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EXPERIMENTAL STUDY ON THE ELASTIC-PLASTIC
RESPONSE OF STEEL FRAMES UNDER DYNAMIC
EXCITATION BY MEANS OF A SHAKING TABLE

By
Minoru WAKABAYASHI, Takeshi NAKAMURA, Nozomu YOSHIDA
Satoshi IWAlL, and Hidehiro TAKAI

Synopsis

Dynamic failure tests of one-storied steel pure frames and braced frames by means of a
shaking table and dynamic response analyses are performed. Model structures are composed
of four columns, a rigid roof and a rigid base and, in the case of a braced frame, two pairs
of K-type braces are added. They are subjected to the base motion simulated to the N-S
component of 1940 El Centro acceleration record, and a dynamic response and a process {0
failure are accurately obtained. From the comparison between the test and the analysis,
it is recognized that the time history of response acceleration can be predicted in a sufficient
accuracy, but that of a story drift cannot always fali on the experimental result due to
the inaccurate estimation for the magnitude of inelastic flow.
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Table 1. Test Parameters
SPECIMEN COLUMN BRACE
NAME B(cm) ]D(cm) ’ h(cm) | B(cm) lD(cm) ll(mm) ‘ 2
OF 40 1 | 042 4 /
OF 80 1 | 060 8 —
OF 120 1 lom ] 12 //
BF 40 1 ] 0.4 4 56.6 | 40
BF 80 1 | 0.60 8 | 0.35 | 0.25 |113.1 | 80
BF 120 1 073 | 12 169.7 | 120
b 600°C 1 BEMEEES, TREBEAE 100°C/hour D%
[ : 1o Bepst Ui, & - VRS TESMKET, &
| s | n | a0 | DB, 3 4, 5T, HavORHERL,
] ! T I o 40, 80, 120 TH 3. HOVREHETE, KEBHH
| l l BE W ERARICTATE 2 EICERD H B o DK
Column TN EHHOOKER D EDREL : 3, T,
OO KRR, FED2.58ThHB, ¢h
3% LOEREREE EHT, Table 1 KRT. 37

BEROGLOOESLE Fig. 112, EHl{E% Table 2

| w0 I, BIBRBRIC & > T8 B ORI O BRI Z
. I I — . Table 3 ICRT. BARKAMRT S EET 0y
Brace N pERE, BEOBRIOEYAK RN 0.5 &
123 ESICED, HMBHROEAIC 0,548, Fhn
T € ToTd BHOBEAIR 1.946t THB, HHLABMI, I
401566122160 WHAEBERT 2 FHOBHEELERVESIC, I
80(113.116.0/6.0 WHIEERT 5 2 E BRSO ERD A
120(169.7{7.3/7.3 %, B RUBHLOHEHOZREBREZIhE
L Fig.2, Fig.3 1CRT. £/, HHONELOE
Fig. 1. Test Specimen B F 4% Photo 1 10777,
Table 2. Fundamental Properties of
SPECIMEN COLUMN BRACE 4, 45,
NAME B(mm) | D(mm) | A (mm) | B (mm) | D (mm) [ 1 (mm) 2 (mm) | (mm)
OF 40 10. 02 4,07 | 40.16 / 0.285
OF 80 9.97 5.90 | 79.99 0.771
OF 120 10.01 7.26 | 120.00 / 1.429
BF 40 10.01 4,12 | 40.09 3.59 2.51 | 57.12 39 | 0.276 | 0.115
BF 80 9,97 592 | 79.99 4,45 2.42 | 113.00 81 | 0.779 | 0.230
BF 120 10. 00 7.27 | 120.00 3.62 2.52 | 169.90 117 | 1.406 | 0.341
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Fig. 2. Test Set-up of Pure Frame
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Table 3. Mechanical propertiies of Material

Yield Stress 2.95t/cm?
Yield Strain 0.00144
Strain hardening Strain 0. 023
Ultimate Strength 4. 58t/cm?
Ultimate Strain 0.32

. SR £ %
. Whole View of Test of Braced Frame

the Structures

Qcy Qs, w ] Analysis Test
S 5V Y S—

(ton) (ton) (ton) T (sec) i n, (Hz) £(%) ‘ T (sec) | n,(Hz)
0,244 0. 051 19.7 | 0.114 | 0.445 | 0.6 | 0.0579 | 17.27

