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data for calculation of foundation loads
general forces blower motor gear box silencer
I |torque (start up) kNm 162,9 552 2181
Il |weight kN 315,0 138,0 338 134,0
Il |force of earthquake + X kN 61,2 26,8 6,5 26,0
IV |force of earthquake + Y kN 61,2 26,8 6,5 26,0
V  |force of earthquake + Z kN 51,0 223 54 21,7
VI |wind load * x kN 4,17 24 0,96 3,61
VIl |wind load +y kN 6,1 49 0,6 9,0
VIl |unbalanced force kN 1,0 0,6 0,6
Mode 1 Mode 2
gas force operating Hz 33,8 338
X |blower stat kN 1248 24,0
dyn kN 18,7 12,6
X |blower / silencer stat. kN 262,0 2192
dyn kN 39,3 329
Xl |silencer / unit stat kN 2588 216,0
dyn kN 39,3 329
Al |blower / unit stat kN 137,2 135,2
dyn kN 20,6 20,3
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qall(Kg/cm2)

qall(Kg/cm2)

Allowable Bearing Capacity of Mat Footing with L/B=1 in D=1 m, Zone "B, F & H"
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1) Input Data

W= 620.600 kN Weight of equipment
g= 9.810 m/s’
v= 0.300 Soil Poisson's ratio |
G= 0.400 Gpa Dynamic shear modulus of soil (
= 18.000 kN/m’ Soil Density :
B= 9.700 m Width of foundation in direction of axis of rocking
L= 10.600 m Length of foundation perpendicular to direction of axis of rocking
H= 2.000 m Depth of Foundation

We= 6780.444 kN Weight of Foundation and Pedestals
p= “fg= 1834.862 kg/m’

Fg= 8012.232 kg Total Dynamic Force

Fao= Fo.8= 78.600 kN

2= 4.750 m Distance from C.G. of equipment to bottom of foundation

Mao= Fao-Zc= 373.350 kN.m
f= 2028.000 rpm frequency

trg= 436.200 kN.m total start up torque

trgF= 197.956 kN total start up tension/compression force

2) Horizontal Mode of Vibration

Mp= (W+W;)/g= 754438.766 kg Total mass
Foh= sqrt(B.L/m)= 5.722 m Equivalent circular footing radius
Nh= 1+0.55(2-v)(H/ron)= 1.327 Embedment factor for spring constant
L/B= 0.915 L & Bin the fig.
B= 1,000
3 U . 3
() Bl T
il — i
i I""_%"—'I /"
2k i Iu X 1.0
o 1) 7 .
Sl [ @ ii o /'/ B
@ .§ v
E L <
, . =B, L
' = ==t 0.5
Py
0 0
ol 0.2 04 06 10 2 4 6 810
L/8
Kn= 2(1+v).G.B,.(B.L) .= 1.399 x10” kN/m Equivalent spring constant
o= [1+1.9(2+v)H/rgnl/nn"> 1.848 Embedment Ratio
B,= (7-89)/(32(1-V)).(W+W)/(7.70n )= 0.451 mass ratio
Dhg= 0.288 /(B,)a, = 0.793 Geometrical damping ratio
Dpi= 0.050 internal damping
Dp= Drg+Dpi= 0.843 total damping
for= sqrt(Kn/Mp) *60/(2n)= 1300.458 rpm Natural Frequency
fan= f,m.sqrt{l-Dnzl= 699.642 pm Response Frequency

