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. Software Verification

PROGRAM NAME: SAP2000

REVISION NO.: 0
2-002
3
3
2 1
MacNeal and Harder 1985
6 in Z 0.2 in Y 0.1 in 5
A,B C 6x1
MacNeal and Harder 1985
D 6x1 2
E 6x1 4
D E MacNeal and Harder 1985
6 6
Y
X
SAP2000 1 U, Uy, U, R,
8 U Uy, R, 8 U,
8 8

2-002 -1



COMPUTERS &
STRUCTURES
INC.

®

Software Verification

PROGRAM NAME: SAP2000
REVISION NO.: 0

2-002 - 2



—— ——— C O\PUTERS &
—_— s STRUCTURES
e —— e BNINTo}

Software Verification

@

SAP2000

PROGRAM NAME:
REVISION NO.:

Ll
|
4
1

10
|
3

7

0.8" 11" |
I 0.2"
-

1.2
Q / 0@ N\ 0 [/ ® N\ ®

|
9
@\

171"

0.9"

12"

0.8"

12"

0.8"

g

0.9"

11"

g
-

7

®

12 13
@ / 6 [/
5 6
11"

L1
Z
4

10
Q@

9
LD
2

0.9"

(2

(4

3 @

12 @0.5"=6"

2-002 -3



COMPUTERS &
STRUCTURES
INC.

. Software Verification

PROGRAM NAME: SAP2000
REVISION NO.: 0

E = 10,000,000 1b/in*
v=0.73
G = 3,846,154 1b/in’

=0.11n

1 Fx=+0.51b at jts 7 and 14

> F,=+0.51batjts 7 and 14
F,=-051batjt8

3 Fy,=+0.51b at jts 7 and 14

4 Fy=-51bat _]t 7, and
Fy=+51batjt 14

5 Fx=-51batjt7, and
Fy=+51batjt 14

6 M, =+0.5 lb-in at jt 7, and
M, = +0.5 Ib-in at jt 14

SAP2000
>

YV V VYV
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PROGRAM NAME: SAP2000
REVISION NO.: 0
SAP2000 Cook Young
1985 244 Roark  Young 1975 290
20 4 J MacNeal and Harder 1985
SAP2000
A- U 3E-05 0%
B— 3E-05 0%
1 7
C- 14 3E-05 3E-05 0%
D- 2 3E-05 0%
in
E— 4 3E-05 0%
A- 0.1072 -1%
U,
7 | B— 0.0227 -79%
7
C- 14 0.0804 0.1081 -26%
D- 2 0.0032 -97%
in
E— 4 0.0066 -94%
A- 0.4320 0%
Uy
3 |B- 0.4322 0%
7
C- 14 0.4322 0.4321 0%
D- 2 0.4296 -1%
in
E— 4 0.4314 0%
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PROGRAM NAME: SAP2000
REVISION NO.: 0
SAP2000
A- U 0.00233 -32%
y
B - 7 0.00233 -32%
4
C- 14 0.00233 0.00341 -32%
D - 2 0.00231 -32%
in
E- 4 0.00230 -33%
A- U 8.990E-04 0%
B - 1.395E-04 -85%
5 7
C- 14 7.225E-04 9.000E-04 -20%
D - 2 0.265E-04 -97%
in
E- 4 0.550E-04 -94%
A- R 0.03600 0%
B - 0.03600 0%
6 7
C- 14 0.03600 0.03600 0%
D - 2 0.03600 0%
radians
E- 4 0.03600 0%
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PROGRAM NAME:

SAP2000

REVISION NO.:
SAP2000
A- 3E-05 0%
Ux
B- 7 3E-05 0%
1
C- 14 3E-05 3E-05 0%
D- 2 3E-05 0%
in
E- 4 3E-05 0%
A- U 0.1072 -1%
) B- . 0.0227 -79%
C- 14 0.0804 0.1081 -26%
D- 2 0.0032 -97%
in
E - 4 0.0066 -94%
A- U 0.4321 0%
y
3 B- . 0.4307 0%
C- 14 0.4322 0.4321 0%
D - 2 0.4328 0%
in
E- 4 0.4298 -1%
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PROGRAM NAME: SAP2000
REVISION NO.: 0
SAP2000
A- 0.00224 -34%
Uy
B - 0.00409 +20%
4 7
C- 14 0.00240 0.00341 -30%
D - 2 0.00466 +37%
in
E- 4 0.00458 +34%
A- 8.990E-04 0%
Uy
B - 1.395E-04 -85%
5 7
C- 14 7.225E-04 9.000E-04 -20%
D - 2 0.265E-04 -97%
in
E- 4 0.550E-04 -94%
A- 0.03600 0%
R,
B - 0.03600 0%
6 7
C- 14 0.03600 0.03600 0%
D - 2 0.03600 0%
radians
E- 4 0.03600 0%
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PROGRAM NAME: SAP2000
REVISION NO.: 0

