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é to be Buile on the Ya-
Prﬂv1nce of southwest

, has a crest 1ength of 700
# %f~mﬂm thickness at the bot-
meters (Fig.1). The dam is to
"j“ifﬁiﬁlatlvely stable block
¥ seve al area tectonic faults
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B aseismic design and analysis of a 240m high arch dam Ex
ik“ﬂ?ﬂ dam safety against earthquakes.

» ﬁesisn Earthquake, dam and reservoir interactions, the effects of dam
Comparisons between the responses by a s

ﬁhlnese Specification and Park Field accelerogram of June 27, 1966
1.51 canclu51ons concerning the dam safety evaluations. ,

~Tan are outlined
The major aspects include: The

tandard response

2., SEISMIC ACTIVITIES AND THE SELECTION
OF THE DESIGN EARTHQUAKE

The fundamental seismic severity of the
Er-Tan Dam site depends mainly on the in-
fluence of seismic activities of the out-
side surrounding area rather than that of
the site itself. From regional geological
investigations and seismic history records
and distributions of currently occurring
of minor shakings, we have found three
major faulting belts which have signifi-
cant influence on the site intensity
(Fig.2) (Chengdu Design and Exploration

Institute of Water Conservancy & Electri-

cal Power). The historical events of
strong earthquakes along those belts are
summarized in Table 1 and also shown in
Fig. 2. Some comments can be made with
regard to seismicgactivities of the majqr 

faulting belts.

b k) Jlnghe-Qlﬁghe Faulting Belt has a
faulted area width of 8-10km. A histori-

cal seismic event reaching Msxﬁ 7 occurred
‘on January 19,

1467 with an epicenter in-

tensity up to MM VIII. The nearest dis-
tance from the fault to the site is ap-

_fproximately 45 km and the dam site is on
‘the short axis diraetion of intensity at-

”tanuatian.

It is concluded that the maxiw~;
mum effects due to this fault mnvemnnt on
't:ha site intensity would be SR PR A
(2) Huaping-Dukou Implicit Faulting
#It h&; a characteristic uf old base rﬁﬁk
~and several strong aarthqmak&a
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] events of strong earthquakes (Ms=5.5)

Location Faulting Belt

Magnitude Intensity
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Distance to Er-Tan
of epicenter Dam site (KM)

- - — -

=

Jinghe- G VIII L5
2 RN
Huaping- X VIT 45 :
N
Yalong River 5.5 VII e
Huapa@ng- 6.0 VIII 54
Dukou
Yalong River B IX 50 |
Yalong River 5 s VII Uy
Féb 2?,1962 “Suhe Suhe 252 VII 48

S coer e

it :
tg?;) y‘}along River Faulting Belt. A

rather strong tectonic movement of this
o causes a frequent occurrence of minor
.earthquakes and evident deformations of
the rock mass. Several strong earthquakes
occurred in history, especially a Ms=6.7
strong shaking with epicenter intensity of
MM IX in 1955 at Yuzha. It is estimated
the effects due to this area fault on the
site mtenslty would be MM VII.
~ In addition to the three afore mentioned
- major fault areas there are still other
~local and less active faulting belts, such
‘as Suhe Faulting Belt and Xi Fan Tian
_f&nl-tm Belt, shown in Fig.2. None of
‘them would cause an intensity of seismic
Mi@ greater than MM VI.

(8) Reservoir impounding induced earth—

. m Ihﬁ shape of Er-Tan Reservoir is
lmm narrow valley type. Along the
am of the back water of 145 km, no
i “ fault is found within 45km of the
A fﬂ' active faults beyond 45km
2 M an earthquake intensity at the
Mtﬂﬂ;tgam thﬂﬂ H}i VII, which is

W the gffect of tectcmic fault"

....
v

:FE wa%$F;m,_ﬁ1te 15 d&aign&tad _
; gl’*’!ﬂﬁ dam and power
“9L Crucial importance tﬁ the

making it not greater than MM VII.
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of 0.2g and a standard response spectrum
shown in Fig.3 are used in the analysis.
For the purpose of safety checking, the
time history of the Park Field earthquake
on June 27, 1966 was chosen as the input,
because no real earthquake record is avail-
able for the Er-Tan Dam site. The response
spectrum of Park Field earthquake is also
plotted in Fig.3. As shown in Table 2,
both Er-Tan and Park Field have a similar
earthquake magnitude of Ms=6.5. The dif-
ference between the two sites is that the
Er-Tan has a longer epicenter distance
than the Park Field. It seems reasonable
to proportionally scale the peak accelera-
tion 0.356g to 0.2g considering the longer
distance attenuation effect so as to make
the comparison with the standard response

spectrum result more consistent.

