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BT EC N ABRSORBERS

- @ard et S be thhe dovwnward rmmoverment of thhe PpPiston. If the area

ViSA,

= T oz._

then the mnew pressurce o, is givemn by 77/ According to

PV E — v T C10O0.6)>

=1 inndex. _AAlso.,

CRO._7ad)

CLO. 7B

107D with respect to &, we sret

1 Fe
e — (= nplAz -
= TaZs v, 1 (A 5)
I'I

thaemn the above expression becomes:

2z wolizrrme is srxmaall,

P
LT el e . . (10-8)

~ = ~

e O Syr»rinacs sy be thhe single—- o double—acting tyvpe ((FTarrxris anda
Faoscurrnatic springs can be mmade to provide darmpings as well.
ICFTLEI L arca Ay vary with deflection. Pnaewurmatic sSprimges arce
=wazlable inn different shhapes aund capacities. A typical convo-

Exr Brmaovwaa :&Aas T AAIryrimrount’’ manufactured by Fircstone, Inc., is
i TO_oO_ T Ihre= rerformmrance characteristics leS thhe Pneurmatic
PFariicd by the mmanufacturers and must be ascertained boefore

> sawch systoernmas.
Boaamcds =mre heavy and the reguired matural frogucecncy of thhe

we . The staric deflection inn the wvusuaal (sppring or pad) type ofF
e Imrzoce. FHowever., in pncecummatic absorbers, the static odefleoco
st rolfead by adiusting the air or gas Pressure o support thhe
mziaindingeg the Iow stiffness necessary. Baxa and Ebisch C1loK2)
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331

=orrmie optimum value of damping. Dampers for foundations undocr-
ing or sliding vibrations can be designed similarly .

AMPLES

LE 10.7.1

e foundation for a reciprocating machine operating at a speed of
T he weight of the machine is 2.0 t and it produces a sinusoiddally
mmbalanced force of O.5 t in the wvertical direction. IDue to limiited
sprace, the area of thhe foundation should not cxceed 3 mm >< 2 .
»sTescecnce of precision machines “in -thhe wvicimity, the wvibration amip-
zuaid be less than O0.025 mm. Assumce the dynamic shear modulus of
£y = 195%) t/mMm- and zr — O.305. Unit weight of concrete -, may boc
2.4 €/ mxa. '

>rr
esigrr Fcxrez

iocht of the machine — 2.0 t

srating spececd = 7S50 rprin — 78 .53 rad/ sec
Tical unbalanced force F~P_. — O.5 ¢

pamic shear modulus G — 1950 t/m”°

5501’s ratio for the soil — 0.305

missible amplitude of vibratiorn — 0O.025 mam

s T réicl

miting amplitude of foundation wvibrations is only G.025 maimn. Con-

the Immitation of 3 e >< 2 . on the foundation arca, it will not be

To desigin a simple block foundation satisfying the cocriteria for
desigi. The amplitude of wvertical wvibrations is 0.2024 zmamnm as

I subsequently. A foundation resting on absorbers must be de-

r—errred Fricxf

r ;a foundation arca of 3 am >< 2 . et thhe size of the foundation
= amabsorber (Fig. 10.1a) be 3 mm >< 2 m > 0.3 m and the sizme of the
> block above the absorber be 3 1 >< 2 xxa >< 1 .

toht of foundation block below thhe absorber =— W

P> 2> 0.3 < 2.4 = 4 32 ¢

ss rmPr, — % = O0.4403 t sec”/m

zzzht of foundation block above thhe absorber VW, — 3 > 2 > 1 > 2_44 —

3 7
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2 =
= CL + zedCr7 — 1DCG7 — 1D
= 1 — (1 —+ rdste . =
= = CL 3 DSICL 0906)2 — O. 4706
£1 + 3. 7963 (— 10 — 1 D3 (1.09066° — 1)
e Foradod s Bl (x),2“,2
wz
P 2
Ce»
= __ - = =2
3 Lo — (O A706)(78.53) /sec
<, > — S33I.B87 rad/ sec
= oF rFre  Absorber K
Ao — rrracoZe (2.986)
— (1. 6717)(0. 4706 (7R.53)° — 4851 t/m
2= The tTtotal stiffness of the absorber sSystexx. Tse cight
i eomcihh having o stiffness of 600 t/m. The actual value of
EMxy 1 O 717 — S3I . SBrad/ sec.