Example 2-002a-thick, Example 2-002a-thin,
Example 2-002b-thick, Example 2-002b-thin,
Example 2-002c-thick, Example 2-002c-thin,
Example 2-002d-thick, Example 2-002d-thin,
Example 2-002e-thick, Example 2-002e-thin,
Example 2-002f-thick, Example 2-002f-thin,

Example 2-002g-thick, Example 2-002g-thin,
Example 2-002h-thin

( 2 5)
2
5
C
F C
4 C F
Model F
|4@O'275“:1'1"| 1" | 1" | 1" v |4@0'225“:(|"9"-
20 21 222324 25 26 S
® / © / ®
7 8 9 10 11 12 13
1" | 1" | 1" I4@o.275":1.1"
6
2 5
F 2 C F
C
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PROGRAM NAME: SAP2000
REVISION NO.: 0
SAP2000
U,
0.1061 -1.9%
2 13
26 0.1081
0.1061 -1.9%
in
Uy
8.886E-04 -1.3%
5 13
26 9.000E-04
8.886E-04 -1.3%
in
G B B 6
10 x 2
90 9 5 1 1
1
Model G
| 0.9" 12" | 08" | 12 | 08" | 11 |
8 9 10 11 12 13 %S
Eﬁ l’- ‘.‘.li.h"‘,h;.;':;?l::!‘}{;'ﬁ‘i =: :. .":“:.",;/"i::::! -. Hl -\."-\S yrhoded :.-:.‘;‘:-2;/';.‘:-!.: :.).-.. :‘}Ql::'::}-}"- ..‘- .- I J:
1 2 3 4 5 6 7
11" | 08" | 12" | 08 | 12" | 0.9
&
2 G
2

2-002 - 10




COMPUTERS &
STRUCTURES
INC.

. Software Verification

PROGRAM NAME: SAP2000

REVISION NO.: 0
( 60x2 )
SAP2000
U,
0.1071 -0.9%
2 7
14 0.1081
0.1071 -0.9%
in
Ux
8.825E-04 -1.9%
5 7
14 9.000E-04
8.825E-04 -1.9%
in
4
4
32
R,
J, Roark and Young 1975 290 20
4 J 0.000045776 in®, 0.22888bd’ SAP2000
J
bd*/3 J T 0.68664
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PROGRAM NAME: SAP2000

REVISION NO.: 0
J = 0.22888bd’ 00341 in J
= bd*/3 0.00341 * 0.68664 = 0.00234 in
R,
R,
3 6 4
M,
M,
2 e
A M,
H(Example 2-002h-thin) 4 H R,
R,
H A H
0.00234 in I bd'/3
H M
N T R L R
H \% P
4
4
34 37
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bd*/3

= bd’/3

PROGRAM NAME: SAP2000

REVISION NO.: 0
J, Roark and Young 1975 290 20
J 0.000045776 in®, 0.22888bd’ SAP2000
J
J ] 0.68664
J = 0.22888bd’ 00341 in J
0.00341* 0.68664 = 0.00234 in
B 6
10x2 0.00239in
2
0.003in
30
SAP2000
/ SAP2000
/
1 1
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SAP2000
SAP2000

J

SAP2000

PROGRAM NAME: SAP2000
REVISION NO.: 0

I bd3
bd*/4.37 J
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PROGRAM NAME: SAP2000
REVISION NO.: 0

