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Stability Analysis of Shear-Flexible and Semi-Rigid Plane Frames
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Abstract

Generally the connection of structural members is assumed as hinge, rigid and semi-rigid connections. The exact tangent
stiffness matrix of a semi-rigid frame element is newly derived using the stability functions considering shear deformations.
Also, linearized elastic- and geometric-stiffness matrices of shear deformable semi-rigid frame are newly proposed. For the
exact stiffness matrix, an accurate displacement field is introduced by equilibrium equation for beam-column under the bend-
ing and the axial forces. Also, stability functions considering sway deformation and force-displacement relations with elastic
rotational spring on ends are defined. In order to illustrate the accuracy of this study, various numerical examples are presented
and compared with other researcher’s results. Lastly, shear deformation and semi-rigid effects on buckling behaviors of struc-
ture are parametrically investigated.
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J8 10. RFEZE w7z Z2HA(1% mode)

TESH, Raftoyannis®] 3212k} Hlws}7] ﬁo}"q 15

ol tigk F=elee & 300 AN 2 AT éﬂr
o N2 Z XS & F Atk H7]A, Raftoyannis
(2005)°] BAHS A F2Eo gk A|ZElefAo] E7}
Skl BE FAE U] ERAR Edejokshks a4

2 A vEREe 38 129 28 1304 ERIE F gk ] 9s zlkett
I 2. rf7xo| AL HZEHES(kN)
P, Rigid Semi-Rigid Pinned

n P, Ps P, Ps P, Ps
20 299.12 270.38 221.50 207.17 159.56 152.55
10 584.38 528.84 441.13 412.62 319.11 305.10
5 1111.3 1007.0 866.64 812.35 489.0 480.30
1 1500.5 1406.1 948.15 912.11 489.01 480.30
0 1529.9 1431.8 952.59 916.36 489.01 480.30

Sekulovic, 7=0 1530 489
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Pin| K #P/n
2 1 2
e - &
E[ [5 [5
P/n¢ ‘P/n
fl\(z I, Kz@_
T
Pl k, K P E=210GPa
=) S 1,= 8360 cm*
I=7760 cm*
A=A4453.8 cm?
g 4 = 2
< | 5| n:Numberof story 5 Ay=Ag=20cm
K,=7556.6085 kN.m/rad
h =4 m (const.)
Iz vz
e Ssm 7

J% 1. nB8 = FEUE HoiT=(S=0.0063)

—=— Rigid Frame(K2=) : Pe
---@--- Rigid Frame(K2=0) : Ps
Semi-Rigid Frame : Pe
------- Semi-Rigid Frame : Ps

6000 —o— Pinned Frame(K2=0) : Pe
---a--- Pinned Frame(K2=0) : Ps
5000 |
=~ N T e
ZoING e e
< 0w |
a Pe (P, without shear deformations)

Ps (P, with shear deformations)

1 2 3 4 5 6 7 8 9 10
Number of Story

O8 12. n& #oiTx| H25E

0 -

099

[ I R P et e e B R R

o R
A e Pe (Per without shear deformations)
~ 097 ’ . o
D(f Ps (Per with shear deformations)
— Rigid Frame(K2=0)
e Semi-Rigid Frame

095

Number of Story

a8 13. & 0fl WE HMehERY Z=26ES Hl

45 AL 7|SE U= 2ELH MjTx

I 14e B 7159 BARES Zton T B
Zol= Zb= Wslo] FAIgle]l 47t 10 m$}F 20 mE YH
3 7P e g AW wolTES Uekit 548
F PE QSR AL, BA 08 0°8 907
HEATNE A9 7157 woll walshs o] wshe ¥
159} 2tk w7}t Z15RE wel 715 9o F4:3)
7k A7 AR Zols & ok 1" 162 7