11.661 Hz
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Rp= if Z.Dh1> 1.0 Resonance is not possible Resonance is not possible
else Resonance is possible
Mhe= fo/fon= 1.559 frequency ratio
if ABS(f-fop )/f>=0.3 OK. OK.
else N.OK.
My= |{11,‘(2)24(20,';"‘)2]'0‘5 0.334 =dt5 oK. Magnification factor
Heo= Mpe.Fao/Kn = 1.876 pm Displacement response
Tine= Mpe.sqrt[14(2Dy,.rpc)’] 0.940
Freo= Tihe-Fao= 73.851 kN Maximum trasmitted force
3) Vertical Mode of Vibration
M= (W+W;)/g= 754438.766 kg Total mass
o= sqrt(B.L/m)= 5.722 m Equivalent circular footing radius
n= 1+0.6(1-v)(H/ro,)= 1.147 Embedment factor for spring constant
L/B= 0.915 L & Bin the fig.
B.= 2.100
T T 15
"”I%’” B
b =
= u! PAREIYY
5; i °|§ @ -
L ] ] By
g | | 58
i BT
== = = == Q0.5
Px
0
0.l 0.2 04 06 10 2 4 6 810
/8
K= G/[l—v),ﬂz.(B.L)nj.q,: 1.395 x10° kN/m Equivalent spring constant
a= [1+1.9(1-vH/rp.)/n>* 1.368 Embedment Ratio
= (14 (WHW)/ (7.0, )= 0.384 mass ratio
D= 0.425/(8,")at, = 0.938 Geometrical damping ratio
D= 0.050 internal damping
D= DigtDyi= 0.988 total damping
fov sqrt(K,/M,) *60/(2n)= 1298.709 rpm Natural Frequency
fa= fr-sqrt(1- D,,I)= 199.389 rpm Response Frequency
3.323 Hz
Ry if2.0,’>1.0 Resonance is not possible Resonance is not possible
else Resonance is possible
= folfar 1.6 frequency ratio
if ABS(f ., )/f>=0.3 OK. OK.
else N.OK.
M= [(1-r")z+(2|)v,rw)z]*’5 0.294 <15 OK. Magnification factor
Vo= Mye.Fao/K, = 1.654 um Displacement response
Tre= Me.sqrt[1+{20,.rc)] 0.953
Fuo= Tre-Fao= 74.888 kN Maximum trasmitted force
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4) Rocking Mode of Vibration
Part Weight(kN) y(m) 2(m) weight*z°/g
BLOWER 315.000 0.000 4.750 724.484
MQOTOR 138.000 0.000 4.750 317.393
GEAR BOX 33.600 0.000 4.271 62.478
SILENCER 134.000 0.000 4.750 308.193
0.000
0.000
SUM=ly, (kN.m.s): 1412.548
lom= 1412548  kN.m.s®
ly= [(B.L.H.25kN/m’)(H*)/12+(B.L.H.25kN/m’)(H*/4)] /g= 698,743 kN.m.s®  F-1
lyr2= (b3.1p.hy. 25kN/m’/g) (H+h,/2))= 381.592 kN.m.s>  PED-1
lyts= (bs.15.hs.25kN/m*/g){(H+hs/2)))= 43.231 kN.m.s>  PED-2
lyra= (ba.ls.has. 25kN/m*/g)((H+ha/2)))= 258.822 kN.m.s>  PED-3
lprs= (bs.ls.hs.25kN/m*/g){(H+hs/2))= 145.618 kN.m.s>  PED-4
lyte= (bs-le-he.25kN/m’/g)((H+he/2)’)= 341.011 kN.m.s>  PED-5
lytr= (by.ly.h7.25kN/m*/g)((H+h;/2)))= 66.014 kN.m.s>  PED-6
lyts= (bg.lg.hg.25kN/m*/g)((H+he/2))= 0.000 kN.m.s  PED-7
lyr= % Iyl 1935.030  kN.m.s®
Fou= (8.L3/(3m)) 5= 5.917 m Equivalent radius
ng= 1"'1<2(1'“)(H/’uwl“0-2{2“’”H/row)5= 1.297 Embedment factor for spring constant
L/B= 0.915 L & B in the fig.
By= 0.500
3 —_ LS
¥y R
o —
C L —
s 2 = 3% 7 1.0
z g‘§ @ /' Bi
& | [EE
T v
[ T =l Mos
ma o=
8,
0 0
0.l 0.2 04 06 10 2 4 6 810
/8
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Ky= 6/(1-v).By.(B.L%).ny= 40.390 x10’ kN.m Equivalent spring constant

