M

R
vl _g,,__m__m_“_a.

ma,

et




3O fE B PR

RER FFEK E%

e £ ¢ koA



A B R E

ARG T P LA AL DA AR E A AR IR
REAEE S TN, SRR KAQOREHRE. DETELX
MO K BALAT IO K BRI LS T TR R. AR Sk
B R G AR R . R PE I 3 7 IR0 R B A
AARBERK KAMRRETIT. 0% 8E ) MR BRI 5T
B TR TR £ R R I AR 3R T AT LA B e B Rt At R 9
WA, BCAMERE T A BB J) ML .

AR A SRR AR B B, BIRBNIRERA
A WEIBRHRARREX LMK EERMESE.

A R
e FHHK LR
FAERE: FIAK

e £ 2 mon IR
tERREREE IS
[ Bl k2 55 — BRI T ENRY
HHeBIERRRITRRLT
2 HE &M HIERE

*
787x 1092 1/ 16 1325 Ep3k 339 TF
1990 4 7 HE—ME 1990 4 7 A%— KA
Ep%( 001700
ISBN 7-5028—0441-2 / T.14
(829) Effr: 10.00 jC



GLAMEETRY WR=

EH TR EEK
BE  BER fTER
BRI R
E B SR



F F

85 ST 2 B S T AR FE A & AT o B AR R T RO AL B
tEEAREILT. LEXHKBIJLEAZE LA K. 5000 3275 K BUF B/ Gk
EHEET AREERETER I EBEELR: | K Ak RS % X 7 TR
K. AAMETELFRESRELED RS BOBRADE. FUBENELRTHEE
(. — ELAEMER MR, BARUBIERM. SRR AR, S REREEEN.

LR LYK R A T, ph T RE B ER 177 3 4 RO TH 5 SR, MR ER IR M S Uk A R
EEHRE, AHEEARBEAN T WRK, L, MESOARREE LT~ EE
PRSI,

1o PR 2 0 U S A R I A 1 B R BRI AP RO, SR SRR v B RO A
BAEERAHTRESMN. B EXVCLETHENSESHMTNTE, B0 a M
WA R R TEMBIY, BATEREREESESENKERE.

TR RS TR B S RAM TS TRS, S KR R M B S B S
Kb, BRI BEX REE FLR PEAE M R BT MY, O E DL 38 S A R R S S R AR 4
THEAE. Wb PEABATAAARBESAERRE LEERABLTIARAR. B
R KA A RREBEI B AT i Tl K 2% AR et 4 o X B TR e e BB 1
BT T — RFRRAMESHIR, FEETS T £ AR

RATEETREBMGLRL P AREAR 5 532 7 Kb e & 8543 Bk 3000
SRR ER, RS LR TR R, R LT s B
H1:16 A 1:6. %9 7 RE W RARUM IR A UER, HEEEHT TR O RO O
YEdeds, %S MR IRE /DT 0.005, % 5223 7F b TR S bR T RAR DUR ~F i Py S
TR LR . ESBIRREE Sm K Sm k. SEAHHAERS S E#
iTH, RATSHSARE. B&KANSRMATHAZY. ElCentro BB MILEK=
B, THRETRRANEHEER. AHAS -E2NEENEEREALERSL S
TABMGRBEIE, AEERINER. SRR TUSOMES. WS, e
SR H AR,

BERRERABREEORN B -12RAR, TS HREERELFRE
WA, HEERSHEEEERSA LR SN, TN BRI R E YA ST
1.

S THRFCHARRO R, X M RO S 0 B B A B SR O, FE/NRURBH
R AV SR T T . AR R, TE R T R R M Y S5l 7 R Sh
FEANTEARRARR . X T ProcRe 5 a AR R ia i, WA A RN
W, HESTBRAORIR R SRR R T 8RR A FRIT AT, JR4R I T B4R
Frih, it R TR R AR T TR T IR B RR L. AR ICE S
VTR . AR A R T AR R RN, B T — S
.



