Filedesign-intze-shaft-support

Design of Intze tank Shaft SUPPORT
Data :- name values Required
Capacity of tank va 253kl vV 250Kl
Tank Top diameter DIA is OK td 10m DIA is OK
Thickness of side wall ai fop fi 0.2m
Diameter of staging ds 7m
Internal shaft openinig diamefer isd 1.5 m
Slde wall height swh 250 m fotal ht
Inclined wall Vertical height Ish 1.50 m 4.3
Rise of top dome h 1.7 m
Thickness of top dome tt 0.25m
Rise of bottom dome bdh 1.2m
Thickness of bottor dome bst 0.25 m
Allowable stress in sicel rst 130 n/mm?2
Grade of concrete g 30 N/mm?2
Allowable bending tensile stress in concrete allowbt 2.0 n/fmm?2
Allowable direct tensile stress in concrete allowclt 1.5 n/mm2
Allowable bending compressive stress in concrete cbe 10.0 n/mm2
Allowable direct compressive stress in concrete dllowdc 8.0 n/fmm2
Height of free board hf 0.3m
Angle of inclinafion of inclined wall inh 45 Degrees
Volume of concrefe
Concrete vol. of top dome st*tt 10.95 cum
Concrete volume of top 1ing bear pi{)*{td+trb)*trb*ird 291 cum
Concrete vol. of vertical wall PI{)* (td+ (ti+1i} /2) *{ti+Hi) /2* {swh-ird) 14,10 cum
Concrete vol. of middle ring bear pi{)*{id+mrb)*mrb*mrd 4.95 cum
Concrete vol, of conical shell Pif)*(td/2+ds/2)*ist*ish/SIN(th*Pi[) /180) 16.99 cum
Concrete vol. of bottom dome  sfi*bst 10.75 cum
Concrele vol. of botlom ring bear pi{)*{ds)*orb*brd 4.45 cum
Concrete vol. of balcony bw*0.1*pi()*{tdrmrb+ow) 0.00 cum
Total volume of concrete 65.11 cum
Volume calculations

Yolume of cylindrical poriion PH{I*{1d/2)A24{swh+ird+mrd) 243
Yolume of conical portion Pi}/3*{(1d/2)A2+(8d/27ds/2)+(ds/2) A2)*ish 86 vep
Volume of bottom dome portion PI()/6*{3*(ds/2)A2+bdhA2)*bdn -24 vbdp
Volume of infernal shaft PI()*isdA2/4* [swhish-bdh) -5

Nef volume e} 301kt
Allowable siress in concrele under bending cbc 10.0 N/mm2

Design of Top dome
Thickness of top dome it 0.125m
Live load on top dome Ll 1.5 kn/sgm
Diameter of steel bars STEEL Diais GK dia 8 mm
Areq of steel Ast 300 mm32
Spacing of steel bars Spp 125 mm 168
Minimum percentage of steel Mpt 0240 %
Meridional stress Ms  0.188 nfmm?2
Circumferencial stress cs 0079 nfmm?
The stresses are compressive and with in permissible timits

Calculations
Radious of top dome ({tdf2)A2+nA2) /{2¥N) Rt 8.20 m

Sth 0.610 Cth  0.793
Surface area of top dome 2*pi[)*Ri*h St 87.62 sgm
Weight of top dome &finishings ~ {1*25+0.50) wi 3.63 kn/sgm
Dead and live load per sqm wi+Ll fwit 5.13 kn/sgm
Meridional thrust WxR/(1+Cos(th)} Mt 23.45 kn/m
Clrcumferencial thrust . R {cth-1/{1+ctny) ct 2.88 kn/m
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Filedesign-intze-shaft-support

Meridional stress MI*10C0/{11*1000*1000) Ms 0.19 n/fmm?2
Circumferencial stress CH1000/(1*1000%1000) Cs 0.08 nfmm2
The stresses are compressive and with in permissible limits
Min, percentage of steel IF{ds<=15,0.24%,0.35%) . Mpt 024 %
Area of steel required MpT*H*1000*1000/100 Ast 300 mm2
Spacing of steel pi{)*{dia)A2/{4}*1000/ Ast Sp 168 mm
Design of Top ring beam
Top ring beam breadth Tensile siress with in limits 0.68 nfmm2 trb 0.30m OK
Top ring beam depth OK trd 03m 0146
Dia of steel bars trds 12 mm
Number of bars b 6 Nos 5
Area of sieel provided Safe Asip 679 mm2 501
Hoop tension in the top ring beam Ht 65 kn/m
Tensite siress in concrete Tansile sliess with in limits Iss 0.68 nfimm?2
Provide 2L - 10 tor stirups at 200 mm c/fc
Calculations
Hoop tension in the fop ring beam mi*Cth*{td/2) Ht 65 kn/m
Area of hoop reinforcement H*1000/rst Astr 501 mm2
Tensile slress in concrete hi* 1000/ {(Ib*trd) *10A6+{m-1)*Astp), 1s5= 0.8 n/mm?2
Design of side wall . hoop bendg
Thickness of side wall at top all Tensions in fimits 0.33 i 0200 m 0.76
Thickness of side wall at bottom Thickness is adeqguate hoop fi 0,200 m 0.12
Dia of veriical steel on water face steel Dicis OK vsd 10 mm
Spacing of bars wis 200 mm 200
Dia of vertical steel on outer face steet Dia s OK vsdi 10 mm
Spacing of bais ofs 200 mm 220G
Dia of hoop steel bars steel Dicris OK hsd 10 mm
Spacing of bars on each face sphs 200 mm 200
Vertical steel on water face WsQs 302 mm?2
Verlical steel on out side face 0s5as 240 mm2
Vertical steel at mid height mhasi 240 mm2
Total Hoop steel for two faces has 506 mm2
Areq of hoop steel provided for two faces hasp 785 mm2
Hoop Tenslle stress in concrete Isc 0.33 N/mm2
Maximum hoop tension hopt 66 kn/m
Maximum moment on water face -5.08 knm
Maximum bending tensile stress in concrete 7 btsc _ 0.76 N/sgmm
Calculations
Bending moment coeflicients from table 10 of IS: 3370 { FI v}
HA2/{Dxt) = swhA2/[td*(ti+tii) /2) hdr 3.13
Height fromiop Mom.Coef Moment Thikness Ast
m knm mm  mm2
0.1*swh 0.25 000056 0.088 16 5.24
0.2*swh 0.50 0.0022¢9 0.357 33 2130
0.3*swh 0.75 0.004446 0.697 46 41.54
0.4%swh 1.00 0.00480 1.063 56  63.31
0.5*swh 1.25 0.00870 1.359 64 8099
0.6*swh 1.50 0.00945 1.477 67 8798
0.7%swh 1.75 0.00760 1.188 60 70.75
0.8*swh 2.00 0.00134 0.209 25 1245
0.9*swh 225 0.01141 -1.783 73 -106.25
1.0%swh 2.50 -0.03249 -5.076 123 -302.45
Maximum negative steel WSQS 302 mm2
Maximum posilive steel osgs 240 mm2
Areq of steel at mid height mhasi 240 mm?2

Hoop fension coefiicients from table 12 of 1S: 3370 (Part IV)
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T = Coeff*w*swh*id/2

