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AN EXPERIMENTAL STUDY ON THE RESTORING FORCE
CHARACTERISTICS OF PORTAL FRAMES

By Takuji KOBORI, Ryoichiro MINAI, Teizo FUJIWARA and
Toshiharu HISATOKU

Synopsis

Dynamic responses of elasto-plastic frame structures subjected to earthquake excitations
are greatly affected by the restoring force characteristics of these structures. In order
to estimate these characteristics qualitatively, we try to experimentally study on two
types of proto-types under the vertical and horizontal loading of which are X-type frame
and single storey one bay frame structures of mild steel models, and discuss on the
restoring force characteristics and aseismic safety of the experimental structures in com-
parison with analytical results considering axial forces, shear deformations of members

and panel zones, and axial deformations of frame structures.
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Fig. 1 Loading system and test specimen of Model-PB.
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Fig. 2 Loading system and test specimen of Model-X.
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Fig. 3 Section of test specimen.
Table 1 Properties of materials
. Yield Ultimate . Young’s
Model Material A Seeactégn 2 Strength Strength Elo(n;a;tlon Modulus
g m (kg/cm?) (kg/em?®) ° (kg/cm?)
PA SM 50A 6.924 3915 590 | 265 | -
PA SM 50A 4,522 3850 5895 ‘ 21.3 —
PA SS 41 2.723 2870 4355 31.5 —
"PBX | SM 50A 4.281 3597 — — | 260
PB X SS 41 2.525 2713 — — | 2080
H ssa1 | 3.864 2650 — - I 2050
H SS 41 3.007 3200 — — | 2080
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Photo. 1 General view of test and the Photo. 2 General view of test for
ultimate deflection of Model-H. Model-X.

Photo. 3 General view of test for Photo. 4 Deflection at the center of test
Model-PA. specimen of Model-PB.

THEA, BOTIKERE LU TR&ME 34ton ¥ THMILT,

Model-X % Fig. 2 2R3 XBOBEOLTMA L 7o F DEBEER A HR Lic\ s L 5 i B o s B
L LMD 3 A BEEF & L TR TR L e BRK T # 45ton ¥ CIC 4 MR D B L 1T
2712,

Model-PA (BRSO FHEROEN. L H - CTHIFFI /1% 56 ton 35 XU 28ton & L TSR
BT o T BRENHE 1% I BEEGRAT O BB T 2EIERE L, REHE 103ton T TMAIL,
Model-PB X751 7) 45 ton & InJ) U Fc R
i 65ton ¥ CIC 4 BIFIEEI 4T/, 22T
Bhh 45ton &\~ 5 {HIX20MSERE G D 10/ D
RICERT 580 & Sfite, BABEIENID 28.5
BTN T AN TH D, MEEBICTRLBE)
T L LEA RO S b B S A 7T T8
TWoaHER L7\ & 5 C/E L, 87515711 60 ton

ljack 2B b zhZThokkic 28¢ EiENM
HWAERFEHRLFD tension stress #F|HL T
AL7o, MRBBIIFEAE TSRO 300 . ;
ton R FERBR B A (LA L 7ce INOD3eE S L O° Photo. 5 Mechanism of axial loading
HER K % Photos. 1~5 (/R for portal frame.




MR - BB - B - A ERBOETINEICE T 3 KB 425

24 M E F &

BERNVEE*ZDLTRBREOMDFROEHEIL dial gauge (0.01 mm) THE L T HELHEY
R, MEHAFATEOAETLIZIE dial gauge (0.01 mm) ¥ X UEBEERLFALIC wire
strain gauge Z{FH L CEELEMEOEXEE L1, FICHE =512 Tik 2.5cm BfRIC gauge %
B 0 BRI D 2, AR BRI X A MHE = 5 4 TiX Load Cell #ffH L THEY
HE L,

MASERII TR ¥ T¥ RS STRE LN, FHWEZE & BRI THREL 72 DT, wire strain gauge
DRERELHRENBHY LI, f-> T I TIXELL T dial gauge X 2FEFBRCOWTHET 5,

3. = =

1. HE £ F N
— Ml L e — A v OFRT 2 HEMEOMEB L i e — 2 v b & OBIRIIMEI L BRI L ER
L lcsE ek & 8 il Fig. 4 ORIRBIG U T M, ¢ BRI M, ¢ %35 2 — 2 L LT
KADL 552 bRS,

T C——iT y
M cc //wa ///7
d Skt '{}PP
L = yﬂE:: Afi
t—p—4 Ot O% Oy &t
(9) (b) (¢)
SECTION STRESS STRAIN

Fig. 4 Stress and strain distributions of H-section.
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Fig. 5 Relation between yield zone and axial force for H-section under
concentrated loading at the center of a simple beam.
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Fig. 6 Notations used for Model-X.
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Fig. 7 Notations for forces acting on the panel zone.
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Fig. 8 Effective parts of panel zone for shear resistance.
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Fig. 9 Angular deformation between column and girder.
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Table 2 Moment Distributions and Restoring forces by Analytical Results
for Potal Frames

Nalggd Left Column (tcm) | Right Column (tcm) Beam (tcm) Re;g;;ieng E)iﬂ?g‘)%lsrecse;
 Case 7733736¥| ) Top Base ] Top Left \ Righf,’ (t/cm) for Case (6)
M| 2016 1332 2916 1332 1332 1332 7.2
(2 | 3075 1271 3072 1272 1515 1515 8.1 | 133
PA(4) | 2586 957 2586 958 1163 1164 70.2 \ 1.08
5) | 2568 914 2367 888 1121 1074 66.7 |  1.03
6) | 2534 837 2340 812 | 1041 996 64.6 | 1.00
M| 1369 747 1369 747 747 747 38.4 |
(2| 1441 719 1441 719 849 849 2.8 | 124
PB(3) | 1435 720 1433 720 849 849 4.8 1.21
@ | 1211 603 1270 603 717 717 36 3 1.05
G| 1262 584 1182 568 698 673 1.01
® | 125 569 1176 554 683 659 1.00
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Fig. 11 Moment distributions and restoring forces based on analytical

results of model structures.
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Fig. 12 Basic scheme of the slope deflection method considering
axial force and shear deformation
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Fig. 13 Load-deflection curve for Model-H
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Fig. 17 Load-deflection curve for Model-PB.
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