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1 General provisions

|
5

101  Ths standand is formulated in accordance with the Law of the People’ Wﬂ of China on
Protecting Against and Mitgating Earthquake Disasters, and with a view fo carevifig ofit the policy of
preventon first, to mitigate carthgquake damage and prevent secondary digisiers throtgh seismic design
of hydraulic structures. ?

10.2  The hydraulic structure designed as per thiz standand sha ) A poresist the stismie scton of
the design intensity  and remain functional after repair of |r.||:';|l'°k|;h'.'l'.l'l

103 Thas stamdard 15 mamly appheable 1o 2esmic des l '[nr.u:lr:' 2 aml Creade 3 hydrauhe

structures with design intensity of V[, I, Wl and ch :Ilrr-mm pacted embankment dam,

concrete gravity dam, concrete arch dam, .-chﬁu:f&f" roulsd Bydraulic sructures, imtake wwer,
penstock and surface powerhouse of hydru;mlﬂ&}lt'ﬁ educt, shiphit, etc.

For hydraulic structures with design.ﬂw 1 . seismic caleulation may not be required., it
seismic measures shall sull be taken | H.QEH‘ME ith this standarnd.

For hpdraulic structures with i it ity above [\, and wate sining structures higher than

200m o with undavorable conditio il study and demonss be carried out on their

|
design peak ground ac%n (PGA Y on the propect sile and
Il be determined in with the current national standard
OB 18306 ‘m.:m I'.r i Maotion Parameters ..:."r.l.lr-r.' China,
1.0.5 For Rank 1) projects wlll a aver 200m or reservaoir storage capacity
over 10 b the regions with o 3' of V| or above, and large-scale ( Rank 1)
q am height over 150m in th ns with a basic intensity of W or above, the
desig ; round acceleration on the project sile and corresponding design intensity shall he
determined based on site-specific seismic safety evaluation.
1.0.6 For Grade 1 and Grade 2 dams with a heght over 50m , mam struciures af Rank 1 prumiped

seismic safery.

144 For general p

)

corresponding desi

storage power stations and mportant structures of water diversion projects in the regions with a basie
intensity of W or above, the design peak ground acceleration on the project site and corresponding
design intensity may be determined based on site-specific seismic safety evaluation alier techno-
economie demonsieatinn.

10.7  In addiwion @ this standand  the seizmie design of hydraolic strectures shall comply. with other

current relevant standards of the nation.



2 Terms and symbols

2.1 Terms

211 seismic design
Special desgn of engineenng  structures o earhouake rrgi:mr«\gv 5:131]3; mcluding  seizmic

calrulation and seismic measores,

2.1.2  basic intensity .
Beismic mtenzaty of general site with a 103 pmbuhililg' X

i

« m S0 years, which is usually
determined according to the peak ground acceleration s alrrem natiomal sandard GB 18306

Selsmic Grownd Motion Paramelers Zonation Map of Ehi

specified in the Appendix. For major projects, it &
-y

evaluation. {V Q
-y

2.1.3  design imensity
Sesmic mtensity for engimeenng fark E&%ﬂtmliﬂﬂj on the basie of basie miensiy.,
2.14  reservoir carthiuake #
Earthouake related o rrsurv;; ihing . whichever occu seope of legs than 10km

away from the reservoir ims.

r_,!'
2.1.5  maximum creds a {MCE) ﬁm‘
Earthquake wi i Tis : on the regional geological and

ral diztance  with the maximom probability of

source that makes the maximum contribotion 1o

site-specilic seismic safely evaluation,

2.1.7  sessmic ground motion
Crround motion induced by canthguake,
2,1.8 seismic action
Dynamis actions of seismic ground motion cn stiructures,
2.1.9 hanging wall effect
Phenomenon that seismic ground motion of hanging wall above the inclined sesmogenic Gl s
larger than that of footwall,
2140 peak ground aceelerationt PGA)
Maximum absolute value of ground mass point motion scceleration during earthegunke.
20111 design earthguake
Seismic ground motion for seismic fortification corresponding 10 design intensity  whose parameters
inelude peak ground acceleration. response spectrom , duration, and acceleration time history,
2.1.12  design peak ground acceleration
Peak ground acceleration of fortification probability level specified by site-specific seismic safety



evaluation on project 2iie,or generally comezponding 1o the design intengsity .,
2.1.13  seismie effect

Diynamic effect such a2 strueture internal force  deformation . aliding and cracking caused by aeismic
ackiom.

2114 seismue liguefaction

Process in which, imduced by the seismic ground motion, the particles of sa

of less cohesive soil grow denser, soil pore water pressure increases, and the offl afreas of the sail

approaches zero.
2.1.15  design response spectrum

Curve that plos the maximum ground aceelertion as a o -ﬁt' fatural vibration period of
single-degree-ofl-freedom (SDOF 1 system considering & g 1|n which may be expressed
by the mto af the maximum acceleration responsze (o lht'| L{"E|'I‘.‘ml1l'.:l.l1

2.1.16  dynamic method
Method to analyze seismic effect of @tricture ry of structural dynamics,

2.1.17  time history analysis method

Method to analyze setsmic effect i I hlm::rjr by integrating the governing motion

equation of structure with accelerogr

2,118  mode decompodition meth

elfect of the structure is

obtained by superposition offs ¥ mode decompasition tme

s srimmic effect of each mode,

history analysis meth me history analysis is us
It i= called the mod M Pesponse q:ecrmm‘qﬁ

abvtaim the seismi g h mode,

the sum of squares { SRSS !]fgy\)
' .‘

e the maximum respo

G ismic effects. o

cle quadratw combination {CQC ) method

Method to evaluate the maximum response of structure by the square root of the sum of quadratic

en the response spectrum is used (o

e by the sgquare poot of the =um of the squares

terms of varcus mode seizmic effects and coupling 1erms,
2.1.21  sesmie hydrodynamic pressure
Diynamic pressure of water on structure cansed by earthguake.
2.1.22  seismie carth pressure
Diynamic pressure of soil mass on structure coused by earthguake .
2.1.23  peeoedo-static method
Static anzlysis method taking the product of gravity action, ratio of design seismic peak acceleration
1o gravity acceleration, specilied seismic effect reduction facter and dynamic distribution coellicient as
the design seismic action.
21,24 zeismue effect reduction factor
Reduction factor for seismic effects introduced due 1o simplification in analysis method .
2.1.25  natural vibration period
Time interval for structure to complete o free vibration cycle in a certain vibration mode. The

natural vibiration period corresponding 1o the first vibration mode s called the fundamental period,



2.1.26  zeismic measures
Seismic design except the caleulation of seismic action and resistance . including detals of seismic
rdesign.
2127 details of seismic design
Yarious detailed mensures that must be taken for strectural and non-strectur,

justification by seismic calculation, according (o basic requirements of seismic des

membsers without

2.1 Symbols S’
221 Actions and effects: \
apripresentalive value of honeomal design peak grou ot FRAIOT §
@, ~represenlative value of vertival design peak grqgfn.lt‘ ac ; i

Fe—representative value of seismic active ea

E —representative value of horizontal seismic in nlﬁr .H.Lil‘lﬂ'-l‘.l-l‘l mass paint i
A
mi

Fo=represeniative value of wial seismc pressure on water-contact face per unil

width of structure; %
g—gravity acceleration, which Lwﬁ\, 9.8Fm/s';
fre—charactenstic value of st I gravity action that produces seismic mertial foree:

Py —representative value o

roddynamic pressure at ridepth fi;
e —dynamic distribution ¢ of seismic inertial fore SRoint i
A—design response 1TiH
S—geismir ¢
222 Matenal

win factor,

ML PArBMIC1Ers

iffmess coeflicient of unit length of  tunnel

aracteristic values of transverse stiffness coefficient of unit length of tunnel surroending
T H R
MN—blow count of standard penciration test;
N —rritical blow count;
w—characteristic value of compression wave velocity ;
v, —charactenstic value of shear wave veloeity;
p.—charactenstic value of water mass density.
2.2.3  Limit state design using partial factor:
E—represeniative value of seismic action
i, —charactenistic value of permanent action;
0, —charactenstic value of vanable action;
R—resistance of structure
S—action effect of structure ;
y—importance {actor of structure;
y—structural (aetor, safety margin introduced for non-random uncentamty on the ultimate limit

slate of beanng capaciy



rr—prartial lactor for seismic action:
yi—partial factor for permanent action;
y.—partial factor for material property;
yo—partial factor for vanable actiong

y—design situation [actor.
224  (nhers;
T.—characteristic penod; y
T—natural vibration period of stroctare s
A, —mass ratio of appurtenant strecture 1o main s ructure \ V
Ar=Tund amental freguency ratie of appurienant mmcuuﬂ%mnure,
»

)
’%}



3 Basic requirements

30,1 The seismic lortification class of hydravlic siructures shall be drlt_rﬁj;;&:ll__husl:d on thiir

"
importance anid basic setsmic intensity on their sites aceording to Tahle 3.0.1, %
", ’
Table X.0.1 Classification of seismic fortificutiony J
i E
] | o
Seismic rlificalion ol | Grrade of sirucimre I | _.-"' Kide havic inbrmsily
i e
A i Wy sler-retalining and l.mparull.l waler-releasing er.nm af frade 1
-— - T L . v
113 Son-waber-retabning sdreciure of Grade | ansd u.l.hr\-'l"ﬂllnh!-ﬂtutturt of Grade 2
[ Man-waler-rvtainbng slricbure ufﬂrullh:lﬂmhhrvﬂ'ﬂl‘dti
5 L Fl L |
0 Siructire mﬂgﬁn@y Grade 8

Nale:lmporiaml waler-rebenshng siriciares reler tn |lm‘vq-u!o.fiﬂuﬂu"llm imilampes 1 salfely aof waler-relabnig S ClEies.
3.0.2  The seismee fortilication class ol h.!,-qlh'.';u.ﬁ.[ iebctures zhall be represented in terms of design
mtensiy and honzgontal dezign pes |ir. .gruuh;l agt“u.]l.r.ulun on flat ground surface alter site clasz
adjustment ,and shall comply with ‘u'tjﬂl !::[" 3 to Article 3.0.8 in this ami!q.lwd
303 For hydraolic structures WIlc'r's.{iir.*L.ls’rulL fortificanon classess rﬂﬂ(‘ll’?umrwd i accordance with
the current nattonal standard E.]l [ﬁ:.-l & Beismic f:.u.-.:.mr.u"."r:l'rmmr Pwu.'ﬁi;.'r}t Zonation Map of Ching.in
the case of general ||r'=?'_ht:'ﬂl"‘ r’fn,;:'. ﬂm of the peak ground ace l,-'!u"‘il."m o therr sies shall he taken from
Zonation map a5 the rqllﬁiqu_l_._ain'{ value of the Imllmr.r'[:qk Hessgh peak ground acceleration, and the
correapraaling || |:|.|,|: |1'|E'H?|“II.F 1& Taken ag the degign ||'|-|.-|’ﬂ..*-_|-|*"r'“'|]'r1:-\.ll1|.' s of hydraolc siruciures asagned
10 SEISE fmuﬁru.l{-uq Class A, their design “1.14;'.1%'* ﬂh.'ill"h-i'rum level higher than the basic intensity .

st 1Iu rqlunjq-.rﬁlﬁ vilue ol the :I1r|rmw41]1-:jﬁmg1 p-u,.uk ground acceleranon shall be doubled

<|i:u:|nh[|.|3,ﬁ1, A
l.0.4 ']qr ﬂmjrcls whose selsmic l'ﬂrtll'l.-u:auun cr]!erl: are hased on sile-specilic selsmic safety

evaluation, the probability of exceedance of the representative values of horizontal design peak
ground acceleration, P, on the flat rock foundation surface shall be .02 in 104 years for water-
refaining structures and important waler-releasing structures assigned fo seismic Fortification
Class A, An probability of exceedance in 50 years, Pi, . shall be 0,05 for Grade | mon-water-retaining
structures, An probability of exceedance in 30 vears, Py, shall be 0,10 Ffor hydravlic struciures
assigned to other seismic fortification classes than Class A, and the corresponding peak pround
seceleration shall nol be lower than thal specified in the current national standard GB 18306
Seizmic Crroand Mofion Parameters Eonafion Map of China.

305 For hydraulic structures assigned fo seismic lfortification Class A whose design seismic
parameters shall be provided by the site-specific seismic safety evaluation, a special demonstration
on safety margin under the maximum credible earthguake | MCE] shall be carried out on disaster
prevention of the uncontrolled release of reservoir in addition to the seismic design under design
peak ground acceleration. A special report on selsmic safety shall be prepared. The MCE of the site
shull be determined by the deterministic method or the probabilistic method with an probability of

exceedance of .01 in 100 vears.

I



306 Inthe special report on sesmic safery, relevant gindsspecific design response gpectrum shoulkd be
determined based on scenario earthgquake corresponding to honzontal design peak ground acceleration ,
angd artilicial accelerograms are genersied. For analyzing the seismic effect on strectures wilh sirong
non-hneanty, the mfluence arising from non-stationary frequency of ground motion should be stodied

when conditions permit. When the distance from the seismogenic Tault to the site i;

-.:I.: than A0km and
its inclination angle is smaller than 707, hanging wall elfect should be considere the distance 1=

less than 10km and the magnitude is over 7.0, the rupture process of :w:'.fumn&enin: ult a5 Yhe area source

of the near-ficll strong earthgquake ground motions should be studied (8geperate directly the random
m the peak period of

time histores of gpround motions, and then 10 select the time histo
'
7

evilutionary spectrum ¢losest w the fundamental period of sirect
3.0.7 When the grade of water-retaining strecture is mls.zii'e,!"g 10

) ipetent authomnes for approval,
jviki short period of construction.