HAZ2/{d*1) hdr 3.13
ht from top  Coeff. Force Thikness Steel
m kn/m mm mm32
0 0 0.067 8 6 b4
0.1%swh 025 0.174 22 14 167
0.2*swh 0.50 0.278 35 23 267
0.3*swh 075 0374 47 31 360
0.4%swh .00 0.452 56 38 434
0.5%swh 1.25  0.511 64 43 - 491
0.6%swh 1.50 0.527 66 44 506
0.7*swh 1.75  0.488 41 41 469
0.8*swh 200  0.384 48 32 369
0.9%swh 225 0216 27 18 207
Maximum hoop steel has 506 mm?2
Maximum hoop tension hopt 66 Kn/m
Design of Middle ring beam
Depith of middle ring beam Tensile stress with in limits Mrd 03 m
( Breadih of middle ring beam Tensile stress= 1,22 Mrb 0.5 m
Balcony width bw Om
Dia of hoop steel bars provided hsdia 16 mm
Number of hoop bars provided nhb 8 Nos 8
Area of hoop steel provided ) hopsp 1608 mm2 1538
Total hoop fension due to vertical load and water thopt 200 kn
Hoop tensile stress in concrete hoti 1.22 nfmm2
Stirrups Provide 10mm dia @ 200 mm C/C ‘
Calculations
Load due 1o fop dome si*fwt 449 kn
Load due to top ring beam PH)* (fd+ib)*b*trd*25 73 kn
Load due to cylindrical wall pi{* (td+{Hi+ i) /2) * i) f2*swh*25 401 kn
Self weight of middle ring beam pi{)*(td+mrb)*rmrb* mrd*25 124 kn
Weight of balcony and live load Pi)*{Id+2*i+bw)*bw*4.75 0 kn
Total vertical load vimib 1046 kn
Load per unit length of beam vimrb /{pif}*{td+mrb}) vipm 32 kn/m
Herizontal compoe. Of inclined reaction [ve vipr/[TAN(th*pi(}/180)) hpt 32 kn/m
Hoop-ionsion-due-devericakload- wfaprpEtictedi 2 : Hopty T6Z KR
Hoop tension due to water pressure {10%swh*mird* (td+i1i) 72} hopiw 38 kn
Tolal Hoop tension on Middle ring beam thopt 200 kn
Ared of steel required thopt*1000/rst hopst 1538 mm2
( Hoop tensile stress in 1ing beam  thopt*] 000/{mrb*mrd*10A4+{m-1)*hopsp) :
hofi 1.22 n/fmm?2
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Design of conical SIDE WALLS (Shell)

Inclined slab thickness Thickness is adequote 173 ist 03m 0.28
Dia of hoop steel bars Tensions Iy limits 0.76 hsdi 16 mm
Spacing of hoop bars on both faces stegl Diagis OK hssp 200 mm 229
Dia of radial steet bars steel Diais OK rsdi 16 mm
Spacing of radial bars on both faces S50 150 mm 214
Height of the cone ish 1.50m
Slope of the conical shell In radians thr  0.785 radians
Area of hoop steel required ash 1754 mm2
Area of radial steet asrf 240 mm?2
Maximum hoop fension mht 228 kn/m
Max. hoop tensile stress his 0.76 Nfmm?2
Calculations
Weight of top dome,ring beam,side wall and middle 1ing beam 10446 kn
Wegh of water over inclined shell {PUF3*({1d/2) A2+ (1 2*cts/2) + [dIsi 2)A2PVish-{PI()* cish2/4%ish) ) 10+
+PI(]*(HdA2-dsA2)/ 4*swh* 10 wwlis 1284 kn
Self weight of Inclined shell pi{)*{1d/2+ds/2)*Ist*ish/SIN{th*PI{)/180)*25
: : wis 425 kn
Total load on the conical slab flcs 2755 kn
Total load per unit length tes/(pif)*ds) o 125 kn/m
Meridional thrust tro/SIN{th*pi(}/180) npi 177 kN/m
Hoop tension in the shell {10swhtish-y) + 2545 COS{Thr})* (ds/ 2+y TAN(hr))/SINtr)
Hoop fension at bottom of inclined slab viooo= 0.00 tci 224 kn/m
Hoop tension at 1/4 height from bottom ayl = 0.38 afci 228 kn/m
Hoop tension at middle of inclined slab vii- = 0.75 tcii 227 kn/m
Hoop tension at 3/4 height from bottom ayil = 1.13 atcii 223 kn/m
Hoop tension at top of Inclined slab vii = 1.50 teiii 214 kn/m
USING SOLVER tcmax= ymox = 0.515 tcmax  227.99 kn/m
Area of hoop steel required
MAX{tcmax*1000/1s,0.24 or 0.35%ist*10A4) ash 1754 mm2
Design of inclined slab for bending
Load on the slab per meter ites/ [pi()*{td+tii+ds)/2) lis 101.97 kn/m2
Bending moment lIs*ish/ (SIN{th*PI(}/180)}/10 21.63 knm
BM due o compression vipm/SIN{th*PI{)/ 180)*{isi-0.045-rscll/ 2000-ist/2) 4.35 knm
: bmis 2598 knm
Thickness required for un-cracked Sarl{6*bmis* 1043/ {allowbt)) Isir 279 mm
Arecrofsteettequired OIS OGS (ST TOU0-A5 157 2})
asri 240 mm2
Minimum % of steel {0.24 or 0.35)/2 0.120 %
Minimum areq of steel asr 360 mm?2
temax*1000/(isf*1000* 1000+{m-1 1*1000/ (hsspl*Pi{}* (hsdlija2/4*2)
Bending(T} stress in the conical shell 6*bmis*10A3/[ist*1000)A2 bis 1.73 n/mm?2
Hoop Tensile stress in the conical shell his 0.76 n/mm2
Design of botom dome
Thickness of bottorn dome bst 0.25m
Dia of steel bars sieel Dig is OK bdia 10 mm
Spacing of steel bars in two layers Spsi 200 mm 262
Minimum percentiage of steel Mpti 0.120%
Area of steel required asli 300 mm2
Meridional stress Msi 0.46 N/mm2
Circumferencial stress Csi 0.19 N/mm?2

The stresses are with in permissible limits
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Calculations

Radious of bottorn dome {[ds/2}A2+bcdhA2) /{2*bdh) Rb 570 m
Sthi 0.614 Cihi  0.790
Sudace area of bottom dome  2*pi{)*Rb*bdh St 43.01 sgm
Weight of botlom dome &finishings = {bst*25+0.75) *sti wii 301 kN
Weight of waler on boitom dome Pil}* 10*({ds/2)A2*{swh+ish)-({3*(ds/2) A2+bdhA2)
*hdh/é-{isdja2/4*(swh+ish-bdh)} wwi 1250 kN
Total unit load on bottom dome  {wii+wwi)/sti twh 36 kN/m2
Meridional thrust twb*rb/{1+cthi) Mii 115 kN/m
Circumierencial thrust twhb*ro*(Cihi-1/{1+cthi}} CHii 47 kN/m
Meridional siress MHi*1000/(bst* 10A6) Msi 0.46 N/mm?
Circumferencial stress Ct*1000/{bst*10A4) Csi 0.19 N/mm?
Min, percentage of steel {0.24 or 0.35) Mpti 0.240 %
Area of steel required Mpti*bst* 10000 Asti 300 mm?
Design of bottom ring beam (thickend shaft @ TOP)
Bollom ring beam depth Beom under compression brd 0.45m
Bottom ring beam breadth section is Sofe brb C.45 m
Cover to top steel dd  0.045m
Dia of bars for hoop tension ssdi 16 mm
Number of bars for hoop tension brhs 8 Nos
Dia of stirups scii 10 mm
Spacing of two leg stirups - 200 mm
Thrust from the bottom dome ‘ hibd 21 kiN/m
Tthrust from the Conical walls ' htcd 125 kN/m
Net force on the ring beam Beam under compression nht 35 kN/m
Hoop compression Hoc 121 kN
Stirrups Provide 10mm dia @ 200mm C/C
Calculations
Thrust from the bottom dome MIFCthi htbd 21 kN/m
Tthrust from the Conical dome  npi*COS{th*pi{)/180) hicd 125 kN/m
Net force on the ring beam htcd-htbd nht 35 kN/m
) Beam under comprassion
Hoop compression | nht*ds/2 Hoc 120,81 kN
Compresive siress hoc* 1000/ (brb*brd*10A4) hcs  0.60 N/mm? safe
Hoop tension nhi*ds/2 Hot 0.00 kN
Tensile stress in the beam hot*1000/{{brib*ord*1046-hsibi)+(m-1) *hsrbi)
' ' NSt U N/lnmq
Area of sieel required for hoop tension hsrb 0 mm?2
Area of steel required In the bottom ring beam hsrioi 1620 mm?2
Total leads for Tank Portion
Weight of top dome twi*ts 449 kn
Weight of fop ring beam Pl (Id+ i) ib*hed*25 52 kn
Weight of side wall pi{}*(hd+{1i+HiE) /2)* (ti+Hi) /2 swh*25 401 kn
Weight of middle ring beam pif}* {td+rmib)* mib*mrd*25 124 kn
Weight of inclined shell wis 425 kn
Waeight of bottom dome wii 301 kn
Weight of waler wwistwwi 2534 kn
Load per meler up to bottom ring beam ' 195 kN/m
Self weight of the beam brb*brd*25 5 kN/m
Total load per meter on SHAFT SUPPORT @TOP wsi 200 kN/m
Side face reinforcement on each face IF{lorc>0.45,0.1 *brb*brd/2*100,0) 0.00 cm?2
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maodel-shaft 950-Fn-96m-44w-p ain

