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Seismic Behavior in Steel Structures of Weak Connections
Comportement sismique de structures présentant des assemblages faibles
Erdbebenverhalten von Stahlbauten mit schwachen Verbindungen
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SUMMARY

Simple formulation of panel moment-shear deformation for steel beam-to-column con-
nections is presented. Dynamic analyses on low-rise steel frames of the weak column-
strong beam are made changing the shear strength of the connection panels. According
to the numerical results for the recorded earthquakes, as the shear strength of the con-
nection panel decreases, the plastic deformation of each column decreases and may
reach a level of less than half the strong panel cases.

RESUME

Une formule simple est, proposée pour exprimer la déformation due au cisaillement dans
des assemblages poutres-colonnes. Une analyse dynamique de cadres meétalliques avec
des colonnes faibles et des poutres fortes est effectuée en faisant varier la résistance au
cisaillement des parois. Selon les résultats numériques enregistrés lors de séismes, lor-
sque la résistance au cisaillement de la paroi décroit, la déformation plastique de chaque
colonne décroit et devient inférieure a la moitié de celle constatée pour des parois fortes.

ZUSAMMENFASSUNG

Der Bericht prasentiert zunéchst eine einfache Formulierung der Beziehungen von Fach-
werkfeldmoment und Scherungsdeformation bei Stahltragern / S&dulenverbindungen.
AnschlieBend wird eine dynamische Analyse niedriger Stahlkonstruktionen mit schwa-
chen Saulen-starken Tragerverbindungen durchgefihrt. Die Ergebnisse far die verz-
eichneten seismischen Wellen legen nahe, dass die plastische Deformation der Séulen
mit abnehmender Scherfestigkeit der Fachwerkfeld-Verbindungen zuriickgeht.
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1.INTRODUCTION

In the frame analyses deformation of the beam-to-column connection must be
considered to know the exact behavior of the steel buildings. Many experimental
results suggest that the strengths of the H-shaped beam-to-column connections
are scattered in a wide range. Authers presented the formulations of the maximum
strength for several types of connections through limit analysis[4]. In this
paper these formulations are simplified for practical use. Then the formulation
of the monotonic and cyclic curves of panel moment M and shear deformation 7
relation of the connection is presented. In Japan about 95% of steel buildings
are low-rise. Based upon the Building Law in Japan most of them are designed
according to the allowable stress design and the ultimate collapse form is not
checked. In such a frame earthquake damage is sometimes concentrated at the
weakest story. In this paper the dynamic analyses of 4 and 5-storied frames are
made changing the shear strength o©f the connections to know the seismic
performance against several recorded earthguakes.

2 .RESTORING FORCE CHARACTERISTICS OF CONNECTIONS
2.1 The maximum strength

Authers presented the maximum strength of a standard type and a non-scallecp type
of an H-shaped steel beam-to-column connection for the interior column(X-type)
and the exterior column(T-type)[5]. Eq.l is the strength for the standard type.

M= TV H2nmo Lt alath) /,,/_§+4¢'=1(Mpbf+mpcf ) /b+5.2(1+a/b) (M +M. ) . (1)

where X T ,ithe volume and the maximum shear stress of the panel plate, Mope e
Moer Myer My :the plastic and ultimate bending moment of the beam and the

column flange, T bt t,,:vield stress and thickness of the beam web, a:the rigid

length at the joint of the flanges and b=V 2V 3(My,+M +1.3M,+1.3M ) /0 ,t,
according to the minimum condition. The first term shows the ultimate panel
moment (shear strength) of the panel plate and the following terms the amount of
the bending moment directly transmitted through the intersections of the beam
and the column flange M, which looks as if the beam and the column reinforced
the shear panel. This equation is applied to the 255 combinations of a
practically used beam and column H-section(JIS $S400) and M for each combination
is plotted in Fig.l1l, where My= T4V FMIPMY mainly depends upon the geometrical
conditions of subassemblages, as M and oM contain the same material properties.
Solid line shows the best fit curve Eq.2 in
terms of panel yield ratio Rgy-

M/ M =0.135/R +0.098, (2) ho —~ . : ,

£ M pMy

where R, =M /2M,, XM, : the total of the yield 0.8
moment of the beams or columns Jjointed to the
connection, whichever the smaller. A small
difference of M is found between a standard
type and a non-scallop type and between X-type
and T-type for the practical range(R,>0.5) of 0.4F
T-type[5]. General expression for the maximum :
strength of the beam~to-column connections of 0.2¢
various materials is given as follows using
Eg.2.

