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Evaluation of the accuracy of unit-column-model
for story stiffness and member stress distribution in multi-story frames

Teruaki YAMANISHI and Takuma NISHIMURA

Abstract

(Received October 31, 2025)

Building structures are generally composed of multiple stories and spans, and this study proposes an

approximate method for evaluating their lateral stiffness. Focusing on a column, the beams directly

connected to it are replaced with rotational springs, and the bending moments transmitted from adjacent

stories are applied. This approach enables an accurate estimation of the lateral stiffness. Furthermore, by

reducing the restraining effect of the substituted rotational springs to half, it was shown that the lateral

stiffness can be evaluated with an error of less than 10% even without considering the bending moments

from adjacent stories, provided that the bending stress distribution is within general conditions.
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Fig. 1 Unit column model
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Fig. 2 Beam working stress & effective length for rotational spring
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Fig. 3 Define of rotational spring stiffness on top side
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Table 1 Target structure each values for ana-I (basic)

member [[section (mm) Length (mm) e . . N . . .
AB || Box- 600 x 12 7000 EATE Py, B EROK, BoEAOR, HEE R
CD |[Box- 250 x 16 14000 e s ke e L A e &y P 2
EF || Box- 250 x 19 14000 DR, HEREEOK, FTEEL ST EROKE I,
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BD H- 400 x 200 x 7 x I8 |[3000 ROMEIET 2.
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Table 2 Target structure each values for ana-II
(a) member list (unitmm)

column beam

FiZlebAMEoRREMEZ TR @) ICX ) EML
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(b) material & length (unit:N, mm)

E 205000 ! 5000
Py 3 Hy 4000
P, 2 H, 4500
P, 1 H, 5000
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Table 3 Results of ana-1
(a) stiffness (basic)

[Hori. Stiffness (kN/mm)

. . unit column model /
colum |[unit column model |closed solution .
closed solution

AB 21.12 19.80 1.067

CD 4.43 4.63 0.957

EF 6.02 6.38 0.943

GH 276.89 262.14 1.056
Layer 308.46 292.95 1.053

(b) flexure of member end (basic)

M ap -91 kNmm M gp = 15 kNmm
M gp = -15 kNmm M pg = 9 kNmm
Mo = -13 kNmm M pr = 3 kNmm
M pc = -12 kNmm Mg = 0 kNmm
M g = -17 kNmm My = 17 kNmm
Mg = -17 kNmm M yp = 671 kNmm
M gun = -733 kNmm

My = -671 kNmm

(c) stiffness (FH : H-400x200x9x13)

[Hori. Stiffness (kN/mm)

. . unit column model /
colum [funit column model |closed solution .
closcd solution

AB 21.12 19.69 1.073

CD 4.43 4.87 0.911

EF 4.86 5.10 0.954

GH 78.33 77.42 1.012
Layer 108.75 107.07 1.016

(d) stiffness (FH : H-1000x1000x9x13)

[Hori. Stiffness (kN/mm)
unit column model /

colum ||unit column model |closed solution .
closed solution

AB 21.12 19.89 1.062
CD 4.43 4.45 0.997
EF 5.89 7.40 0.795
GH 157.75 128.63 1.226
Layer 189.20 160.37 1.180
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