mraGaTtedd simnce poertinent data 1is mot supplied..

serfer e2f ViPrreziicor: of rFie Sysrerr: above thrie Absorber 7

1 — = — = — =
= — 1 FEDY > ag HéwnIZ o> I, ) (2. 109D
- e P . N @SS R |
Ep o= =z — (1 + ]_,L)(coill —- w,zllz)wz —+ (1 + M)wizlwilz
(Z.104D)
Al — 2. 200 > 105
£ —— B _TFOSI(]S . 65I° + 3. 796(S3.58)° — 78.537 CO.5>
(L. 67173 (2.20 > 1O%) -
= &3 AMOOSS e — O.054 rmarn
mie bbOoad on cach absorber — O_.O00053 >~ 600 — Q. 0324 ¢

Eme armaplitade =, is calculated to check the sStresses i thhe
wE=E. K he ammplituade 2, has been restricted to a valucec less than
vzisse ofF O O2S mrn. The valuce of 22, snmay be calculated using

22



2 F <F WIBRATICONN _ABSCOREPT RO W™

<o

rrzz =
m1A(a>2) <

(53.58)7
(O. 44033 (2.20 > 105
O.O1L4 rraxx

== (D _ 025 11

(O.5)y — O OO0 1 -3+ 1=

EXANMPILE 10.7.2
A comprossor having an opoerating speced of 1200 rprm was
industrial unit. Two precision machines were added to thxcs
wwas felt mecessary to protect these prrecision machimes fro
wvibrations duce to operation of thhoe compressor. T'he Locaima
pressor (C, ) and precision machines (£, and ;) arc sho=3
IDesign an open trench barrier to provide effectlve ~wibrr=ti
the cases of (Aa) active and (b)) passive isolation. The velocary
was determmined at the site by cross bore hole methhod aswes
found to be 150 M/ sec.

fe——=0.0 m——= e =z20. o ™——
==] =1l [==] [
by 7 B o
\ / * .
\ / Y z
b 7 Trench AY &
A f N =z
\\ I; 4—4!3 — ===
LY &
\ / — Y SO Fwx ;_
\ s A F
Y 7 A &
£y Compressor LY [ SO . v LY Fi
= A / A £
T Precision A Y - i - LY Fi
Fro rmachines \ ¥ LY F
Y 7 hY 5
,.\\ / \\ I;
e
a5 < P a5 = LY Fa
/-y\ ;\ \// \ !
A7
5 0O mm
-1 =x=" | &L .
T rench )
a»> =2
Figwurce 10.20. Layout of compressor and precision smachines in thhe irsclescEed

M. 7.2, (@A) < A2ctive isolation;:; (b)) passive isolation.
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B G A SEEL IS £ F BIOOCK FOUNIDATIONS 579

H eSS T IREIICCTICOOON ASPECTS OF BLOCK FOUNDATIONS

e

e mefection of the aggregates and proportioning of concrete mix
Ere mEmsckes moocOoOrIding to specifications laid dovwin inn ACTI 301 (Aamerican

Be Ere=mirmrre. 1975 ) or similary prevalent codes dealing with use of
= Frwr merzeral building construction.

e mmizirmeate compressive strength of concrete should be in accord
cERTerim =aet forth in ACI 318383 (Aamcrican Concrete Institute.,
BEF D mmEFEorTmration is available, the ultimate strength of concrete
== Ene loss than 1S5S0 kg/ecm” or 2.2 ksi.

B swsmmcraeting shoiuild be domne in horizontal lifts. The first pouar shouldad
= SZzm o SEWI @i (1 2-in) laver and subscguent pours in A4A00-mumm (16-in)

f

Eme EmedioFwr —f the pouar should be as low as possible., and one must
Ee=w EfmssT I CcxxTCcCTreite does ol sSegroegate.
%E— i’vmzxon shorid be concreted in a single pour o avoid cold

Ws

IFeseSsmI Y O have a time gap betvween tTwo successive pours,
= =fecaslaE FTwne st and showuvid mot ecxceced 30 smin.

