b3
18 (c+Eb3 1b3)

CEb3 1b3
6 c+6 Eb3 1b3

0
0
0
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In[35]:= TableForm[TakeColumns[mat37, {12, 13}] , TableHeadings - {Automatic, {12, 13}}]

Out[35]//TableForm=
12 13
2Eclicl
1 03 c 0
2 0 0
2Eclicl
3 % 0
4 0 _ 4EC§ 1c2
5 0 0
6 0 _ 2 Ecg 1c2
7 0 0
8 0 0
9 0 0
10 2 (-Ecllcl+Ec4 lIc4) - Ab3Eb3
Eb3 1b3
11 6((::+6 Eb3 163
4 3 cEb3 1b3 (2 c+Eb3 1b3
12 3 < 4 (322+4ch3(le3+Eb32 Ib>32) +Ecllcl +Ec4 |C4>
13 0 % (3 Ab3 Eb3 + 3 Ab4 Eb4 + 8 Ec2 Ic2 + 8 Ec5 Ich)
Eb3 1b3
14 -6 (%+Eb3 1b3) 0
15 3c2+4c§3§tﬁ)3!?§b32 b3 % (-Ec21c2 + Ec5 Ic5)
Ab4 Eb4
17 0 0
18 0 0
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In[4]:= TableForm[TakeColumns[mat37, {14, 15}] , TableHeadings - {None, {14, 15}}]

Out[4]//TableForm=

14

O O OO

_ Ac2Ec2
3

O O O0OOo o

__ CEb31b3
18 (C+Eb3 1b3)

CEb3 1b3
6 (C+ED3 1b3)

0

6 Ac2 Ec2 (C+Eb3 Ib3) (c+Eb4 Ib4) +6 AC5 EC5 (C+Eb3 I1b3) (C+Eb4 Ibd) +c (c Eb3 Ib3+c Eb4 1b4+2 Eb3 Eb4 1b3 1b4)

18 (C+Eb3 Ib3) (C+EDb4 Ib4)

c2 (Eb3 1b3-Eb4 1b4)
6 (C+ED3 Ib3) (C+Eb4 Ib4)

0

CEb4 1b4
18 (C+Eb4 Ibd)

CEb4 1b4
6 c+6 Eb4 Ib4

15
0
0

0
2Ec21c2
3

0
2Ec21c2
3

0
0
0

0

Cc Eb3 1b3
6 c+6 Eb3 1b3

c2 Eb3 1b3
3 c2+4 c Eb3 1b3+Eb32 1632

2 (-Ec21c2 + Ec5 Ic5)

__ c? (Eb3 1b3-Eb4 1b4)
6 (C+Eb3 Ib3) (C+Eb4 Ib4)

1 ( CEb3 I1b3 (6 c+3 Eb3 1b3) Cc Eb4 1b4 (6 c+3 Eb4 1b4)
3

(C+ED3 1b3) (3C+Eb3 Ib3) ' (C:EDb4 Ib4) (3 C+Eb4 1b4)

o

CEb4 1b4
6 (C+ED4 1b4)

c2Eb4 1b4
3 cZ+4 c Eb4 1b4+Eb4? 1b4?

+4Ec2 1c2 + 4 Ec5 Ic5)
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11

In[37]:= TableForm[TakeColumns[mat37,

Out[37]//TableForm=
16
1 0
2 0
3 0
4 0
5 0
6 0
4Ec31c3
7 _ Cg C
8 0
2Ec31c3
9 _ c3 c
10 0
11 0
12 0
Ab4 Eb4
13 -
14 0
15 0
16

Ay
~

0
2 (-Ec31c3 + Ec6 Ic6)

Iy
[e0]

The parametric right hand side vector is

L (3Ab4Eb4 +8EC3 Ic3 +8EC6 Ic6)

{16, 18}] , TableHeadings -» {Automatic, {16, 17, 18}}]

O OO O O0OO0oO0o

_ Ac3Ec3
3

O OO o o

CEb4 1b4
18 (c+Eb4 Ib4)

_ CcEb4lb4
6 (C+ED4 1b4)

0]

Cc Eb4 1b4+6 Ac3 Ec3 (c+Eb4 Ib4) +6 Ac6 Ec6 (c+Eb4 1b4)
18 (c+Eb4 1b4)

CEb4 1b4
6 (C+ED4 1b4)

v O OO O0OOoOo

Ec3 1c3
3

(@)

2Ec31c3
3

0
0
0

0

CEb4 1b4
6 c+6 Eb4 1b4

c2 Eb4 1b4
3 ¢c2+4 c Eb4 1b4+Eb4? 1b4?