10ikm and storage capacity larger than

-,
height , special study on the

semmie formihicaton standand shall be performed aml repo

308 Seismic actions may not be imvolved in the case & re
309 For new reservoirs with the dam higher
00 million m’, an evaluation of reservoir b all he conducted. In the case of potential
reservoir earthquake of magnitude higher . or epicentral intensity higher than W , a
w{ﬂi ! % exiablished and put into operafion ai leasi one

reserveir carthguake monitoring net
year prior to the initial impoundn
3000 The seismic design for h

measures . and shall be mmplw rith the following requirem n'gp:r
1 Select the regiow, =it i structure ype I’::mnﬂ;k%ﬁihmlt resistanve according to the

SRS requirement

2 Prevent ‘*I:h e of Toundation and F—Iuﬁ?}/
. : :
r cost-¢ffective structures caduped for earthquake resistance.
- . ‘ . . . '} -
I | nstruchion quality {ui«ﬂ%\. ris meeting the =e=mic salely regquirements n
/ ..\

6  Conduct seismic designs for non-structural ¢lements, appurtenant electromechanical equipment

structures =hall incl : coleulation and seismic

F
il
ot 1 The strociores,

angd their connectiong with main structures o hydravlic stroctures, such as shoce, intake fower and
shiplifl.

30010 The requirements for emergency plan to prevent and mitgate earthquake hazard shall be
proposed in the design document for bydraulic structures with seismic reguirements.

3012 Dynamic model test should be conducted for dams assigned 1o seismie fortification Class A
with the design intensity of W and above, and a height of more than 150m.

3.0.13 The seismic monioring array design for strong-motion observation shall meet the require ments
of the current professional standard 31 488 Techurea! Specification of Strong Motion Monitoring for
Selsmic Safety of Hydraulic Strucinres or DLST 5416 Speciffcation of Strong Motion Safety Monitoring
Sor Hyilraulic Structures



4 Site,foundation and slope

4.1  Site

4.1.1  In site selection for a hydrulic structure,a comprehensive evaluation shal rlarmed in terms

of tectonic actviny . the stabilny of sae foundanon and =lope, and the ri.\‘: sccondary disasters, ele,
based on engineenng geological and hydrogeological exploration is

i mvestigation. The site

shall be classified o four categones; favorable, normal, un nil hazardous acconding 1o

cted . while unfavorahle and

H':?&tfhhm must be conducted for a dam

Table 4.1.1, Favorable or normal site for scismic safety

hazardons sites should be avorded. A thorough seismic »
constructed i unfavorabie and hazardows sites,
Table 4,11

Bralmhy ol =g loujelation
sie clnss Tetmic actiny Kk ol seeondary disesier

- and slope
Mo active bl wishin 25 . with
Fpvorabk Wrcued| Wiy [ow
F

Iz imtensity i 1
i . |

)
Wi petive Tt within | the sile. with
el Mo
51 ey f

the  mile, and q-\.::mlrwmr

Elnlawimakds Pyiar High

i
R.
gihin J
Work junr Vry high

according to the shear wave velocity af il lavers shown in Table 4.1.2, and shall be in accordance weth
the follewing requiremients

1  The shear wave velocity o, of site soil,or the equivalent shear wave velocity of each soil layer
beneath the foundation in the cage of multi-layered =ite zail, shall be calcolated according 1o the

lalipwing formula;

v, = — % (4.1.2)

Z:I[ d.iva)
where  d—overburden thickness{m b
o —thicknesa of the ith soil layerim);
v=—shear wave velovily of the ith soil layverim/z);
s—number of overburden soil layers.
2 The derermimation of overburden thickness o, shall be in accordance with the followmg
TR UIMETEn 1S
1 1°The thickness shall be determned by the diztance from the ground or foumdation surface 1o the
“ e



o of the seil laver, whose shear wave velocity iz more than 500mss and the shear wave
velocity of lavers beneath which is not less than 500m /s,
21 The thickness shall be determined by the distance from the ground or loundation surface 1o the
top of the layer, whose depth is more than 5m and shear wave velooity is more than 2.5 times
layers 14 not less
an Hm/s shall

the overlying soil layer and the shear wave velocity of itsell and underlyi

than 400m /=, The boulders and lenticles with a shear wave velocity
be deerned the same as surrounding soil layer,

31 The hard rock layer intercalated in g1l ghall be conswdered as rﬂ] § i
be deducted from the overburden thickness.

Tuhle 4.1.2  Classilication of sile

s thickness shall

B sl clisse Shear wave veloosy i, m's) 1 anil progeimes

E (S Ay i, "\-“’.;'_. e i L
Fland mck = B0

Hih rock anal haml suil WHl=, = 5K

i bk s S udl n=e and slighi-dense sandy gravels; dense coarse aaml aml
i R, =25
o piepL il b 1 sesml s himl Elay 4ar =il

|.;'|1I-d-r:h-: Hrm.l.'l:l chugse s, el sl and Ao sand and sy
lrnl] Lomdmary ¢ hoy and aill

Moderarely solt sal

llaneoa= Gl

Saoft wail Mureimucky soilsbocee s

4.1.3  Sies shall he rln_*_iitil'ie IV . according to the type of

site soil and overburden

3

Evi saml el
)} 1 Satf L | Al .'f-'.i:':- 15 e w0 R o iy )
_=

I -
I -

Mlealerately hanl scel - t, i

Miodermiely sl =oil - 1, [ | ]

Bafr sail - I, ] ] I
4.2  Foundation

420 In seismic design of foundation for hydraulic strectores, the type, load , hydropower and operating
condiions of structures, as well ag engineering geclogical and hyvdrogeological conditions of fundation
and bank slope shatl be considered comprehensively.

422 For foundation and bank slope of water-retaining structures, such as dam and sluice. the crtena
an stability against earthiuake liguelaction, earthquake subsidence of weak elay and  seepage
deformation under design seizmic action shall be met, The detrimental deformation o the strectures
shall be avouded.

4.2.3 For weak discontinuities n foundavon and bank glope of hydraulic structures, such as laolis,
fractured zones, dizlocation zones, and especially, low-dip clay-interbedded layers and argillization-liahie

w o



rock lavers, the stabilivy and aslfowable deformaton under degign seizmic action shall be verified
acconding o their oceurrence, buried depth, boundary conditions. seepage. physical and mechanical
properties and design intensity of stroctures  geigmic measures shall be taken i§ necessary.

4.24 For seepage control sy=tem and its connections, drainage and flters of foundation and bank slope

for hydraulic structure, e ffective measures shall be taken to prevent hazasdous cracksor seepage damage

under carthguakes,

425 For heterogencous foundations, whose materal properties and thicke ry greatly in

honzontal direction, measures shall be (oken o prevent large dilicrﬂl' =citloment . shding and
(2 |i£

concentrated seepage . and to improve the capacity of structure to talgrat ntial settlement of the
[oundation, -
426 Liguefsction of soil laver in foundation shall be jﬂﬂri{ie wn'ling 10 the current national
standards GH 50287 Code for Hwdrepoceer Engroeering € n)’ { Investogadion and G 50487 Code
for Engineeving {reological Investigation of Water Kepfipr ﬁ]‘ydmpauw.

4.2.7 For potential hauelacton 2ol lavers i fo e Bllowing seiamic measures may be taken

according to the type of structures and specific he project s
I Remove Bguefinble soil layers andegep with nen=liquefiable soil.

2  Use artificial compaction str hods, ncluding vibroflotation &and strong ramming,

a1,
3  Adopt counter weight and d
4  Adopt compound f

LISLTES,

afjon like vibration-compacted stape Sglumn, or foundation with piles

penetrating through Lig r

&  Confine lig nereteWalls or other measures,
4.2.8 For sofl way

Ulass & or C

clure assigned (o sesmic lorifcation

camed out, Unless otherwise specified,

3 Blow count of standard penciration test & less than or equal to 4.

4 Sensitivity 5, greater than or equal 1o 4.
4.2.9 For soft clay layers in foundaton, the following seismic measures may be taken according 1o the
type of atructures and specific conditions:

1 Remove or replace ol clay m the foumsdanon,

2 Conzolidate the layers with the preloading method .

3 Adopt counter weight and sand well dram or plastic drainage boand,

4

Adopt composite foundation . such as pile foundation. vibrotion-compacted stone column,ete.

43 Slope

43.1 For hydraulie stroctures die where compheated rock mass siruciures, weak discontinuities or
unfavorable combinations of clay-interlayer exist. and with poor stability of slope, the distribution of
unstable slopes under design seismic action shall be identified . the potential hazard shall be analyzed and
treatment measures shall be proposced.

4.3.2  The design ntensity and representative value of design peak ground scceleration of glope shall
« 10



be determined Based on comprehensive demonsteation of the seismic fortification clazs of the relevans
hydraulic structures, the correlation between the slope and the hydraulic structures, and the impact of the
shope Tailure an the hydraulic struetures, ene.

43.3 The rnigid limit equilibrium method may be adopted for calculation of slope seismic stability.

Diynamic amplification effect of slope seiamic inerial force may be neglected and the®hear strength with

eohesion may be taken as the staiie shear strength.
434 The seismic analysis and the selection of salety facior for siopes ¢
professional standard 51, 386 Diesion Code for Engineervd Sfapes in Wa

Prufeces or DLST 5353 Design Specification for Slope of Hydropow j
435 For high slopes wih complicared geological conditio
based on dynamic analysis. The deformation and seismic sgabitlivy

ith the current

sosrves and Hydropower

i

v Conservaney Profect.
s should be conducted

Va1
gyt the slope shall be analyzed

comprehensively on sasmie effects such as the displac éﬁ uil displacements or opening of

sliding plane of the slopes., 2‘&
Q
s

’ & ,)’é‘
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5 Seismic action and seismic calculation

51 Selsmic ground motion com ponents and combinati

811 In general. it may be permitted to take nto account only the h@ ismie achions for
hydranlic structures other than agueciuct s,

5.1.2 For aqueducts with design mtensity of M and above, as we aﬁh or Grade 2 hydraulic
structures with design intensity of W or X incloding embankme avity dams and other water-
remaining structures, long cantilevered, large-span or hip_lh-_l;i!?:;ing lic concrete structures, both
horizontal and vertical seismic actions shall be taken intogc t ¢ representative value of verical

design peak ground acceleration may be taken as 273 ofithe taotive value of the honzontal design

- |
acceleration for near-leld earthgquakes. \i
5.1.3 Far archdams of special types., ohviau: -e1r|r' or hollow ones, and for Girade 1 and Grade 2

I |l of Wl or [\, the vertical seismic effects should be

peak geownd acceleration, but shall be the repres alie of the horizontal design peak ground

dlouble-corvature arch dams wath des;

studicd specially.

5.4 For embankment dams anmd ¢ gravity dams. it may b o Lake ante account only

the horizontal seismic actions stream direction on seismi “ofmonolith of gravity dam on

steep abutment, the hogmeni: e actions song cross-g irection should be considered. For

important embank L

reh dams and sluices, lhu&&ﬁmu acticns m both stream and cross-

1 cosisicl epid

« horontal selsmic 1:||:1_ i cross-stream direetion should be
specully studied,
515 For

1owers, frames on the 1|:|p sluices and other h}'dmulm conerete structures with

principal axial directions of structures shall be considered .
£.1.7 When the seismac effects in orthogonal directions are caleulated simolaneouwsly by the mode
decomposition response spectrsm method  the overall seismic effects may be taken as the sgquare ool of

the sum of squarest SRSS Jof seismic effects in each direction,
5.1 Classification of seismic actions

521  Semie actions 1o be considersd i sesmic calewlaiion of hydraslic strsctures shall mclude the
inertial force induced by dead weight of structures and facilities, seismic carth pressure and seismic
hydrodynamic pressore ,as well a2 2eimic pore water pressure,

812 Seismic hydrodynamic pressure may be ignored for embankment dams except conerete face
rockfill dams{ CFRIz).

5.2.3 Seismic effect on wave pressure, seepage pressure and uplift pressure may be ignored.

824 Generally, seismic effect on silt pressure may be ignored. but the water depth in front of
structure shall include silt deposit depth in seismic hydrodynamic pressure calealation: il a high dam has

an extremely deep silt deposit, the seismic effect on the silt pressure shall be studied specially.



5.3 Design response specirum

53.1 For hydraulic structures assigned to seismic lortification Class A requiring site-specific seismic
safety evaluation. the site-specific design response spectrum specified in Article 3.0.6 in this standard

shall be sdopted as the design response specirum. For other structures, standgfd design response

spectrum shall be adopted as the honzontal and vertical design response spectrums
3:2) shall be in

53.2 The shape parameters of standarel design response spectrum {Fig T

accordance with the following requircments;

I Forthe period less than 0,18, 3 T)is taken as a straight line g{l Fl.lh 10 G iwhere Tis
-

the natural vibration periad of structure, ey

2 For the peniod between O.1s and the Eharnﬂrris.li‘r‘ﬁrri L T is erual to the maximum
value 2.... &7

3 For the pericd hetween the charactenstic per Tw.ﬁl TI= Rl T /T T

AT :’- r
|

L.

533 The : ndard design response spectrum #,. Tor

’ ) Unbeer sirucnures includng slice.,
Sructure e Embankmini dwm Crravily mm Arch dam
inkaka fow pr ot o el mlign
i - 160 2in 250 3]

534 The representative value of mimimum value of standard desgn reapense spectrum &, shall not
be less than 202, of the representative value of maximum valoe of design response spectrum.

