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Acceptafice Testing for Configuration Control of SAP2000 %
el

The CNWRA has recently acquired the structural software SAP 2000, and needs to put it under
configuration control. Then, several tests were performed to assure that the program has been
correctly installed and it is able to reproduce the structural response of sample models that have
the potential to be analyzed in the Center. For this purpose, the problems included in SAP2000
program for internal software verification were employed. SAP 2000 contains 60 verification
examples, some of them subdivided in several cases. The examples include frames, shells and
systems with link elements (elements exhibiting some type of nonlinearity). Each example ‘
includes a pdf file with a description of the problem, main results and a comparison with .
independent calculations. These calculations are carried out by hand or using an independent |
structural software. These files can be found in the subdirectory of SAP2000:

C:\Program Files\Computers and Structures\S AP2000\Manuals

The SAP2000 files for each one of these problems (extension *.SDB) are located at:
C:\Program Files\Computers and Structures\SAP2000\Verification\

There is also a excel file with the main results for the proposed examples, the file is located at: ‘

C:\Program Files\Computers and Structures\SAP2000\Verification\S AP2000_Verification_812

Once the software was properly installed, several problems were retrieved from the

“Verification” subdirectory and the analyses were ran to verify that the results corresponded with
those included in the pdf and excel files. ’

Among the problems included in this testing phase are: 1-022, 1-024, 2-008, 2-011, and 6-009. e

These problems cover most of the applications that Center staff will utilize when modeling

structural systems in SAP2000 such as: diaphragm constraints, modal analysis, response —

spectrum analysis, linear and nonlinear direct integration time history analysis for base
excitation, analysis of end element forces, etc. The selected structures comprise two-dimensional
and tri-dimensional moment frames, plates modeled with shell elements, and plastic kinematic
components. All the obtained results coincide with those reported in the SAP 2000
documentation. Therefore, the Center staff is confident that the program has been properly
installed. The description of the selected problems and corresponding results have been
submitted to the quality assurance staff of the CNWRA.

Problems Encountered R

It was detected that structural problems involving direct integration time histories were not
running. The Center got in contact with SAP 2000 staff located at Houston, TX: Darrell Foster, [
tel: (713) 533-4420. After describing the problem to him, it was decided to update the SAP 2000 |

