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Fig. 2 Hysteresis loops of frames under repeated horizontal loading.
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Table 1 Damping values of construction materials.

Material | Damping Factor (%)
Steel 0.05-0.1
Plain Concrete ‘\//\\]]iittlliograchCks ?j;
Reinforced Concrete witzoétra(cj;sa cks ?_52
Prestressed Concrete x;:ﬁogiaSngs 112

Table 2 Typical damping values for different construction methods.

Method of Construction Damping Factor (%)
Welded Assembly 0.5
Bolted (with High-strength Bolts) 1
Assembly
Riveted Assembly 2

Table 3 Damping factor of a 9-story steel frame building.

Construction Stage | Damping Factor (%)
1. After the Erection of steel 92.6-3.1
Frames
2. After the Casting of Floor Slabs 2.8-3.0
3. - After- tl'.le Completion of the 4863
Building

27— EEOBRE3~5 X BREOESEEL L TELATVWAY, XMES)RIZIALOREDEE
BEOBRHEROBHVEDL LN TV,

XU CRBROBERERET 2 ~BHER L, BETIBRIODWTOREEHO LA RBB~
bNTVwbo BROBADBIEENII05~2B8BEDOIONB N, XMR(22) TRBBOBEER» L v
DEIZ0.4~0.6% DMITHBHELTnD, X8 (115) 2L % &, BOBEOXBHR ELT LK HITEA
T 57, BEAECRERET, REOBA0.5~1%, *OMOBTIRA CVIZEFEL, =2/¢v40m I
LOBE1 B ik, OmPUTOBEGLSBBRETH L. /T —F F L TIRO0.2~0.5% 3%, F8%kiEC
12~3% L) EBBEINTNE™,

HESEL LTHRON TV ARMEEIS LB LN ERIEERIC Y, DUENE OREEE, BEAKROBEE,
WTFRBEICLDD0, ZoHoB DBBORBEVNEAINLIOTHD, TNLBERRSMH L TEHEZ
NEVRY, Zho0EOERBICOVWTRBRED S LWL b,

2.2 BERELEMEEERE

WEYOBEFRITH T 2 ABBERIBRO L 5 KHEEITNE A, BEVOEEBAEL kY, BHP
BEABPERERIIASZ L, WhYIBERETADLINOOBBERITL 53 ¥ — DRI K X {
ho TOWMEREITL > THIBRI DHEWITED > LRB T 4 4+ F - FRILL T, BEYLTREILOR
NIRBZILENTEL, 2O 2BEOBERZOERORELLZ DL VLN D8, %k
HRHEOELFTH o TN Jacobsen g L TEA LIELFTY, EREOANEZH BB
EEBH T IRGRLZN LA CEBERAMEZI LIV A 248D O 2 A F —OMBEIE L W RREE
BE I oBBEHRCERTL230TH 5,

T%hbb Fig. 3 0L ) 2WLHEHHEI DR TR, "2 EHVB—EREL RNV, ZhiEg AOC T
EDLINZNFERIEBEE S L, ZOhbhr—7ABCDA OEBICHMT 2 15MERE T 2 b b BEMM R

3 —



30 RBREHEREFERE LTS A (5.49-4

gﬁﬁ&%fcgée Ci’L&’ Yeq ETZ) &,

1 nr—7 ABCDA OfE#

4w

Fig. 3 Hysteresis characteristics of a
nonlinear system.
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Fig. 22 Hysteresis loops of concrete-encased columns with full-web steel cross section under constant

axial compression and repeated shear force failing in flexure.
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Fig. 23 Hysteresis loops of concrete-encased columns with open-web steel cross section under
constant axial compression and repeated shear force failing in shear.
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Fig. 25 Hiysteresis loops of a braced steel full-scale portal frame under repeated horizontal loading.
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Fig. 26 Hysteresis loops of concrete-encased portal frame with full-web steel cross section under
repeated horizontal loading.
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STUDIES ON DAMPING AND ENERGY
ABSORPTION OF STRUCTURES

by Minoru WAKABAYASHI

Synopsis
The significance of damping and energy absorption of structures and structural elements
under earthquake excitation is first described, and then the details of these phenomena are discussed
in relation to the equivalent viscous damping coefficient. Several mathematical models represent-
ing the hysteretic behavior of materials, members, connections and frames are introduced. The
state-of-art is outlined for each of these subjects, referring to the recent publications. Finally, some
important problems are indicated.
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