0.6

pMu= T Vi tett Apy
=(1/a+0.135/R, +0.098) M, (3)
Fig.l yM for practical sections

where a: yield rati f st . Figs.2 sh
yie B B EeERls ELg show {X-type with scallop)

two groups of experimental and predicted maximum
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strengths of the connections depending upon

a. Fig.2a contains the data of 0.59<a<0.67 o y2) 0.59<g =0.67
p u

and Fig.2b 0.67=a<0.75. Each prediction is L
. 3.0
made using the average value of «.
.Q a=0.63
2.0 Ay~
2.2 Panel moment and shear deformation relation
Monotonic panel moment M -~ shear deformation 1+° © In-Door Specimens
) P . i . ® Out-Door Specimens
v relation of the connection is illustrated
in Fig.3, where M., 7, 7, and 7, are given 0 0.z 0.4 0.6 0.8 1.0 1.2
by Egs.4 and 5 based on a tension coupon test. Rey
Cyclic c'ur_ves can be est.abllshed by ‘connectlng oM/ oMy (b) 0.67<q =0.75
the positive and negative monotonic curves.
Figs.4 and 5 show predicted and experimental 3.07
M- 7 curves of various types of the connections. -
a =u.
2.0 i
o
s =T yVpteM 4
=(0.135/R,,+1.098) M, (4) 1.0
YT, /G T =77V 3(E,=8y),
TS Tyt 3 ey k) (5) 0 0.2 0.4 0.6 0.8 1.C 1.2

3.DYNAMIC PERFORMANCE OF LOW-RISE STEEL FRAMES
3.1 Frames and earthquakes

Fig.2 Predicted maximum strength

PM
pMy Fomer e : 2.0
PMst.F -------- :
pMY T 3 i :
F é 1.0
I ;
Ty Tst Ty 7 | ¥ %,
0 1¢ 20 30 40 so0 0 10 20 36 5 oo
Fig.3 Assumed p M-7 relation % g

pH/ M,

1.0
Experimant
—-— Analysis
0 10 20
30
T Ty 40

—— Experimant
--- Analysis

Fig.4 Predicted p M-7 relations
Fig.5 Predicted p M-7 relations
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For the first time, the sectional properties of the beam and the column for a
4-gtory 3-bay frame and a 5-story 3-bay frame are determined according to the
Japanese aseismic design code(Route 2). A 5-gtory frame is named "A-frame" and a
4-story frame "B-frame". The sectional properties of the beam in A-frame are
increased to 1.2~1.4 times as much as the minimum required value considering
the composite effect of the slab concrete. As an analytical model the
subassemblages are illustrated in Fig.6 consisting of the interior columns and
the connecting beams cut off at their center. The section sizes of the beams and
the columns are shown in Tab.l. The shear plate in H-shaped beam-toc-column
connection is usually reinforced through doubler plates so as to satisfy the
allowable atress condition. However, the thickness of the doubler plates depends
upon the existing shear stress, nominal thickness of the plate and intension of
the designers. Various combinations of strengths(R,=0.5,0.7,0.9,1.2) of the
panel plate for each story are selected. The naming rule of the frame is
illustrated in Fig.7. The first natural period for these frames are listed in
Tab.2.

The frame analytical method is based on the hybrid type complementary energy's
principle, where the bi-linear stress-strain relation(E, /E=1/100) is assumed
for a flexural member and 107y for 7, and 407y for 7y, in pM - 7 relation for
the panel plate. Newmark's j3 method({ §=0.25, At=1/400sec) is used for numerical
integration in dynamic analyses. Two earthquakes recorded in Japan(Miyagi Oki
Earthquake 1978.6--MIYAGI NS max acc 350,400gal and Tokachi Oki Earthquake
1968.4--HACHINOHBE NS max acc 350gal) are adopted.