0. 256 0.548 | 0.082 12.3 | 0.079 | 0.467 | 15 | 0.0922 | 10.85

0. 260 0.110 9.1 | 0.064 | 0.474 | 10 | 0.1242| 8.05

0.25 | 0.751 " 0.033 30.6 | 0.399 | 0514 | 1.2 | 0.0395| 25.30

0.258 | 0.697 | 1.946 | 0.048 20.7 | 0.279 | 0.491 | 0.8 | 0.0535 | 18.70

0.260 | 0.751 0. 057 17.5 | 0.227 | 0.520 | 2.0 | 0.0804| 12.40
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2.2 HEYRATL

ERF T EchRICY 7o 3 D OILEEEE T,
IRAE, ChEBEXTSHE RULETHRHO
Zhe e g s, REPRICRY fd7cm

HEEET, ANINERR, ¥ 2H0EHF Y % &
AR &~ T, BB ERIEE O KEEAZR ACCELERATION
ET B, BREOHREMER 4 ROBKERDE TRANSDUCER

F—IEMA LT, BRAERET S, FRIERD
#®iL, F—FLa—F—-ci&kl, kico—sR
T ANE=FRHLT, V=Trva—F—, Fkid
X-Y va~#—icERT S, ChHOFR YR
0%, 3 EHT Fig 4 IL5RT. Fig. 4. Measuring System
2.3 HWRHEARMBREER (BB
E#icing o> h3eiEeREE 3, El-Centro 1940 N-S R4 ONLERICENE, ALMBEREREEEE -
THBEL-bDTH 5, BEEMEROIEETS RUNEERER RS bk Fig. 5 1[ORT . HEED
VR, BRICRNBZEITORRESRZICLT, B
RAEZER OR0~20ERBEORKSBEEMEES
ZEREANELUTERELLY, BRICREEHOT
t(sec) Kt B 2700, LT UHEBDOL~VIE
0 5 10 15 0 BRI A oo ERICH O A BIEIASE R,
Acc. Response TR KRR, AR ERREER MR
HASE-91 R, Fiiikgk%x Table 4 Z/RT,

Table 4. Basic Properties of Shaking Table

Maximum Power 4 tons

Frequency Range 0. 2~200Hz

Maximum Displacement +£50mm

Maximum Load Bearing Capacity 8 tons

0 05 10 15 35 Table Size 2.5x%2.5m
T(sec.)

Fig. 5. Waveform and Acceleration Response
Spectra of Input Wave

3. = B

BRI LB -V olrER, BT oy sk, REOENBELLLSLI KBS, BHEM
BT, PNSVRIEOERBIC & ZIHREREITIL - 7215, BEHERIC X 3 HHBHERZTE -0

3.1 EFIRES

REORIH D, MEPOREMNBERICHE 5 &5 W/NSSIRIE (3~25gal I2) OEXFETEME M
HBL, IEEISEERERY, curve fitting 1C &k - THEREER KUBERERERD:, 2hbid,
HHOERTHEEZRY, & HhORICHERELEE S UTHE L EFREK & i, Table 2 iR,
WTNORBARDEATD, HEIRL > TROCEFRIEIL EXEMRERICK > TROLMELD B K
O, ¥, ZOFER K-> TROIMMREER { KCEERDK n 2HOTE SRR O
#* Fig. 6 TR LI,
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Fig. 6. Resonance Curve
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CHMBERR, FRBAKOVTERELVANVTHEIIELT, ABMEBRARELFE > TEAIN, A
HE 3R 1/2 KD Lz b OE IS, OF 80 O AR EMECHA Lz, EROBEESN:, &K
HEINEE an BRISENEE tnas REBRKEFK E OWKTES 4 DBKIE duasr F/IME duin
% Table 5 ICRT . THEROBEB LN, HBINEE o, ISENEF « ESKEEL 4 OFHE
hOBLIE, ROETH Q SHEKEENM 4 &0BFE%E Figs. 7, 9, 11, 13, 15, 17 ITRT, #xH Qi3
BRROEFISENEE « CERBEEUALDOTAMNL TN S, UTRERBKICOVTEREREZR~ 5,

(1) OF 40 (Fig. 7)

ATTIMEEE DB A 0.662g, BAMZ 0.323 ton TH-72, COREEKIL, WEh, WHLTEIHR
RIC—HRIICER RN, SREBHERIL, 2.94mm, 5.7 WTAEEMIZBAME 3.55mm &1go7x,

(2) OF 80 (Fig- 11)