535 The charactenstic penods of tlandand design response apectrum T, for different site classes may
b selected according to the sie location specified m the current natonal stamdand GB 18306 Seizmic

Cerownd Motion Parasieters Zonatfon Mag of Chiag,and adjusted in accordance with Table 5.3.5,
Tuhle 8358 Adjestment for characteristic perind of standard design response spectrum of site

Uharartenstic penmal of basic respemse Site clios
spectnmm of sive Ulass (1 L I, | il il B
[l {1 8e £ L35s 135 .G i1, i5a
[ T k35 i, 3w .40 0,555 0, 73s
R 3 rals 0. 35 0.4l 1. hGs 10, fils

LI



54 Combination of seismic action with other actions

540 Upsiream pool level i geismee caleulanen of hydraulic strectures may adopt the normal ool
level; for overvear storage reservoir, it may be lower than the normal pool level after demonstration.,

unfavornble 1o s
conditien, 1
necessary . the joint action of earthiuake moions and frequent ponl 1:- wh may also be

"|l.llih w be supplemented by
checking of the combination of seismie action with freguent low

-y
5.5 Structural modeling and :;!:?twkghnd

551 The structural modeling of seismic effect for
that stipulated in their corresponding design s1and
5.5.2 Except for embankment dams in narro gravity dams with grouted transverse yoants,
the seismic calculation of gravity dams, shgi d_embankment dams may be conducted in terms of
wrut widdth of dam or sluice or a monol %{'c

553 In addition to the relevant
effects for hvdraulic structures shall
Table 5.5.3.

5£.4.2 For upstream slope of embankment dam . a frequently occurred pool level m

seismic slablity shall be adopled i seéismic calculation according 1o the

considered.

8543 The seismic strength caleulation of imponant arch dam a

raulic strectures shall be the same a=

in this atandal . the ¢ tiom method of the seismie

e according 1o the seis ation ¢lasses , speciied in

r_,!’

Calenlation method of

:.Y:""" culatfom meethod of seesmic eliert

[ 3ymamme 1 IHWLHI\!MHI daims el o=adates i sl g B saligabod
wi the

ferrunn] i=slabe methol

Fapodo-<taflt nuethind or iaking =e=mic measure= wilksoan enlouliaion

554 Forlinear elasticity analysis of hydraulic structures, the mode decomposition response spectrum
method or the mode decomposition time higtory analysiz method may be adopted for calculating zesmic
effects, im which only the elasticity influences of foundation are taken into account. The damping ratos
for various hydraulic structures may be taken as follows: 202 for embankment dams, 105 for gravity
dams,5% for arch dams. 7% for sluices, intake towers and other structures. For damping ratio of slope,
special studies shall be carried out,
55.5 Forconcrete gravity dams and arch dams assigned to seismie fortification Class A the following
lactors shall be taken into account an the dynamec analysis model for special seismic study

1 Dynamic interaction of structure-foundation-reservoir system, foundation mass, rock type and
tectonie structures of near-field foundation, the far-field radiation damping . non-uniform ground motion
along the dam-loundation nterface.

2 (Orpening and closing, and shding of arch dam transverse joints during earthguake.

3 The massless Toumdation model may Be wsed 1o consider the dynamic interaction between
structure and foundation for other hydraulic structures when the seismic effects are caleulated by the

dynamic method .
. 14 n



556 When the mode decomposition response spectrum method iz uzed, seismic effects of various
modes may be combined by the square root of the sum of squares (SRS5) method. 1f the ratio of the
abaolute value of the requency difference between two modes (o the minor requency 15 less than 0.1,
seismic effects should be calculated by the complete quadratic combination (CQC ) method s

Si= 35058, (5.5.6-1)
o i i

= ﬂ"-';ﬁ ‘I' a5 I-.--';. ]?.;.' ™
=P+ afir 1+ paH 4+ \1
i A

24 (5.5.6-2)

where  me—number of modes mvolved m caleulation;
Sy—seismic effect; y
5. B—seismic effects of ith and jth modes, respectivel //& »
py—oorrelation coeffickent of ith and jth modes; <>
£ —damping ratios of ith and fth modes, res
y—circular frequency ratio, y. = w, /o ©™
o, w—circular requencees of oh am!ﬂ s,g;:mively.
557 Higher-order modes with contribut more than 5% to seismic effects may be ignored.
When the lumped mass model i use “‘ﬂ
that of modes used in caleulation of

b of lumped masses shauld not be leas than foar times

558 When the time histo ysis method s used for caleulatinBgetiyiic effects. design response

spectrum with 55 damping t least three sets of artificial

@ 2, aned the correlation coefficien
s dhall nol be larger than 0.3, The caleulated
omprehensively to determine the seismic

accelerograms shall B an
AN

ulation of seismic effect . the representative value

between cormponel:

results with v

int § shall be caleulated according 1o the ollowing

E = bl /g [ 5.5.4)
where  E—representative vilue of horzontal seismic inertial force acting on mass point (3
ay—representative value of honzontal design peak ground acceleration;
E—scismic effect reduction factor, which shall be taken as 0.25 except for reinforced concrete
structures analyzed using the dynamic method
Cre=charactenzue value of gravity action concentrated on mazs pont f;
a—dynamic distribution coefficient of seismic nertial force of mass point ¢, which shall be
taken in accordance with the relevant provisions of this 2landand ;

g—gravity acceleration.
5.6 Dynamic properties of conerete and foundation rock for hyd raulic struciores

561 For masz concrete hydraulic structures assigned too zeismic fortification Clazs A, the dynamic
properties of concrete shall be determined by test,

5.6.2 For mass concrete hydraulic structures whose dynamic properties of concrete are not determined
= |5 »



by test, the characteristic values of concrete dynamic strength may be deermined in accordance with
Table 5.6.2, and the cormesponding partial factors for material propertics may be taken as 1.5 the
characteristic values of dynamic elastic modulua may be 1505 of static oness the characterigtic value of
dynamic tensile strength may be 105 of the charactenistic value of dynamic compressive strength.

Table 5.6.2  Characteristic value of dynamic compressive streagih of dam conereie] MPa)

o rite o rength prede L5 [ [l £ 15 e

Cimvenional cononein - .l 11L& I7a iq“ k-

5
REnllr-compacied concnee .8 125 6.2 5.0 ‘3 T2 -
5463  For seismic coloulation of concrete hyvdraulic structure rln%mrmmiun muodulus of
foundation rock mass may be taken as static deformation m the dynamic method is

adopted to calculate seismic effect, the charactenistic !-'aluﬂ/ yniyie shear strengih parameters of

7

foundation rock mass as well as the interface between roc n and conerete may be taken as the
static ones, When the pseudo-statwe method s ad cakculate sesmic elfects, the chamclensie
values of dynamic shear strength parameters of rock mass as well as the mterface between
ek foundanon and conerete shall be the n}: e static shear strength parmameters,

57  Belsmic desi limit states with partial Factors
&
571 The seismic strength and + er the most unfav hination= considering both
static and dynamie actions t rioid hydraulic structures shall Sy e following formula Tor

ultermnate limit states, 7

- I,
Ht}"l.“u]"ﬂ#ﬁ-rl:s.-:ﬂ&_ I'“.) (5.7.1)
where  p =i & factor of structire . whicl % nin accendance with GB 50109 Llydfed
|
- H Sor Beliabilioy Design i Engineering Struciures;

 siluation factor, tnken as 0,5

g
.
ctiog ¢ ffect funetion of structure

¥, —partial Bctor for permanent sctuon;

Cr==charscterisie vilue of permanent action ;

¥, —partial factor for variable action;

h—charactenstic value of varable actwon;

¥, —partial factor for seismic action. taken as 1.0

E —representative value af seismic action

ay—characteriste vilue of geomelne parameler;

y —structural factor for ultimate limit states;

Ris)—resistance function of structure;

Si—characienistic value of matenal property;

;rl_—pariia.l factor for material property.
£7.2 Limit states 10 be checked and corresponding structural factors for various hydraulic structures
under gegmic actons shall comply with the relevant regquirements i this standard,
£7.3  Partial factors and charactenstic values of static actions combined with seismic action shall be

|



assigned in accordance with correspomding design standandz lor various structures, When seismic effect
reduction [actor is introduced m seismic checking . partial factors shall be taken as 1.0,

574  In seismic design of reinforced concrere structural elements, the seismic checking of their
sectional beanng capacity shall be conducted in accordance with the current professional standand S1.
191 Design Code for Hydraulic Concrete Stractures or DLST G057 Design Specific .H#_.H for Hydraulic
Concrete Structures after the seigmic effect determined by this standard. Whe

wsed 1o calculate seismic effects, the seismic effect reduction factor shall he ta 235, When the
pacudio-static method 5 used 1o calculate sesmic effects of remdorced mﬁr e structoral elements, the

seismic effect reduction factor shall be u{ken as (.25 i sesmie mertialforee ation.

8.1 In calculation of seismic effects for appurtena of hydraulic structure , if the mass ratio
A, and Tundamental frequency ratio 1, of appurt i

lollowing conditions, coupling analvsis of w fiructures and mamn struciure may not be

performed:
1 A, < 0.0l \i

2 001 =4,= 0.1.and 1,55
552  For an appurienant strucl

& Lo mak structure satizly eiher of the

input in seismic ellect
at the connection with the At ;

clre and main strociure wj%uup ing analysis, the mass of the

appurtenant structu sidered as an added f.ﬂ.q ol mam structure if their connections

may he regand sd § Q\&
h ure

540

calculation may take the acce
58.3 For an appurt L=

59, l 1H.1.I'rE' value of seismic activ pressure may be caleulated by Formulal 5.89.1-1)
aneh :ihl 'iu_- greater value of the caleulated results with plug or manes <gns in Formulat 5.9,1-1 ).
Fe= et gm0t dereic, (5.9.1-1)
== T | s~ b I
L ‘-"..I 0 L gy — s 3 o £

slg—d —) o
€= oot 2 — (5.9.1-2)
cosf, cos' cost b A HIHVEY

_wn(d+glsinleg— &, — g )
costd + ¢ b 8 boosd gy — ¢ )

(5.9.1-3)

where  Fy—representative value of seismic active exrth pressune;
i, — lesel per unat length on earth surface;
dr—included angle of retaming wall surface with vertical plane;
gro=included angle of earth surface with horzontal planes

H=—height of earth:
y—eharactenste value of gravitaty density of earth;

g—internal Inction angle of earth;

R I



Eay,
£t fa,

. —seismic coefficient angle. &, = arclan «where a, s the representative value of vertical

design peak ground scceleraton ;
d—Iriction angle between retaining wall surface and earth;
g—seismic effect reduction factor; when the dynamic method is used ffor caleulating the
seismic effect. it shall be taken as 1.00;when the pseudo-static m used, it shall be
taken az (0,25, and (.35 for reinforced concrete stracture,
892 The seismic passive earth pressure shall be determined through m‘ia Stody.

= |H -



6 Embankment dam

.1 Selsmic calcalation

F

611 The seismic caleulution of embankment dams shall melode setsmic itahi]' v Balcilation , residual
n

deformaton caleulation, safery evaluanon ol impervious body . disen of lipuelaction. @,
inat SCISMIC MCASUIeS.

wegtatic method shall generally
be adopted 1w caleulate seismic effect. The finite element mg_Lh.l'.Ifl all also be adopted 1o analyvze
the seismic effect on dam body and foundation o comp n{lé’e‘aluﬂw the seismic stability in one

of the following conditions;

Comprehensive evaluation of seismic salety shall be performed inc

6.1.2  For seismae stabiliny caleulanon of embankment dams, 1

I With a design intensity of W and a dam h 15

2 With adesign intensity of Wor [\ & aver 70m.

3 Wath liquefinble soil layers in the dﬂWﬂ ACH.

For embankment dam with o ummu}mrﬂi over 40m, dynamic analysis shoukd be
performed.

6.0 When the pseodo=staie met opted 1o caleulate seis andd seizmic stabality Tor

ethod consdenng effect of gnger-#hce Yorces should be adopted in
thizs standand , using the [a%n i Appendix A of this standard,
The shding wedge rwe adopted for found ated with thin soft clay layers, and

dam= with thin ||1$|: ore ar thin clay core, “'h,
hd4  Whe do-static methad i adu::q']'l lfle seismi effects and seismic stabality [or

embankment dams. the slip—gi

complianee with Aricl

1:er.-||1|:_1.1.| AL dynamue distribution Figure 6.1.4 ol mass point ¢ shall be taken in

he. ynamic distribution coefficient 51 the dam base & is taken as 1.0,

2 The dynamic distribution coefficient at the dam crest e, 15 taken as 3.0, 2.5 and 2.0 for design
ntensity of W . W and [X , respectively.

3 When the dam beght H g not greater than 40m, the dynamic distnbubion coefficwent of cach
elevation 15 chtamed by lmear interpolation of the dynamie distribution coetficients of dam crest and dam

hise,

Dt hirighil #3580k T hright {2 ¥l

. ——

= ::F | Dai, =112
E
1

Figure 6. 0.4  Sketeh for dymamic distahutmn covificant of seiemie nesial faree inembankmest dams

o



4  When the dam height is greater than 40m, the dynamoe diztribution coeflicient g iz 1aken as
L% D, — 13/3 at 0.6 . the dynamic distnbution coefficient @ a1 mass pomt above 0.6H s obtained by
linear interpolation of the dynamic distribution coefficients a1 0.6H and the dam erest, the dynamic
distribution cocfficient & at mass point below 0.6H is obtained by linear imerpolation of the dynamic
diseribartion coelficients at 0,6H and the dam base.