I 4. 715 ZAR0 M2 woizo| E=Z5HS(kN)
P, Rigid Semi-Rigid
0 P, P, P, P,
0° 924.646 859.890 410.189 396.788
20° 1408.18 1317.60 658.708 637.576
40° 1313.92 1234.60 651.040 630.446
60° 816.709 768.212 417.160 404.013
80° 267.799 251.917 138.038 133.688
20 m
16
E=210 GPa
=23130 cm*
1= 43109 cm*
A= A= 1000 cm?
A=A4,7~3 cm?
2 K. =7285.95 kN.m/rad
38 14. DA 715(S=0.2335)8 = F=43 woie=x
5.0
45
— 40 | Re (Rigid fame without shear deformations)
CIL Rs (Rigid fame with shear deformations)
5 35 | Se (Semi-rigid fame without shear deformations)
'& Ss (Semi-rigid fame with shear deformations)
5 30
E 25
)
8 20 |
B
= 15
X
< 1.0
Column : Re, Rs, Se,
0.5 Ss
"""" eam : Re. Rs. Se. Ss
0.0 - * *
10 20 30 40 50 60 70 80 90
Inclined Angle © (degree)
J8 15. 718 718710l WE FxHo| £2Hs|
1600
—o— Rigid Frame(K3=%) : Pe
1400 ---0-- Rigid Frame(K3=) : Ps
Semi-Rigid Frame : Pe
"""" Semi-Rigid Frame : Ps
1200
1000
)
‘: 800
o

600

400

200

0 10 20 30 40 50 60 70 80 20
Inclined Angle © (degree)

T8 16, BAK J|SE 2= WOiTxel HIE

Exisl| o

7} 27°

= 3 4 AT =3,
FEAl wlal Ade] mapt A Jehdal 3ke-S

w2 e Ao, A 0
Ao Hel ez deE AR 54
7 17904 A RAp)
gl
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Pe (P, without shear deformations)
Ps (P, with shear deformations)

0.92

0 10 20 0 “ 50 60 70 & 0
Inclined Angle O(degree)
O 17, ZARZE #Halof| e MeWER] El=stEH|

E 3. & $0f mE woiTxo] Z2ZEEE(KN)

P, Rigid Semi-Rigid Pinned

n(Z) P, P, P, P, P, P,
10 | 4503.4 | 4280.1 | 1875.5 | 1840.5 | 69.083 | 69.068
5 5323.1 | 5052.4 | 2418.4 | 2371.1 | 241.50 | 24131
4 5639.2 | 5351.2 | 2659.1 | 2605.6 | 353.88 | 353.45
3 6077.3 | 57642 | 3011.8 | 2948.0 | 567.59 | 566.41
2 6663.7 | 6312.8 | 3572.5 | 3488.4 | 1052.7 | 1048.2
1 72143 | 6816.5 | 46543 | 4503.1 | 2513.0 | 2474.6

ilasﬁ(‘;ﬁ?;l 7244 4658
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HAIA] F7dd w2 oigh 2 A7 Z8E 9]
O} o] A7 A FEREC oA “E(GEEA])
o Wsle Sgo] fIAY Bef dAH 71F 9 I
ke 9] A 1 2P Bobe 7S =8k #
SHEE APk Blo] dubot). ol #AIS =5
5}7] -'4?511 AR FHEe] AFdTE A F2E AR
iAo BrFsst] TEES FAshe FAIE BT 57H
MERAZ FHFsK] FFA=E Hslole @S Z2ia
pibo=

2 AellA] AAE Mol B APEE ffolA] AuE
5474177}1]4 A SHAIE 43e] SEITkaL dekEm 1
U85 skl e 2t

1 Aeigs a3t BoleiAle] Hexds USAIe

A HE QP (stability function)s F-=319H
2. AhHESs veeh PIRE ol83sie] YnisldE
wchrzo] et HAERE R (29)S AT
3. gk A (16), 20)7) ol SFHER FX|EA

A HARA Sl vhel samtos weERsE Fae
sNanEENE 2 BeE)E 92 5 ok

4. FT BF PR AW ohe} @ % T 2
79 Wiy T2 hste] MABENE} B 8 7]
sopa FEaEe fegosA s 34 2 o
QAEAS e FEPA W 2B AZe] 7
SIS LU,

Y L=PE GPEDE k) 715K

i
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