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FOR EARTHQUAKE AND WIND LOADINGS

by P.J. Cevallos—CandauI and W.J. HallII

SUMMARY

The results of a recent study on the development of parallel dynamic
analysis procedures for handling earthquake and wind loadings on structures
are presented in this paper. These procedures are based on the use of
response spectra and a participation factor approach for handling the wind
loading which is similar to that used for earthquake base excitation.

INTRODUCTION

The purpose of this paper is to present the commonality of dynamic
analysis procedures employed for evaluating the effects of wind and earth-
quake excitiaton. In addition a procedure is described for constructing
response spectra for wind loading, which in turn permits the use of modal
analysis techniques in a manner similar to that employed for earthquake engin-
eering; the procedures are based in part on random vibration techniques.

SOLUTION OF THE EQUATION OF MOTION

The equations of motion and their solution are outlined in Table 1.

For convenience in handling wind excitation, the loading is divided into two
components: a static component and a dynamic component. The steps in Table
1 are identified as "total" if both components are included and "dynamic'" if
only the dynamic component is included. The solution follows a form similar
to that recommended by the Applied Technology Council (Ref. 1). For the com-—
putation of modal base shear, A is the spectral acceleration for earthquake
loading. P.gsf is the effective spectral wind pressure of the dynamic compo-
nent of the wind loading. As employed herein the wind spectrum is computed
for the average wind velocity in fps at the top of the building.

For wind, drag coefficients are taken as one for the computation of the
response spectrum. Recommended values of drag coefficients and vertical dis-
tribution of the wind pressure are included in the computation of the parti-
cipation factors, as presented in Fig. 2.

STEPS TO DRAW FLUCTUATING WIND RESPONSE SPECTRA

The steps necessary for drawing wind response spectra are based on a
study presented in Ref. 2 and can be summarized (See Fig. 3) as follows:
1) Draw the mean wind velocity (V) and wind pressure (P0 =1/2 PV2).
These lines represent the unamplified response of a single degree
of freedom system subjected to a mean wind flow.

2) Obtain the base lines for the fluctuating component by multiplying
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the mean wind pressure by the effective pressure coefficient (P,)
presented in Table 2, and the mean wind velocity by /5;. These re-
duced base lines represent the wind pressure and the effective wind
velocity that will be felt by a rigid body associated with the
fluctuating component of the turbulent wind flow.

3) Amplify the fluctuating base line to account for the dynamic effects
of the wind. In the velocity region of the spectrum a single ampli-
fication factor is used, whereas in the pressure region more than
one control point is employed. The recommended control points and
the amplification factors are presented in Table 3.

COMPARISON OF EARTHQUAKE AND WIND DESIGN LOADINCS

Earthquake and wind design loadings are dependent on the geographic lo-
cation and the structural properties of the building. One possible procedure
for the comparison of earthquake and wind design loads is the evaluation of
the base shear coefficient. For wind, the base shear coefficient can be com-
puted by multiplying the distributed pressure times the exposed area and
then dividing by the weight of the structure:

_ P x Area

Vw - W

As an example the seismic and wind provisions of the latest edition of
the Uniform Building Code were studied for a typical geographic location. In°
this case, the base shear coefficients were computed for a set of buildings
having the same cross section but varying heights. The results and the cross
sections studied are presented in Fig. 4. It can be seen that for lower
buildings. earthquake loading is the dominant parameter for design, whereas for
taller buildings, winds become more important.

ACKNOWLEDGEMENTS

The authors wish to thank Dr. N. M. Newmark for his inspiration and
guidance in the initial phases of the study. This study was supported by
the National Science Foundation under Grants AEN 75-08456 and ENV 77-07190.
Any opinions, findings, and conclusions or recommendations expressed in this
report are those of the authors and do not necessarily reflect the views of
the National Science Foundationm.

REFERENCES
1) Applied Technology Council. '"Tentative Provisions for the Development
of Seismic Regulations for Buildings." NBS Report SP-510. Wash.,D.C.,
1978, 505 p.
2) Cevallos~Candau, P.J. and Hall, W.J. "The {awrmonality of Earthquake

and Wind Analysis”, University of Illinoie¢, Civil Engineering Department
SRS Report No. 472, 1980, 193 p.

254



SINI1D144300 Yy3IuS 3SVE WIIdAL
FAVACHLYYI QNY QNI “2°8°N 40 NOSIWVAWO3  *h 914

(1333) LHOI3M
gootr 00S 002 00T 05 0z ot S [

100°0
"14 U = >k..:m: 4Ry
NTO=1
J — 500°0
/ dus 00z % 002y anin
; 100
f
y\\\\\E 00 % o) awin
< : 200
INVAOHLYVI
\l\\.\\.
500
0
WNYLIFAS FSNOSTY
ONIA 40 NOLLYANISTUAIY DLLVWANDS € 014
AINIO3
3 1 v
o, Y%, " '

¢ 37av] "s¥oLIVd NOTLVILAITdHY

N 2 vy
IN312144300 ¥NSSIYY INIIVAINDI =

. AT = %4
Nl

N ON1G7TINE 3HL 30 dOL
AV ALIJOT3A NYIW = A

WA ST = )
Wn = Q
000L/h = ¥

IN312144300 ¥Y3HS 3SVE

A 7 431
1 daLs

¢ dls

SY0LIV4 NO1LVdIDILYvd
40 NOTLVLNGWOD 3HL Y04 SHOLLNEIN¥LSIA
YNSSIYA WIILYIA ONY SINIIDI44300 OV "Z "9Id

=)

ey

91GIING G323 W3 WIIGAL T "9l

aNiK Anu ANVOOHLYYI (V)
()4 (,dy= (L) Lm: x % x% = ¢ o
T LE R -
ERE L
Tu
2 — . % I
+ 4 ¥ =
T-Ny
Ny Ny
[ ]

3¥NSS3Nd
ANIM

255



TABLE 1.

EARTHQUAKE

EQUATIONS OF MOTION AND THEIR SOLUTION

WIND

EQUATION OF
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TABLE 2,  EFFECTIVE_PRESSURE COEFFICIENTS
WIND EXPOSURE o COEFFICIENT P 1o P, 350
Crry 0.3 2.05 470.40 7.17470:40
SUBURBAN 0.27
AREAS 0.22 0.76 40-27 2.6707""
Open CounTRY 0.14 0.27 w01 0,950 14
TABLE 3. AMPLIFICATION FACTORS
Z CRITICAL VELOCITY . PRESSURE ~
DAHPING ¥/2000 7w 15 V/u
1 3,53 5.3 5.10 1.0
2 274 4,21 3,66 1.0
5 2,24 3.25 2.60 1.0
10 1.64 2.43 1.87 1.0
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