6.1.5 When the presdo-static method = adopted 1o caleulate the seizmic effec
1 and Grade 2 embankment dams. the dynamic shear strength of soil should tefmined through
dynimic testz, 17 the tested dynamic strengih 12 ligher than the rumﬁpm%Halic trength, the stane

strength shall apply.
When dynamie test data 15 unavailable for non-lgquefiable
gravel, the static effective shear strength may be adopted ¢ %I'nr

pahesive 2ol and dense sandy

cohesionless sl like rockfill

nlnirlg pressure shouk] be adopred.
5 with FEM should be conducted n

and sandy gravels the non=lmear stane shear 2trength cons
6.1.6 [hynamic analysis of seismic effects on emb

accordance with the lollowing regquirements:

1 alculate the mitial stress state befo with non-linear stress-stram relations of the
matenals,

2 Determme the charactensticy ﬁw\lk"& of dynamic deformation, dynemic residual
deformation. and dynamic streng! %ﬂ‘ matenals by material ic tests, and shoukd be in

cominnation with engincering analo
3 Caleolate seismic respofsg withidynamic non-linear sipesg-stram reffitions of dam materials.
4 Analyze seismpestalility falong potential sliding |:|-14‘u¥w on seismic effects and caloulate

caused by earthguake

fesidual dieformatio

5 l:.ul]ua.ll_:,ﬂ'lt i safety comprehensivels Tgeismie response anakysis in such aspects
as slope sta ﬂ’r' idual deformation, 3&!02 imparyions body, and liguefaction judgement, in
accordang 6.1 11 in ths standands

6.1.7 riill samples for dynamic tests Shall he representative, and test conditions shall reflect
T I.-q_-_ Tate aml consalidated siress state of dam body and Toundatcn soil, Divnamie charctensiic
prrameters of dam metenals. if conditions permit, should be determined through lab tests combined with
st Tesls,
6.1.8  For caleulation residoal deformation of dam, the mfluence ol residoal volumetne straim and
regidual shear strain should be wken into account,
6.1.8  The hydrodynamic pressure of CFRD may be determined in aceondance with Article 7,112
Article 7.1.14 in this standand,
6.1.10  When the shee method with inter-slice forces counted 15 adopted for seismic stability
calculation, the structural factor shall not be smaller than 1.2, When the slice method without inter-slice
forces counted i3 adopted  the structural factor shall not be smaller than 1.1,
6.1.11 Comprehensive seismic safety evaluation based on dynamic calculation results should be
conducted m aceormdance with the following requiremenis:

1 Ewvaluate the seismic sliding stability of dam stope and its mfluence on overall seismic safery of
dam comprehensively according 1o the location,depth.range of shding circle, and duration and degres of
over-limit in time history of the safety factor of seismic stability.

2 Determine the distnbution rnge of local dhear failure or liguefaction Talure of dam body . and

« B[«



eviluate the poszibility of inducing global failure of dam,
3  Provide the magnitude and disinbution of residual deformation of dam body . and evaluaie the
seismic salery of dam and impervious body comprehensively scconding 10 the maximum seismic

setilement ratio and the unevenness of deformation,

f.2  Seismic measores

6.2.1  For embhankment dam in strong seismicity areas, straight axis or ¢onve
shiould ke adopted , and axis convex tward downgstream or with broken$r

used. ‘
6.2.2 When the design intensity i= W or [X , rockfill dam <h

should not be of rigid core. When a homogeneous dam is -“ﬂﬁ.“-"d-
.-"'__,-:__,.-r \

ard upstream

=shape’ hne should ot be

selectid, bul impervious body
rnal dramage system shall be
eatabihizhed 1o lower the phreate bne,
623  The freeboard of embankment dam m st area shall meeommodate the seismic
surge and earthquake-indweced senlementand i 2 ihied by 1he following principles:

1 The seismic surge height may be 5 1.5m according to the design intensity and

‘ i
J'IN ,tht additionel setilement of dam body and foundaton

the freehboard.
arthgquike-mduced s

water depth in front of the dam,
2 When the design intensity s

e tey reismie metions ahall he ineo

} The possible surge resolie  or lamdshicde. ete. , shall

r_,!'
i i W or [X ,the dam crest ?;Mi:. ened and the upper dam slope
toe may be ::.rre-ngth?& ith-Hlanket or counterweights, upper dam

be specially studied.
6.24 When the desi

should be gentler.

slope may be st with masonry rvex'rlnutﬂi priverior of upper dam abutimentz may be
strengthened forcing bars ,gm:i.]nﬂ]wii_n:':t r Fids ., ete.

6.2.5 lh‘rim body of embankmens-d e strengthened . especially Tor such paris prone
10 cragke u:d',n earthgquake as upper dum Dy} and crest, interfaces between dam body and bank

! concrete structures, The imterface between impervious body amd bank slopes or concrele
structures should not be too steep. Slope angle should not be too large and reverse slope or sudden slope
change shall be avorded, The impervious body , upstream and downsiream Oliers, and iransition zones
shall be appropriately thickened .

6.2.6 Well-graded embankment material with favorable dynamic properties and seepage stability shall
be adopted, Uniform mediom sand, fine sand st and =ity sodl should not be used for embankment in
SIFONE SESMICily areas,

6.2.7 Compaction performance and compactness of cohesive soil, and dry density ar porosity of mockfill
ghall he determined in accordance with the curremt prolessionzl standards 1. 274 Design Code for
Ralled Earth-rock FEll Dams or DLST 5385 Design Specification for Relled Earth-rock Fill Dams,
SL 228 Design Code for Concrete Face Rockfifl Dems or DLST 5016 Design Specification for Cancrete
Face Rockfilf Dams, The upper limits stipulated should be tnken when the design intensity is W or X,
6.2.8 For compaction of cohesionless soil, the relative density of material above phreatie line shall not
B lower than 0,75 and that below pheeatic Tine shall not be lower than (L80, For sand-gravel materal if
the content of coarse grain greater than Smm is less than 50%, the relative density of fine materials shall

meet the compaction requirements of cobesionless soil mentoned above, and according o relative

. 2]



density . the compact dry densities of sand<gravel materiale with varying degrees of gravel content shall
be used as Glling cnteria.

629 For Grade 1 and Grade 2 embankment dams, bured water-conduin should not be set under the
dam. If unavoudable, reimforced conerete conduit or cast iron pipes should be used and placed in the

trench in bedrock and the top of the pipe should not be ligher than the bottom of ddm with backfilling

concrete outside the pipe, and the Anti-seepage and sealing a1 the joinis of con bsix reliable, and

the control valve of the conduit shall be installed in the ntake or the “}m“w impervious body .
Rebable filver shall be amanged at condut outlet and ponts,
62,10  The liquefinble strata or soft clay foundation of embankmagt ds)p@mm'w zone shoukd be
treated decording to Armicle £.2.7 or Artcle 4,2.9 of this #tandard -

nken

6.2.11 For CFRIDs,the following seismic structural meaﬁu_ﬁp!;hn

I Thicken the cushion zone and stremgthen 1 o@n ith foundanion and bank slopes,
increase the length of interface between cushion zone W:t steep abuiments . and adopt finer

eushion material.
2 Fill the vertical jomts of face slab at e riverbed with asphalt conted board or other
materials of desirable strength and fexibilig. .,-:_'Ia ’
| i

3} Increase the remforcement fNJ r part of the face slab at the middle of rverbed,

especiilly along slope direction.

4 Muake the construction jo slab constructed in endwular w facing and

provide double-layer reinforcaméntiand stirrups in the vicinity of jeins.
5 LUlse waler-st 4 with g-ur_:] deelermatien pl%ﬁ: and minimize their reduction to

the fare slab eross sati

iy,
Tin densaty of rock IﬂlJ pay special anention 1o compaction

25 () terrdan.
-
miernal drmnage m:nh%\ mg the dam with soli rocks and saml-gravel

p smooth drainage, and Gl dreriain area downstream of dam slope with rockfll



7  Gravily dam

7.1 Selsmic calcalation

T.1.1  For gravity dams, seismic analysis of stress of dam body and overall slidi

foundation interfiuce shall be carmied out, For roller-compacted concretel II\

analysis of sliding stability along lift joints shall also be carmed out.

7.1.2  The highest monolith of different dam sections may he %nﬁmir analyzis, For gravity
dam with sound integrity . the analysis of whaole dam should bﬁm

7.1.3  Under design seismic action, for strength safety a

ity along dam-

ravity dams. the seizmic

ravity dams, FEM analysiz shall be
conducted as supplement 1o the dynamic and =latic by g the cantilever method. For gravity
dams assigned to seismic fortification Class A, mplex structure or complicated geological
comlitions, matenal non-lmeanty shall afzo b FEM analysis. For seismic calculation of
gravity dams under the action of MCE, }Iﬁﬁnwﬂ shall be carried out considering non-lmearnity of
dirmn body and foundanan, "y

7.14  The analysis of overall slidi

i1 airlmg dam-foundation ace for gravity dams and the
for RCC gravity da carnied oul by the shear
the! ngid body limit equiliben . For deep-seated shiding
: safery factorl equal-K method 2hall
omplex foundation m?mi =, tl non-linear FEM analysis should be
carned out as a s ol q.:"l.

od or the psrudu-xrm% ay be adopted for seismic caleulation of

715 The

‘ i - - -
gravity _ﬂa &, vity dams asgigned dogsfge fortification Class A, or assigned 1o seigmic
fortfig lags! B and Class C with design m jity of Wl or above, or with n dam height over 70m,

er design seismic action, the maode decomposition method shall be adopted for the dynamic

analysiz of sliding stabality adon

atrength formula with cohes
stabality, the rgid body
bz used. For gravit

analysis of gravity dam. For geavity dams assigned to seismic fortification Class A, o non-linear FEM
analysiz zhall be added,

7..7  Under design seismic action, the dynamic method is adopted in checking the sirength of gravity
dams amd sliding stahility. along dam-foundation interface and RCOC Ll joints, When the cantilever
method or FEM with equivalent siress treatment is adopted, the structural factors for compressive
strength and tensile strength shall nor be less than 1.3 and 0.7 respectively. The structural factor for
shicing stability along dam-loundation mterface or BOC L0 joints shall not be bess than 0,65, or shall be
further assessed by the time history analysis method,

7.1.8  When the dynamic method is used to check the deep-seated shding stahility of gravity dam, the
parameters of rock mass shear strength shall (ake the static mean values, itz partial Tactor shall be 1aken
as 1.0, the structural factor for deep-seated shiding stability shall not be less than 1.4 or shall be assessed
comprehensively by the time history analysis method .

7.1.9  The comprehensive evaluation of seismic sliding stability along gravity dam-foundation

interface , ROC 1ift joints and deep-seated sliding plane shall be carried out by the time history analysis
R



method according to the Tellowing steps:

I In each time step, struetural factor for sliding stability is calcolated by the ngid body limit
equilibrium method and a time higtory of steuctural factor is provided. The aldding stability shall be
eviluated based on the minmuom stroctural factor in the tme histony.

2 1 the minimum value of structural factor i the time history cannot meet
Article 717 or Article 7.01.8 in this standard, the dam sliding  stabilivg
eomprehensively hased on the durstion and degree of limit exceedance.

T In zeismie salely demonstraton for dams onder the action of 3 "n'![l.i *fmite element model of
t

med for analysis, with

s pedquirements of

be evaluated

dam-foundation-reservoir system shall be established with paramegers

conzideration of radiaton damping e Mect of far-held foundation, l-n::huliht'ﬂri[}' of dam concrete
ricle 3.0.6 of this standard ,

prebensive evaluation based on

and near-ficld rock mass, ete. For important gravity dam qﬂaﬁmt" 1
dymamic maodel test should be performed for veniica
calculation, model test results and engincenng enalogh sl cnndur.Eud tor meet the seismic safety
requiremnent on preventing uneonirolled release :rf

7111 When the prewdo-static method 1s te the seismic effect on gravity dams, the
representative values of horzontal aemrru-n ¢ of various mass pmnts shall be caleulared in
Lwr of this standard, m which the dynamie distnbution

following formula.

accordance with the requrements i/
eoefficient a, shall be determined ac

=4 % |+14+‘¢:’:er (7.1.11)
| 2 A
where  —total nu _ lation mass points of Vi
H—d: Caatnt] it shall be taken up o e for an overflow dam ;
i, B —hisy ass points § and j, resp
g:ar ristic value of gravity M'iri;n ated on mass point j

acteristic vabue of wtal gravity act®n of dam that produces seismic inertial foree,
T.1.12 en the pseudo-static method is used 1o caleulate the seismic effects on gravity dams, the
representative value of sesmie hydrodynamie pressure a1 water depth b shall e caleolated aceording 1o

following formula,
P.ibhl=abglhlo. H, (70 12-1)

where  P_UL b—representative valve of seismic hydrodynamic pressice on vertical waterward face of
dam at water depth &;
¢ b ) —distnbution coefficient of seismic hydrodynamic pressure at water depth f, which shall
be taken i accordance with Table 7.1,12;
p.—characteristic value of water mass density
H —toal water depth,
The representative value of the motal seismic hydrodynamic pressure per unt width of dam fzee

with its action point at water depth 0,545, shall be caleulated according 1o the following formula.

F,=0.65a,80. H (7.1.12-2)



Table 7112 Distribution coelMicient of hydrodynamic pressure on grasity dam

A S, pl i fH, SlAI
0.1 {500 0% 1,76
il n.43 0.7 0,70
0 555 (VS 1,71
i i 0.4 4,68
04 T4 1.0 s’ 067
.5 7% -
T1L1Y  The representative value of hydeodynamic pressure caleyl h:} ulad 7.1, 12.1 1 shall be
multiplied by a reduction factor g, for the dam with an nnﬁ]:. i 1-;J|J|np, upstream surface and

horizontal plane

g, = 490 ? {7.1.13)
When there is & batter in the slope of the ups [ dam and the height of the vertical

alf of the water depth, the upsiream surlace

pornon below the water surface 15 equal 1o or gre
may he regarded approximately vertical. © E‘h e connecting the highest wetted pomt and the
heel shall be regarded as the slope. | L
T.1L.14 When the dynamic method

to the honzontal seismic hydrody

e mass normal to the dam surface w, corresponding

ure at water depth & caleulated according 1o the

mh””=§,,_,m ,-.X (7.1.14)
method 5 vsed 10 ¢ m%lglh of dam body. shiding stability

LROEC Lift joints and

lollowing formula,

T.1.15  When 1]1:.
along dam=found

1o sleling plane . the steuciurial factors lor

COIMErEs S1Ve and tensile strength "il'll'l” sz tham 2.8 and 2.1 respectively, and the
=--truumr_|Jl ing stability shall not h-n 2.7.
7.2 mieasures

T.2.1 ’u. p,m'ﬂl'.r dam should adogt siraght axes rather than broken line axis in the lavout,

722 A gravity dam shall be simple in shape, avoiding abrupt changes in dam slope, and the slope

break near dam crest houbd be are, The dam erest should not be excessively inclined 1owand apstrean.