Table 2. Comparison between Er-Tan and
Park Field events

Er-Tan ~ Park Field

Magnitude 5 649 _
—— | . - s F _— | |. T —— ". e e———————— B
Epicenter ' 4 - s
distance (KH). g -
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 MODEL AND DISCRETIZATION
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“ ?ﬁﬁ@rgvusﬁd'tn model the dam
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s 8 horizontal layers and
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~sé§iié;ﬁ%%§gg;ﬂxus gl the poncrete is
P U e 3.15 X 1® T/m“, which is

gssumee == 4.5 times the static value.

§ i ndulus of the rock foundation

| e 08 %0 x 10°T/m" to 3.15 x 10°T/m
o 'j;ﬁ'g;£§§§a3grs based on the results
eeal investigations. The specific
2 _1‘-._;‘-‘- » 4 T/m_ and poisson's ratio of
e ancrete are assumed. The founda-
ik is modelled as a massless spring
the foundation stiffness into
| ﬁigﬁﬁf&ausing a wave propagation
from base rock to dam and foundation
| oarface. In addition to earthquake
g ”"”“ ana :'i?ﬁiﬁ , static analysis including
 ydrostatic pressure, dead load and
smerature change, was also carried out,
tail on static results is presen-
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,q*lfgjgﬁdﬁd5mass'mod91 and finite
iﬂat ion are used to evaluate
~ c tormulations of two reservoir models
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~ one point

tain nodal equivalent load, the added

mass f ' :
VL. point i can be derived asg follows:

4 - L] r - r
) /Tai = KiAc Ai A (2)
wlere Al is the area contributions of
elements surrounding nodal point i

was assumed to be three times the dam hei-
sht. Again the fluid was assumed to be
lncompressible; thus the added mass concept

€an still be appropriate to describe the:
interaction behavior. The formulations

for finite element reservoir are described
¢lsewhere (Clogh, 1982) and need not be
repeated here.

For the three-center circular arch alter-
native, comparisons between the two reser—

voir models and dry dam are shown in Table
O A PipE S0

Table 3. Frequencies from different
reservoir models (HZ)

Mode Empty Westergaard F E M

No. reservoir reservoir reservoir

1 T bedb 1.37
2 1:.78 1.35 1.47
3 2. 50 1.94 2 18
4 2 453 2. 50 g
5
6

3.46 2.69 3.09
3.81 T30 3.67

Results shown in Table 3 demonstrate that

the frequencies calculated from two reser-
voir models are significantly reduced due
to the fluid and structure interaction ef-
fects. For the first six frequencies, the
Westergaard model gives a frequency reduc-
tion of 20-25% while the reduction for the
finite element model is 15-20%, both com-
pared with the empty reservoir condition.
For the first six mode shapes, Fig.> shows

a similar pattern has been obtained for

empty and full reservoir conditions and
also for the two reservoir models. However,
' ' needed to be natiagdsia_that the
fourth and fifth modes for dry dam reverse

their mode sequence for full reservoir

fi¢be - conditions because the two frequencles are
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mulation, which was origi-
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investigatlion cour-
Dul'mg 8 1ternative dam shapes have been
5€5) : arison based on the condition
~ comp
or €O

ity of concrete consumption. A
. which was proved to have

for abutment stability
h a typical three-center

It was necessary to find

.'he des ign 3nd

thquakes. Table 4 shows a
omparison between the two al-
1t is evident that the para-
h shape has lower frequencies
+ 15 modes than the three—
lar arch except the tenth mode.

ar

holic arc
for the £1TS

Table 4. Frequencies of different dam
shapes (HZ)
_——-_‘——___——__———__
Mode Dam shape

___-——-——-——-———-_'—'__-_'__——-— 5

el |
L ;}ﬁr L ol ‘the arch, but {1t is
E a,,.w;g:fitl%& Quarter part for upstream
='Tﬁhﬁﬁfiffgiﬁinﬁily-gives a stress of

2
Sauses 8 L.0kg/em” stress increfsse
compared with the three-center circular

aich. IF LS ot surprising that the two
dlternatives behave differently because of

the difference of the curvature distribu—

tion. As shown in Fig.8, the parabolic

curve has larger curvature at the center
arch than at the abutment, and also it has
sogteater areh hedght. - This eubvatite dif
ference might explain why the parabolic arch
has lower frequencies and better resistance

?ehavlor agalnst upstream earthquakes while
1t has disadvantages in resisting cross—

Sstream shakings. Since the parabolic arch

1s more beneficial to abutment stability as
studies indicated and also to upstream

earthquakes, it was finally selected for
eonstruction.