2 (-Ec31c3 +Ec6 Ic6)

3
c Eb4 1b4
6 (c+Eb4 1b4)
4

4 3 CEb4 1b4 (2 c+Eb4 Ibd)
3 ( 432 4cEbd 164 Eba? 1haz + EC3 1C3 + EC6 'CG)

{f2, -3%xwl, (-3%xwl)/ (1+ (Eblx1Ibl)/ (3%xC)), 0, -3xwl-3*w2, (3xwl)/ (1+ (Eblx1bl)/ (3*cC)) - (3*w2)/ (1+ (Eb2x1b2)/ (3%C)),
0, -3*w2, (3xw2) / (1+ (Eb2%1b2) 7/ (3*c)), F1, -3xw3, (-3*w3) / (1 + (Eb3x1b3) 7/ (3*xc)), 0, -3xw3 -3 xw4,
(3*w3) / (1+ (Eb3%1b3) / (3%Cc)) - (3xw4) / (1 + (Eb4x1bd)/ (3%xCc)), 0, -3xwd, (3xwd) / (1+ (Ebdx1b4d) / (3*C))}

The parameters vary within the following intervals



2bay2storyProblems.nb 12

{Ebl - Interval [ {208950000, 211050000}]1, Eb2 » Interval [ {208950000, 211050000}], Eb3 » Interval [ {208950000, 211050000}1],
460287 464913 460287 464913
, }]- 1b2 > Interval [{ , >
2000000000 © 2000000000 2000000000 = 2000000000

Eb4 - Interval [{208950000, 211050000}, 1bl » Interval [{

460287 464913 460287 464913 840377 848823
Ib3->|nterval[{ B} }] Ib4->|nterval[{ . }],Abl-»lnterval[{ . }]
2000000000 2000000000 2000000000 © 2000000000 100000000 100000000
840377 848823 840377 848823 840377 848823

Ab2 - Interval [{ }] , Ab3 - Interval [{ }] , Ab4 - Interval [{

100000000 * 100000000 100000000 ° 100000000 100000000 * 100000000 Ho
Ecl - Interval [ {208950000, 211050000}], Ec2 - Interval [ {208950000, 211050000}], Ec3 - Interval [ {208950000, 211050000}1,
Ec4 -» Interval [ {208950000, 211050000}], Ec5 - Interval [ {208950000, 211050000}], Ec6 - Interval [ {208950000, 211050000}1,

383473 387327 383473 387327 383473 387327
Ic1->|nterval[{ , }] IcZ—»Interval[{ , }] Ic3—>lnterval[{ , }]
2000000000 2000000000 2000000000 © 2000000000 2000000000 2000000000
383473 387327 383473 387327 383473 387327
Ic4->|nterval[{ , }] Ic5—>|nterval[{ ) }] I06—>Interval[{ , }]
2000000000 © 2000000000 2000000000 © 2000000000 2000000000 © 2000000000
130743 132057 130743 132057 130743 132057
Acl » Interval[{ . }] Ac2 » Interval[{ B} }] Ac3 > Interval[{ ) }]
10000000 ©~ 10000000 10000000 = 10000000 10000000 = 10000000
130743 132057 130743 132057 130743 132057
Ac4 - Interval [{ , }]» Ac5 - Interval [{ s }]- Ac6 - Interval [{ . >
10000000 10000000 10000000 10000000 10000000 10000000
597 603 597 603
¢ » Interval [ {99500000, 100500000}], w1l -» Interval [{— ) —}] , W2 » Interval [{— s —}] B}
20 20 20 0
597 603 597 603 199 201 199 201

w3 - Interval[{ }] w4 - Interval[{

}], f1- Interval[{—z—, —2—}] , 25 Interval[{—z-, —2-}]}

20 20 20 20