For upper part of dam body. the weight should be reduced and the stiffness increased ., the concrete

strength grade shall be mereased or reinforcement included appropriately,

7.2.3  Appurtenant structures on dam crest should be light, simple, well-integrated and minimized in

height, and high tower stroctures should be aveided, The connections between the access bridge and the

piers on overflow section as well as lateral stifiness of piers should be strengthened .

T7.24  Weaknesses in foundation such as faolts. (eactures and weak intercalated lavers shall be treated

with engincering measures, and the strength grade of bottom conerete should be increased and clay

blanket may be provided at dam heel.

T.2.5  For locations where the dam cross sections differ sigmficantly along the dam axis or longitodinal

topographic and geological conditions change abruptly . contraction joints shall be provided, and joint

seiling ind water-stop material with good fexibility should be selecied.

726 For gravity dams assigned to seismic fortification Class A and design peak ground acceleration
v,



greater than 0.2g, contraction joints between dam monoliths shoold be provided with shear keys or
grouting o improve dam integnty. Water-stop design for contraction joints shall be emphasized ., and
jodnt sealing and water-stop marerial with good Nexibality should e selected.

7.2.7 Scismic vulnerable parts like onfice perimeter and connections between gate pier and weir
surface of overflow dam shall be reinforced additionally.

W
)
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8 Archdam

#.1  Selsmic calcalation

«n Khall also be made

I |Zn2-' conducted by FEM in

igned to sesmie [ortification

B.1.1  Seismic calculation of arch dam shall include the analysis of dam body stoess arch abutment
stabality under design ecarthquake. Deformation analyvsis of dam-foundati Qﬂ

additionally when caleulation under MUE 15 required.

B.1.2 Under design seizmuc action, the stiress analvsis of arch
addition o the dymamic and statie tnal-losd method s. [-'ur
Class- A or with complex structure or comphicated geolo &h ns. material non-lineanty shall be

considered in FEM analvsis,

B.1.3  Sesmic ealcalation of arch dam may be co

method, The dynamic method shall be used

fartification Class A or assigned 10 sewsmus) w Tign

W or above,or with a dam height over 7) %J

B4 Under design seismic actio }1 de-:'nmpn-amtm methaod
L

ith the dynamic method or the pseado-stane
1fmic effects onarch dams assigned 1o seismic

“lass B oor Class C but with a design mtensity of

| be adopted i the dynamic

analysiz of arch dams, Forarch da 1o seismic forthcati non=liear FEM analysis

r_,!’
the dam surface may hﬂrﬂa /2 of the value caleulated by
»where H, 15 the w?&& pt the calculated section. When the
ted Tor analysia, the |

mass on the dam surfacg mult
e
:-:pt:-riﬁcg-il .13 af this standand an ;

K.1.6 9:1. dynamic method i wsed L?

AEructu rs for compressive and tensile strengths shall not be less than 1.3 and 0.7, respectively.

shall be made as well.
#.1.5 The added ma
Formuln(7.1.14) o

paewdo-static me

dletermmed by

imic hydeodynamee pressure ghall be

by the dynamic distnbution coefficient e

[eer reduction factor 2,

B.1.7  The stabalny of arch abimentz under design sesmic acnons shall be calcolated by 2hear strength
formula with cohesion of the rigd body limit equilibrium method. For arch dams assigned 10 seismic
fortificanon Class A, the zalety evaluation concermung overall stalulity of the arch dam-foundaton
systemn shall also be carned out in accordanee with Arucle 8.1.11 of this standard.

BB Sewsmic stabiliny caleulation Tor arch abutments (incloding throst block P under design seizmic
action may be conducted according to the following requirements and Article 8.1.% and Article 8.1.10 of
thiz standard . It may alzo be eviluated comprebensively by comparizen of various methods,

1 Aherwentifying the possible sliding rock blocks. the maximum valoe and direetion of the thrust
of arch abuiments shall be determined by the most unfavorable combination of the resulis of dynamic
and statie calculation of dam body,

2 The representative value of seismic imertinl foree of possible sliding rock blocks shall be
calculated by Formulal5.5.9of this standard , where &, 15 taken as 1.0, When the maximum thrust at
arch abutments s determined by the dynamic method, the seismie effect reduction factor £ of seismic
inertial foree of the rock shall be taken ag L0, assummg thal representative value of rock seismie mertial
force and the maximum thrust at arch abotment oecur simultanecusly. For calculation of seismic mertial
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force of the rock block,the PGA in each direction shall be combined as lollows:
'When PGA mocross-stream direction 35 taken a2 the design value. the MGAs in stream
direction and vertical direction are 1aken ag 1/2 of the design value.
2)When PGA i stream direction 15 taken as the design value, the PGAs in cross-stream
derection and vertical direction are taken as 1/2 of the design value.,
3)When PGA m vertical direction 1= taken as the design valoe . the PG A m direction and
eross-stream direction are taken as 1/2 of the design value, 4
3 The most unfavorable time-independent shiding mode shn"\-;l:]t cd bazsed on the

geometnical features of the potential sliding rock blocks.

-

4  The nfluence of earthguake on seepage pressure varatic azs may b ignored,
8.1.9 When the dynamic method is used 1o check the -.1% azs.of arch abutment uwnder
design seismic action, the shear strength parameters of the f a.l:l take the stanc mean values,

the partial {actor shall be taken as 1.0, and the struct
1.4;or the sliding stability of petential sludin
e sliding stalality of po i ng‘.m‘

time history anelysis method.

sliding stahility shall not be less than
abutments shall be Turther assessed by

abutment by time history analysis met
1 Under the actions of theee e ﬁ--m!lan[ foree time history

the arch abutment s by time higtory analysis

of satie and dynamic composite ¢
methnd and is exerted on pot Hieti

rock blocks togethe history of the inertial foree

of reck mags ignonng d i ification,

n%ml rock mass 15 calculated by thie
ral Tactor 15 proweded, The abutment
eviluated according 1o th\!‘ll tructural factor in time history.

2 Ineach ti atructuenl factor for stalj

and the mme h:ﬁ'lr.l

m value of struciural mie history doe: nol meet the requirements
::l!'l 15 standard, the abutment slidi tability and its effects on overnll dam safety should

H.1.11
be performed fo analvze and evalpate the overall stalaliny safety of the arch dam-foundation svatem

under design seismic actions. For important erch dams designed to resist MCE, the safety evalustion

For arch dams assigned to seismic fortification Clazs A . non-linear numerical caleulation shall

concerning overall stability under MUCE shall also be conducted. Tn the ealeulation and analysis, the
nfluence of the contact non-lineanty of contraction joimts on dam body and the slip surface of entical
sliding rock mass, matenal non-linearity of major weak zone in near-ficld foundation, and radsation
damping effect of far-field foundation, shall be considered. For important arch dams speeified in Article
3.0.6 of this standard . dynamic maodel test verilication should be conducted. Comprehensive evaluation
based on numerical analysiz and model test resultz combining . with engineening analogy shall be
conducted to meet the seismic safety requirement on preventing uncontrolled release of reservoir.

B.1.12 When the seismic zalety evaluation of arch dam is conducted according o Article 8,111 of this
standard . tuming point on curves of deformation at typical Iocations on dam body or on foundation rock
mazs which varies with the increase in seismic action may be used (o evaluate the safety of dam
foundation system, and the ratio of the input acceleration at the tuming point to the design peak ground
acceleration may be taken as the =afery margin preventing uncontrolled release of reservoir,

« 2H



B.1.13  When the seismic effects of arch dam are calculated by the pseudo-static method. the
representative values of horizontal seismic inertial forces of various mass points on different arch rngs
acting in normal direction shall be caleulated acconding 1o Aricle 5.5.9 of this standard . in which the
dynamic distribution coefficients of dam crest and the owest elevation of dam shall be take as 3.0 and

1.0, and respectively, and shall be interpolated along the elevation direction, digtrib uniformly along

arch nngs.
B.1.14  When the strength of dam body and stability of arch abutments ﬂ%h
i

static method . the structural fectors shall comply with Aricle 7.1.15 of [hiﬁ([ ril.
8.2 Seismic measures E‘

’ —y
8.2.1 The dam shape shall be selected reasonably to |rn:|.lmﬁ~ th eotinn of arch abutments and

with the paewlo-

ar The foundaton under seism
pstream side should be checked . and
rateh crown.

reduce tengile stress gones in upper and meddie parts o
action, For a double curvature arch dam, overhangimge ;
overhanging owands downstream should be inﬂe?} L

hened. Excessively lorge differcnce i orock

L)

B.2.2  The seismc stability of sbutments
properties and structure of rock mass het @aﬁ' ments shall be avoaded and dam abutments shall
ﬁ%u.q roc

not =11 on a thin mountam ndge. W k foundation may be strengthened by grouting,

the contact surcface between
kening the arch baze ind

NiMiZe Seepage Pressure in

eoncrete plug, local ancharage, sup
top arch and abutments shall be con

1¢. The construction guali

strctly , and measures s

anchoring by deep embedment may be taken near the top arch s

ek mass, curlain and dranag psures shall be provaded § cundation, and the pressure tunnel

shall nod be close 1o ih

enit. A
B.2.3  Detanls o Ats, m particolar, wateﬁif
ully. The shape and materi w ops shall be able to accommaodate repeated
mg during earthguak ‘%[iﬂn results imdicate that excessive contraction

i . L J 5 =y [ -
tign under seismic action endangekg the waterstop, dampers on crest and joint-crossing

g temperature conlrol and shear keys,
shall be desi
Jemint 1.155;1:'
jovimit

rebrs dam section should be conssdered,
H.2.4

higher strength concrete and =eismic remforcement may be provaded, and the dam crest with hghter

In high tensile stress zone of arch dam faces, especially the middle part of downstream face,
weight anid higher stilfness may be preferred. Clay blanket may be provided at upstream dam heel.

B.2.5 Light,simple and well-integeated appurtenant structures on the dam erest should be adopred . and
the part extruding out of the dam body should be mimimized. Arch thrust transfeering structures shoold
be provided between piers of the overflow section, Connections on the crest, such as access bridge shall
b strengthencd o prevent them from falling down during earthipuake.

a
-



9  Sluice

9.1 Selsmic calcalation

1.1 The seismic ealeulation of sluice shall nclude the check of seismic sth

strength. Serazmie stabilny calealaton for sluice chamber and sale L'UI'IHH;T-‘ and their foundaton shall
sl

ity and structural

be camed oot the seismic stress caleulation of structural components of [l be carmed out. For

shuce structure, seimic design shall be conducted for popdsitucBieedl components, appurenant

electromechanical equipment amd their connections with Ihl.'w &l

9.1.2  The seismic effect of sluice may be calcolated %n}mw method or the pseudo-static
e i I

method, The dynamic method shall be adopted for G rade 2 sluices with design imtensity of

W and [X or sented on liquefinble sail. ?—"‘ r
9.1.3 When the pscudo-static method |s 5 \ ulate the seismic effect on o shoce, the
representative values of horonal -.elf-mm e5 of vanous mass points shall be caleulated m

acrordance with the regquirements n ‘I"ﬂ" of this standard, i which the dynamie distnbuton
coelficient &, (Figure 9.1.3) of "'rE‘l foree shall be taken conlance with the following

TequirE e nis:

1 Fuor seismic action

coeflicient i+ 1aken as

ptribution c‘m.H'u'Jcnl isdaken as rom the hcntinm of the gate pier to

';f

stream direction, th
rops, T he d}nnmarr flicientz from 1/2 heght of the gare

1/2 of its height
pier 1o the lu% rmined by linear mILTP'IJhtJK

\ Caale pier j"‘m“ﬂluu
40— sl

I
—
M

-+——u'. 1—1——1

I I 0

| - -ﬁll‘-l ]J]--—'-—
Seismic acthons i verlical Leismic melion m Belsmic sclion m
and sirpwm direction siream direetion sirgam direction
214
= 111 = — i h—| —
17 1
] =f 1
¥ | |
1.0k -:m-{ ik
Seiene doked in SEisrilc sSliun & Sewrtlc setion 6
Croas-sream direciicm prmss-siream direciion cmas-ainenm direction

Figure 5,13 Sheich ol dynamic disteluison oot o, of setmbc inertial foree acting on a sluee



2 Forsesmic action in stream direction, the dynamic disinbation coeflicient iz 1aken az 2,0 at the
bottom of superstracture on pier, and 4.0 al the top. For seismic action in cross-stream direction, the
dynamic distribution coefficient is taken as 3.0 at the bottom ol supersiructure on pier,and 6.0 st the top.
The dynamic distnbution coefficients from the bottom 1o the top are determined by linear interpelation.