6. DAM RESPONSE TO TWO HORIZONTAL EARTH-
QUAKE COMPONENTS AND THEIR COMBINATIONS

Lo, compare the relative significahce of
different components the same standard
response spectrum of upstream and cross-
stream shakings were separately and simul-
taneously used as the input. The root-mean-
square technique was used for combining the
total response. The maximum displacements
for both components and their combinations
are summarized in Table 5. The maximum
principal stress |contours are shown in Fig.9

no. Parabolic arch Three center arch ‘

1 122 1.26 Table 5 Unit :mm

2 3. a3 L a0 - -———l — t-

3 okt 1.94 , Displacement components

: Rt 2.50 Séaklng Longitudinal Transverse

) 2257 Z .69 e T ov (Yodirectiom) (X=direction)
6 2'87 3-20 _—-__-——___—-———_Z}E-:-B T o Tﬁ'.]; o v
7 3.10 B UPStream (Crown) (Q_Llafter)__

: 400 i - 73 . 2(Neighbor: 1,0

?0 3.74 399 Cross—stream e (Quarter)
11 g e | 45.5(Neighbor 20.4

" 4,18 4.46 Combination LOREEOWA) & (Quarter)

1 4.40 4.60 — s e

12 ' 4.54 4.84 Note:( ) indicates the location

: 4.59 4.93 |
15'“““--£El§. | e Having studied the patterms of displace-

. o s gt End St ress ‘distributions W May make
'€ displace :
Mgeaee - UREENL and stress response for some comments: ' _ s
Upst _

tﬁ.:t:r?wand Cross-stream shakiigs under B »Ege upsChean Shaklng’.ma{{lmilmsiit;i;es
amﬁtanard résponse spectrum condition tudinal displacements and prlnClpi While
th]?% in Fig-7- In comparison with gecury -8t the crown of the tﬁp arzu;]_ly
mgm“*ﬂeer Circular arch, the displace- for cross—stream shaking, € e}ff :he SR

Parabolic arch is 12.8mm smaller occur near the quarter part ©

For combinations of the two compone?ts, the
value and location of the maximum displace-

ment and principal stress are closed to up-

1: g i : ' e
tlay .°° than that of the three-center stream shaking conditl

B P R
e

B ?ﬁﬁi tes iThe parabolic

et L S ol B - o
e T wls i s i |
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It o e S i

SreesEment of 1.3mm greater a nd
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_"OT cross-stream shaking, situa-

(2) Contributions to the dam response
from different modes indicate that symmetric
modES'have'significant'contribut1pns only
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g i, (R 5 C'f the standard res ponse
Iglﬁﬁitg, It is not surprising if
| 4e patterns of two spectrum

in Fig33 vivid diffe re'nc es

two cause t he stress difference
;j%ﬁwi€ﬁ the low frequency range which
ﬁi;fgﬂ;ftﬂﬂt to high arch dam. Whether

y

iﬁﬂ ia;{)(i); :[eeds more investigat 10n
tmﬁ .swdy of more earthquake
i;ﬂm‘giatheother hand, results show
wry high arch dams, low frequency
5 ?;“*f e earthquake and higher
_n&ﬂts % jon of the dam need more at-
4 '1,the analysis. For the Er-Tan
f least the first 12 modes

Vg at _
sif-“‘tio:; considered, otherwise great

e |

sed ﬁn.the National Design Criteria for
pams (For Trial Load Method), the

it loading conditions include hydro-
r_ic dead weight a_nd temperature

o --E;"-"'whil_e the unusual loading com-
miﬂ; includes design earthquake load-
ing added to the usual conditions. Based
on the specification requirements, results
from the standard response spectrum are

ssed for safety evaluation. Fortunately

the maximum tensile stresses due to ear-
hquake loadings occur near the top arch
where the static stresses are in compression
under the usual loading conditions.The most
disadvantageous stresses still occur at the
toe and the heel of the cantilever for
unusual 'ﬂmaination whose values are

-"f"f’ -Icm (‘campre_ssivea at the down-
stream toe and +35.3kg/cm” (tensile) at
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rength of concrete is designated to be

307% higher than the static ones. Conse-

?Ue“t1Y, the Ssafety factors are 4.1 and
v o Compressive and t
respectively.

ment for static and dynamic analysis for
arch dams is available at present.
from the results of the study and a
design practice world-wide,
that the dam satisfies the s

However
seismic
it is concluded
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