F—100——s00—] A-Frame B-Frame
a B2 B2 E x5 Cl| H-400x408x21x21 | H-388 x402 x15x15
c2 e Bl | H-582x300x12x17 | H-506 x201 x11x19
C2 | H-350x357x19x19 | H-440x300x11x18
B2 B2 'i”
£ LI S B2 | H-606x201x12x20 | H-496x199 x 914
[3¢]
_fE_ B2 B2 —ié_jg_ Tab.l Sections of the beams and the columns
™
S m a1
c1 ©°
_T_ Specimen|{ T(sec)|Specimen | T(sec)
i Bl _& [, A-11112 | 1.120 | A-33333 | 1.069
el g A-11222( 1.108 | A-33444 | 1.062
W-—J— A-113331 1.100 A-44222 | 1.077
7 A-221121{ 1.100 | A-44333 { 1.059
A-22222 | 1.0B8 | A-44444 | 1.052
A-Frame A-22333| 1.108 | B-1112 | 0.969
A-22444| 1,073 | B-2222 | o0.044
— 00—y | A-331121{ 1.088 | B-3333 |[0.929
40050 A-33222f 1.077 | B-4444 |0.920
4> B2 B2 T
cz s © Tab.2 Natural period of the frames
Tt
3 o _ﬁ’_g
~ = a—-o}— 1 2 3 4 5th story
C O
~ Al-12121(4 1|4 |4
Bl Bl —Ié ——
il il ¥y
277777777777, Frame 1: 0.5
- A,B 2: 0.7
3: 0.9
B-Frame 4: 1.2

Fig.6 Analytical model Fig.7 Naming rule of the frames
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3.2 Analytical results

Ratio of the energy absorbed by the beams, columns and the connection panels is
illustrated in Fig.8. Most of the energy is absorbed by the beams and columns in
case of the strong panel A-44444, B- -4444(R_>1.0). Around 30% of total energy is
shared by the panels in case of A-33333, B =3333(R,,=0.9) and more than half in
case of RPYSO 7. Figs.%9a and 10a are the maximum story drift angle R for the
frame of equal R,y for each story. Figs.9b,c and 10b,c are the total deformation
n of the panel and the coclumn, where 3 o—a half of the energy shared by the
panel/ M C Ty N A half of the energy absorbed by the column/ZM Qp and M, Bp:
full plastlc moment and corresponding elastic deformation of the column. R and
7. ©f the 4th and the lst story in A-44444 and B-4444 subjected to MIYAGI NS
are much larger than that of other stories, which suggests the local collapse in
these stories. The maximum value of 7, is 6 for A-Frame and 15 for B-Frame.
However, when R, decreases, R of the collapsed story becomes smaller and that
of other stories larger. This corresponds to decreased 7. in the 1lst and 4th
story and increased n, over the whole frame. 7, for R, iO 7 is less than half
of that for Ry)l 0. Figs.11l and 12 are the numer:l.cal results for the frames
with panels of different R, - When this difference is small, such as A-22333,
dynamic performance is almost the same as that of the corresponding frame of
equal pr such as A-22222. However, in case of large difference of pr, such as

A-33112, A-44222, R and My sometimes become large in spite of small 7.

(%) Ehnel Colu-nBealj

4.CONCLUSIONS

l) Strengths and panel moment pM - shear
deformation 7 relation of the H-shaped steel
beam-to-column connection are successfully
formulated.

2) In the dynamic analyses of the frames of
the weak column and the strong beam, the drift
R of the story which collapsed for R,>1.0 A-11112 33333 11222 33444 33222
becomes smaller, when R, <0.7. (3) 22222 44444 22333 22112 44333
3) The column in the lst story for R>1.0 ig '3
often damaged so much. The maximum deformatlon 10 TES
of the column 7, is ranged 6 to 15. However, 801
n, for RPY§0.7 decreases to less than half of
that for pr>1.0.

4) In case of much different Ry, within the 407
frame(A-44222,A-33112), drift R and deformation 20+
of the panel 7, become sometimes large.

60 +

[
3
1
[
[}
[}
b
b
b
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+
*
'
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—

B e UGG G PR SO R

0
B-1112 2222 3333 4444

Fig.8 Fnergy absorbed by each member
(MIYAGI 350gal)
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