XHRICH TAREN EEPFRAR. OHAREHRTARTRN. FREFMMER
FISHERBSMIRAENNLE LR, HWSMFRTENRSUBEE LN E
X, FBRANFRERRRANAG AN, TAMNEELIEARRNESEM. hTHl5
BER-NHAEENEE MHEFSRERELE SR, XPREG-ELEERAR
R2ZAb, HBEERIE. MIERTRNEEE—FENERTRORE. HREHRL
KAt TR

FERHEIAAARRDLE
—AhO&=AR



Preface

Steel vertical cylindrical liquid storage tanks are widely used in many national econom-
ic areas for storing raw oil, oil products and petrochemical products. The storage capacity
varies from dozens of cubic meters to hundreds of thousands cubic meters. Most small
storage tanks with capacity less than 5000m’ have fixed roof, and most large storage tanks
with capacity more than 10000 m’ have floating roof to reduce the volatilization of the
stored liquid. As all storage tanks in petrochemical industry are used to store the combusti-
ble and explosive liquid, the safety of tanks is of extremely importance. If incident of leak-
age, inflammation or explosion happened to the storage tanks, especially to the large capac-
ity tanks, the fire is very hard to be extinguished and the damage is serious. During some
major strong earthquakes in recent decades, a few of storage tanks were damaged, and it
led frequently to secondary disasters as spilling of oil, inflammation or explosion, which
even destroyed a factory. So research on earthquake resistance of storage tanks is an impor-
tant subject in petrochemical industry.

Both the operating experience and the struetural analysis of tanks under the
hydrostatic pressure show that the storage tanks built on the basis of current code are safe
in resisting operating loads. However, such tanks are actually .vulnerable to earthquakes
and might cause serious secondary disasters.

Due to lack of systematic theoretical research and detailed data on response of large
tanks to strong earthquakes, the seismic behavior of the storage tanks can not be evaluated
scientifically. Hence, it is difficult to offer efficient measures for improving earthquake
resistant performance of the tanks, and also can not provide scientific basis to improve
aseismic design of tanks. So an extensive experimental and theoretical research program on
earthquake behavior of steel vertical cylindrical storage tanks was carried out by Gaoqiao
Petrochemical Corporation, Tianjin University, Institute of Water Conservancy and
Hydroelectric Power Research and Shanghai Industry University. This project was spon-
sored and supported by Earthquake Resistance Office of SINOPEC. Now plentiful results

-have been obtained.

In the experimental investigation two model tanks installed on the shaking table were
subjected to simulated earthquake motions, one is a 1:16 scale model of a 50000m’® tank
which is the largest existing tank in SINOPEC, the other is a 1:6 scale model of a
3000m® tank which has a quite large height to radius ratio. In order to satisfy the require-
ments of similitude theory as far as possible, the model tanks were designed and carefully
ma:de with an out—of—round distorsion less than 0.005. The model tanks were installed on
the concrete ring wall filled with sandy soil inside to simulate the actual situation. The tests
were performed on a Sm x Sm triaxial shaking table with six degrees of freedom. Three pat-



-

terns of motion used as input signal to shaking table represent different kinds of design
earthquake motions: artificial accelerogram with sufficient long—period components, up to
10 seconds, El Centro accelerogram and three sine waves with sloshing resonance frequen-
cies. By using PCM data acquisition system up to 100 channels and a powerful data pro-
cessing software, a large amount of test data including wall accelerations, hydrodynamic
pressures acting on shell or floating roof, sloshing wave heights, stresses of shell and bottom
plate. and uplift displacements of tank have been obtained and analysed.

Based on the results of experiments and the observed data of tank response to
earthquakes an empirical method was recommended to calculate the compression stresses
in the uplifted tank wall under earthquakes. The correlation between the predicted results
by this method and the performance of tanks during earthquakes is good enough. Com-
paring with previous uplift models this method is rather simple and reliable.

In order to study the effect of viscousity of liquid on the sloshing wave height and
hydrodynamic pressure on the tank wall, the comparative dynamic experiments using oil or
water respectively inside polymethylmethacrylate model tanks were performed on a small
shaking table. The results of experiments have proved that both the height of sloshing wave
and the hydrodynamic pressure of viscous liquid are smaller than those of the ideal liguid.
For the study of aseismic strength of the fillet welds between shell and Iottom plate. both
the static experiment of full scale samples for different capacity tanks with the same materi-
al as in prototype and an analysis of welding stresses by finite element method were con-
ducted and then a simplified analytical procedure was suggested. The damage mechanism
of floating roof under earthquakes was revealed through static and dynamic analyses The
seismic response of tanks in consideration of the interaction among liquid, tank, foundation
and soil, was analysed using finite element method, some valuable conclusions were drawn.

The papers collected in this volume contain major achivements of abovementioned re-
search program leaded by Xiang Zhongquan, Chen Houqun and He Fubao, well known
experts on earthquake engineering in China. Owing to the complication of earthquake re-
sistance of tanks, many problems remain to be further studied, therefore some views in the
collected papers of this volume may still be discussed, we hope readers will point out and
correct them. We believe that the publication of this volume will further promote the re-
searches on earthquake resistance of storage tank and make contribution to earthquake re-
sistance and disaster prevention for our country.

Earthquake Resistance Office of SINOPEC
‘ Marth 1990
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