Design of Shaft type supporting structure for 250KL capacity OHBR

Staging height 25/m
Location of tank MUDHOLE HW
DATA : Location of tank Plain Ground
Basic Wind speed 44m/s 500\ kM away from sea
Net SBCof the Soil assumed 15(t/m2
Depth of foundation up to top of raft df 2.00(m
TANK DETAILS total net water volume
Capacity of tank v 250kl 253
Height of staging hs 25.00|m R
Dia of stagging/ Shaft ds 700 m compression
Dia of tank B td 10.00[m o
Top slab / Dome tst 0.125 h 1.70|m R2=8.2
Top ring beam trd 0.300 trb 0.300 free board
Side wall ht above middle RB swh 2.500 swt 0.200 0.3
Middle ring beam mrd 0.300 mrb 0.500
Dia of central opening copt 0.20 copdi 15
Inclined slab Ist 0.300 ish 1500] 2.121
Bottom ring beam brd 0.450 brb 0.450
Bottom Dome bst 0.250 bdh 1.200 R1= 5.70
Wind constants kil 1000 kii10 1.050 | "
kiils 1.090 kii20 1.120
kii30 1.150 kiii 1.000
Basic wind speed 158.4Km/h vb 44|m/sec
Shaft details
Grade of concrete | g 30(n/mm2 Ws
Grade of steel medium assurd Fe415 equivallent fy 343\n/mm2 «—> 190
Thick ness of shaft Safe ts 0.2 m
opening width wp i|m
et Dig-0f -vertical-steel-bars-proposed a1 \
Spacing of vertical reinforcement on both the faces sp| ¥ 200[mm 200 f \fohete
Dia of circumferencial steel bars proposed cdi 10/mm | ] et
Spacing provided horizontally on both the faces sphi - 200|mm 200 .
Height of shaft above raft tchs-brd-0.15+df sh 26.4|m LT :
Stress in the shell compression 4.31|kg/cm2 M.ﬂ;c ,
Nature of stress Comp
Tensile stress due to ring moment safe 0.83{Kg/cm2 |21.00
No Comparision of eri and er needed
er 0.176 eri|scv Governs
alpa 168.00
Maximum compressive stress in shaft safe 23.98|Kg/cm2 |114.00
Area of vertical steel required 5.00|cm2
spacing required ] 300{mm
Area of circumferential steel required 4.80(cm2
spacing required [ 200|mm
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Ring beam(thickend shaft) on Raft

Width of ring beam @ bottom of shaft rb 0.30!m
Depth of ring beam @ bottom of shaft rd 2,.00{m
Dia of vertical bars rsdi 10{mm
Spacing of bars rbsi 200|mm 209
Dia of circumferencial bars rsdil ~  10|mm
Spacing of bars rbsii 200|mm 209 |
Design of raft '
haunch width on raft 0.30|m Safe Safe| diacc
CC layer below the raft thickness 0.3] projection 0.30 9.6 9.46
Dia of raft provided < 114m Safe d 2.00|m 8.86
Overall depth of raft Safe dr|0.60A_ |m 0.420
Dia of bottom bars db V20 mm
Spacing of bottom bars arranged as mesh space 150 mm 175
Dia of top bars \ dbi 20 |mm
Spacing of top bars arranged as mesh spacei 1501mm 165
Effective depth provided (de) de 0.53jm
Radial Moments
Radial distance from centre 0.00 175 335 3.65( 450|m
Radial moments Mr -18.69 -8.44 17.65 15,83 0.00|tm
Area of steel incm2 18.0 8.5 18.0 16.0 0.0
[ ' Moment in tmAst in cm2|Spacing in mm I
Maximum negative moment -18.69 19.0 165|mm
Maximum positive moment 17.65 18.0 175{mm
Minimum area of steel mas 7.20(cm2
Circumferencial Moments
Radial Distance from centre 0.00 175 3.35 3.65| 4.50|m
Circumferencial moment Mt -18.69| -17.84 -15.01 094 0.23|tm
Area of steel in em2 19 18 15 1 0.5
' Moment in tmAst in cm2| Spacing in mm
Maximum negative moment -18.69 19.0 165 mm
Maximum positive moment 0.94 1.0 436 mm
Design Calculations
Weight of tank ]
DL+Finishings on dome / m2 [tst*2.5+0.075 wdi 0.3875[t/m2
Top slab / Dome @if(h=0 (pi*(td+2*swt)"2/4* tst*2.5),(2*pi*(1d/2)"2/h+h)/2*Wwdl))
33.95|t
Top ring beam pi*(td+trb)*trb*trd*2 5 7.28|t
Side wall pi*(td+swi)*swh*swt*2 5 4005\t
Middle ring beam pi*(td+2*swt+(mrb-swt))y*(trb-sw 12.37]t
Inclined wall |pi*((td+ist)+ds)/2*ist*sqri(ish™2+((tdist-ds)/2) 2)*2.5 N
4545\t
Bottom ring beam pi*ds*brb*brd*2.5 11131+
Bottom slab / Dome @if(bdh=0,pi*(td+2*swt)"2/4%bst*2.5 pi*2*rii*bdh*bst*2 5) |
| | | 26.88]t
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model-shaft 250-FN- bm-ddw-plain

Total weight of tank portion 178(t
. |Staging 1
Weight of shaft pi*ds*ts*sh*2.5 290.27|t
Weight of ring beam over rafpi*ds*(rb-ts7*rd*2.5 11.00t ]
Total weight of staging 302|t
Total weight of tank & staging wt 480(t
Volume of tank '
Radious of bottom dome ((ds/2)*2/bdh+bdh)/2 rii 5.70|m 38
Weight of water Q1 |pi(td"2/4*(swh+ird+mrd) 243.47
Q2 pi()/3*((+d/2)"2+1d/ 2*ds/2+(ds/2)"2)*ish
| 86.00
Q3 |pi()/6*(3*(ds/2) 2+bdh"2)*bdh -24.00
Q4 pi(}/4*((copdi)*2)*(ish+mrd+swh-H -5.48
Welght of water ' iy 300 001t
Wind analysis
Design pressure pz10 0.6*(ki*kiilO*kiii*vb)" 1281|n/sqm
pz15 0.6*(ki*kii15*kiii*vb)" 1380|n/sqm
pz20 0.6%(ki*kii20*kiii*vb)] 1457|n/sqm
pz30 0.6*(ki*kii30*kiii*vb)’ 1536 [n/sqm
Moment due to wind on tanK Ht. Area| presstre force] LA “Moment]
m m2 N/m2 N m tm
Top slab / Dome 30.68 11.76 1636 13472 30.66 4130
Top ring beam 28.70 3.18 1636 3642\ 29.80 10.85
Side wall 28.85 19.76 1636 22632| 2870 64.95
Middle ring beam 2650 330 1636|3780l 2910 " 1itoo
Inclined wall 25.60 12.98 1536 13953| 28.20 39.35
Bottom slab / Dome 24.85 0.00 1536 0| 27.33 0.00
Bottom ring beam 24.85 3.3 1536 3605 27.10 9.77
wfi 61083 wmt 177.22
Moment due to wind on staging K Area| pressure force LA Moment
On shaft 244, 175.68 1636| 215906{ 14.80 319.54
” wfil 215906 wms|  319.54
Total wind moment on the base mb|  497.00(|tm fnb'
weight of raft pi*d"2/4*dr*2.5 wr 95|t
weight of soil pi*d“2/4*df*1.0 ws 1271t
When Tank full +raft wt ww+wtewr pfull 87542t
When tank Empty (with out [wtswr p 575|t
soil weight) .
Dia of CC required for soil safe bearing cap_acity o 9.46\m ) o
Dia required to avoid tension in raft base 8*mb/(P+ws) 5.66|m
{Max Dia required for both factors I 9.46|m
tension in base (Empty condition)
Section madulus of raft z 7157 \m*
Area of raft ai 63.62|m°
Chek for stability
Tank empty condition (wt+wr+ws)/ai-mb/z 4.10(t/sqm Safe
Max.pressure on soil tank full | (ww+wtewr)/aitmb/z 20.71|t/sqm Safe
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condition with out soil weight (ww+wt+wr)/ai-mb/z 6.82[1/sqm
Pressure on soil when no wind (ww+wt+wr)/ai 13.76(1/sqm Safe
Design of Shaft pl check UH VARY ANT Biaxial Bending RCC Book '
Weight of tank & wt of water w 780\t
Moment due to wind at top of raft LAl Moment
Top slab / Dome 30.06 40.49|tm
Top ring beam 29.20 10.64tm
Side wall 28,10 63.60|tm
Middle ring beam 28.50 10,77 |tm
Inclined wall 27.60 38.51|tm
Bottom slab / Dome | 2673 7 ooofm | ]
Bottom ring beam 26.50 9.55(tm
Wind on shaft 14.2 306.59(tm
Total mbi 481 .00(tm
Ring moment in the shaft |3.3*wps*(ds/2)"2/100 rm 62.10|tm
Tensile stress due fo ring moment [ 0.83|Kg/cm2
Allowable circumferential tensile stress due to ring moment 21.00|Ka/cm?2
. Vertical stress in circular shaft '
v eccentricity mbi/w e 0.62|m
e/r ratio e/(0.5*ds) er 0.18
Max. vertical comp.stress in w/(pi()*ds*ts)*(1+4*e/ds)/10, scv=| 23.98|Kg/cm2
concrete when e/r < 0.5
Allowable compressive stress 0.38*g*10 114.00|Kg/cm2
Total vertical steel area/Total concrete area
Pi()"2*ds*di~2/(2*sp*1000*ars)
| | ser| 000393
'If er>0.5 Compare vaiue of eri with er by changing value of alpa
Angle alpha alpa 168.00|degs
atpy 293 rady
moduiar ratio m 13.00
AC 0.5"(1-scr')*(a|pa-sin(alp)*cos(alp))—O.5*(1-scr+m*scr)*(bi'ra+sin(bif)*cos(bit)
(.A . -Z*cos(alpa)*sin(bit))+0.5*m*pi{yscr
ac 79.51
BC (I-Scr)*(sin(aJp)‘alpa*cos(alp))-(I-scr'+m*scr)“(sin(bit)-bifa"cos(aip))-m*scr*pi()*cas(alp)
be 15557
I AC/BC | eri| o000 I T
w/(ds*ts*10)*((COS(bi1)-6‘05{alp))/((l-scr)*(SIN(ulp)-aIpa"‘COS(ulp))-(1-scr+m*scr)*(5IN(bif)
~bita*COS(alp)))-m*scr*PI()*COS(alp))
B T | sei]  94Blkg/em2| T 7]
Max. compressive stress for sevi*(1+ts/(ds*cos(bit)*(cos(bit)-cos(alp))))
e/r>05 | scvii 9.58|Kg/cm?2
Maximum compressive stress|IF(er<0.5 scv scvii) | 2398| 11400|kg/cm2
in shaft
Annular section with one opening
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madel-shaft 250-EN- Sm-44w-plain