e aFE R mciic=a] difficulries, sometimes a single pour may not be
= =mwEsE o= owsidd 3ot becomes undVOldablc_ I this case., 1t should bo
——T mw e CsEsEastIICTIon joimt and its location chosen with care. I'he

SEegotrw o Tiwe SETEiicture at this construction joint shhould be ensured by
mee o= sE=Frmiske mmmmiicor of dowels and shear kevys through the joint, amnd
TEsmwrTael EmrecE supoervision during the operation. The dowels should be

== T me==m=3Te = Tiail capacity bond. Their lengtihh beyond the joint
i Simrmrefters or 12 in. whichever is more. The dowels may be

ErmEer  @mEs 2 SEEouwgiEmte JOIini i mass conorete construction., suach as G el
= Efawm—dE . r¥EIe mmizst provide shear comnectors (U-bars) at the level of
== =, mEwwwwaar Peormicd boerweenn old and new concrete can e mmade by

EEETm—— M"rcombing the upper surface of the old concrete. The
EEE T =EwesazlcE e ocleamniod with - hard wire brush and thenn covered
s fmf e T orout before the nmnew concrete is poured. For
Forrmines a proper joint, one should follow thhose given
wrr M I 31883 (Aamerican Concrete Institute., I983).

e s FmminesEsE Pme T=ERoIr o avaoricd bulging of the concrete at offseots by
=mree i shoosEersnoeri FAREEED W LOE B

Fme are—s Smaresrwdl ompmonines and pockets should be concreted with carce.
T s L ecer:  SEwmaIlcl e properly curcd. Improper curing may lead

AT s . weirraciz pmaw wweaden afrer thhe machine is in operation.

25



sS30 TEHE CONSTRUUCTION OF AMACHIINRGE 0
Reifirforcaerrrertt
Reirtforcerrtertt for «a Fomrndarior: Bloock . Miassive block Toass

Nnot have the same structural reguirerments as beamms oy colimmsrares
thiheyw are prowvided wwith oamly mindirmal reinforcerment to

tTake —=
poerature and shrinkagse effoects.

M occording to ACIT 318 (ASAarmaaesao=
Institute ., 1983) ., the minimmum stecl reinforcemeniti should bhe =0
O. 0018 tirmes the gross concrete area in each direction. The st==1
be spaced no farther than 18 in center 1o center. L he mmaimarsses
concrete for protectiom of reinforcerment should be 75 s
bofttom and SO mm (2 ind on the sides and tops. IDetails foxr = =
foundation. wwhich was provided to suppPort a cCcommpresSSon wEwERE
capacity . are shown in Figure 14 1a., and b

T he reinforcement details for thhe foundatici block of amn ss==gs
Aare similar to those discussed above exocept for thhe top PO L=
below the anwvil where additional reinforcimg bars arse roguEireacl
of stresses occasioned by impact. The spacing of the bars ima ke
block is usually kept o 1 OO0-TTIEXL (4d-in) centers. Lypical reinmforc=
fFor = hammer foundation are shovwn in Figure 14 _ 2a and b

=

FRefrtforcerrtertt araoisrzad P prertirtes aridad Caviries . =N
eqgual to 0.5 to O.75 percent of a cross—-sectional area of an ope===
=hoi11ld be installed around all such features. This must be paa
form of a cage. In the case of circulawr openings. the reimforncs
overlap for a lenmgth egual to 40 times the bar diammcecter o =5
OO i (12 i) beyvond the point of intersectior. Ewpic=al o
Adetails arcolwund a circular opening are shown in Figurce 145 _ 5

sEtecl F =

=

<2 CONSTRILICTICN ASPEC TS OF FRAME FCOUUMNIDAT IS

Iy e rirT e

The construction of a frame foundation involves thre Ccoame
base slab. columns., and deck slalb. The concrete maix showmlas
ensure the strength reguired bw thhe design. This can be doms
the recommendations of  ACT 301 (Aarmerican Concrete IxysETES
other relewvant buildimg codes.
fTfourndations

B

i1 Ent contrast Tt thhe O ITRST T TS

flexural stremegth is - very important factor iwm i
frame Ffoundations and should receive thhe utImost considaer=atiae

CCerrroreririg thre Base Sliab. T he bhase slab is usually comocT=Ts
continuous pour in the samme mannnmer as for a block foun =