= [140.7(1-V)H/r o #0.6(2-v) (H/ 1o, 1/ > 1.058 Embedment Ratio

By= 3(1-v)/8.{lym* )/ (. T oy )= 0.066 mass ratio

ny= 1.699

By 5 3 2 1 0.8 .5 0.2
ny 1,079 1.110 1.143 1.219 1.251 1.378 1.600

Dyg= 0,15,’((1+an¢,)(an¢)0 5)c[w: 0.426 geometrical damping ratio

Dyi= 0.050 internal damping

Dy= Dyg+Dyi= 0.476 total damping

fry= sart(Ke/(lgm+yr)) *60/(2m)= 3316.981 rpm Natural Frequency

fay= fnu,*sqrt[l-Dwz): 2917.045 rpm Response Frequency

48.617 Hz
Tyc= fo/fa= 0.695 Frequency ratio
if ABS(f-frmy )/fc>0.3 OK. OK.
else N.OK.

Myc= rwzl[(1fr¢c2)z+(20¢.rwc)2]2 0.576 <1.5 OK. Magnification factor

Weo= Mye-Mao/Ky = 53.209 x10%rad  Rotation response

Troc= Mye.sart[1+(2Dy.rye)’] 0.690

Myo= TryeMao= 257.722 kN.m Maximum trasmitted moment
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5) Torsional Mode of Vibration
Part Weight(kN) x(m) y(m) 2(m) weight*(z%)/g
BLOWER 315.000 0.000 0.000 4,750 724.484
MOTOR 138.000 0.000 0.000 4.750 317.303
GEAR BOX 33.600 0.000 0.000 4.271 62.478
SILENCER 134.000 0.000 0.000 4.750 308.193
0.000 0.000
0.000 0.000
SUM=L,. , (kN.m.s%): 1412.548
lym= 1412.548 kN.m.s*
Inir= [(B.L.H.25kN/m’)(H’)/12+(B.L.H.25kN/m’)(H*/a)) /g= 698.743 kN.m.s®  F-1
l= (.. ho. 25kN/m*/g)((H+hy/2)P)= 381.592 kN.m.s”  PED-1
Iys= (bs.l5.hs. 25kN/m*/g)({H+ha/2)")= 43.231 kN.m.s*  PED-2
Inta= (be.ls.ha, 25kN/m*/fg)((H+ha/2) )= 258.822 kN.m.s*  PED-3
Ints= (bs.5.hs. 25kN/m*/g)((H+hs/2))= 145,618 kN.m.s*  PED-4
Ints= (be.ls.h. 25kN/m>/g)((H+he/2)))= 341.011 kN.m.s>  PED-S
Ine= (bs.l7.hy.25kN/m*/g)((H+hy/2)P)= 66.014 kN.m.s’  PED-6
Iye= (bg.ls. hg. 25kN/m’/g){(H+hs/2)’)= 0.000 kN.m.s”
Iy= I (lsl= 1935.030  kN.m.s®
T Ly Hym= 3347.579  kN.m.s®
fon= [B.LB L)/ (6m))° = 5.794 m Equivalent radius
K= 16/3 G<rnq5= 41,488 x10” kN.m Equivalent spring constant
B.= I.,..,’(p.rn.:s] 0.279 mass ratio
D, 0.5/(1+28,) 0.321 geometrical damping ratio
Dy 0.050 internal damping
D,= D,g+Dpi= 0.371
fon= sqrt(K,/1,,)*60/(2m)= 4423.911 rpm Natural Frequency
fan= fn.._sqrt(l-D.-‘z]: 4108.678 rpm Response Frequency
68.478 Hz
M= fo/fan= 0.494 Frequency ratio
if ABS(fc-fo )/f>=0.3 OK. oK.
else N.OK.
M, = (o (6 B Y L I 0.290 <15 oK. Magnification factor
by My, e.Mgo/Ky, = 26.003 x10%rad  Rotation response
T M, c.sqrt[1+(2D;.r, )] 0.309
My o= Tere.Mao= 115.274 kN.m Maximum trasmitted moment
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6) Design Criteria Checks
a.) Static Bearing Stresses: ]
W= 620.600 kN
We= 6780.444 kN
p= (W+Wi)/g= 754438.766 kg
W= 0.000 kg total soil weight on foundation
Part Weight(kN) x(m) y(m) weight*x weight*y Xe Ye Xo A\
F1 5043.321 5.3 4.85 26729.6013 | 24460.1069
PED1 560.347 4.75 1.5 2661.6492 840.5208
PED2 79.682 0.75 6.35 59.76129375 | 505.978954
PED3 380.661 3.33 6.35 1267.599695 | 2417.19461
PED4 174.668 5.89 5.93 1028.794341 | 1035.78106
PEDS 420.090 8.61 5.8 3616.978703 | 2436.52456
PED& 121.675 7.88 7.95 958.802089 |967.319366
PED7 0.000 ] 0 0 0
sum: 6780.444 36323.18662 | 32663.4262 | 5.357 4.817
BLOWER 315.000 3.330 6.350 1048.95 2000.25
MOTOR 138.000 8.610 5.800 1188.18 800.4
GEAR BOX 33.600 5.890 5.930 197.904 199.248
SILENCER 134.000 4.750 1.500 636.5 201
0 0
0 0
Total: 620.600 3071.534 3200.898 4.949 5.158
Xp= (X coord. of application of load P) 4.949 m
Yp= (Y coord. of application of load P) 5.158 m
= (X coord. of application of load Wy) 5.357
Ye= {Y coord. of application of load W) 4.817
Xe= (X coord.of application of load W,) 0.000 m
Y= (Y coord.of application of load W,) 0.000 m
P= P+W, = 754438.766 kg
K= (P X+ WX, )/ P= 4,949 m X coord. At center of foundation
Y= (PY 4 W..Y,)/P= 5.158 m Y coord. At center of foundation
e= ABS(X-Xr)= 0.408 m
Check: If e,<=0.05L OK. oK.
Else Not OK.
e= ABS(Y,-Yy)= 0.340 m
Check: If e,<=0.05B  OK. OK.
Else Not OK.
Gman™ P./(B.L)*(1+6e,/B+6e, /L)= 1.060 kgfem2
Umin= P./(B.L)*(1-6e,/B-6e,/L)= 0.407 kg/cm2
Qan= 2.200 kg/cm2
Check: If gmay<=0.50,; OK. OK.
Else Not OK.
Check: If gmin>=0 OK. OK.
Else Not OK.
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b.) Dynamic Bearing Stresses: .
Mycor= Myco*+Fueo* L/ 24Fneo*Hi 2= 802.331 kN.m
My cor= M, ot Fuco™L/2+Fno™*H/ 2= 659.883 kN.m
Qoo™ [Fuce/ (BLJ6M e/ (LB) +6M. o/ (B7.L)) /5= 0.093 kg/cm2
Omaxc™ Omax+0do™ 1.153 kg/cm2
Amino™ Amin-Cdo™ 0.314 kg/cm?2
Check: If gmax<=0.75q,; OK. OK.
Else Not OK.
Check: If gpmin>=0 OK. OK.
Else Not OK.
¢.) Bearing Stresses for Seismic Load:
Ven= 120.500 kN horizontal seismic load
Ver= 100.400 kN vertical seismic load
= 4.750 m distance of seismic acting point from B.O.F
M= Ve. h= 572.375 kN.m Moment at bottom of foundation
Qe= Max.[6M,/(B.L%),6M/(B.L)]*1.3/g+0.3V,,/g= 0.049 kg/cm2
Omaxe™ Amax+de= 1.109 kg/cm2
Omine= Qmin~Qe= 0.359 kg/cm?2
Check: If qmay<=0.5*1.33q5; OK. OK.
Else Not OK.
Check: If gmin>=0 OK. OK.
Else Not OK.
d.] Overturning Control
Bicg= (foundation and ped. C.G. along B) 4.817 m
Bicg= (equipment C.G. along B) 4.949 m
M= Wy By 6 /2+4W*Bye /2= 35734.960  kN.m
Fan= 8012.232 kg
Fan.8= 78.600 kN
6= (Max.equipment C.G from B.O.F.) 4.750 m
Mg= Me+Fgn.Le g +trg= 1381.925 kN.m
ratio= M,/M,= 25.859
Check: If M/Mg>=1.75 OK. oK.
Else Not OK.
e.) Sliding Control y
Fe W+Wi-trgF= 7203.088 kN.m
Fr= VetFan= 199.100 kN
= 0.500
ratio= WF/Fy= 18.089
Check: If uF/Fr>=1.5 OK. OK.
Else Not OK.
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f.) Control Thickness of Foundation:
Bmin= 7.125 1.5 times the vertical distance from machine "CL." To B.O.F
Check: If B>=By,;, OK. OK.
Else Not OK.

