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Abstract This paper proposes an approximate method to estimate member forces of columns in a rigid frame. One
of the conventional methods, Cantilever Method assumes the midpoint of a column as a hinge and linear distribution
of axial stresses regarding the centroid of the column areas. As a result, it shows erroneous results compared to those
of matrix analysis of two frames. In this study, a new method is proposed to estimate the member forces in columns
and location of hinges in columns, which can be adopted easily by a practicing engineer, and numerical examples
showed improved results compared to conventional methods.
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[Table 4] Comparison of Moment(Unit: kN-m)

Column—-D Column—@

C M |Emor(%) | C M |Error(%)
1IF B'| 291 191 52 776 1246 =33
1IF T"| 291 77 280 776 11.6 572
2F B 131 10.8 21 349 294 19
2F T | 131 11.7 12 349 434 20
3FB| 131 50 163 11.7 73 60
3FT | 131 99 33 11.7 240 -49

*B-bottom, T-top
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[Fig. 3] Single Bay Portal Frame
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[Fig. 5] Normalized Axial Force Ratio

[Table 5] Parameters for analyzed frames

parameter value
K(Ly/Lo) 10, 1.5, 20
S(Iy/L) 0.25, 0.5, 0.75
Number of Bay 3,4
Number of Floor 1,235
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[Fig. 6] Inflection point in Ist story column
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4. sHAdof [Table 7] Comparison of Shear Force(Unit: kN)
Column-@ Column—©
A71el @A An2 BAsle] ZAldo s 2z floor] M C st ™ C s | T
nAEe 73] 9% e o] Aestyth IF| 74 | 121 | 148 | 145 | 378 | 322 | 296| %0
F| 63 | 73 | 89 | 74 | 202 | 194 | 178|192
SF| 41 | 24 |30 |35 46 | 65 |59 |54
1. 7169 M I 753 UFrleS g2
Ieel W=l _9] 71 H_JT = aro| - | 403 |60 | 27| - | 20 | 206 142
g9k 74 ¥ A3de A SEE A
B3, TR U] 488kt
129 W34 06(2)2), 06515, F7HE 05(9) [Table 8] Comparison of Moment(Unit: kN-m)
. ~. Column-D Column-@
), 045(03), 2183 0.3(212), 01085 — T T s T - T w T cT s =
2. 7169 SHEEE 7T dHA] FAE o] 83514 IFD | 191|201 | 267 | 312 | 1246 | 776 | 534 | 700
7, 9 BE 7% AA HSS YRI5 S IFT | 77 [201] 267 | 208 ] 116 | 776 | 534 | 208
0% Qe FB | 108|131 | 160 | 134 | 204 | 349 | 320 | 311
== 7o °Tm 2FT | 117 | 131 | 160 | 134 | 434 | 349 | 320 | 381
=518 001(1%), 0.1(57H), 001(A5-=) SFB|50 131 53 [ 38] 73 | 7 | 107 ] 19
3FT | 99 [ 131 53 | 88 | 240 | 117 | 107 | 175
B — |90 ] 07 513 - |11 24| a7
Aokek Wie] A S AFE) st ShlA o) —— -
o N - *B-bottom, T—t
Aetgd Fx(Fig. Do 05 Fx(Fig. 84S sfxjate] 7 0m T
719 W3 vluetadr). Selvame] WH[5]1S o] &3t 029 T2 st dg=o] ofae] x5
[e} = = hod
Fio. 19 %= 3 /\«IOV_ AO. =o0] 3)Ho Hol A _
01 ij ETE 1 L °h 4" 1% 1] 4] 71%9] Z8(Table 10), A9&(Table 11), % Eqﬂ;
el SEEe] HYor Al Ao sl /)% B -
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°l e o o et W ow 937k A FEx(Fig. 1, Table 6, 7, 8)°l
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e [e) W7k 71E H Hlsl] dkALE Q) 31 Ao - - = -
L?“J-E‘]’}]— ] Otloﬂ ]H o O ](})\i—]—TH"I ] %E_Eq%%aol Z_]"—g_— i%l.?_oﬂ/q E_X}‘7]"__;'!§ %‘]__
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[Table 6] Comparison of Axial Force(Unit: kN) N
P - 2
Column-@ Column-®@ E
floorf M' | ¢ [ s | 10 | M C s | T -
®
1F++| 130 | 178 | 193|167 | 16 | 119 | 0 | 17 P S
| 77| 61 | 74| 72 | 10 | 41 0 |15 — 1
SF| 29| 12 | 15| 25 | 06 | 08 0 | 005
E
error] - | 388 [335] 168 | - | 320 | 100 | 470 S
%) M: Matrix Method, C: Cantilever Method, S: Selvam’s Study, —— 12m -‘- 7 8m -\- 12m -\- -

T: This study
##) 1F: 1st Floor
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[Fig. 8] Configuration of 30-Story Building



FFAE &3 =B A5 A75, 2014

[Table 9] Load and member properties

floor | Load(PkN) | Column-D Column—@2) Beam
26 3558
T UB |y 371600 A5 5741 G| 1431510
12-22] 5333 1:2.848:109 1:4.315:109 mm'
2825 | 6227 mm mm
%629 7117
30 8896

[Table 10] Comparison of Axial Force(Unit: kN)

Column-1D Column-©2

floor| M | ¢’ | S| T | M C S T

2F | 2528 | 2821 | 2919 | 3110 | 2446 | 1382 | 984 | 1401

15F | 886 | 937 | 970 | 1017 | 676 | 459 | 327 | 458

29F | 267 | 185 | 191 | 206 | 158 9 6.5 9.3

30F | 101 438 50 | 83 | 109 | 24 17 338

error|  — 251 | 260 | 195 - 492 | 637 | 454

*)M: Matrix Method, C: Cantilever Method, S: Selvam’s Study,

T: This study

[Table 11] Comparison of Shear Force(Unit: kN)

Column-O Column—@2)

floor | M C S T M C S T

2F | 283 261 | 270 | 254 | 491 | 513 | 504 | 520

15F | 153 166 172 | 177 | 340 | 327 | 322 317

20F | 302 27 28 21 50 531 | 522 53

30F | 21.8 15 155 | 183 | 226 | 295 | 290 | 262

error| - 145 | 133 | 133 - 112 | 102 | 88

[Table 12] Comparison of Moment(Unit: kN-m)

Column-D Column-2
floor| M C S T M C S T
2F | 628 79 | 809 | 609 | 1204 | 1299 | 1513 | 1092
15F | 315 329 | 336 | M6 | 68 | 641 | 627 679
20F | 74 53 54 52 119 83 102 114
30F | 59 30 30 50 61 30 57 8
error| - 271 | 279 | 143 - 239 | 138 | 121
5. 42
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