bita ATAN(wp/ds) bita 8.13|degs
bit 0.14 |rads

e/r ratio 1/ (2*(PTQ-bita)*{((PI()-bita)"2-(SIN(bi 1)) 2)/((PT{}-bita)*COS(bit wSIN(bit))-3* STN(bIH))
ero 0.56

Area of shaft pi*ds*ts ars 440:m2

Modulus of section pi*{{ds+ts)~4-(ds-ts)"4 zi 749 m3

Allowable buckling stress

min(0.25%g/(1+9/(0.2*5700~ SQRT

45.00|Kg/cm2

Stress on shaft wall w/ars+mbi/zi safe 24.16 |Kg/cm2
Stress on shaft wall wt/ars-mbi/zi 4.49|kg/cm?2
If the stress in shell is compressive provide Min. steel Comp
min vertical steel of 0.25%but 0.8% as per 15456 pst 025 08|
Req.area of concrete per 1mtr, vertical loads only  |1.5*w/(pi*ds)/(0.45%g/100)= 394
Area of steel 0.8%|I15456-2000 3.15(cm2/m
Area of steel ts*100*pst |I511682-1985 5.00|cm2/m
Area of steel MAX(3.15 5) 5.00(cm2/m
Provide steel of dia di 10
Spacing of reinforcement required 300|mm
( Spacing provided vertically | 200|mm
Minimum circumferential steel per m ht aci 4.80icm2
provide dia of circumferential bar cdi 10imm
Spacing of horizontal steel |MIN(300,ts*1000,PL(y*cdi"2*2/(4*aci}y*10
| ] | 200 mm
Design of Raft
Using the equations from the book RCC by Dayaratnam
Moments due to Load aa= 450 ce= 35
Radial moments
Corece @rzrid  Mriw [wAEA(rid/aay 2- 1124 (2¥inaa/cc)e1-(ce/oa) 2/ (16%p)
[ ] | -18.69
r<«c¢ @ r=piid Mriiw |w(3*((riid/aa)"2-1)+2*(2*Infa0/cc)+1-(ce/an) " 2))/(16%pi)
- *1 ] i =165
r=cc @ r=riiid  Mriiiw lw*(3*((riiid/ea)"2-1)+2*(2*In(ao/cc)+1-{cc/aa)  2))/ (16*pi)
| | [ 7
( recc @ r=rivd  Mrivv {w*(3*(rivd/aa)"2-1)+2*(2*In(aa/rivd)-{cc/aa)" 2+{cc/rivd)" 2))/ (16*pi)
| | | 6.83
rpec @ r=rvd  Mrvw S|ws(3*((rvd/aa)"2-1)s2%(2*tn(aa/rvd)-(cc/aa) 2+{cc/evd) 2))/(16*pi)
0.00
Circumferencial moments
r<cc @ p=rid Mtiw = |w*(((rid/aa)"2-3)r2%(2*In(a0/ cc)+1-(cclaa) "2))/(16*pi)
. | 1 ®e
r<«ce @ p= riid MW Sw*(((riid/aa)"2-3)r2%(2*In(ae/ cc)+1-(ce/aa) 2))/(16pi)
] | |  -16.35
r=cc @ r=riiid  Mtiiiw u*((riiid/aa)"2-3)2*(2*In(eo/cc)+1-(cc/aa) ~2))/{16*pi)
] | | -1009
rrcc @ r=rivd  MTiv =|wr(((rivd/aa)*2-3)+22(2*In(aa/rivd)-(ce/aa)"2-(cc/rivd)" 2+ 2))/ (16*pi)/ (167pi)
| | | o]
rrcc @ r=rvd Mivw = w*(((rvd/aa)"2-3)+2*(2*In(aa/rvd)-(cc/aa)" 2-(cc/rvd)" 2+ 20}/ {16*pi)/(16%pi)

| l |

-0.13]
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madel-shaff 9")0-FD-95m-44w-plain

Due to wind moment Radial moments ] |

r<ce @pr=rid  Mrim= mb*rid*(3*6a"2-2*cc"2-cc*4/0a" 2)/(4*pi*aa” 2* ce”2)-5*mb*rid*{aa" 2-rid "2)/(12*pi*aa"4)
| | 0.00 |
r<ce @ r=riid  Mriim = mb*riid*(3*aa"2-2*¢c"2-cc*4/aa"2)/(4*pi*aa* 2% e 2)-5* mb*riid*{oa"2-riid~2)/

(12*pi*aa™4) [ 321 |
rzcc @ r= riiid Mriiim mb*riiid*(3*ea"2-2%¢c"2-cc"4/a0" 2)/(4*pi*aa" 2% ec 2)-B¥mb*riid* (aa” 2-riiid *2)/
(12*pi*aa™4) ] 10.54

mb’.‘(Z*(aa“Z-rivd"Z)wc“Z"(ua“4~rivd"4)/(ea"2"r'ivd"2))/ (4*pi*aa" 2*rivd}-5*mb*rivd®
p

