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RANDOM RESPONSES OF PLANE FRAMES SUBJECTED TO
HORIZONTAL AND VERTICAL GROUND MOTIONS

By De-Ming Yu, Teizo Funwara and Yoshiyuk: Suzuki

Synopsis

The main purpose of this study is to make clear the fundamental characteristics of the three com-
ponents of near field earthquake ground motions and the general effects of vertical responses on the
aseismic safety of structural members of plane frame structures.

Statistical properties of the strong earthquake waves recorded in San Fernando Earthquake (1971)
and other earthquakes were computed at first. Then the elastic and elasto-plastic earthquake response
analysis of the 8-story weak-beam plane frame model subjected to the deterministic ground motions
was studied. The results show the maximum responses of frame structures are quite different accord-
ing to the different frequency characteristics of ground motion. The more general effects of vertical
ground motion can be introduced by using the stochastic method. Three types of 3-story weak-beam
plane frame models with different span length, subjected to the horizontal and vertical filtered random
ground motion, were analysed theoretically and numerically.

From this study, the axial force and axial deformation of the column members of lower story, and
the bending moment or end rotation of upper beam members increase about 10~20% by considering
the vertical earthquake ground motion, than the responses subjected to uni-horizontal motion. Those
effects depend upon the vertical frequency characteristics of the structures.
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Fig. 1. Location of the station of accelerometer in San Fernando Earthquake.
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Table 1. Dimension of 8-story structure
Column member Beam member Axial force
story (mm) (mm) o (MM
8 [3-560 % 560 X 20 X 20 H-650x300 % 20x 22 42.0 1.46
7 [1-560 % 560 x 20 X 20 H-650 %300 20X 22 84.0 1.46
6 [1-600 X 600X 20 x 20 H-700%x300x 22 % 22 126.0 1.47
5 J-600 X 600X 24 X 24 H-700< 350 x 22X 24 168.0 1.49
4 [J-600x 600 x 24 X 24 H-700x 350 x 22 x 24 210.0 1.49
3 [1-600 X 600 X 26 X 26 H-700x 350 24 x 26 252.0 1.49
2 [1-600 x 600 X 26 X 26 H-700x 350 x 24 X 26 294.0 1.49
1 [3-600 % 600 X 26 X 26 H-700x 350X 24 X 26 336.0 1.49
(span length L=14.0 m; story height H=3.5m)
M., M,: Elastic limit moment of column and beam
Table 2. Natural period of 8-story structure (sec)
Horizontal period Vertical period
Mode
sway mode column mode beam mode
1st 1.595 0.078 0.177
2nd 0.514 0.030 0.161
3rd 0.268 0.018 0.147
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Table 3. Unit of nondimensional response of 8-story structure

Bending moment of beam member 210.09 tm
Bending rotation of beam member 0.00268 rad
Axial force of column member 1432.7 t
Axial deformation of column member 0.02 cm
Horizontal & vertical displacement 0.28 cm
Response acceleration 1043.5 cm/s?
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Fig. 10. Inelastic responses of 8-story structure subjected to horizontal and vertical
ground motion.
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PERZE, TRIBEOBMEDOEMIE:, ROREUIRITLI LY, EMNLEMETERTE
bo —F, MELWMEREZIT) 201, HEORHERZICEST, L) —RWREMLICETS
LENH ), A TRERFHFETHVC, 3B 1 RMORBRRUFEEELIRICERLMR 5, LT
JEEIC IS O L TEAFES R NELOEHEEEEE L OBV 20, ZITRBEYOR IV EE
BEok (L/IH=4.0, 3.0, 2.0), ##180ERXTLERIR Y (0, =0.25 —FE=ZFHBEYE, o, =0.5—
ECMEMBEY o, = 1.0, 2.0 —F—HHBHEL), AAOHKFE (KFE, LT), ANMERE2 T 4-F
ELT, WBOTANIPREFYERLIBEROEEB L VCEEFRRLEBLUERERDY T2 L —
SavEBERDT, ETHELED—HNLEEETHALHICT S, MEWETFNVRIANVLORLLZED
EFNEEL, FOR—ZTV—RBIIVWTIRI0B3L L IBREINTWES, B, £EEFLVOEE
ke, BEMOBMEIRRI—-E LTW5,