+ For grade o0 stecel bars.
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=
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S500
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Figure 14.1. Typical reinforcement details of a concrete block: (a) Longitudinal section; (b) Trans-

verse section. (All dimensions are in mm.)
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Figure T4.3_ Typical reinforcement details

arcound a circular operring.

m =Fe= £ enfrarrrzes ezrrcd Deck Slab. Although the concreting of the
B cesEzmsrzves . @l deck slab in a single continuous pour is desirable, it
= mmeew pmeEssEirhe froOom a practical standpoint. As a resulit, a comnmstruc-—-
= Ex Ewswmesl etween the columns and the base siab. Deta1ls of a

mm Fommxt formed between the columns and thhe basc slab are

e

= E__~ s 8 e concrering of the colummns and the deck slab is then
e EFrm OoaEe MO Wwithh fhhe mecessary precautions being takern to ensurce
e Pracwiy F Tiwe Structure. YWhen the colurmnmn heights are more thhan

SrErwmCEeEETEE <3F fhie supoerstructure in once pouy may mot be feasible,

Eme rmeaeEssmE sy 10 prowide a second construction joint, but gencerally
m Fe e roecoarmrncended.

mmawEbsiarre af & commstruaction joint in the top part of a column nearxr the
EE =t S5z 18w comstyuction and reduce thhe height of thhe pour, theraby

= e oImomswmcees of Tthhe conocarete becoming segregated A construction

= weomk Phane fromm the standpoint of shear strength, and im

Main colurmn
reinforcement

~ Dowels

M|

L~ ofurmin

|~ S hear ey

Base siab

B

[ - il et ot 2 s skaks <woixmswn joinrt {(other reinforcement details

not showvwm
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wFwrrricl re imsulated to a length of at least 150 miIin (6 in) from the
Barar: peoint TOo awvoid any stray currents occasioned by induction.

FFr AEECODLINIDO THE FOUNIDIDATION

Ermie Ty TrAansIission of vibrations to adjoining structures, a gap
= pramersidescd aronind the foundation as shown in Fig. 14.1. For frame
ErmEs_ = olear gcap should be provided around thoe base as well as
£Fu— Eeok slab. FThe gap around the foundation should be kept free
= S If¥ ocontact of the machine foundationn withh an adjoining
=2 rrrizy ¥i= Emrasoidable. two lavers of &t resilicnt material such as felt
e @mT Thae imterface.

Tme= mmowmo—ssmm TS T Domnd fresh to old concrete to repair a dcecfective
= SEmErFme—ee D»ryrwmzochit sabout through an unforeseen intecrruption in thoe
E o =S & roesaair of a defeciive casting or impropery curing. Also., if
= —e—amerer EEme =mmrface after concreting is loose. it would be mocessary
e = Enemwwd smrfmoe £OT proper machine performance. I1n such cases.
T mrem skawozid be chippoed off up to 100 marnm (4 in) and cleanced.
eews SSscwrsELE LIneIz D ouUt Into the surface. The nmnumber and size oOof
Eww AecEmoTndE  IIpwoEE fthie exXtent of the surface being repaired. P N
= Frmmr sEwear hoews should be provided. The size of the sheay kevs
T TS O TS = f R Iy 3 > 3 > 24 ixm) . They should be thoroushly
P Eino smermesme s< ospeosced. including the grooves for the shear keys,
= smm—msear® mmEEfr orwmermsc. 1 hIxis would comsist of Araldite (100 parts).,
e w2 SEE pEmessTe= . =mEmsd failew silica (<% prarts) and be applied in thiree thin
e S 2 Emee homer ourmmwr s SRRk w . rich concroete mmix should be pourced and
2 S e ¥ =mea—d Insmrs 10 zmrm {0.375 in) in diameter maay be placed
ErTwcTeesnTy Saer Time =ERaE¥ KewSo

; TmEmmasses. of Tmommmecizswe fresh concrete to old concrete is guite expensive

e Erraris T s aIiees opwmisee absorbers for a rmachince foundation depend
¢ T s fhgess SESLwr el SR SESEER - T here arc two types of spring absorber
= e smsgeended typoe. These have becn described
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10 FCOUMNIDATIONS FOOS L

~=ill undergo only vertical vibrations and may be mocdaeled =us
of-freedorm systermnm, as shovwn in Fig. 7.3a.