3 The dynamie distribution coefficient are taken are 1.0 at the bottom of the Bank wall and wing

wall,and 2.0 at the 1op. The dynamic distnibution coefficients rom the bottom 1 are determined
by linear interpolation. &

9.0.4 When the dynamse method 1= used for calealaning the seismic ef ?ﬁuin he gate chamber
shall be considered as an integral three-dimensional structure. 2 E‘

9.1.5 The nfluence of radial gate ngsdity on the seismic pech pt@ebsiuice should be caleulated ,
and the dynamie analysis of involved corbels shall be condue .
¥n ¥ %

$.1.6 Incheck of seizmac strength for supports of access r|
vilue of honzontal seismic inertial force E on simply nm suppors shall be calculated by the
following formula and the representanve value 1 | sersmue teansverse imerhal Jorce shall be

bome by supports on both sides;
q :.n i (5,1.6)
T wity action; for lixed supponts, the dead weight of

span 15 takeny for non supports, 1/2 of the dead

l;.M:T'«'it'l:' bredges, the representanive

where g —chamctensie value of 5

SUpCratruciure over g
weight of superstructufe]
9.1.7 The representative va seismic hydrodynamic pr
19 Article 7.1.14 of this sta

& of selsmic active ca r

1 a sluice may be caleulated

in acconlance with Arti

9.1.8  The represe 5 acting on side piers, bank walls or
wing walls ﬂhﬂﬂ 3 leulated in accordance w! 3.0, 1 of this 2randarnd.

9.1.% The sgrij strength of sluice rompone ha checked in accomdance with Article 5.7.4 of
e current professional “tandand 51, 265 Design

ctural deformation of sluice component during

551

9. 1.10  When checking the sluling stabiliy along sloce base, the seismic effects shall be determimed
according 1o Article 9.1.3 or Article $.1.4 in this standard and shall meet the requirements of the currens
professional standard SL 265 Design Specifications for Sfuices. When the dynamic method is used 1o
calculate slusce seismic stability, seismic effects consistent with that adopted for strength check shall be
adopted,

9.1.11 For a shuce seated on bedrock, the slding stability along its base plane or shellow foundation
plane may be checked i accordance with Article 7.01.7 or Acticle 7,115 im0 this srandand by the dynaniic
method or the psewdo-static method. When checking the sliding stability of sluice on soil foundation
along its bage plane or shallow foundation plane by the pseudo-static method , tThe structural factor shall
nidt be less than 1.2,

9,2 Seismic measures

9.2.1  When pile foundation is adopred . the connection between pile foundation and sluice base slab and
the seepage control measures shall be designed well, Anti-geepage wall, cutolf wall, end =ill or other

MEAsures may he taken at base slah o prevent piping oF coneentrated seepage e to thie :wparmi-nn il
= %] .



foumdation and basze slab by 2eismic action.

9.2.2 The layout of shince chamber should be arranged and mtegrated well. The sluice chamber should
adopt miegrated reindorced concrete structure. Walerstops shall adopt stractural type and matersal with
durabality and deformation adaptabibty. Waterstops at key joints shall be sirengthened.
923 The height of the hoist frame bridges should be decreased through propef
arrangement of gate and horst to reduce the weight of rack top section.
924 The hoist frame should adopt frame structure and connection of eolumn hitsist frame . pier
and deck should be strengthencd by nereasing section area and ruir‘nt&'qﬁtnl i the connechon

u

aefection and

positions. When prefabricated concrete heams and non-fixed suppon 151 frame , measures

re
such az guand Board, balt connection or steel chp plate connectio opled for beam suppor o
nds within 1/4 clear height of

stirrup spacing at whole height

prevent falling during earthguake. The stirrup spacing at upﬁﬂnd

o Af&l 1
»and buildings or stacking loads on the
the seismic deformation of river hank and

rack column shall be closer. In the case of design miens

range shall be closer.

925 The hackfill stope agamst sile pier shou
bank adjacent to side pier should be avoid
deformation of sluice due to additional lntessl
926 For Grade 1, Grade 2 and G
which should be remlorced. The uality of waterstops fraction jointd, drainage of
secpage downstream and on both ba shuice chambaer shall

. & /%L

g earthipuake.
« the upstream blanket should be made of conerete,

\;\gg’f‘
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10 Underground hydraulic structures

1.1 Seismic caleulation

10.L.1  For underground structures with a design intensity of [§ or Greade 1 un nid structures

with a design intensity of W . the seizmic safery of the structures and stabilicg oF the! sumrounding rocks
shall be checked. For underground structures with o design int '1}'3 nd nbove, the seismic
atability of rock mazs a1 portals shall be checked, For Grade |
design mtensity of W and above, the seismic safety and Ihn_is_#,mil:

be checked. g //f/

18,.1.2  In scismic calculation of underground struct

distrshastion i depth shall be obtained {rom site res :
layvered medivm and analvzed by the one-dimensi propagation method ,m which the non-linear
soil model shall be employed. The maxinm slagement of bedrock surface may also be cateulated
through the representative value of des N%ﬂ aceeleration and the predomnant penod of the
ay be halved at 50m be he bedrock surface or lower,

site. The representative value of a

and may vary linearly within the dept

10.1.3 The seismic effect o rgrotnd structures shall be caloula the displacement response
method or the acceleration s method, The numen £l dhall invelve the undergrond
structure and the su IUm in A certain rangeq L
10.1.4 For sira ctions in rock, the re Mive values of aximl stress o axial bendmg
SLICES dy 8 ress gy, caused by seismic ¢ pRopdgation, may be caleulated acconding tothe
£
followin g -
% , A e
\ 4 &% s (10.1.4-1)
' 2w,
] E
u=T (10.1.4-2)
15
T.= ;
o=t (10.1.4-3)
2w,

where o, v, —chareteristic values of compressive and shear wave velocity of surrounding rock mass,
respectivelys
E.G—charactenstic values of dynamic elastieity modulus and shear modulus of tunnel
gtructural material . respectively;
r—rcharactensic value of equivalent radms of tunnek section.
10.1.5 For strasght tunnel sectoons in soil mass, the representative values of axial stress oy, axial
bendimg stress gy and shear stress gy, caused by sesmic wave propagation, may be caleulated accordimg

to the following formulas:

ET. . o EWa
."-"i"iz_m__l_”i_ . L (10.1.5-11
T = Wax ? eT, ? B, 1.5
P, ™ T 2w

R



= (10.1.5-2)
l_i_E.J'I.{E
K.l L
e e (10.1.5-3)
o’
Pt e -
0= gt = {10.1.5-4)
fe—— \ (10.1.5-5)
B
T

where  ge=—maximum value of honzontal acceleration TEEpOnEE al | %L‘I!HIIHL, rmass of tunnel;

V. —maximum value of horizontal velocity respo unding mass of tunnel;

uvu—reduction Tactors for axial stress o ol 0x6 | Iress gy respectively;
EA  El—characteristic valoes of axal 5tiﬂn|:?( tal bending stiffness of tunnel structure,
-
respeciivelys

K. K —charectenstie values of longia

transverse stillness coellicsent of unn leagth of
funmel surrownding mass

L—characteristic value of ni wavelength.

10.0.6  The seismic effect of umde struciures with :.'nmp- dpopraphieal and geological

conditions, such as undergr werhouse, tunnel and o underground caverns, or
shallow-buned cavernssmch @ Intake and outlet on riv F should be analyzed with three-
which the d].'er‘n:L E

,{) 102
10.2, % uhid structures should be kr;a ity from active faulis, shallow amd thin ridge, and

should close 10 hillsde or unstable areas. Potentially liguefisble soil foundation should be
avorled. The ahgnment with a greater bured depth s preferred and should be away from weathered

rock mass,

dimensional £tructu een the structure and surrounding

mass i taken 1 |nt 5

18.2.2  The turming eadivs of unmel and the intersection angle of vwa tunnels should not be oo small,
10.2.3 Concealed excavatnon shoold be taken when construction conditbions permil,

10.2.4  The portals of underground structare should be arranged at a location where topographical and
grological conditions are [avorable, When complex geological conditions are unavaadable, measures
such as gentle portal slope ., shoterete and bolting or lining protection, and entranee extension outward
should b taken. The portal structures shall be of reinforced conerete,

10.2.5 Caonsolidation grouting should be conducted well to strengthen the combined effect of lining
and surmunding rocks,

10.2.6 Seismic joints shoubd be set at turning . bifurcation and transition sections with abrupt change in
structure or properies of surmounding mass, The nomber, spacing and structural form ol gesme jonis
shall meet the requirements of structural deformation and water sealing,

10.2.7  Elastic joints should be wsed at the ponts between central columns and beams or top plates i
underground structures , and g joints should not be used.

. By



11 Intake tower

1.1 Seismic caleulation

ternal forees,

ILLI  The seismic calculation of intake tower shall inclsde the check qi Elres
overall sliding stability and overtuming stability, and foundation bearing @apacity. Seismic design shall
be conducted for non-structural components, appurienant elect x&

ec equipment and  their

eonneetions with main strugture in intake tower,
11.1.2  The seismic effect calculation of intake tower shall il ¥ the dynamic method or the
paeudo-static method. The dynamic method should be a /d/' cifeulate the sesmic effect of intake

towers assigned 1o seismic fortification Class A or wi nsaty of W and sbove or unremforeed

eoncrete intake towers higher than 40m or reinfore owers not higher than 40m.

11.1.3  The milvence of water body imzide intake tower as well ax foundation shall be

should be adopied,

11.1.4  The scismic effects of inta

considered for dynamic analysis of seismig ‘%ﬂj take tower. The mode decomposition method

ay be caleulsted by the flever method or FEM. The
¢ thatt adopted in the dn
is adopted to caleyl

seismic calculanon model shall be 1he tie land eombination,
ILLS  When the pseudo-s eth

represenipfive value of theriial force of each mass l| b calculated in prcendance with

effect of intake tower, the

the n.'quirr.'rnmlf: in { this standard , whc -H i hu resentative valoe of gravity actions

i of wwer body, fra urtenEnt equipment s and the dynamic
igure 11,15 0 of Etiﬁ-ﬂ\\ rees shall be taken in accondance with the
d;n mic distribution coefficient ol thke tower i taken as 1O from the tower bottom 1o

the height of ntake tower i 10m 10 30m, the dynamic distributon coefficient at the
tower top is taken as 3.0y when the tower is higher than 30m, the dynamic distrsbution coefficient at the
tower Lop 12 taken as 2,05 the dynamic distnbution coelficients from 172 of the wwer heaght o the 1op

are determined hy linear interpolation.

Tuwce hody Frame v i bogs
-] — |
[i& { i
; 1
10 st

Figare 11.1.5  Sketch ol dynames distriluaticn coclBboent e of seismic ineral foree ol imake woaer

= 45 -



3 When the height of intake tower is 1 o 30m, the dynamic distribotion coefficient is 1aken as
3.0 at the bottom of frame on tower top and 6.0 a1 the top: when the tower is higher than 30m, the
dynamic distribution coefficient s 2.0 ar the bottom of frame on tower top and 4.0 at the top: the
dynamic distribution coeficients of frame on tower top are determaned by Iinear mterpolation along the
height.
1L1.6  When the dvnamic method 12 adopted 1o calculate seizmic effec ake tower, the
hydrodynamic pressure inside and outside of tower may be considered respgerively a8 the added mass of
thie intenor and extenor surfices of the lower, which s calculated ﬂcmn]ilt%?mvm wing formmula:

m.[hl=+§-.[hl,¢.r}.ﬂ[L] (11.1.6)

2H, -

where  w Uh b —representative value o added mass of b iu:wun' preer url height an water

ni
depth Az 7
g LA I —distnbution coefficient of added .N@f.?? for the hydrodynamic pressure
inside tower, and whall be lakey_:%g 1o Table 11.1.6=1 for the hydrodynamie
pressure outside tower;
p.—=hape coellicient, aken a8 ipside of the wower and outzide of the circular lower
anal shall be taken a ﬁ’N able 11.1.6-2 for outside of the rectangular ower;

A—area enclosed by pn-water ¢ontact line, the section is the average

s an of the lpwers “ght:

maximum width of stre ie act surface along the tower
lir tox the direction of !1'l1%.
Jub-1 IMsiribatbon added mass w k]

a—mean value

Wl h H TR Ty

1500 _-“ 16 .64

(%5 - oy q.54

-l_l [EES LK LGN
ad k50 (K] LIRS
0.4 54 1.0 HETH

LLR] 57 - =

Table 11.1.6-2  Shapse coulTicient g. for oulsisde af the reclangular iewer

dlh [ all B

(] [ ¥ ] s 1.1

L4 i z 214

1/ ihd3 3 A

(R} (K17 | i 3.0HE

2 EE 1] 5 1.7%
1 1.15 - =
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1L.1.T  When the pseudo=statie method iz adopred o caleulsie séizmic effect of intake ower, the
representative vildue of hydrodynamie pressure may be directly caleulated acconding to the following fomuln

Filhi= ﬂ..&.;&thbe.:‘l(é;} } {11.1.7-1)

where  Fp Uh b —representative value of the resultant force of hydrodynamic pressdfe on tower surface

per unit height at water depth &;
taken as 0,72 for

Table 11.1.7 Tor

b h=disirbution coefficient of hydrsdynamic pressore at waler dep
hydrodynamee pressure mnside the wower, and taken .‘ﬁ g 1
hydrodynamic pressure ouside the tower,

The representative value of resultont foree of hydrodyna exerting on whole tower
surface may be calculated according to the following Enrrnulw its Mpmm at water depth 0.42H,;:

Fe=05aulpoq. 1 Bﬁ\@ (11.1.7-2)

Tahle 11.01.7  INstributisn coefficient @

hH, P {ﬂv

o i, 0o '-‘J»_'\ip {16 4.4H

il %r ‘-".i : ELaT

ynamic pressure of intake tower

N H, ol

0.2 AN .28

. ' .7 11,20

0 o 7w 017

.4 /' e =
1L1L.E Whe watd¥ depth is different in fron wAd the tower., the representative value of
hydrodynarmi or the added mass al, levanen may be caleulated respectively n

accordangewii it ef andd hebingd water wen the mean value ean be taken:

11.1 THE 1 r-gruu]J connected inop mow, ratio of average width of structure-water contact
:tur[a‘%mdimlarm the seismic action direction to the maximum water depth in fromt of tower o/'H. is
greater than 3.0 the resultant force for the prevdo-static method and added mass for the dynamie method ,
which are used in calewtation of the hydrodynamic pressure per unit height at water depth A outside of the
tower,may be caleolated according o Formuled 11.1.9-Dand Formolal 11.1.9-2), respectively;
Folh)=1.75a.8p.a H.h {11.1,9-1)
m (R = 17500 H.h (11.1.9.2)
11118 Distrbution of reprezsentative valoes of hydrodynamic pressure and the added mass on
horizontal section may be taken uniformly on both structure-water contact surfaces perpendicular to the
seismie action direction for rectangular cross section wwergand may be taken as cos @, for circular-section
tower, where &, is the acute angle intersected by the normal direction of point § on structure-water contact
surface and the dwection of sesmic action, The maximuom distnbution sirength of the hydrodynamie

pressure and add ed mass may be calculated seeording to the following formulas. respectively:

]

Filhl=—Fsi k] (11.1.1011
wit
iz

miAhl=—m, h) (11.0.10-2)
Tl
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where  Folh ) m Ol b—maximum distribution strength of hydrodynamic préssure and added mass on
horizontal section at water depth &, F, (&) acting on both structure-water
contact surfaces ahall be in the same direction.