r>cc @ r=rivd  Mrivm =

(aa"2-rivd"2)/(12*pi*aa"4) | 9.00] |

mee @r=rvd  Mrvm =

mb*(2*(aa"2-rvd"2)+cc2*(aa"4-rvd “4)/{0a"2*rvd " 2))/(4*pi*aa” 2*rvd}-5*mb*pvd*

(aa”2-rvd"2)/(12*pi*aa”4) 0.00

Circumferencial moments

| |

r«cc @ r=rid  Mtim = mbrid*(3%aa"2-2* cc*2-ce*4/a0"2)/(24*pi*aa*2*¢c2)-5Amb*ridH(5*aa*rid-3*11d"2)/(36*pi*aa"4)
| | [ 0.00
r<cc @ pr= piid Mtiim Amb*riid*(3*aa"2-2%cc"2-cc4/aa"2)/(24*pi*aa"2*cc " 2)-B¥mb*rii* (5*aa*iid-3*rild “2)/(36*pi*aa™d
[ I R N B YL
rzce @ r=piiid  MHiim Jmb*riid*(3%0a"2-2% cc"2-c¢ 4 /00" 2)/(24* pi*00"2* cc*2)-B* mbriiid* (5% aa*riiid-3*rilid 2/ (36*pi*0a"4)
J J [ -492]
- rcc @ r=rivd Mtivin 1B (2*(3* 00" 2-rivd “2)-ec*2*(3*0a 4 rivd*4)/(0a"2*rivd "2))/(24% pi*aa" 2*ived)-mb* rivd*
( (8*aatrivd-3*rivd"2)/(36* pi*0a"4) | 1.11,
rs¢cc @ r=rvd Mtvin = mb*(2*{3*60"2-rvd"2)-cc"2%(3%0a" dorvd "4)/ (00" 24 rvd " 2))/(24* pi* a0 2* rvd)-mb*rvd
(5%0a*rvd-3*red*2)/(36*pi*0a"4) 0.36
Summary of moments
Radial Distance from center 0 1.75 3.35 3.65 4.50(m
Radial moments
Due to W -18.69 -11.65 711 6.83 0.00
Due to M 0.00 3.21 10.54 9.00! 0.00
Total ~-18.69 -8.44 17.65 15.83| 0.00
Circumferential Moments
Due to W -18.69 -16.35 -10.09 -0.17| -0.13
Due to M 0.00 -149] -492 111 036
Total ~-18.69| -17.84] -15.01 0.94; 0.23
Maximum moment Mmax 17.65(tm
, | from working stress method
( Cebe™ 10{n/mm2  |i= 190|n/mm2
k= 0.329 IE 1.00
Q= 1.647 |n/mm2
Effective depth of raft requisqri(Mmax*10"7/(Q*1000))/1000 MR=Q b d?
effective depth requireds= 0.33|m
from working stress method
Radial Steel
Radial Distance 0.00 175 3.35 365! 450|m
Radial steel required in cm? 19.0 8.5 18.0 16.0|  0.0{cm2
Spacing required in mm 165 370 175 196 0
Circumferencial steel
Radial Distance 0 1.75 3.35 3.65 450(m
Circumferencial steel require 19.0 18.0 15.0 1.0 0.5|cm2
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model-shaft 250-FD-25m- 4dw-plain

Spacing required in mm 165 175 209 3142 6283|mm
Check for Shear for shear Limit state method
critical section for shear [ reri 3.77|m from center
Shear force at critical sectiqw*(1-reri*2/aa”2) qc 233.99|t
Shear stress tv qc*1.5/(2*pi*reri*de)/100 0.28 N/mm2
% of steel, pt - ] ~ ptr 0.40|
MAX(0.8%g/(6.89*ptr) beetai 8.81
allowable shear stress in con 0.85%sqrt(.8*g)*(sqrt(1+5*beetai)-1)/(6*beetai)
| | tel 0.45|N/mm2 Safe
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Filedesign-intze-shaft-support

Design of Inize tank Shaft SUPPORT
Data - name values Required
Capacity of tank va 203 ki v 200 KI
Tank Top diagmeiter DiAis OK td 2m DIA s OK
Thickness of side wall at top fi 0.2m
Diameter of staging ds 4m
Internal shaft openinig diameter Isd 1.5m
Side wall helght swh 245 m fotal ht
Inclined wall Vertical height ish 1.50 m 4.25
Rise of top dome h 1.5 m
Thickness of fop dome tt 0125m
Rise of bottorn dome bdh tm
Thickness of bottom dome bst 0.25m
Allowabls stress in sieel rst 130 n/mm2
Grade of concrete g 30 N/mm2
Allowable bending tensile stress in concrete allowbt 20 n/fmm?2
Allowable direct tensile stress in concrete allowdt 1.5 nfmm2
Allowable bending compressive stress in concrete cbe 10.0 n/mm?2
Allowable direct compressive steess in concrete allowde 8.0 n/fmm2
Height of free board hf 03 m
Angle of inclination of inclined wall th 45 Degrees
Volume of concrete
Concrete vol. of top dome st 8.84 cum
Concrete volume of fop ring bear pi{}*{kd+kb)*irb*ird 2,19 cum
Concrete vol. of vertical wall pi{)* (td+{fi+l} £2)* [ti+15) /2*{swh-trd) 12.72 cum
Concrete vol. of middle ring bear pif}* (td+mrb)*mrb*rmrd 4.48 cum
Concrete vol. of conical shell Pi{)* (td/2+ds/2)¥ist*ish/SIN{th*Pi{}/180) 14.99 cum
Concrete vol, of bottom dome  sti*bst 7.85 cum
Congcrete vol. of bottom ring beai pif)*{dsp*brb*brd 3.82 cum
Concrele vol. of balcony bw*0. 1*pi{}* (td+mrtr+bw) 0.00 cum
Total volume of concrete 54.89 cum
Volume calculations

Volume of cylindrical portion pi()*(td/2)A2* [swh+ird+mird) 191
Yolume of conlcal portion PI{)/3*{(td/2)A2+(1d/2*ds/2)+(ds/2)A2)*ish 67 vep
Yolume of bottor dome portion PI(}/6*[3%(ds/2)A2+bdhA2)*bdh -15 vbdp
Volume of internal shaft P)*isdA2/4* (swhtish-bdh) -5

Net volume va 238 ¥l
AISWIDTE sSTress In concrete under bending cbc 10.0 Nfmm?2

Design of Top dome

Thickness of top dome o 0125 m
Live load on top dome L 1.5 kn/sgm
Diameter of steel bars STEEL Dia s OK dia 8 mm
Arec of stesl Asf 300 mm2
Spacing of steel bars Spp 125 mm 1468
Minimum percentage of steel Mpt 0240 %
Meridional stress Ms 0171 n/frim2
Circumferencial stress cs 0075 n/fmm?2

The stresses are compressive and with In permissible limits

Calculations
Radious of top dome

Surface area of top dome
Welght of top dome &finishings
Dead and live load per sgm
Meridional thrust
Clrcumferencial thrust

((1d/2)A2+hA2)/{2*N) Rt
Sth 0.600 Cth
2*pi(P*Ri*h st
(1*25+0.50) wi
wi+L1 Pt
WxR/{1+Cos{th)) Mt
fwi*rt*(cth-1/(1 +cth)) ct

750 m
0.800
70.69 sgm
3.63 knfsgm
5.13 kn/sgm
21.35 kn/m
2.40 kn/m
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Filedesign-in!ze-shaﬂ:support

Meiidional stress MIF1000/(1*1000%1000) Ms 0.17 n/mm2
Circumferencial stress C1*1000/(1*1000*1000) Cs 0.08 nfmm?2
The siresses are compressive and with in permissible limits

Min. percentage of steel IF(cls<=15,0.24%,0.35%) Mpt 024 %
Area of steel required Mpi*1000%1000/100 Ast 300 mm2
Spacing of steel pil)*{dia)A2/[4)*1000/Ast Sp 168 mm
Design of Top ring beam
Top ring beam breadth fensile stress with In limits 0.65 n/mm2 trb 030 m OK
Top ring beam depth OK trd 0.25m 0.13
Dia of steel bars frcls 12 mm
Number of bars finb 4 Nos 4
Areq of steel provided Safe Asfp 452 mm2 394
Hoop tension in the top ring beam Ht 51 kn/m
Tensile siress in concrete Tensile siress wilh in limits 185 0.65 n/mm?2

’ Provide 2L - 10 tor stirrups at 200 mm c/c
Calculations
Hoop tension in the top ring beam mbCih*{td/2) Ht 51 kn/m
Area of hoop reinforcement H*1000/rst : Astr 374 mm2
Tensile stress in concrete hP*1000/{{tro*ird)* 10A6+(m-11*Asip), 1ss= 0.65 nfrmm?2
Design of side wail hoop bendg
Thickness of side wall at top all Tensions in limits 0.30 i 0.200m 0.69
Thickness of side wdll at bollom Thickness is adequate hoop i 0200 m 0.12
Dia of verlical steel on water face sieel Dia is OK vsd 10 mm
Spacing of bars wis 200 mm 200
Dia of vertical steel on outer face steel Digis OK vsdi 10 mm
Spacing of bars ofs 200 mm  200.
Dla of heop steel bars steel Dia is OK hsd 10 mm
Spacing of bars on each face sphs 200 mm 200
Verlical steel on water face Wsas 273 mm2
Verlcal stee! on out side face 0sas 240 mm?2
Vertical steel at mid helight mhasi 240 mm32
Total Hoop steel for two faces has 480 mm2
Area of hoop steel provided tor two faces hasp 785 mm?2
Hoop Tensile shress in concrete : tsc 0.30 N/mm?2
Maximum hoop tension hopt 59 kn/m
Maximum moment on water face -4.58 knm
Maximum bending tensile stress in concrete btsc 0.69 N/sgmm