When the irmpract is at an ccocentricity ., thhe same sSy¥STtoEmr O
undergco not only vertical vibrations, but also rockking (roTamEDC
Prlance and sliding (horizomntal transiation) and may thhuas bhhbae aaea

in Fig. 7.3b. For cases when the anwvil
foundation block

rests o Aarn oclasrs

rests dircectly on soil (Fig. 7-2bb. o). shh
systerm may be modelled as shown iy FHig. 7-3Bc. If thhe sy
svstem of Fig. 7.3c can be an alvyvzed as a two degree £
uundergoing wvertical translatiorn. XfF thhe immpact is aat any ocoo==x
the masse=" rsrz; and rrz, (Fig. 7.3c) will have three degws
consisting of vertical translation and coupled rocking and =i
an overall systermm withh six degreces of frecdom. W hhen the £a

rests on absorber (Fig. 7-2d). the systesn can be modeledd =
7 3Ad and wwill have threce degrees of frecdom for cemtral immp=s
nine degsreccos of freedorm when the impact is Aat ATy  Soassd
stiffness of trough (Fig. 7.2d) is usually very hich compoars
Ppad below the foundation block. the trough may e assiaFrE?

supported on thhe soil (MNovak, 1983) and a tvwo-—inass Troaiat
for all practitical purposes.

T he eccentricity of dimpact Iis oo
suitably controlling thhe seomcoctrical layout of thhe fTowurndd=T
alisgnment of thhe tup and freguent maintenance, and ImMmoOsST PE
thus be analvzed by using a Ttwo-—degrec-of-freedorm  rruoxcdad

F.3c). The computations can be further simplified by mxaks
assumMmptions:

. e anwvil, foundation block, frarme.

and tap arse TasEd
2.

Fhe pad and thhe soil can be sitTmulated by

cequivalemt W
SPpPritTyngs.

. The damping of the elastic pad and soil is meglecoadck.

2. "Tha tizmc of irmpact 1is short compared to the =
wibrations of thhe systesn.

S. Emmbedment effects are neglaected.

validity of thhe Asstrimpifons

Aassurmptiorn b about the rigidity of the anwvil, foundarios
frame is practically correct. T'ho Ppad material and soil c=Es
behave celastically (assumption 2) for simnall amplitudes «f
pad betweocn thhe anwvil and thhe foundation block becosas= <
losing its clasticity and should be replaced aftexr recoe iz
ration. Aassumption 3 about neglectrting the Adarmiprings i tire 3
ot correct. The foundation block supportinmng thhe anwil =
vibrations and =- significant amount of Secometryical ==
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Rl YSES 1=

mitinnge natural freguency of the anwvil and foundation resting
g (assurrming the anvil is rigidly attached to the foundation

EFrdrrge natural freguency of the anvil vibrating on thhe elastic
r ospringos., and

F a2

7z,

e =

E s, and <, Mmay be calculatcd as

=
i — (=2.99a)

+m2

k2
P> T — (2"99b)

=

Drrvif o2rndad Fowrmnadatiorr AMoftiom

= of anvil and foundation wvibratiomm may be compuated by

ifrec vibratiomns of thhe anvil—foundation soil systerm as being
syFrial velocity imparted to thhe anvil by the impact of the ram

e beaeing forged.
amxr soluvtions for amplitudes of vibrationn rmaaay be obtained by
i =, =&as follows:
=4 — 7, Sin oo 4 & + C, sin s F (7.2a)
=, =— I, sitx >, + I, Siry o>, L (7-2)

Fariorns of vibration may be expressed by using Eg- (7-3). At

=, = =, = O C7_.3a)
=, = O and =, = V7, (7.3
Fre imditial velocity of amnvil motion. By substituting =, and =

rmato IEgs. (2.95b and ©) and using the initial conditions given
B expressions for =z, and =z, arcec obtained Eg. (7.4):
- - pr= =2 =2
Les . — 7,300, — <> > SETY <>, F Sir <o r
==] 1 = =2 ( P 2 L e 2 )Va (7-4&)

= = =
wnll(a)nl «>_ > 7z 1 e -1
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AL YSITIS 315