AFIMEEOBKER 0.450g, BATHIZ 0.277 ton TH ot & ORBKD S BB ORI I

Table 5. Test Results

SN 0@ | wwen @, H60) | duar (), ts60) | duiy (), tsE0)
OF 40 0. 662 0.590 1.99 0.32 1.08 —3.55 5.73
OF 80 0. 450 0. 506 3.00 2.76 3.03 —2.56 10. 63
OF 120 0. 656 0. 527 2.32 4,22 3.44 —-2.94 1.65
BF 40 0.521 0. 483 1.58 0.18 1. 40 —1.26 1.60
BF 80 0. 866 0.347 1.63 failed -8.71 1.45
BF 120 0. 692 0. 345 1. 47 3.42 1.47 failed
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SERA & - T3, WO, JTEAZ RO E UIREZT, 3. 0B THEAELRL 4 RBXE
2.76mm &L otc, CDW%, BERL—FEICHED, BKBHLRIZ L05mm TH-7c,

(3) OF 120 (Fig. 15)

ATILEE OB AMIT 0.656g, AT 0.289 ton TH -1, 2.5 BABETERS, HLTIREZH
—HICHEY, DR oE2hbETERME Lz, 3 4B TRAKELA 4.22mm T, BREHERIZ
1.5dmm TH -7z,

(4) BF 40 (Fig. 9)

ATIEEOBEKMER 0.521g, AT 0.940 ton TH o7, LOBTRELEHL, AL 4
BEKMEL 26mm &2/, ZD%, HEBMAET, WokANKLRD, RTIOEOEY TEEHL, &
RUEHE R, 0.44mm THo72,

(5) BF 80 (Fig. 13)

AT OB 0.866g, BAT 1 0.675ton Tdh -7z, ¢ OREMAIR, MiFKL SHOSETMOK
AN CERSIEFICKE LY 2.06mm), ROPTEMMIcKELEHL, HAMS 7lmm L13-
fco ZOW%, FHEADEEBKE LS - THE LK,

6) BF 120 (Fig- 17)

ANNGEEOR KM 0.6928, BAMAIZ 0.671ton TH - 72, MIFKL SHOBPIOK X ZAIRETE
FEHIEFCREL LD Q. 42mm), ROWTERMNKE D> THEL,

4 MTHRLERERIOLR

4.1 & L

BRI, BERUHLOOEEICHSN, BEROHIMLSIEFICKEL, ~HACRBREEZELTIV, 2O
BA, REXETAREFERIRRCOREINS,

2 2 2
() () e (4)+ () 1 (F)=~CF e

z iz, 4 RERRREIKKE OMMKERSL, 4, JRBRKFEER, T EARLY, ikdmsEsE (i
WAL I NI BT, o) REAIEE CTHEMINATIEELEL T, T2 au=ma,/Q,, m |
EBRHEOEE, o SBRAMEHIEE Q, BBEREOKERNTHS. SREEXROETHELE LT, &
12 0.1Qq,/4c,) —(W/h) 0BEZREEHED bi-linear W& Lz, chi3@holRvRolTiEtos=
ARAEWEAEDI/I0E L, B P-4l 2EEL2ZE LUERLIBDTH S, 2K, Qc, RO
KEMS, de, BEOBRKEREL, W REBROER, 2 BEOWEEITHS. —F, HH\i, X
Q) ic &> TERLI N c2FVvERN D, MEREEN RUBEEREHIFEMEERIC X - Tk
EAERWG, HENIHET 2R ERTHEI N BIIEE L BEL L2 b O8R5, BEEBIKIC
DNTITIL » RISEREITIC & » TEIISENEE « BRIBREKEE OMMKELEL 4 OLE, KUK
T Q LABMKNEELL 4 DK% Figs. 8 10, 12, 14, 16, 18 TR,

4.2 REREREE DL

BRARKICONVT, BITREREEBEREOHBETRS

(1) OF 40 (Figs. 7, 8)

ISEHRITIZ, BWIO 6 BRZETIE » oo BRTHEONIE TS, BIF CIRE U8 it & ik
T35, BIARKDPRBODOESDD, 2ROERBDIEDE->TVBE, 2D, KERBICBIT 2184
EHRBOFMCTOUBEL K, #-T, ERTRYUBERBRL IC—FARE >0k LT, #iFciiz
BEEADMCRBILTED, RBEREERICEBHT A ERTEEh o1, 8-T, CDREFKICON
Tid, RELETEEIC DO THERIT 3 C EBRETH B,
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zlA(mm)
T e guibpon
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0 75 50 75
Fig. 7. Test Result of OF 40

t(sec)