Cdaicutations
Bending moment coeffictents from table 10 of [S: 3370 ( P} IV)

HA2/(DxY) = swhA2/ [(1d*{ti+tii}/2) hdr 333
Height fromfop  Mom.Coef  Moment Thikness Ast
m knm mm mma2
0.1%swh 0.25 0.00050 0.073 15 4.38
0.2*swh 0.49 0.00210 0.309 30 1839
0.3*swh 0.74 0.00406 0.598 42 35.61
0.4*swh 0.98 0.00630 0.926 53  55.17
0.5*swh 1.23 0.00820 1,205 &0 7182
0.6*swh 1.47 0.00903 1.328 63 79.13
0.7*swh 1.72 0.00743 1.093 57 65.12
0.8%swh 1.96 0.00157 0.231 26 13.74
0.9%swh 2,21 -0.0105¢% -1.558 68  -9283
1.0%swh 2.45 303112 -4.577 117 -272.72
Maoximum negotive stesal WsQs 273 mm?2
Maximum positive steel 05 240 mm?2
Area of steel at mid helight mhasi 240 mm2

Hoop tenslon coefficients from table 12 of 1S; 3370 {Part IV)
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T = Coeff*w*swh*td/2

Filedesign-intze-shaft-support

HA2/ () hdr 3.33
hi from top  Coeff. Force Thikness Steel
m kn/m mm mm2
0 0 0.055 6 4 47
0.1%swh 025 0165 18 12 140
0.2*swh 0.49 0272 30 20 230
0.3*swh 074 0372 41 27 316
0.4*swh 098 0.456 50 33 386
0.5%swh .23 0.519 57 38 440
0.6%swh 1.47  0.539 59 40 457
0.7%swh .72 0.504 56 37 427
0.8*swh 1.96 0399 44 29 338
0.9*swh 2.21 0.225 25 17 191
Maximum hoop steel has 480 mm?2
Maximum hoop fension hopt 59 Kn/m
Design of Middle ring beam
Depth of middle ring beam Tensile stress with in fimils Mrd 03 m
Breadth of middle ring beam Tensile siress= 1.04 Mrb 0.5 m
Balcony widih w 0m
Dia of hoop steel bars provided hsdia 16 mm
Number of hoop bars provided nhb 8 Nos 7
Area of hoop steel provided hopsp 1608 mm2 1307
Total hoop tension due to verfical load and water thopt 170 kn
Hoop tensile stress in concrete ) hoti 1.04 n/mm2
Stirups Provide 10mm dia @ 200 mm C/C
Calculations
Load due to fop dome stiwi 362 kn
Load due to top ring beam PI{)*[td+tro)* b * trd*25 55 kn
Load due to cylindrical wall pi()*{td+{ti+t) /2] * (i) /2% swih* 25 354 kn
Self weight of middle ring beam pil)*{td+mrb)*mrb*mrd*25 112 kn
Weight of balcony and live load pi{)*{id+2*itbw)*bw*4.75 0 kn
Total vertical load vimrb 883 kn
Load per unit length of beam vimrb/{pi(}*{td+mrb}) vipm 30 kn/m
Horizontal compo. Of inclined reaction (ve viom/(TA hpt 30 kn/m
. " : _ H i hannb 1AL Lo
hepiy 13-k
Hoop tension due 1o waler pressure {10*swh*mrd*{td+tii)/2} hoptw 34 kn
Total Hoop tension on Middle ring beam thopt 170 kn
Areda of steel required thopt*1000/rst hopst 1307 mm2
Hoop tensile stress in ring beam  thopt*1000/ [mrb*mrd*10A6+(m- 1 *hopsp)
hoti 1.04 n/mm?2
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Design of conical SIDE WALLS (Shell)

Inclined siab thickness Thickness is adequale 1.68 ist 03m 0.27
Dia of hoop steel bars Tensions i fimiis .66 hsdi 16 mm
Spacing of hoop bars on both faces steel Dia is OK hssp 200 mm 264
Dia of radtal steel bars steel Diais OK rsdi 16 mm
Spacing of radial bars on both faces (F379] 150 mm 221
Height of the cone ish 1.50 m
Slope of the conical shell in radians thr  0.785 radians
Area of hoop steel required ash 1522 mm2
Area of radial steel asri 909 mm2
Maximum hoop tension mhi 198 kn/m
Mox. hoop tensile stress hts 0.66 N/mm?2
Calculations
Weight of tfop dome.ring beam,side wall and middle fing beam 883 kn
Weght of water over inclined shell PU/3 (12 A2+ {td 20 dsf2) + s/ 2) A2) ish-(PI{) *dsa2/ 4*ish] 10+
+PIIH{IdA2-dsAR) /44swh* 10 Wwis 1113 kn
Self welght of inclined shell pi{)*(td/2+ds/2)*ist*ish /SIN{th*P1(}/180)*25
wis 375 kn
Total load on the conical slab Hos 2371 kn
Total load per unit iength tles/{pil)*ds) tirp 126 kn/m
Meridional thrust firb /SIN{th*pi{)/180) npi 178 kN/m
Hoop tension in the shell (10* {swhHsh-y) +25%sPCOS [th)) H{ds/2+y/TAN(thr) }/SIN(thr)
Hoop lension at bottom of inclined slab yi = 0.00 fci 190 kn/m
Hoop tension at 1/4 height frombolom  ayi = 0.38 atei 196 kn/m
Hoop fension at middie of inclined slab yii = 0.75 tci 198 kn/m
Hoop tension at 3/4 height rom boltom  ayii = 1.13 atcii 196 kn/m
Hoop tension af top of inclined siab yi = 1.50 teiif 196 kn/m
USING SOLVER tcmasx= ymox = 0.740 tcmaox  197.83 kn/m
Area of hoop steel required :
MAX(temax®* 1000/1s1,0.24 or 0.35%st*10A4) ash 1522 mm?2
Design of inclined slab for bending
Load on the slab per meter Hes/ (ol ) *{td+Hii+ds) /2) s 992.31 kn/m2
Bending moment lis*ish/{SIN{th*PI{)/180)}/10 21.07 knm
BM due to compression vipm/SIN{in*PI{}/180}*{ist-0.045-rscli/ 2000-ist/2) 4,06 knm
bmis 2513 knm
Thickness required for un-cracked Sart{6*bmis*10A3/ (allowit)} istr 275 mm
Areuohstegtreguired IS HONGH S P IS 0004 515t/ 2))
asrl 209 mm?2
Minimum % of steel (0.24 0r 0.35)/2 0120 %
Minimum area of steel asr 360 mm?2
temax* 1000/ (ist* 1000* 1000+{m-1J* 1000/ thssp) *PI{}* (hsdli) A2/4¥2)
Bending(t) stress in the conical shell $*bmis*10A3/{ist* 1000142 Dfs 1.68 n/fmm?2
Hoop Tensile stress in the conical shell his 0.66 n/mm?2
Design of boitom dome
Thickness of bottom dome bst 0.25m
Dia of steel bars steet Dia is OK bdia 10 mm
Spacing of steel bars in two layers Spsi 200 mm 262
Minimum percentage of steel Mpti 0120 %
Area of steel required asti 300 mm2
Meridional siress Msi 0.40 N/mm2
Circumferencidl slress Cst 0.18 N/mm?2

The siresses are with in permissible limls
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Filedesign-inize-shaft-support