Table 4 {212 2R SDOEF NV OIMITETiE, 12, REMOBEREITE—X > POREEZRL TV A,
ZEFNOKE, FTFHED LR~ 3XROEAEY % Table 5 12, LTFIRE)OEAE~ F% Fig. 11 (IR
Fo SBEFNEHBTAHLRE- FOERTL ETRBFABIIANVREILL - TEDLLY, HE—-FD
ERTAENIBETFVORBRICE s TEDLLIENT D, HEFNVOERTICEME L HRITEDOKBO
%75 Table 6 IR SN TW5, i, RPOEEAIIEHMOBPERIIHLT 5,

MEL-HMENLIHMBOREREEELZE L, % B LUIEEH white noise TH ), FEEFMHIZ
Iyenger® DAMMBBIC L VEAL, 2R L-RFEEOERE 2 EEBEL TRIBORKEAE L HE
R % KTE)S. 0F), ETE3. 0 EHELTVA, 7, fiter B3 AT, LT & OBEREEIICV) MK
AN T 2 ESRE LCHIBOEERAL, BREK b 13— F#0.5L LT, %28, UTOH
HUZREN D W ORE 1L white noise AHEEWRLTWS, BRTDAN/NT—~ART P Vit So=0.1 &
LTWwaA, ZHIZEAKHEES 25 cm/sec BEICHY T LETH L, T/, KEELETALOHEBMEIRZ
e LtTwa,

Fig. 12 (2123E5E% filtered white noise % EFHMIZAN L72HE 0 BRFHELE ¥ A ERRI K%
B, AV ERBORWL/H) 235 A -5 LTHRT, 22T, #, BOE—2 Y MIZhEFhD

Table 4. Dimension of 3-story structures

L/H Column Beam M./M,
2.0 [1-350x 350 x 14 x 14 H-400x 250x13%x15 1.40
3.0 [1-400X 400 x15% 15 H-400x 250 % 16X 19 1.40
4.0 [1-400 % 400 x 21 %21 H-400<300%x 18 X 23 1.40

(span length L=7.0m, 10.5m, 14.0 m; story height H=3.5m)
M., M;: Elastic limit moment of column and beam

Table 5. Natural period of 3-story structures (sec)

Horizontal Period Vertical Period
Sway Mode Column Mode Beam Mode
L/H=2.0 L/H=3.0 L/H=4.0|L/H=2.0 L/H=3.0 L/H=4.0|L/H=2.0 L/H=3.0 L/H=4.0
1st 0.393 0.452 0.494 0.0212  0.0212 0.0212 | 0.0758  0.106 0.142
2nd 0.118 0.125 0.133 0.0079  0.0079  0.0079 | 0.0685  0.0965 0.125
3rd 0.0625 0.0634 0.0643 0.0055 0.0055 0.0055 0.0664 0.0944 0.121

Mode
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MR E— 2 P CERTIL, HOMMEREE— X ¥
MIBOLAMEL LT, BRREGTEORELREL
TWwb, 72, [BlERAIX S OBEMREERA TER
TALENT WAL, LIH (AU ko TE
HEfE/S Table 6 ICRTLHIKEL-TVD, B R
DL TEMEB & UCRHMBE— A > PREEDOMIES
B L THEAREE L AELERIRER L AN & 3ITK

BEAM MODE

X (b, HEOLTEMS L ORDGREEE—F [ ] ]
DEEREES L/ H G ALBRLEV D, £ o ]
NICRHAT A8 VIREIBOERTAIANOL &iZWD — e
NOEFNIID2NTH, ATRBEIIH L THERTS

Do BICELBE—A Y MIEBRITEAS VRS, 2
DEERHEF L OB S HRICARS L 0REDS e = —
fik—EL Lo Thb, RHEIOARIZL HEDN // R -
W20 138ETH Y, ETEICL T, 2.5(8ED i:
BAOMMbE I LIlhD, —#RIC, EEEWMET NV ] — ~—]
BHREE— X ¥ N OBEIKEVOREHHEROM |

ML ThHL, 1, B L/IH=40k EM#iF COLUMN MODE

Ee Ry FAYNS LB Z B, BEMBRBOMITE— Fig. 11. Zterrfcctilr gribration mode of 3-story

AV FOEBRTEOEXEBIIZNENDOEFNVTRES
7-DTHY, HRITTIE, ANVHEAAKEVIRZE, EANERCERT2HEHI L THREOE- AV
BERIKEL LTV A,

Fig. 13 12139k % filtered white noise % KFEH MU AT L7360 BRFHELE 2 AT ERREI K %
B, RSV ERBOR L/H) %237 A —F L LTRY . SBOKFHAMEN, BMEE- XV IB&
UAEERM R CEE AR LTED, KF1LXRE- FICARTAARUST LTEEFRE (RS, &
7L, LIH=2 DL S 3EARYIEFEH 2570, 0,=0.50L EI2k&V, L THEBLEL HE
Tk, HBHE—2 Y MIKFEIHLTREL, BB ETHIHLTREWY, 22T, 3BET
NEMEELTED, BBEFMIRAE, KPBICLZEHET— A Y IIEMTAILEILONS,