version of the Center from 8.2.7 to 8.3.1. This modification is documented in the ticket 1700 of |
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1 GLOBAL Cart -1230.92 0.00 0.00 No -1230.92 -
2 GLOBAL Cartesian -1228.26 0.00 152.55 Yes -1228.26 L) ) 047 “[_\ ( >
3 GLOBAL Cartesian -1225.59 0.00 305.09 Yes 122559 ’ . e SQOVes. QrR pen —ene Qi c Vor Baom 4 aud  VoriBewn 2) . Theele-
4 GLOBAL Cartesian -1222.93 0.00 457.64 Yes -1222.93 ~
5 GLOBAL Cartesian -1220.27 0.00 610.18 Yes -1220.27 i mert BH- Tronsd ts Mole&l ‘#D acom we*cld’)’g = mﬂlmw LBPr fn:j
6 GLOBAL Cartesian -1217.60 0.00 762.73 Yes -1217.60
7 GLOBAL Cartesian -1214.94 0.00 915.27 Yes -1214.94 , b:f,)'\rmn “‘H\Q, -lw1> on— foﬁw@"l’\xc mem bevs . ( SAP 2oon Q,H,owa “”va q,%o“g{—;ov\
8 GLOBAL Cartesian -1212.27 0.00 1067.82 Yes -1212.27 l
9 GLOBAL Cartesian -1209.61 0.00 1220.36 Yes -1209.61 \ L . ;‘ L ao} . l i
10 GLOBAL Cartesian -1206.95 0.00 1372.91 Yes -1206.95 ' o€ renliager S O“(j P05 Lo _copen- GO} Uvan, =
11 GLOBAL Cartesian -1204.28 0.00 1525.45 Yes -1204.28
12 GLOBAL Cartesian -1201.62 0.00 1678.00 Yes -1201.62
13 GLOBAL Cartesian -1191.02 0.00 2010.00 Yes -1191.02
14 GLOBAL Cartesian -1155.36 0.00 2055.16 No -1155.36
15 GLOBAL Cartesian -1070.18 0.00 2163.68 No -1070.18 '
16 GLOBAL Cartesian -1061.66 0.00 217453 No -1061.66
17 GLOBAL Cartesian -967.97 0.00 2293.90 No -967.97 f
18 GLOBAL Cartesian -813.65 0.00 2459.44 No -813.65
19 GLOBAL Cartesian -696.67 0.00 2549.88 No -696.67
20 GLOBAL Cartesian -569.71 0.00 2625.73 No -569.71
21 GLOBAL Cartesian -434.59 0.00 2685.88 No -434.59
22 GLOBAL Cartesian -293.24 0.00 2729.48 No -293.24
23 GLOBAL Cartesian -147.68 0.00 2755.89 No -147.68
24 GLOBAL Cartesian 0.00 0.00 2764.74 Yes 0.00
25 GLOBAL Cartesian 147.68 0.00 2755.89 No 147.68
26 GLOBAL Cartesian 293.24 0.00 2729.48 No 293.24 .
27 GLOBAL Cartesian 434.59 0.00 2685.88 No 434.59 ‘
‘28 GLOBAL Cartesian 569.71 0.00 2625.73 No 569.71
29 GLOBAL Cartesian 696.67 0.00 2549.88 No 696.67
| 30 GLOBAL Cartesian 813.65 0.00 2459.44 No 813.65 BH-Corner
31 GLOBAL Cartesian 967.97 0.00 2293.90 No 967.97 { 1) _
32 GLOBAL Cartesian 1061.66 0.00 217453 No 1061.66 I (eanswena 2
33 GLOBAL Cartesian 1070.18 0.00 2163.68 No 1070.18 b
34 GLOBAL Cartesian 1155.36 0.00 2055.16 No 1155.36 ® o
' 35 GLOBAL Cartesian 1191.02 0.00 2010.00 Yes 1191.02 © |~
36 GLOBAL Cartesian 1201.62 0.00 1678.00 Yes 1201.62 t R o
| 37 GLOBAL Cartesian 1204.28 0.00 1525.45 Yes 1204.28 S ©
38 GLOBAL Cartesian 1206.95 0.00 1372.91 Yes 1206.95 { 1
39 GLOBAL Cartesian 1209.61 0.00 1220.36 Yes 1209.61 3 )
40 GLOBAL Cartesian 1212.27 0.00 1067.82 Yes 1212.27 b )
41 GLOBAL Cartesian 1214.94 0.00 915.27 Yes 1214.94 5 Q
L a2 GLOBAL Cartesian 1217.60 0.00 762.73 Yes 1217.60 | '
43 GLOBAL Cartesian 1220.27 0.00 610.18 Yes 0.27 - o
44 GLOBAL Cartesian 1222.93 0.00 457.64 Yes 2.93 i < >
45 GLOBAL Cartesian 1225.59 0.00 305.09 Ye o5 122559 j ( 1
46 GLOBAL Cartesian 1228.26 0.00 152.55 Yes T 1228.26 A &
47 GLOBAL Cartesian 1230.92 0.00 0.00 No 1230.92 b b
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CALCULATION OF My CONSIDERING PLASTIFICATION OF Tit-7
- Top Column D
|
by = 230 mm yl= 7.5 mm Eritaa = 107000 MPa |
o hy = 15 mm Fytitos = 658.1 MPa L o
by = 154 mm y2 = 21.35 mm Futit2e = 827 MPa |
e by = 12.7 mm Emz = 101000 MPa |
b3 = 76 mm y2 = 58.15 mm Fy,Tit7 = 174.1 MPa
R 86.3 mm Futiz = 299.5 MPa -
— = 101.3 mm I—
n= 1.06 f ‘
S For finding the neutral axis: I—
A= 3450 mm?* A= 3256.542 mm_‘
e A= 1955.8 mm* A= 1846.129 Mm*
As = 6558.8 mm” Ay = 6558.80 mm*
