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Fige 2. - Column Forces at Points of Contraflexure
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Table. 1. = Distribution of Axial Strain in Side Panel Columns from the Results of SCHWAIGHOFER and AST

(bay width = story height) and the Average Value of my

LO STORIES 50 STORIES 60 STORIES
Distribution of Axial Distribution of Axial Distribution of Axial
S.F. strain strain strain
| Ry I
E | F 3 B=—E | ERENRE "

A|BJ|C |D A| B} C F
(1) [ (3w |(5) |(6) \(7) 8 [(9)] (10)(11) [(12)(13) {1h) (15) |(16) (17){18) ((19)|(20) [(21)} (22)

0,70 10:1:9 [0433] 0421|0405

0,349 | 1 0.4810.32|0.21 1 10.69 [0.146{06310.18 {006 1

0.210 | 1 0.54[0.38{0.26 1 10.770455|0.380.22 | 0,07 1 10,78 [0.56 1039 Ce23[0607
0.155 | 1 .57 [0sL41]0.28 1 lo0.81]0.59]0.410.2k | 0.08 1 10481 {0,560 |01y | 0024|0408
0,147 | 1 P.l5[0.29]0.19 1 10.6310.1i2{0.28 0.16} 0,05 1 10,65 0.1k (0. 20{0.17[0.06
0,089 | 1 [0.52[0.4351023 1 |0.7210.50{0.3L 0,20 0.06 1 10473 1052|0235 0621|0.07
0,065 | 1 [0.54{0438]0.26 1 {0476|0455]0.37 0422 0,07 1 (0,77 [0a5 12.36] 0422/ 0.07
0.0Ll | 1 [0.10{0,26]0.16 1 10.55(0436|0s25 0413 0.0L 1 |0458 (0439 |0-28] 0415|0405
0,026 | 1 10447 {0631 0620 1 l0.6l10.13]0.28 0,16/ 0.05 1 10,66 [0eLi5 {0420 0417} 0.08
0,019 | 1 [0.50|0.3L10.22 1 10.68|0446]0a31 0.18) 0,06 1 10,70 [0.118 |04 32| 0419|006

249 1 10.70!0s148] 0433 0.19| 0,06 1.4 1 10471 10650 |03k} 0420 0.06 1.1

can | 1 [0s50|0s3k|0s22

Note, = Letters Ajecee, F denote the column location from corner to center.

b4




Table.2, - Comparison between Results of SCHWATIGHOFER and AST and the Proposed iiethod when Bay width=

Story height
PERCENTAGE ERROR
S Fo
AHP AH AH
c

_ hPcc Evd Qe . hPcc Zv|Q d | Poc v Q
(1) k35 (W' | ® [ [ (950 an Gz Tsiasiin K18) {(19)
0,019 +19 | 2L [+30 | #1k | =1 |+L |+M +16{+21 [+30 =4 {13 | +8 | +13| +19]+32 0 | +19
0,0LL +1 | +7 |(¥10| -5 |=1 [#10 |+3 | +7 [+10 #16 =4 23| +10 | +1Lh | +18] +2L 0 | +3
0.089 o21 | +261433] 4 |=1 | O [+8 | #1L|+20 |+21 |4 9 |47 |+13] 420 +23 0 | +1
0,147 +y | +8 1413} <15 |y [#6 | +3 | #7 [#12 |13 S H1B|+6 |[+12] +18/+18| O +26
0,349 4181 4231430 | <19 | =1 [+ |48 | #14[+20 [+9 {=4 R13|+10| N7 w2l 13| 0 | +21

8 The stiffness factor.
N
no

b I ateral displacement at top of structure.

€ )xial forces in corner column at floor No. 2.

4 Total internal shear forces in columns 18 ft. above the base.

© Shear forces in the central spandrel beam at.floor No. 2,

f,e,h Designate the cases when 3 is taken as 0.5,0.55 and 0.6, respestively.
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Table, 3. - Comparison between Results of SCHWAIGHOFER and AST and the

Proposed Method when Bay width/Story height = 048

PERCENTAGE ERROR

2 H =480 ft H = 600 ft
S.Fe g
| b
AR AH
| 27/
f h Pc&;v Q| f| g Hree|SiV] Q
(1) [(2)1(3) 1(&)[(5) [(8) () 1(8) |(9) [(10)a1)(( 12)a3)
0,047 4200435 a3 |+ 9| <1 | 0 [+13[+20 [+26[433| o0|+10]
0.107 [+151+19 423 [-10 | =1 #101412|+17 [+21 |+19] O [+24
0,218 [+30 1435 [+40 |- 81 =1 | © |+27[+35 [+40|+25| O+ 9
0,360 1431 [+36 |+44 (=18 | =1 |+ 7[+22]+28 [+34(+14 0]+19




Table.l. = Comparison between Results of SCHWAIGHOFER and AST and the Proposed liethod when Bay width/

-+

Story height = 1.2

PZRCENTAGE ERROR

sr‘ i H = 480 £t H = 600 ft H = 720 ft

AB e || g AH P77V | Q AR Poo|Z V| Q
ay | @f@dwble e | el aaian|aalas) (1u)4(15)4(16)‘|r (17)(18) {(19)
0,009 |+ 12 +14+19| 00 + 9! aple 1]+ 18]+ 12{ =V |+ 19] + T+ 11 15|+ 10| O + 24
0,021 |- 3 o +1 +5lo |+9j-2 ols+3 st |+ 22| +1|+Lj+T7]+15] 0 |+ 29
0,043 [+ 8 [+12+ 17| + 6 0 ol=2|+3l+7(+26|et|+9| ~3|+2|+T[+26|0 |+12
0,071 |- 3 deh|-10 |+6|-7] =3 of+10]=V|+16] =1L ol+sl+1| 9 |+ 23
0.168 0 |+5|+10/=-13 0 +3 -6l at|el|+13]at|+12] ch{+1 ]+ 7}+13]-0 |+18