Calculations
Radious of bottom dome {(ds/2)A2+bdhA2)/{2*bdh} Rb 500 m
Sthi 0.400 Cihi 0.800
Surface area of bottom dome  2*pi{)*Rb*bdh St 31.42 sgm
Weight of bottom dome &finishings {bst*25+0.75)*sii wii 220 kN
Weight of water on bofttom dome: pI{J*10%((ds/2)A2*[swhish)-{3*(ds/2)A2+bdhA2)
*bah/6-{isd)A2/4%{swhish-bdh}) wwi 918 kN
Total unit load on botiom dome  (wiitwwi)/sti twhb 36 KN/m2
Meridional thrust twh*rbh/(1+cthi) Ml 101 kN/m
Circumferencial thrust twi¥rio® (Cthi-1/{1+cthi}} Cti 44 kN/m
Meridional stress MIi*1000/(bst* 10AG) Msi  0.40 N/mm?
Circumferencial siress Cti*1000/({bst*10A6) Csi 0.18 N/mm?
Min, percentage of steel (0.24 or 0.35) Mpti 0240 %
Area of steel required Mpiithst* 10000 Asti 300 mm?
Design of bottom ring beam (thickend shaft @ TOP)
Bottom ring beam depth Beon under compression brd 0.45m
Bottom ring beam breadih section is Safe bib 0.45m
Cover to top steel dd 0045 m
Dia of bars for hoop tension sscii 16 mm
Number of bars for hoop tension brhs 8 Nos
Dia of stirrups sl 10 mm
Spacing of two leg stirrups 200 mm
Thrust from the bottom dome htbd 80 kN/m
Tthrust from the Conical watls htcd 126 kN/m
Net force on the ring beam Bearn under compression nht 45 kN/m
Hoop compression Hoc 136 kN
. Sfirrups Provide 10mm dia @ 2C0mm C/C
Calculations
Thrust from the bollom dome MIi*Cthi hibd 80 kN/m
Tthrust from the Conical dome  npi*COS({Ih*pi()/180) hicd 126 kN/m
Net force on the ring beam htcd-hibd nht 45 kN/m
Beam under Comaression
Hoop compression nht*ds/2 Hoc 135.8% kN
Compresive siress hoc*1000/{brib*brd*10A8) hcs 0.67 N/mm? Saife
Hoop tension nhi¥ds/2 Hot 0.00 kN
Tensile stress in the beam hot* 1000/ ((bro*brd* 10A6-hstbi}+{m-1}Fhsrbi)
st frNfrrres
Areaq of steel required for hoop tension hsth 0 mm?2
Area of steel required in the bottom ring beam hsrbi 1620 mm?2
Total loads for Tank Portion ‘
Weight of op dome twi*ts 362 kn
Weight of top ring beam pi(*(tdHrb)* trb*trd*25 37 kn
Welght of side wall pil)*(rd+ {1i+ii) /2)* (ti+1ii] /2 swh*25 354 kn
Weight of middle ring beam pi{i*{td+mroPmrb*mrd*25 112 kn
Weight of inclined shell wis 375 kn
Weight of boitom dome wii 220 kn
Welght of water WwIsHwwi 2031 kn
Load per meler up fo botiomring beam 185 kN/m
Self weight of the beam brb*brd*25 5 kN/m
Total load per meter on SHAFT SUPPORT @TOP wsi 190 kN/m
Side face reinforcement on each face IF{brd>0.45,0.1*orb*brd/2#100,0) 0.00 cm?2
e
ASST. NGINEER
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model-shaft 200-FD-30m. >

Design of Shaft type supporting structure for 200KL capacity OHBR

Staging height 30im
Location of tank MUDHOLE HW
DATA : Location of tank Plain Ground
Basic Wind speed 44|m/s 5001 kM away from sea
Net SBCof the Soil assumed 15{t/m2
Depth of foundation up to top of raft df 2.00|m
TANK DETAILS total net water volume
Capacity of tank v 200k 203
Height of staging hs 30.00{m
Dia of stagging/ Shaft ds 6.00 m compression
Dia of tank td 9.00|m
Top slab / Dome tst 0.125 h L50|m R2:75
Top ring beam trd 0.300 trb 0.300 free board
Side wall ht above middie RB swh 2.450 swt 0.200 0.3
Middle ring beam trd 0.300 mrb 0,500
Dia of central opening copt 0.20 copdi 15
Inclined slab Ist 0.300 ish 15001 2121
Bottom ring beam brd 0.450 brb 0.450
Bottom Dome bst 0.250 bdh 1,000 Ri= 5.00
Wind constants kii 1000 kitol  toso] |
kii15 1.090 kii20 1120
kii30 1.150 kiii 1.000
Basic wind speed 158.4 Km/h vb 44 m/sec
Shaft details
Grade of concrete [ g 30[n/mm?2 WS
Grade of steel medium assurg Fe415 equivallent fy 343[n/mm2 «—> 190
Thick ness of shaft Safe 1s 0.2m
opening width wp Lim
1Bia-of-vertical-steel-bars-propesed i 16 mm
Spacing of vertical reinforcement on both the faces sp 200{mm 209
Dia of circumferencial steel bars proposed cdi 10|mm
Spacing provided horizontally on both the faces sph 200|mm 200
Height of shaft above raft t¢hs-brd-0.15+df sh 314\m N
Stress in the shell compression 2.04|kg/cm2
Nature of stress B Comp|
Tensile stress due to ring moment safe 0.83|Kg/cm2 |21.00
No Comparision of eri and er needed
er 0.264 eri|scv Governs
alpa 168.00
Maximum compressive stress in shaft safe 28.23|Kg/cm2 114.00
Area of vertical steel required 5.00|cm2
spacing required [ 300|mm
Area of circumferential steel required 4.80|cm2
spacing required ] o B 200|mm

112




model-shaft 200-FD-30m-44w-plain _

Ring beam(thickend shaft) on Raft

212

. |Width of ring beam @ bottom of shaft rb 0.30|m
Depth of ring beam @ bottom of shaft rd 2.00|m
Dia of vertical bars rsdi , 10]mm A | ahids e
Spacing of bars |  rbsi| 4 200lmm  |209 il el
Dia of circumferencial bars rsdii 10|mm b {
Spacing of bars rbsii| Y 200|mm  |209 Z|sete
Design of raft
haunch width on raft 0.30|m Safe Safe| diacc
CC layer below the raft thickness 0.3| projection 0.30 9.6 958
Dia of raft provided <= 39m Safe d 9.00|m 8.98
Overall depth of raft Safe dr|0.90A_ |m 0.562
Dia of bottom bars db V20 mm
Spacing of bottom bars arranged as mesh space 125 |mm 143
Dia of top bars | dbi 12|mm
Spacing of top bars arranged as mesh spacei| 150 |mm 209 R
Effective depth provided (de) de 0.83|m
Radial Moments
Radial distance from centre 0.00 160 2.85 315 450im
Radial moments Mr -3.70 1051 34.32 3020, 0.00|im
Area of steel incm2 2.5 7.0 22.0 19.5 0.0
- " Moment in TmlAst in cm2[Spacing in mm ]
Maximum negative moment -3.70 2.5 209 |mm
Maximum positive moment 34.32 22.0 143 |mm
Minimum-area of steel mas 10.80|cm?2
Circumferencial Moments
Radial Distance from centre 0.00 150 2.85 3150 4.50|m
Circumferencial moment Mt -3.70 -2.24 -0.55 350 1.57|tm
Area of steel in ecm2 2.5 1.5 0.5 2.5 1
Moment in tmPAst in cmé| Spacing in mm
Maximum negative moment -3.70 2.5 209 mm
Maximum positive moment 3.50 2.5 291 ram
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Design of Column type supporting structure and ring foundation

for OHS R
Staging height 15.00 m
DATA : Grade of concrete g 30 Nimm2
Location of tank
AREA of Region TELANGANA,
Radial Disfance from the sea coast= 500 kM
Located on Hill portion no
Net SBC of the Soil 15 tYm?2
Depth of foundation up to top of raft df 200 m
Tank details
Capacity of tank % 150 kI 151.6 kl
Staging Height inge to suit the height of column segment sh 1500 m
Dia of staging ds 550 m
Height of each stage Clear of braces hs 3.09m 3.09
Number of stagings ns 4 nos
Number of columns ne ¢
Tank Diameter td 8.00 m
Height of dead storage hds 016 m
Top slab / Dome tst 0.125 h 1250 m
Top ring beam © td 0.250 o 0.300 m
Side wall swh 2.350 swi 0.200 m
Middle ring beam med 0.300 mrb 0.450 m
Inclined stab ist 0.250 ish 1.250 m
Bottom ring beam brd 0.850 brb 0.450 m
Bottom slab / Dome bst 0.200 bdh 0.950 m
Brace bred 0.550 brcb 0.300 m
Wind constants ki 0.991 kii10 1.000
kii1s 1.050 kii20 1.070
kii30 1.120 kiii 1.000 1.1 to 1.16 for hilt top
Basic wind speed 158 Km/hr vb 44 mfsec
Size of column seismic moment governs ¢bxch 0.35 m
Seismic coofficients Zone = 2 Zong 2 3
Beeta(from table 3 of IS 1893) sbe 1.00 she 1.00 1.00
i (from table 4 of IS 1893) sei 1.50 sei 1.50 1.50
Alpha0(from table 2 of IS 1883) a0 0.02 a0 0.02 0.04
NoternoHore-&vilaya
Design of column
Leeward column saismic momeni governs
Factored Load on Leeward column factcl 105 t
Moment on columin cm 4.02 tm
Pui(fck*BD) fr 0.29
MulfckBDA2 0.05
Refering SP 16 Pifck d'/D= 0.151 ps 0.02 enter value from SP 1G-chart
Windward column
Load on Windward column column unter compression nfc 10.5 {-ve indicaies tension}
Moment on column em 4.02 tm
TuffckBD safe 0.0000
Mu/fckBD2 0.0000
Refering to SP-16 chart Plfck sp 0.00 enter value from SP 16
Dia of main steel sd 16 46 mm
No of bars nb 4 4 5
Area of steel provided Safe clasp 16.08 cm2 9.80 cm2