Load Cqie | = Axial Extension —— e

&':J’: gdﬂ = 5': Ear.‘-"m. o

= 1 'lf.ia

10,000,000 0280,

\& = 0.000073 ‘”J

L_Erﬁ-:'l Cﬂ-:&f. s - In-’?\nnf_'&mltﬂj and 5||rw_ar a !f,F

¥

- L
L= aM
L =T C'l“ *-'L E'.TFN-.:JC‘IM‘

L=
F dx

L
& Ft,.{:_"‘
- v + e

| % &
2 4 z
310,093,000 ;(nﬂmi.l-,_“j 3345194 xi(;m-.uﬂ.ﬂ

SN 0.\0%00 + 0.0000°

o= 010809 m)
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PROGRAM NAME: SAP2000
REVISION NO.: 0

Load case 3 - Ouv-of-Plare Benditg and Slear b
A= FL2, EL

2E1. G A
W= L {-;:51 | ®la
3%\GPa0ED K{ 0. 2% 0-1 hr::.(i) Ee%aaw{% % 0,2¢0.1)
£5= 0.42200 + 0.00009
{ﬂ; = 0.%%L09 11'\3
Load Cuse 4 - Twist f

E= *"Td T:h 'TL

L ..

Feam: Roart and ‘f:mn:l 7S
Them % ) Tavle 20 ; F“&‘E— 790

Y] - 22 (32) (-0 )]
J=o.N{s. aﬁ*ﬁ‘Lﬁ— ?.?;u(_.ﬂ_)u mif::ﬂ
3= b.DDDDﬂrE’?Tfp

i — = Q.05A02 ladi

1=
%ml%‘r X 0.00c0 45T Tk

o
3 X\ Az 0.\ 508 =0.18 = 0.l % 0.03408
AFZ 0.0024| n

——

!ﬂ'—‘l'!
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PROGRAM NAME: SAP2000
REVISION NO.: 0

Load Cuse 5 - Ta-PNane Mowent ﬂ"“'—}.“

“a Moo AN A L
e’t‘- o EI— o _E“Idm = E':;
&= _| ¥ &

3
209000 x| BAROL
"'DJ ! f.- i \J

Sy= 0.00908 (adians

-
e, =L}
'a]

Ov = 0.1 5N E}xﬁ= X E\j = 0, 1% 0.00900
Lﬁ:i = D.O00DD 1n [

| pad Case & -~ 0ot - of -Plane NMomen iﬂﬂ“’g

o ML
g
0, A
: 0.\
\0,009,000 % ( @27~ )

x 9_2 = 0.03c00 fa&.ﬁﬂﬂﬁw

— ]
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PROGRAM NAME: SAP2000
REVISION NO.: 0

The conclusions stake +hek 10 many +J‘Pei"
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PROGRAM NAME: SAP2000
REVISION NO.: 0

Tusting Sk ﬂ“-}

oo’ .
h G’ % Fre ] !
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2283 i
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REVISION NO.: 0
o T e -l'::'h-‘; %55 E
o Thuy
= 4950 _SW2, Gh
£ s M " 28 SET  43.5GAv

2 Qa"‘nﬁ s 4
M T2501SET 245075GAy

f'__q_r‘m{,u]lu’lf. &r '{EEull'-’rmj {;{::-m 1hfft

o

Feom Roack and Yo “y 1475 Trem F, Table 10, Page 290
B.

J= %1&.531_'1%-*'3.'5& [%—f’\( \ = ﬁs:f.ﬁ }F].

TR AT L4T

O=Th. - G Mh

G3 G3
& -3 qt‘_lf",.
P &3
Equate O/ Soc Shear and twih
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PROGRAM NAME: SAP2000
REVISION NO.: 0

o (T we)
VTeALBGT 245025 Ay

0, - 2.457 x\2 L e&ST
v k T Lal. 2 x (‘1_‘:%_&\_. 245005 (% % 1%%)

e =%y kQ‘DE}Dﬂ:"ID r 0.000152)
Gt = 0.000622 &,

gt. = ﬁlDﬂGéll'E&: 1:.:}
fe v+ %y = ©.25

AT o I O B D

QE":‘ 'E}u 'Zdrd]ﬁ'ﬁ“
_Q,,L*:.. ﬂ.. gl \ J!p

Thos & M= 109 KA
4 % 0724984 x\00 = 994 K& =29.94% Eﬂi

% 100 = 0.0 & =0.006% resished
&+ 0,000\ b
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