£3F ArINAAS ANAOEForr AV

oecitwT Oof thhe anvil just after the tup’s irmpact can be doeotermined
= of conservation of rmomentumnm . The impact of the tuap on
= central or eccentric (Fig. 7.5). In cases of central impact,
AER VWV, rmxay be computed by assuming that tho impact takes
zwrtical plane through the centroid of the foundation. T ha
i ww3ill result only in translatiomnal vibrations in the vertical
i limnear mmomentumn neaed be considered. The momenturmm ofF
= IFmappact is (W_// o)Vv .. Thce anwvil is indtially at rest, and its
HForTe immpact is zZero. T'he momentum of thhe tup and anvil afrter
m I
L% " | % 2
— ¥, +~ —
=
The welocity of the amnvil after irmpact, PV, the weight of thhe
= Tthe frame if it is mounted on thhe anvil)., and ¥V, the vaeclocity
i of thhe tup after impract. According to thhe principal of impact

==_ The momentum before and after thhe impact in a comsexr—
2 coOonstant. Therefore,
A2 | % o W,
> g T —— = B, 3 —= . C7.8)
= i’ = *
¥ hhas tvwo unknovwns, VvV, and V. A sceccond eqguation may boe

=

—= Elastic pad

Figuare 7.5, MModel Ffor calculating initial velocity
of anvil for the case of eccentric impact.
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=217

T ETmapract, it is YV, + b, V5, By applying FEqg. (7-9)., we obtain

Hx. (712, and (7.13), thhe values of V, and ¢, arc obtained as

o (L + ed A= _
= T {1 + (> & 225 — = V= C(7-14a)
z sCL +— &) :
P (1L +— sO(7=> + A=y — = Y s C7.1a41)

=gual to AL, e/ VW . VWhen » is zero, i.c.,. for cemntral immpact,

st (7. 14b) wicecld
1T +— &)

V. — S s Vo

g2 Ffor V_, is thhe same as in Eqg. (7-11a).

=

EBEpfrFrosSsive stress i thhe elastic pad below thhe anvil depends

Erve displacements of anvil and the foundation block. The
Cormmpression in the pad develops when the anvil moves

el atrt the same instant of timoec, the foundation block moves

EESXEIITINIUIN COoOmpressive stress in thhe pad bis thus expressed by

=, + =
o, — K = = (715D
A 5

= Frarnsrifitted by the Focrndadationrs
transmitted o the soil is given by

— A, =, (7.16)>

erT o= Fo .,

F

<Adxrxn
S F S
EBrocd To the scoil o through the combin

recd static and dynamic
=saad by )

W, + W, + =, K, ,.4a
S — 1 = 1 £ C7-17)>
All
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Chapter 4 :

foundations for high-
speed rotary machins
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pS s T 3

FCOUNIDATICONS FOR HIGERH-SPEET» BT

W hen the condenscer rests directly on thhe rigid suappoyts. 3
wecight of the condenscr wunit is transferred to thhe foundairiorz
sprrings are provided between the condenser and thhe bass= ==
transferred partly to thhe base mat and partly to thhe deck =3
stiffness determines the proportion in which the load is shomw=
brasce slab

and the deck. The stiffness of thhe springs rmaxs oo =
manufacturer of the turbine or condenscr.

I crexeds IDree to> Veaacrirerrr iri Cortderisaer. The pressure o fims
is atmospheric and thae pressuarc in 1he condenscer is belo== =
pressure . The differential pressure between the tarbirss -
condense

r resulits i A suction or a vacuurm load transferre:d 3
through turbine basc plates. The magnitude of the vaouas
nificantly large and may be several timoes the weight of the= o=
considered as a distributed load along cocdges of SUpPppPOoOTriIirTrs
results in localized stress concentration and torsior. T i =
this wacuum load acts is the area of the opening (Joint} i
cOondenser To thhoc turbine cutlet.

T he condensaer
calculated using EFEqg. (S.1):

NERACIRRER T

P

- AC P, — P
irn whiclh

rr, — condenser vVacuuuir load

A — arca of joint opening between the turbine and CCrEms
2., — atmospheric pressuare

=

AacCuAUITy prae SSsSuaare

The pressure imn the comndenser is below the atmospharec
amount (p_, — 2.,

~which represents depression in the odIzc
The information on condenscecr vacuurnn

Toad is furniaishoecd
tuirer of thhe turbimne.