%
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Table, 5. - Distribution of Percentage Error of Tables 2,3 and b

FREQUENCY OF OCCURENCE, %

A H

PERCENTAGE ERROR = VEY Y
(1) (2) |3 | W |3 [ B |

< Frror » 30 3 10 16 5 0 3
30 ) % Error > 20 13 10 | 18 | 18 o | 2
20 > % Error > 10 18 Lo 32, 47 o |2
66 Lo 3 30 100 | W7

10 > % Error > 0

(2), (3), (4) designate the cases when ? 15 taken as 0,5, 0455

and 0.6 respectivelys
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Teble , 6 o — Column and Spandrel Beam Sectional Properties for

Frame - Tube in Fig. 13

Column Spandrel Beam
Floor hrea | M.of I.| Area |M,of I. S
in? | 1ot 102 | an

(1) (2) (3) (%) (5) (6)
1-5 | 972 |u62000 | 1455 [52000  [0.530
6_ 10| 810 |00 | 1200 72000  f0.525
11 - 15| 810 t47ooo 1200 [372000  |0.525
15 - 20 | 810 [s47000 | 1200 ~ [372000  [0.525
21 - 25| 717 [400000 | 1058 [330000  [0.525
26 - 30| 615 [563000 940  {282000 04520
31 - 35| 615 [363000 940 282000  |0.520
36 - 40 | 510 (307000 756 (234000 (0,520
41 - 45| 510 [507000 75 |234000 «520
L6 - 50| 510 [307000 75k 1234000 ’2.520

No.of stories=50

Story height
= 13 24,

Wind Load

= 1 Kip /ft/
column
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Table, 7. ~ Comparison between Results of KHAN and AMIN anu the
Proposed Method with the 'Actual' Solution
Column Axial Forces (Zips) in Normal Panel in Proposeil
:;he lowegt Story Method
Col. location KBAN Actual Proposed Actual
(1) (2) (3) (&) (5)
1] 1660 1583 1657 1,047
1 1530 1426 1524 1.069
2 1280 1237 1398 1.136
3 115C 1100 1281 1,165
4 1020 1001 1169 1,163
5 9¢0 929 1067 1,149
6 830 877 97k 1.111
7 830 841 893 1.062
8 830 818 827 1,011
S 795 806 787 0,976




3

48
Table, 7. = (Continue)
Sum of Shear Forces in Spandrel beam (Kips) Proposed
in the First 5 Stories Method
Bean Location KHAN Actual Proposed Actunl
(1) (2) (3) (&) 5)
1 2340 1954 2313 1.18%
2 2620 1 2257 2570 1.139
3 2750 2L50 2768 1,129
L 2810 2565 2914 1,136
5 2850 2640 3013 1,121
) 2850 2690 3048 1,133
7 2850 2700 3065 1.135

Lateral Displacement at Top (inch) Proposed Method
KHAN Actual Proposed Actual
a b a b c
(1) (2) 3" @ [ [© [ | ®)
12,49 11,51 9,16 | 9,81 [10.83 [0.80 | 0.86 |049%
a,b,c

Designate the cases whean is taken as 0.5, 0.55 and

0.6, respectively

Note ; The actual solutions are obtained from the computer analysis

(1).
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Minimization of the Total Potential Energy by means of the Ritz
method
Assume A(z) = 1z2 + Bz (33e)
d8 . 2%+ B (33b)
dz

Substituting Eq. (33b) into the total strain energy equation, Eq,

(24), leads to

U, =32 z K (d[ (2az + B)>- 4B kc.gn-l)Po(H2z - Hz’e %2)

J=1 5
3
_g;akcj [ND— 1) py (8% - B2° + §)
4 2 .3 &
4 Lo g 2 g

+ terms which are not functions of A and B] dz (342)

s 4
= K, (3 A°0 + 2am’sn’m) - 2P (N-l)sto(% ARy )
N * 5 L 5
= 35(%31‘993 (35 Ax . B - 33(7)1{9 a2 + 5 BI") (34b)
The total potential energy of the external load is
H
U, == (1) J (P + % Py + -j-%—PH)(Az2+Bz) dz (35a)
-- A (v1)P B - } B(v1)P B - 34 (%1) P H
- 3B (-RER - I A1) P - 5 B(E-H_I)PHH’ (359)
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The undetermined weights 4 and B are determined from the conditions

B—Z = 0 mdL-O:ﬁua
‘0A [1):]

33‘ K AR+ X B %}3 %)Kspoﬂi- -'9‘;3 (gﬁ})xspﬂﬁ

- (_}1-3;)1’033 - 31%—(14-1) PHH3 =0 (362)

KBAE2+KBM - }3 % K'BPOH"- -3]-%—5(%) K:PHH"

- (1) B A7 - 5 (1) BE = 0 (360)
2 o

from which we obtain the solutions for A and B as given in

Bqs. (28a) and (28b).
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