g.) Control Weight of Foundation:

Check: If W>=3W OK. OK.
Else Not OK. 010 — T T
S e\
‘o % \%
h.) Control Amplitude of Vibration:
A= Heo 1.876 pm Eb
A= Veo 1.654 um
A= sqrt(B2ea,2)= 2.502 pm S
Check: If A<=10um  OK. OK. é .
Else Not OK. %5
Frequency 2028.000 rpm '5’_:!
A= 0.00064 in 22
Zone=  (Check Fig.3-3, Zone A or B is Ok.) B OK. ;_«i
gg .00
EXPLANATION OF CASES gg
E DANGEROUS. SHUT IT DOWN NOW TO AVOID DANGER. %‘3
D FAILURE |8 MEAR. CORRECT WITHIN TWO DAYS g
TO AVOID BREAKDOWN.
0.0001

C FAULTY. CORRECT WITHIN [0 DAYE TO SAVE
Frequency, com

MAINTENANCE DOLLARS . ) .
Figure 3-3. Vibration performance of rotating
B  MINOR FAULTS. CORRECTION WASTES OOLLARS. machines (see ref. 9).

A NO FAULTS . TYPICAL NEW EQUIPMENT.

Table 3-2
i.) Control Velocity: General Machinery-Vibration-Severity Data®
Velocity= 2nf/60.disp.= 0.035 in./sec
table:  Very Good Horizontal Peak Velocity
(in./sec.) Machine Operation

above good OK. OK <0.005 Extremely smooth
0.005-0.010 Very smooth

EiscRNotOk: 0.010-0.020 Smooth
0.020-0.040 Very good
0.040-0.080 Good
0.080-0.160 Fair
0.160-0.315 Slightly rough
0.315-0.630 Rough

>0.630 Very rough
i.) Control Acceleration: This check in only necessary if 'h' & 'i' are not satisfied

Acceleration= 4r*F3/3600.disp.= in./sec2