— TotA= 11964.6 mm’ TotA'=  11661.47 mm’ E—
—-- Neutral axis: [E—
y= 38.18 mm
Moment of Inertia
— 10360362.71 mm* —
~— Myg= 108,018,660 N-mm = 108.02 KN-m % —
o2 Lo
= My pottom™ 47,243,230 N-mm = 47.24 KN-m Titanium 7 yields E
— ¢y = 4.505E-05 rad/mm | -
¢y = 4.505E-02 rad/m Ky7 = 1048.69 r
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& CALCULATION OF My CONSIDERING PLASTIFICATION OF Tit-7
Center Beam Section R
by = 138 mm y1= 10 mm Erus = 107000 MPa
| h1 = 20 mm Fy,Tit 2= 658.1 MPa
b, = 38 mm y2 = 55 mm Futit2a = 827 MPa
- hy= 70 mm Eqit7 = 101000 MPa
b3 = 230 mm y2 = 97.5 mm Fy,Til7 = 174.1 MPa
 hg= 15 mm Futit7 = 2995 MPa
1 H= 105 mm >
n= 1.06
e For finding the neutral axis: -
A= 2760 mm* A= 2760 mm* N
o A= 2660 mMm* Ay = 2660 mm"
A 3450 mm* Ag = 3256.54 mm* R
— TotA= 8870 mm? TotA'=  8676.542 mm’
b =
~ Neutral axis: p—
y= 56.64 mm [ rwvj I‘G aRE ok
2 Moment of Inertia ] !
Ix = 12687106.3 mm*
N X 687106 Lz B -, b?.
My 1op= 45,671,749 N-mm = 45.67 KN-m g, ! o
ENSneey o e
M, pottom= 147,419,399 N-mm = 147.42 KN-m r
b= 3.556E-05  rad/mm k\'r:\"* P
o oy = 3.556E-02 rad/m Ky7 = 1284.20
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—— Beam Sections /
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Titanium Titanium 8- ~o3
Grade 7 Grade 7 |
Section Plate Plate g
Section Dept Width Thickness M,; M4 M_24
Label (mm) (mm) (mm) {KN-m) (Kl\fm) (Kl\f-m) M,/M,; M,.4/M,; Mo24/My2q
Center 105 230 15.0 457 105.1 151.0 2.30 3.31 1.44
oo, | Transition 110 230 277 61.8 123.3 191.9 2.00 3.1 1.56
Corner 135 230 27.7 86.0 1724 264.3 2.00 3.07 1.63
Column Sections
Titanium Titanium
— Grade 7 Grade 7
Section Plate Plate
Section Dept Width Thickness M, M, M2,
— Label (mm) (mm) (mm) (KN-m) (Kl\rm) (th—m) M,,/M,; M./, Me2o/My24
C1 (base) 45.36 450 15.0 15.0 21.5 36.4 1.43 242 1.70
— 1c2 50.69 441 15.0 18.6 27.0 45.0 145 2.42 1.67
) c3 56.02 431 15.0 22.3 331 54.2 1.49 2.44 1.64
C4 61.35 418 15.0 25.9 39.7 66.8 1.53 2.58 1.68
e C5 66.67 404 15.0 29.5 46.8 74.3 1.59 2.52 1.59
c6 72.00 387 15.0 328 54.0 85.0 1.64 2.59 1.57
c7 77.33 367 15.0 35.8 59.7 96.0 1.67 2.68 1.61
[o1:} 86.25 345 15.0 384 65.5 107.2 1.70 279 1.64
Cc9 87.98 320 15.0 40.5 71.3 118.6 1.76 2.93 1.66
‘ c10 93.31 282 27.7 486.7 83.8 138.9 1.80 2.98 1.66
c1 98.64 248 277 . 474 89.6 149.7 1.89 3.16 1.67
C12 (top) 1013 - | .230 277 472 91.8 154.7 1.94 3.27 1.69
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Table A-2. Displacements Comparison for SAP2000 Finite Element Model and
, SAP2000 Frame Model
. 25 Displacement (mm)
8- SAP2000
Finite Element SAP2000
Loading Case Model Frame Model Tirame! Trem

Case 1—Vertical Displacement at -20.0 -19.9 1.00
Crown Apex
Case 1—Horizontal Displacement -14.8 -14.6 0.99
at Left Drip Shield Corner
Case 2—Horizontal Displacement 407.9 414.2 1.02
at Drip Shield Corner
Case 3—Vertical Displacement at -8.9 -8.8 0.99
Crown Apex
Case 3—Horizontal Displacement -7.4 -7.0 0.95
at Drip Shield Corner
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J_/OS Vibrational Period (Second)
SAP2000 SAP2000
Vibrational Mode Finite Element Model Frame Model Ticame! Trem
First Mode 1.52 1.49 1.02
Second Mode 0.24 0.22 1.09
Third Mode 0.09 0.08 1.11
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DS Elastic Equivalent
Height (mm) Stiffness  width
1678.0 1097.8 230.0

1525.5 1014.4 248.4
1372.9 8597 -~ 2824
12204 689.6 319.9
i 1067.8 576.3 344.8
915.3 475.7 367.0
e 762.7 386.8 386.6
610.2 3091 403.7

X o : & || 4578 423 4184
305.1 185.3 430.9
: 152. ',.v"137.7 441 4

0.0 98.8 450.0
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