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Fig.8 Stress-strain relationships of concrete under compression
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Fig. 10 Effect of strain rate in concrete on stress-strain relationships
(@) Under monotonic load (b) Under repeated load
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Fig. 15 Moment-deflection relationships of reinforced concrete columns under constant
axial force and repeated bending moment
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Fig.16 Shear force-rotation angle relationships of reinforced concrete columns under
constant axial force and repeated bending moment and shear, and failing in
flexure
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Fig. 17 Shear force-rotation angle relationships of reinforced concrete columns under
constant axial force and repeated bending moment and shear, and failing in
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Fig. 18 Shear force-rotation angle relationships of reinforced concrete columns with
various amount of web reinforcement ratio under constant axial force and
repeated bending moment and shear, and failing in shear
(a) Pw:O.Z% (b) Pw:(LA% (c) szo-s%
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Fig. 19 Comparison of shear force-deflection angle relationships and crack patterns of
columns with parallel reinforcement under constant axial force and repeated
bending moment and shear with those with diagonal reinforcement
(@) Parallel reinforcement (b) Diagonal reinforcement

(b) xa

Fig. 20 Comparison of normalized hysteresis loops
(@) Parallel reinforcement
(b) Diagonal reinforcement

Licb 0 s oBRBMREHE LcbDTH B, XWEGH L LML, PREGORBMIZ A TRKR T
HREL ¥, BARAUEOMNE TP 1 XHERHGMOBEL - 712 Fig.20 R+ X5
PHERACEL, Likedlio T=X AF —HEINKE G, Fig.2l K hELHELHEIh S =R L ¥~
DBEITRINTVWAE, BPEFTRHEEOMICIZ LA FEI W, BEBXHCEG LcEi=3 1y —

._8_



EH R ORER OV T 43

HEBCHBELTCWDHZ EARIN T D,
2.2.3 - [30EeE 60} E U (tcm)
FEHBOR - 1) BEROXTEABERR L LT, B

HEAFAORAMTE L, B LEGONERE S

bhb, ELEHILCO L H BT roRAMR 0

CBILCR S bR ey, MDA HEET 5 RO
FEwmUion, < ELHETRRIT 58 A RSE L @ XA ®
EOT D WD Heikd BB robic Fidek T

f:l?)o

Fig.22 (a) 13 xAp e AWML 435 X 57t 30
FEWE Y BAEAL DELNIRZ L EOME

— IR TH D, = DOBEFOWEL, SHAALED2 v

79 — P CHRSh 5 REGHOEGRRC X - TAL 20
TED, AFATE S RABIH AR LB
T3 EHELTRDE, HrFoRKE ARG cru

1, 2V 7Y — FOFEMEEED 30% 25 50% L\ 5
kb, KO AMRIEERE o LIS D v,

Fig.22 (b) OEHAWA# A M BELTRHIA TS X
LB WS R, WHnSIEbhb Ltk Lo ou
Cam e -on, R LTt T80 Rnd b e
DEITFBED, TR 04 UEVBATHEAXTECHE cycles
THLUTVE, B (b)) o LA (a) DA X0/

Fig. 22 Load-deflection relationships of reinforced concrete beam-to-column connections
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Fig. 24 Horizontal load-horizontal deflection
Fig. 23 comparison of experimental of a frame failing in uplifting of
result with theoretical result foundations
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Fig. 256 Horizontal load-horizontal deflection relationships of reinforced concrete portal
frames under constant vertical loads and repeated horizontal force, and failing
in flexure
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Fig. 26 Horizontal load-horizontal deflection relationships of exterior component of
reinforced concrete frames under constant vertical load and repeated
horizontal force, and failing in shear of columns
(a) Component (b) Experimental hysteresis loops
(¢) Theoretical hysteresis loops

(&) Simplified model for shear bond failure mechanism. (D) Shear bond stress-slip rel i (c)

ip of concrete,

Fig. 27 Simplified model for shear bond failure mechanism
(@) Mechanical model
(b) Shear bond stress-slip relatinships
(c) Stress-strain relatinships of concrete
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Fig. 28 Moment-deformation relationships of beams
(@ Under uniform moment
(b) Under antisymmetrical moment
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(b)
Fig. 34 Shear force-shear strain relationships of a steel connection panel
(a) Specimen (b) Hysteresis curves
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Fig. 36 Horizontal force-horizontal deflection relationships of a steel frame under
constant vertical loads and repeated horizontal force
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Fig. 43 Moment-deflection relationships of SRC columns under constant axial force
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Fig. 44 Shear force-rotation angle relationships of SRC columns under constant
axial force and repeated bending moment and shear, and failing in
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Fig. 45 Theoretical analysis of an SRC member
(@) Discrete elements for a cross section
(b) Stress-strain relationship of steel
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Fig.46 Comparison of theoretical moment-
curvature curves of an SRC column
with experimental ones
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Fig. 47 Shear force-rotation angle relationships of SRC columns under constant axial
force and repeated moment and shear, and failing in shear
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Fig. 48 Shear force-rotation angle relationships of SRC columns and concrete filled
steel tubes under constant axial force and repeated bending moment and
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Fig. 63 Effect of a; on the dynamic response of a single degree of freedom system
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Fig.76 Comparison of analyzed horizontal force-deflection angle relationships with
measured ones
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Fig.77 Comparison of analyzed horizontal force-deflection angle
relation-ships with measured ones from shaking table test
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ON THE HYSTERETIC CHARACTERISTICS OF
STRUCTURES

By Minoru WAKABAYASHI

Synopsis

Dynamic response analysis is frequently done to investigate the earthquake-resistant performance
and response of designed structures under severe earthquakes, using modeled hysteretic restoring
force characteristics. )

The paper summarizes hysteretic characteristics of structural materials and earthquake-resistant
elements in building structures ; beams, columns, connections, walls, sub-assemblages of frames of
reinforced concrete, steel, composite steel and reinforced concrete or reinforced brick masonry
structures, on the basis of the experimental and theoretical research works which were conducted by
the author and his research group.

The paper also explains and proposes the methods to make a mathematical model of hysteretic

rules which is directly applicable to the dynamic response analysis,