T herrrmral L oads

T he heat cmitted by pipes carrying superheated stesiryr. CETI
or hot gasces through the turbinces and operation of thae
rise to tomperature changes thhat result in tomperatuarsS 23
foundation components causing additional stresses o thharse
heats uaup . thhe shaft expands.

T he shhaft is supported o = =iz
poermitting its free sliding in the longitudinal direction s
arc

induaced due to expansion of thhe shafr. IF'he thhoxizas
concrete is low comparced to thhat of steecel and therrciom
tempoeratures of turbine and generator result i ltocal odO=s
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R ICENERATOR FCOULINIDATION . 335

wwrete . FHeat buildup imn turbime casing and baed rlates induces
e orn the foundation. The expansion of the casing and bed
=ohine selative to " the concrete deck results in frictiomnal loads

2T are internally balanced (resulting in local effects DUt o et
[

Lo estirmnate pprecisely thhe magnitude and direction of theraaal
=% deproernd <1 a smrumber of factors, suach as Tthe distance
==>ITts where bed plates are held down withh anchor bolts
: thhe bed plates and concrete, and the load on thhe bhed PrPlate .
= eostirmate of the therrmal load may be made by wusing EFqg -

I, =— pe F C(8.2>

£ Eo=cd ,
cmt of frictiomn betvween material of bed plate and rmaterial ofFf

Ferxzmadds due o machine, condensaer, Pripes, and normmal torgue

o rermpocrature changes arcec generally taken into  accouwunt =%
=nrial temperatures between the upper and the lower siabs
== Immcr and thhe outer faces of thhe deck slab as specified by
=r. I1he deck slab is considered as a horizontal frame annd
z2Ts due to differonmntial temperature arce accounted for. CToa—
HaE miso be given to change in direction of therymal loads
I st dowrx. ’

mrmd imcluaades self weight of pipe. dymiamic effeccoct of fAuids inm

=l esdffoects. The muagnitude of pippre load and its distribution on
TEepeerid wuapon Pipe rmnaterial, SIizce imsulatiorn ., arnd lIasyvout

smitude of pipe load is specified by the rmanufacturcer.

Bets fFDire fe3 MNMTachkhirne

I msenerator rotors are well-balanced equipment. TThe unbal-
= checked and corrccted or minimized during test ruans [ =3 Ve
T O Ppre on specially designed test or balancing beds. The
= IS ascertained by rmonitoring thhe vibration amplitudes at
B ummnibalance is sprecified aas thhe distance betwecocn the axis oFf
m=ss conter of gravity of thhe rotor, and is known as effective
= aoaprorartion of the machine causces unbalanced forces that
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depend upon speed of rotaticon .. T'he magnitude of aanbakanas
momaents can be calculated using Eqgqs-. (5.38) and (S _539.
prulsating loads are transferraed to thhe foundation throw
The T.C(5. manufacturers prowvid
should be uscaed
conditions.

B
=iz tiIhws =

=

e information aboat unbhai=mrms
in the design of the foundaticorn uandoey EeosEs
T designing a LT.CG. fFoundation., smost unftavoraib»k
of unbalanced dynamic loads should be usaed.

T orqgee Loads

(rmormments

The torguse considered here is diffexren
sScction

£ from that due To wmTw
Aduc to machine opaeraticon) .-
Impose @ torgus omn thhe
opposite to thhe dir
scoencrator stat
torgue depoci
thhe turbines.

Torces due tO sSste@mw ik 3

stationary turbine casiine
ection of rotation of the rotor .
Oor act

T hi< T <>¥ EELE
s in thhe direction of Totor rotation. 1 Ixce s

ds uapon the opcrational spcecaed and powWeT OuRk
The turbine rmanuafacturers pprovide the inforzzm
magnitude of this torqus.

This torgus is applied to Thae &
couple actinsg through the machine baed plates.
oy aa T.G . unit having

a rmultistage turbine Fig. 8.5. th=
calculated as follows: :

10.48 F _,

T, = ~ T 1

7, — ]()_48(P;; — L.
T . — 10.48(%— g, | €
7. — 10-42%7(1‘)‘:) € 1

Generator -

1.F_

Figure 8.3

T O rcyuie

Turbines
due to norrmal

operation of a mlitistame Tusrisas
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