Fig, 14 IR L/87 =27 MU 2D IEEF fitered white noise 2 KFHIEE LT HENIREEAT L
A REYEDE Y AN ERIES BRI, ANV EBBOK (L/H) 237 A—-% L LTRY,
Fig. 13 OKFEHMZFAN LEBEORKRLEET 2L, ETFHROANEMA I LI2L 5T, BHHEY
EFNOMBE— X v b, EEHO#HITIZI0~30%ML, BHOESRZANBEEICEHETS L, 5
OIS IENDEL BB LHH I LITDE, BICLBHOMMOEENE L\,

Fig. 15 1213 282 4. 00 REEW T 7 VI LT, BB OERTERIRE$HH%0.5L2. 0056

Table 6. Unit of nondimensional response of 3-story structures

L/H=2.0 L/H=3.0 L/H=4.0
Rotation of beam member (rad) 2.90x1073 4.52%x1073 6.03x1073
Rotation of column member (rad) 1.48% 1073 1.51x1073 1.51x10~3
Axial deformation of column member (cm) 0.025 " 0.025 0.025
Horizontal & vertical displacement (cm) 0.517 0.527 0.527
Response acceleration (cm/s?) 460.0 460.0 460.0




W IR 8K D KFBE ETEBORT A TEHERD T ¥ ¥ AILE

1ST FICOR  +=emem-e -
/R = 4.0 L/H =30 IL/H=2.0  2N¥D FLOOR --------
3RD FLOOR  w=vemeemes -
1Mr—f 10.0 100
S0 o -ﬂ\ u{if/‘_ — == 50} I
F e s
T = =
sl aal "
20 W 025 05 10 0 W 025 (3 15 25 -

028 [5 10
a) YERTICAL DISPLACEMENT AT THE CENTER OF BEAM VERSUS PREDOXINANT FREQUENCY OF GROUND MOTION
100 19 1.0(

ZN X
74 b o
as /”/1/// \;}\\ 05l /{ /”N\\ > 0s — j,f\\
o] - hY B RS e ) N ~

o s JV‘ '\\\ ‘-—_/ ™ — \\\.
ol 00 oal.

035 03 528 W as 83 v T S A v a—y % ¥

b) VERTICAL DISPLACEMENT AT THR TOP OF COLUMN VERSUS PREDOMINANT FREQUENCY OF GROUND MOTION

ul 04 71
/;\ “To
03 LR e —':' \\a 03 TR ."/ T 03 n,—nz.?—'—'-—; —/__:.. i\\.i
Mw s 108 0 w uoa.s X3 ¥ 20 w 0238 oS 10 X w
¢) AXIAL FORCE OF COLUMN VERSUS PREDONINANT FREQUENCY OF GROUND MOTION
STATIC AXIAL FORCE OF FIRST STORY
08 5] os(
2 i

. N e S

r o M -~ — >~ /] s
MOJS [X3 ) 20 w Mw 0S5 18 20 w 02s 0s 18 0 w
d) BENDING MOMENT OF BEAN VERSUS PREDOKINANT FREQUENCY OF GROUND HOTION
R /) ’/ IF V4 3R A4
L / ¥ ///,/ // PREDONINANT FREQUENCY

‘|\\ h T \k\ 0 OF GROUND HOTION

27— l /) oy - 1 \ \ 0.25(1.17Hz) ---=- -
- .‘ M,’ - Il // ! 0.502.34Hz) ------

il I’t i ! [ Wy i‘ \ 1.00(4.69Hz) -rmeeeer .
wlJJ | 7 " Ll 2.00(9.35Hz)
N Y

o ]i[ - Y/ o 74 WHITE NOISE ------

00 [t o 00 %3 Y o0 vy 7!

o) BENDING HOMENT OF COLUMN

Fig. 12. Elastic vertical responses subjected to nonstationary filtered white noise: Sp=0.1.
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Fig. 13. Elastic horizontal responses subjected to nonstationary filtered white noise: Sy=0.1.
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Fig. 14. Elastic responses subjected to horizontal and vertical nonstationary filtered white noise: So= 0.1.
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