11.1.11  When checking the sliding stability, overtuming stability and {oundation bearing capacity of

tower under seismic action, seismic effect by the dynamic method shall be multighied by the seismic

effect reducton [actor.

The seismic sectional bearmg eapacity of reinforeed concrete intgke 1o shiall be ehecked

according Lo Article 5.7.4 of thiz standard, For seismic check of slidtng‘:ﬂ ity . owerturning stabilily
in

and foundation beanng capacity of tower, the seismic effect shall tent with the check of

seisimie =trength . -
1LL12  Under seismic action, the partinl factor for rock p i

¥
the static one, whereas the characteristc value of dynami J{;}E} :

the static one.
1L1.13  The shding stabiliny of imtake 1ower :’ﬁ%rt ed by the shear strength formula with
7

cohesion.
1L.1.14  When checking the foundarion.dseii
acting on the loundation surface shall
1115 In seismic check of miak

than 2.70. In this case, the parame

acity may be taken as 1.5 times

capacity of intake tower, the vertical nermal stress

structural factor for overturbipg §tability shall not be sma ey

foundation bearing capacipes affayerage vertical normal stre
foundation plane sh erthan 1.200and 1.00

N

1.2 §

1.1 Feri er with lugh water e Mlow . the earthquake-resigtant box and barrel
- r & . ' v

strue )]I'E[‘I. ngidity . strong capacity a1 overturning. large bearing capacity and good

mlegnt | b selected, For frame structure, the strength and agsdiy of connectimg pointz and

bracing members shall be strengthened to ensure the integrity and torsional ngidity.

1.2.2 O the prerequisie of meeting operational requirements, the infake fower structure shall be
simple and symmetne, with gentle variation of mass and stillness, low stress concentration, and
sufficient lateral suifiness. Lateral suppart shall be provided along the tower height. and the suppor
sliffness should be strengthened ot abrapt change scction.

11.2.3  The tower should be built on the rock foundation with sufficient bearing capacity  buried depih.,
and consoldation grouting,

11.2.4 For nver-ssile intake tower. the gaps between the tower and excavated rock mass should be
backiilted.

1LLS  The weight of hoist reom on the top of tower shall be minimized . For seismic vulnerable parts
such as pier and the connection between ower and occesz bridge, such measures a5 inereasing
connection &rea between bridge and the top of tower, flexible connection. and falling prevention of
aceese bridge of heist during eanthguake zhall be waken, amd the seismic resistance of brdge pier shall be
strengthened.

1L26  The infake tower group should be hined up and connected 1o each other 20 as (o merease the

o EH



Taveral ngidity.

11..7 Emergency gates must be equipped for Grade 1 and Grade 2 ntoke towers. The mlet gate shot
shall be provaded with balfle plates which do not affect ventilation, 1o prevent debris from falling into the
gate stot and hindering the opening and closing of the gate during carthquake.

1L.2.8 The seismic measures for conerete intake tower in details, materials and @inforcements shall
comply with the current professional standand 51191 Presign Code for Hydra rele Sirnciures

or DL/ T 5057 Design Specification for Hydranlle Concrefe Structures .

-

7
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12  Penstock and surface powerhouse of hydropower station

12.1 Penstock
s

1.1.1  The seismic effects of exposed pensiock may be calculated by the pseudo-gtatit method. The
represeniative value of honzontal seizmc nerial foree of each mass pomtpay De caleulaved by Formuala
(5.5.9% of this standard, where €5, 15 the charactenste value of gr il:r'!tl mncluding water in the

pensteck, concenteated on maz=s pont £, The dynamic distribn

taken m secordance with the [ollowing requirements.

"'h-f’:rllfr

Al muis

Figure 12.1.1  Skeich ol dy
1 For seismic pction along

each point of the pensiock i 1ake

2 Far seismic action icular 1o axis, the dyna

mertial force s taken 1 ends of the penstock 1 the middle of the penstock, The

dynamic diztribut the seismic mertial J’?& al each pomnt rom the middle 1o the end= of

the penstock is fJ_J,’;rrnl  linear imterpolation, d.::k ;
4 ! L , . ] ;
12.1.2 The and stalility of punslurk& seisfime achon may be checked o pecordance with

fﬁr’q‘ﬁl’qm Sor Steed Penstocks of ﬂw.l'r‘m‘."rr’.frrn:'

12.1.4  The penstock shall be arranged on sound rock Toundaton without abrupt change m sloge, and
kept away from ohil surface , depression, potential avalanche and landslide. The alignment of penstock
should conlorm 1o topographee slope direction, The powerhouse shall be prevented Irom mundaton due
to penstork damage during earthquake.

12.1.5 Anchor blocks of exposed penstock shall be placed on bedrock. Foondation treatment shall be
done for supporting piers on soil. The span between the supporting piers should be shortened . The cross
section and anchor bars should be appropnately increased. The reinforcement shoukd be tnereased in
SLress CONCEniTalion Jones,

12.1.6  The Mexibility of connecting structures of penstock should be increased , and penstock falling
down [rom supporting pices shall be prevented during canhguakes.

12.L.7  Joints and connecting structures at the outlet of penstock embedded in gravity dam shall have a

good enrthouake resistance.
12,2 Surface powerhouse

12.2.1 The principle and method for seismic caleulation of substructure for powerhouse shall meet the

v 4l



relevant regquirements of Section 7.1 of this standard,
12.2.2  The overall shiding stahility under design seismie netion may be caleulated by the shear strength
farmulas with cohesion or shear strength formula without cohesion. The structural factor for overall
sliding stability of powerhouse shall not be less than the specified values in Table 12.2.2.

Tahle 12,22 Siruciural facior for averall sliding stability of powerhawse

Fouiseptim 15 ¢ [ abwlat e et lumd Inp gowenie ol Calesilwtmn methinl Diee sliding l||.l||!|||_ Srructuml lestim
[rvaeames meihml Shear serengihy mauls wilhs 'Eh"""“ A {L.i5
i
ok foumdmion Zhesr sorengihy formails wu‘f EITE | I ]
I"siisto-static methesl
Shiear -.Irl'Jl,Hlll Tust it |I|||I|i & i |21
SNon-reek mndabii Pesnale-state mihoal Bhear strength i ~thrsim .35

12.2.3  The veriwal normal 2tresz ai the powerhouse &nuq;l.‘q,.i.tm E e under design sesmic acton
. A ; ,
shall be caleulated by the cantilever method, When Enlul‘i werthouse on rock foundation using
1 fa

the pseudo=atatic method, the vertical normal sire ce of powerhouse [oundation shall

r
= |
1 The maximum vertical normal sire i exceed the allowable bearing capacity of the

comply with the following provisions:

foundation, and the characteristic value offed amie branng capacity may be aken as 1,50 times

the static ane.

¥

i inclisding wplift pressu he foundation surface of the
LIS

al stress, including

2 The mimimum vertical no

niverhed powerhouse shall not be grefit

3 When the minimum | new resgure, of the foundation swrface of

powerhouse atdam 1oe r owerhouse is greater than W7 _special study shall be carried out.
1224 Under dese ideAction, the foundation s5oal The foumdation surface of powerhouse
seated on nnn-_q}c}f;:% in calculated by the pﬁnuﬁ thod shall meet the requirements of the

eurrenl profe

for Powerheus

nd;:rd SL 266 Design O r ruporeer House or NB 35001 Design Code
ydrapowrer Stations. = '
12157 IH:; :?-l onal beaning capacity of the & ructure of powerhouse shall be checked aceonding
to Sect : i of this standard, and the acceleration at the top of substructure shall be taken as the
seismic input of powerhouse superdtracture,
12.2.6  Joint type and waterstop lor the submernged portion of powerhouse shall meet the requirements
for deformation induced by eanthquake, and the waterstop matenial amd tvpe with gomd 2eizmic
resistance should be adopted.
12..7  Seismic measures for the superstructure of powerhouse shall comply with the current
professional standard SL 191 Desing Code for Hydranlic Concrete Stractares or DLST 5057 Design
Specification for Hydraalic Concrete Siruetures, and the current national standard GEB 50011 Code for
Setsnic Design of Buiddings,
12.2.8 The reinforcement should be enhanced at the joint between the air duct of the machine hall and
turbane pier of the powerhouse,
12.2.9 The nver-side powerhouse should be seated on the foundation of stable bank slope and
Favorable geological conditiong, and the glope against powerhousze should be away Trom high. steep and
dangerous cliff or potentially unstahle slopes. The rock slope against powerhouse shall be excavated
into stable glope, and hoterete and rock bolt support should be apphied, Protective meazures shall be
tiken at the slope swle of powerhouse.
w K1



13 Aqueduct

13.1  Seismic calculation
s

13.L1  For agueducts with design intensity of M and above, the Hei.llgl"n:-ll 10ms i fongitedinal ,
tramsversal and vertical directions shall be taken into account simultaneously .

13.1.2 For Grade 1 aqueduct, the dynamic method shall be used 1 54.31\ culation with a three-
dimensional model megratng effects of adpacent 2iractures a capy condinons, For Grade 2
agueduoct, the dynamic method may be used for seismic E%L;llkti @rr and upper agueduet body

modeled as a cantilever and a simply supported beam , res H{; Fir aqueduct of Grade 3 and below,
the pseudo-static method may be used for seismic calg@loti er and aqueduct body respectively n
accordance with Article 5.5.9 of this standard , w

- 'l‘ﬁx

leylated secording 10 Article 12.1.1 of this standand

nafmie distribution coeffickent &, of seismic
mertal foree of plers may refer (o Arnicle 9,1 ard 3 the dynamic disimbution coelGownt a, of

seismic inertial force of aqueduct body may

effect of pile-soil inter

concerning penstocks of hyvdropower =
13..3  When pile foundation is a
may be modeled by equivalent s ri
standard 1) 8 Techmical ¢ r
with its hongontal resis
13.1.4  In caleulat
shall be congiderc 4
131.5 The

shall b eonsidered . which

|

cAcconding 1o the reg the current proflessiomil
sl 1# reated a= elastic medium .
e mr=method )

h Irﬂdﬁmic pressure within the squeduet
whied in Appendix B in this standarnd.

ed by the mode decomposition response

ding Pile Foundasi 1w

co ent varying limearly with

or Grade 2 squeduct
we caleubated by the fo

analysis of afueduct m:lyxnh

-
Larade 1 aqueduct, thes ri analysis method shall be used aceording 10
oy

.“-}JE‘NHIE “ ;
Articlg 50568 of this standard,
1316 hefi there s sigmificant difference of geological conditions or ahrugt change of wopographic

features along the aqueduct  the spatial vanation effect of seismic ground motion should be stodied.
13..7  When the dynamic method is sdopied in checking the cross section beaning capacity of pre-
siresgsed reinforced conerete agueduct body , the seizmae effect redoction Tactor should be taken ag 1.0,
13.1.8 The hydrodynamic pressure acting on the agueduct pier in river channel may be caleulated
according o the current national standard GE 30111 Codle for Sefsmic Design of Raifway Engineering,

13.2  Selsmic measores

1321 For agueducts with design mtensity of W and above, shock absorption or isolation devices such
as lead-core rubber bearing, spherical damping bearing or pot Bearing meeting the requirements for
bearing capaeity should be installed between the agueduct and pier.

1322 For aguedect with shock absorpiion and isolanon devices, the resonance of agqueduct structure
during earthquake shall be considered for the lower supporting structure with low rigidity amd on soft
soil foundation.

13.2.3 Guard blocks shall be installed on top of pier to prevent agueduct body from lateral [alling, The
ends of aqueduct shall have suflicient overlapping length on the pier abutment so as o prevent agqueduct

v



fromm bomgatudina | falling,

13.2.4 The connection poimt between aqueduct body end and beéaring as well as the wop of pile
foundation shall be strengthened by reinforcement.

13.2.5 The waterstop type and material meeting the seismic requirements shall be selected for the
Joint between adjacent agueduct sections.

W
)
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14 Shiplift

14.1  Seismic calculation

14.L1  The seismic caleulation of shiplift tower shall include the check [ iom , strengih . and

overall aliching stabilny amd overturming stabiliny,

14.1.2 For shiplift with design intensity of W and above, the effegg of h mm'mr action shall be

cotisidlered i seismic caleulaton

14.1.3  For structures with non-uniform or un5_l.rmm|:|nc'uu;|m$ @Ew distribution, torsion e flect

under horizontal seismie action shall be studied. 7

14.1.4 For tower =tructure not higher than 30m, the \*u. method may be adopted for seismic

calculation, and the dynamic distribution :ne[l'u:jp H: inertial force may be taken in accordance

with Article 11.1.5 of this standard.