[ig. 8. Analytical Result of OF 40
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-

Fig. 9. Test Result of BF 40

Fig. 10. Analytical Result of BF 40
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Fig. 11. Test Result of OF 80
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Fig. 12. Analytical Result of OF 80
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Fig. 13. Test Result of BF 80
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Fig. 14. Analytical Result of BF 80
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05;g(9) 03,0
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Fig. 16. Analytical Result of OF 120
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-A(mm)
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0 05 10 15

Fig. 17. Test Result of BF 120
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05.4(@)

-05

Fig. 18. Anaiytical Result of BF 120

(2) OF 80 (Figs, 11. 12)

BRI, BAOLRBREEITE 7. OF 40 it MFTRE Ui, EBRTE O
AT E DI R MITBIRER Uice LinL, AEMKEEN 4 ORZIEELEB L TAS L, EBTI,
RSB IIZRESERLE UTEBL TV 301 L, BIFTIR, 2.9 THIZDKXIWHER
(4=3.28mm) 24U, ROBTEHBRE FEHMCDE - TUUE, BUEBROMFCRENELT,
WEHOPLBEEALLTH T -7, UL, BHIOHIBEI SV TRES—FHLTHE,, [EEIEED
RABIC OV TR, 41 TIREUVAETIEEEZRVACEICE T, BITREREEREREIC—HLT
W3,

(3) OF 120 (Figs. 15, 16)

TSR R D 7 BRTIE » 7o OF 80 L FH%, Hux M ORI S LTS, HRKFEEL
4 OHAEERET 5 L, VMEEVBOFHMEICENEL, #1235 BRI, RPodids, ERTRIZR
—EDOFHCH B30I L, B TRAEFAICTNTV S, [EEILEEDRLBIC DWW TIZIXRBRER L7
FRRE—FELTVE,

(4) BF 40 (Figs. 9, 10)

ISERT RO 8 AT - 7. CORBREKI, MREBDT LEBRICKERBEEREELTY
%o COMTHEAMSIZ, 0.940 ton, BAKFEZEA 1.26mm Tho7c, BirTiRTHE 0.887on KU
1.24mm EFHELTHEY, EBRELIL—FELTVS, Ll EBRTRECHETHREALEENGELR
WO LT, BN TRIBZESMHEE TERNS E-Teicd, DROEMBEC, »EDEMNELTNS,
LdL, COBATHERBODLEST ST ETHE, BRIEREEBERII-HLTVS, ¥, BE
EERLBEBLTLLL—H LTS,

(5) BF 80 (Figs. 13, 14)

iR B LSBORETHREORESOEHLLEZED (4=2.06mm), KO¥E (ZO¥icky BFIO @k
EITWMBERAEUR) THHMICERICAEXSER L =871mm), ZHEZOBTRERRIERERE
TR —HLTE, ZD%, #HEHIHEELD, DBORBIITER,

(6) BF 120 (Figs. 17, 18)

ZORBRE S, IREN LSBOBETHE) OBUEREEU TS, KBTI 4=3.42mm TH YK
LTW20icxdl, BTk 4=2.10mm THDEL, LUNIDDEEEZ TV 5. ROWP THEYIH
BWLIDT, DBORBIITERL,

5. ¥ & ®

B, RUSBLONBEOREMERICX 2BMHEER RUBHSERITOBRUTOC Litbh
=70
1) 2.2 TRNIHYY AT 2K - T, BEYHHEREZD TRBICE 5 20BNEEEERINICE
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HhOHELBELDRED,

8) HEHRIOTHhLETAN 0.5 THRRT 2L 5 KRS THY, MENTRIREZOWA%E
REL, BEAEEOYET cnx E3WHISBLNTV . —F,, HrLABHETE RHKOMT
Y0 ES-T. ChiT, BHOBERBICERTSCEICXD, HEIBRATRAERAUMIZRETECE
MTCERD 7D TH B, MEEBAEVIEERERWARNELE>TVS,

) MEMSEHOES, BATTHEE L bi-linear MOWT M, BEOKIVEAICIERER
LOFENREND, BEINSEZEDEDOENALGNS . HHVAEETR, WIThoRREKOSE
HIRE U ET S RIERBRE XSS LTS,

(5) EITIC & BISEIEEE ORI, RHEBAE L, ERERLERICISELTVE, —F, B8R
KELE R OBAEIZRIED/NS WIREE LTV 3 BAIITHISSEODS, BREREET 2841, BiT
HRIERERLOEICHBOOERE U ZBEND S,
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