14.1.5 For tower structure higher than "-I.Dm [1_1‘.??:] decomposition response spectrum method shall
amalysis method should be adopred for Grade |

bBe vsed 1w caleuline zeizmec effect,

shiphift tower -
1416 For rack and pinion w:rlﬁ
structures and dynamic fluid teraction between ship ch witer shall he considered. The
vitlue of hydrodynamic 8iL steel ship chamber may 11§%|irw accorhing 1o Article 13.1.4 of
this standard . g —

14.1.7 For ':I.I,Wi i# ol tower colummn, th ign shall be modeled by spongs with the
same stiflness 6 s wheel and rail, and dyna 0 nalysis shall be condweted if the strocture

i e ‘ -
terweight, In simplified ¥ ol counterweight mass may be added 1o

& . ~AL 1
mulate the mteraction betwes nterweight and (ower,

1. dynamic imteraciio ship chamber and ower

lowe
14.1.8

g design shall be conducted for non-structural components, appurtenant electromechanical
equipment é@nd their connections with mamn structure of shiplhit.

14.2  Seismic measures

14.2.1  For shiplift tower, the eanhguake-resisiant box and barrel structure with agh rigidity . sirong
stability against overturning, large bearng capacity and good imegrity should be selected, Seismic joints
should be provided between tower units seated on different types of foundation.

14.2.2  The wwer should be regular and symmetrical in <hape. The mass, giffness, and bearmng
capacily of lateral-foree resisting members of same type should be uniformly  distributed. The
eccentrcity between stilfness center and centroid shoubd be minimized, Abrogpt change of aiffness in
adjacent lavers and bearing capacity of lateral-force resisting structures should be avoided.

14.2.3  For structural design of shiphft, the load transmission path under sesmic action shall be elear
and simple; members and their jomts on the transmission path shall not allow brttle faifure, &nd the
failure of partial structures or members shall not cause beaning stability failure of the whole atructure
syelim.

14.24 For rack and pinion vertical shiplifis, damping devices should be provided ar the guide
T



mechanizm coupling ship chamber and tower,
14.2.8 The non-structural members of Mloor. roef and non-load-bearing walls at the stairway =hall be
reliably connected with the main strecture 1o prevent human mjury and important equipment damage
associated with falling hazards in the event of an earthguake.

14.26  The supports and connecting parts of electromechanical equipment mount
comply with the current professional standard 51 660 Design Code for Shipfife.
14.2.7  For shiplift of concrete tower ¢olumn structuse, the seismic measygres in
remnforcements shall comply with the corrent professional standard 51 1 eNTEI
Concrete Structures or DLT G057 Design Spectfication for Hvdraad f‘11

<

on structures shall

il=, materials and

frbifnres.

%,

S
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Appendix A Seismic stability calculation of embankment
dams by pseudo-static method

A.0.1  When the slip eircle method with inter-slice forces counted , derivegd from il simplilied Bishop

lue of resistance K
for seismic stability of dam slope may be determined by Formulasi AL0.1-21as shown in

method , 15 adogted . the representative value of action effect 3 and the cha slic v
Nt
Frgure A0 1.

Fn

Fs £

*L":ﬁ‘,- "
L~

wly,

ALD  Sketch of shy corcle sl HI.FL- I
[ (Gy+ Gt E sing /r] (A01-1)

4
. ol —{n—y.2 b gw{l&— + ;ﬁlﬂﬂl’!l‘ir. :{ln'r‘:l - fam ﬂ.lﬂl‘i#f‘l?h]]
'\‘ £

%/) (A.0.1-2)
! (A0.1-3)

ol sec

= : : (A0 ]=4)
[l: O+ (i B Jsecd, — wh sec @, | tang

where  Gg—characteristic value of actual weight of the slice part above comesponding water level ina
slives
(r—charactenstic value of buoyant weight of the shice part below corresponding water level in
a slice;

E,—representative value of horizontal seismic inertial force acting on the centroid of a slice. .
., characteristic value of actual weight of the slice multiplied by a8, /g at the centroud ,
where a, 1% the representative value of honzontal design peak ground sccelemtion, £ 1 the
seismic elfect reduction factor. commonly taken as 0.25, ¢, is the dynamic distnbution
coelficient of mass point §.and g is the gravity acceleration, taken as 9 B1m /8%

o —represeniative vialue of verhceal segmic merial force acting on centrod of & shice, 1, e,
charactenstic value of actual weight of the slice multiplied by w, fa/3g 8t the centroid , in
the acting direction of upwand | — bor downward{ + bwhichever is unfavorable te stalaling ;

M —maoment of E, 10 the circle center;
v 4B



r—radius of the glip circle:

#—mcluded angle between slip circle radius through midpoint of slice bottom and vertical line
going through radivg ol slip cirele, if the rading deviates from the vertical line to the dam
axiz, plus sign s taken . otherwise, minos sign s taken;

f—slice width;

w—representative vilue of pore wiler preszure at midpomt of shce bo

s—vertical distance from corresponding water level to midpoing of slice

y.—unit weight of water;
¢ og—internal cohesion and friction angle of soil under seismi A\. ectively;
yo—imporance factor of structure , taken acconling
0194 Unified Standard for Refiabifity Desi
¢ —design situstion factor, taken as 0,85 accord

rarrent national standard GB
Engineering Stracinres;
icle 5.7, 1 of this standard ¢
ye—partial factor for seigmic action, taken £ 1o Article 5.7.1 of this standard ;

¥oo ¥r—partial Tactors for materal propern ear strength. ¥, = 1.2, 7= 1.05; the partial

{actor for matenial properties

rocklill and gravels may inhﬂl\ﬂ'
H.“

o —ralio of cohesion to fn
yo—structural factor, /‘

A2 When the slip circd
method . is adopted , the repre
=i

- friction angle of coarse-grained materials like

[ it imtef-slice lorces oo rivied from the Swedish

e value of action effect S chiractenene value of resistance K

for seismic stability of n]a

ay be determined by Fe 2-1vand( A L02-2)
L = _..[t I’-l‘hl ‘I' {:.;_ - Ké JHI |'r]" t h-D-E_l :I
e 1 y £, i l=1r| 'F -tlar:c 9,

(A.D.2-2)
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Annex B Calculation of hydrodynamic pressure in agueduct

B0 In sesmie caledlation of Grade 1 agqueduct, the hydredynamic pressare aqueduct body

with rectangular or U-shaped eross section may bhe divided into il't1.||i.liﬂ'i'|.'l' priess e convecrive

pressurel Figoure B0, 1, and shall be n accondance with the followmg mt[l‘tit [%:

£ o

..,,"} r

4
-

Figure BAL1  Sket YIRRITHIC pressure moele]
icT, the impulsive presaures distributed in aqueduct
may be cofverted into honzontally sdded masses mg, fixed on each side wall along elevation direction

and caleulated using Formulal B.001-10 00 /8= 1.5 and Formulal B.O1-20 0 |2/ 1.5, respectively:

1 %l [FANSVErse SeISmic action on agque

Ml = J[-_. | - lrl,. |"]
lrl=—|l—|=—|— 3 — [B.0.1-
Mzl 2!|]H > H) +' & tanh -.-"rH B.0.1-1)
M
- == (R.0.1-2)
T

For aqueduct bortom , when HE2 1.5, the impulsive pressure py may be caleulated aceording 1o the

fallowing formula,

— T
. Hinh(-,-'E )
p...t;.rl=%u,dﬂ%—_}:
L‘\-::l:‘:|'|(1-'.3 H)

where  M—totnl water masz per unit length along aqueduct axis direction, token as 2o HT for
rectangular cross seetion and g 0 20K+ 050K Vor U.shaped cross section

s—verticil coordimate of the side walls

{B.0.1-3)

= |H e



a—horizontal coordinate of the aqueduct hotiom;
F—Llime mstants
it —horizontal acceleration responsge at center of aqueduct botom of each cross seetions
p.—wiler mass density s

H—water depth in agueduct:

2 or 2ZR—intemal width of aqueduct,
When HYY = 1.5, the impulsive pressure at aqueduct bottom is diﬁtrihilqﬁ;
2 Under transverse seismic action on agueduct, i agueduct 1hx eclive pressure may be

considered s spring-mass system connected with aqueduct side wall at be i- For agueduct with
reclangular cross section, the equivalent mass M, equivalent g2 Kyand hetght & may be
-y

calculated according to the following J'nmu!n_q.rrsptctiwly;“f

YT
il : ; (B.0.1-4)

(B.0.1-5)

[B.0.1-6)

For agqueduct wit haped cross secoion, The equva & M, equivalent spring stiffness
R amad heaght h; may led necomding to the [1.1]«w fermulas, respectiviely

K, =M,s} (B.0L1-8)

H h ik h 5 A
— oy = 1.323 + (.228 1mh(].5ﬂﬁ—) — 105 Imh[‘:.ﬁl‘-ﬁ—) LB.0.1-8)
£ IR R

o .30+ 0 ﬂﬂ?-.mh[i FRE —)
(B.0.1-100

&
h=H|1 _[E:l

- h]
:'cmh(l-.ﬂ-lE

3 Under vertical seismic action. only the impulsive pressure may be considered. For aqueduct
bottom ., the impulsive pressure may be taken as uniformily=distributed sdded mass m., fixed on o and

calculated according 1o the following formuln,

...=I.'H¥ (B.0.1-11)

For aqueduct side wall, the impulsive pressure may be considered as honzontal pressure distnbuted
along elevaton and calculated by Formulad B.0.1=121, The impulsive pressures o, on Both sale wallz of
afueduoct at each instant are in the same direction s

v il »



M H=
po bzt )m 04 = a () eos| = — "] {13.0.1-12)

{ 2 H
where ., (t)l—vertical eeceleration response 8t center of aquedect bottom ol each cross section.
B.0.2  For Grade 2 agueduct , boah the mass of aguedoct body amd added mass of hydeodynamic

pressure of two adjacent hall spans shall be taken as additionsl concentrated oass at pier top in

calculation of transverse seismie effecis of aguedoct prer.

In calculation of aqueduct structure, if H= 1.5, the impulsive pressure u horizontal seismic
action may be taken as additional concentrated mass M. in transverse di S?'Mrai dépth f.on equeduct
side wall and caleulated according o the lollowing lmnu]as.rtﬁptuligljr :\ V

s . |

unh['.-':i

M.=M = H{;f@.s) (B.0.2-1)

hh=—H1il %~ —1 {B.0.2-2)
"R
'rnH

Il H/t 1.5, horizontal added m nm distnbuted on agued
of || = 1.5/ may be corrected by -2V, and linearly i
o agueduct bottom may o arrecid accordingly.
may be considered s g&p

t mside walls below the point

impulsive pressure acling

Effect of mnwr.::iv_t; I
inside wall at height

45 Byatem connectéd 1o aquedict
uneduct with rectangu tiom, the eguivalent mass M,
height &, may still h\ abgulated by Formulas(B.0. 1-4 10 B.0O1-6) ,
respectively, with U-shaped cross,se
(B.01-T o srespectively. - \

—
ThEgroplerflion responzt al prer top sha % thee sesmue mput for support abutment al the
botto uct body.

0T
eejuivalent spring sti

v omay =ull be calculated by Formulas

= Gl o



Explanation of wording in this standard

I Words used for different degrees of stociness are explaimed as ol er L mark the
differences in implementing the requirements of this standard,
11 Waords denoting a very et or mandatory requirement :
*Must™ 15 used for affirmation., "must not” {or negation. \ V
21 Words denoting a 2irict reguirement under normal eondi

"shall® is used lor affirmation, "shall not® for ncgal

3 Words denating & permszion of & shght chin )"Illﬁn of the most suitable chowe
when conditions permit \
A

"Should” iz used for affirmation., "should

i,

41 "May” 15 used 1o express the option imes with the conditional permit.

2 "Shall meet the requirements of..&0

that it 15 necessary to comply with t/h;% a stipulated in other relative standands and codes.

2

%

omply with..." s used in this standard 10 indicate

= Bl -



List of quoted standards

B S001L Code for Sedsmic Design of Buildings
GR AT Code for Sedsmic Destgn of Railway Engineering
b S0L99  Undfied Standard for Reliability Design of Hydraulic E t“r"r.' Sirwcires
G B S028T  Codr for Hydropotwer Engineering Ceological Investy -u’:ﬂ
0B SMBT  Cude for Edgineering Geological Investigation af srces s Hvalrapozeer
GH 18306 Sefsmic Grouwnd Maotion Parameters Zonatiog Map o
DL/T 5016 Dexign Specification for Comerete Face i I nh
DLT G057 Design Specification for Hydreulic C ﬁm'ﬁ
NEB/T 35066  Design Code for Sieed Pesioc fecdric Slaliom
DL/T 5353 Dresign Specification for Sio A rer ana Water Conservancy Project
DL/T 5395 Destgn Specification for Re rth=rock Fill Danis
DLIT 5416 Specification of Strong QMS teey Monitoring for Hvdraulic Structures
TG94 Technical Code for Bl eheetel Bt
NB 35011 Desipn Code for Pow of Hydropoteer Stali
BLI91 Design Code for Blifandic Concrele Sivaciures
SL 228 Design Codgsfor Cahicpete Face Kookl Dams %
L 265 Design SpeCifivdtiund fur Sluices Y:"
SL 266 Desigy Codg Ner Hvdropower House {\{\
;

1. 274 J' Wipde for Rolled Earth-rock F,

=L 281 pr prcification for Steel P il reeleciric Stations
SLEa6 i Code for Engineered Sfup;? ater Resowrces and Hydropower Projects
) Aechnical Specification of Strong Metion Moritering for Sefsmie Safety of Hydraulfc
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