Steel within 4%
Provide laterals of 8mm dia @ 200 mm cic




Design of brace

Clear covar cch 0.045 m
Breadth of brace breh 0.30m
Depth of brace bred 055 m
Factored moment bm 139 knm
Area of steel required 8.46 cm2
Dia of main steel dib 20 mm
Number of bars provided safe ni 3 nos
Dia of stirrup diib 10 mm
Spacing of stirrups si 200 300 mm
Design of ring Raft beam
Width of beam fe] 045 m
Overall Depth of beam rd 0.75 0.59 m
Clear cover to steel cerb 0.08 m
Factored moment at support Im*1.5  281.05 knin
Factored moment at Mid span (Mtb*10+Msp)*1.5  187.31 knm
Support section
Boftom steel (tensite) asti 12.48 cm2
Dia of bottom bars dii 16 mm
Number of bars Safe bsbh 7
Mid span section
Steel at Top (Tensile) astii . 6.91 cm2
Dia of top bars diii 16 mm
Number of bars tsh 4
Dia of stirrups di 12 mm
Spacing of stirrups spi 115 126 mm
Side face reinforcement 1F{rd>0.45,0.1*rb*rd/2*100,0) 1.69 cm2
on each face
dia of sideface reinforcament sfd 16 mm
no. of bars on each face nsr 2
Design of ring type raft
Safe Safe Safe Required
Grade of concrete a 30 N/imm2
Grade of steel Fy 415 Nimm2
Width of raft br 160 m 1.45
Overall depth of raft Safe dr 0.35 m 0.23
Overal depth of raft at edge de 0.25 m
Cirarcovertostest ef REAvISI 31
Dia of radial bars in raft db 12 mm
Spacing of steel @ ring beam location space 200 mm 2568
Dia of circumferential reinforcing bars dbi 12 mm
Spacing of rings spacei 200 mm 225
Dta of reinfarcement on top face 12 mm
Spacing of bars 200 mm
Straight portion of raft a 0.50m
Quter dia of ring 710 m
Inner dia of ring 3.80 m
Qtyof concrete 96.29 m3
Qty of steel 489 ¢



Design calculations

Weight of tank
Top slab / Dome

Top ring beam pi*(td+trb)*trb*trd*2.5

Side wall pi*{td+swi)*swh*swi*2.5
Middle ring beam pi*(td+mrb)*mrb*mrd*2.5
Inclined wall

Bottom flng beam
Bo_ttom slab f Dome

pi*ds*brb*brd*2.5

pi*((td+isty+ds)/2%istsqri{ishA2+((td +ist-ds)i2)A2)*2.5

17.24
4.89
30.27
8.96

25.08
16.52

IF(h=0,{pi*(td+2*swi)*2/4*tst*2.5) (2*pi*((td/2)"2+h*2)/(2*hy*h*tst*2.5))

1
t
t
t

t
t

@if(bdh=0,pi*(td+2*swt}*2/4*bst*2 5,2*pi*((ds/2)*2+bdhA2)/{2*bdh)*bdh*bsl*2.5)

13.30 ¢
Add for ladder railing etc., 500t
Total weight of tank tw 121,00t
Weight of staging
Weight of brace bri*nc*bred*breb*ns*2.5 27.22
Weight of columns nc*cb*cb*((hs+bred)*ns-brd+df)*2.5 28.87
Total wwi 56.09
Total weight of tank & staging wit 178 t
Weight of water
Cylindricat portion pirtgr2/4* (swh+mrd) 133.20
Vol.of inclined portion  1/3*pi*({td/2)*2+td*ds/4+(ds/2)"2)*ish 4524
Vol. of bottem dome  pi()/6*(3*(ds/2)*2+bdh*2)*bdh 11.73
Total ww 166.71 ¢
inclination of slant wall ATAN(ish/({td-ds)}/2)y*180/pi th 45.00 Rad
Wind analysis . ‘
Terrain catregory-2 Probable life of Structure= 50 yrs
Located on Hill portionl
[basic velacity 44 m/s
Tatal Ht of the stcuctural 7 24m
Wind constants
design  [Desing
Terrain 2nd wind Wind
above GL  IRisk factor jcatogory Topographyvelocity  |Pressure
FACTORS Height ki k2 k3 vV, P.in Nisgm
height uoto 10m from GL i0 0.99 1.00 1.00 43.59 1140[nfsgm
height from 10m to 15m 15 0.99 1.05 1.00 4577 1257 nfsgm
height_from 15m o 20m 20 0.88 1.07 1.00 46.64 1305in/sqm
“Thefgnt Trom 20m 16 30M 0.99 112 1.00] 4882 1430}nfsqm
height from 30m fo 50m 50 0.99 1.17 1.00 51.00 1561 |nfsqm
Pressure |Area Wind Desing
atZ averaging Directionali {Wind
above GL  |elevation [factor ly Factor, |Pressure
FACTORS Height  |P.in Nisqni Ka Kd P4in N/sgm
FOR TANK PORTION
Bottom Ring beam 14.85 1253.547 0.9 1]4128.192
Conical slab portion 16.10 1267.689 0.9 1]1140.920
Middle Ring heam 16.40 1270.589 0.9 1[1143.530
Cylindricat Side wall 18.75 1293.311 0.8 1]1163.980
Top ring beam 19.00 1295.728 0.9 1[/1166.155
Top slab / Dome 20.25 1308.518 0.9 1{1177.666
Vertical load on Dome
[Top slab / Dome | 125 ] | 1140.184] 0.9] 1] 1026.166]




Moment due to wind on tank @ top of footing

Ht. Area  pressure coefficient force LA Moment

m m2 nfm2 Cy N m im

Top stab / Dome 19.06 5.88 1178 0.70 5672 1998  11.33
Top ring beam 18.46 2.15 11866 0.70 1755 1908 3.35
Side wall 18.46 15.12 11864 0.70 12320 18.04 22,22
Middle ring beam 16.26 287 114353 070 213726 18.26 3.80
Inclined wall 15.49 853 114092 0.70 521614 1749 0.12
Bottom ring beam 14.86 5.06 1128 0.70 3994  16.44 6.56

wii 31094 wmt 56.49
Moment due to wind on staging

Ht. Area pressure coefficient force LA Moment

On braces m m2 Nim2 C N m tm
1st brace from top hi 10.92 4.54 1257 1.00 5704 1265 7.2
2nd brace from top hii 7.28 4.54 1140 1.00 5173 8.005 4.66
3rd brace from top hiii 3.64 454 1140 1.00 5173 5.365 2.78
4ih brace from top hiv 0 0.00 0 1.00 0 0 0.00
5th brace from top hv 0 0.00 0 1.00 0 0 0.00
6th brace from top hvi 0.00 0.00 0.00 1.00 0  0.00 0.00
71h brace from top hvii 0.00 0.00 0.00 1.00 0 000 0.00
On columns 14.01 29.42 1199 1.60 56423 9.006 50.81
v 72474 wms 6546

Total moment @ top of footing mbw 122,00 tm

Moment due to wind on tank @ bottom of footing @ bottom of raf

Ht. Area  pressure cosfficient force LA Moment

m m2 N/m2 Cy N m tm

Top slab / Dome 19.84 6.88 1178 0.70 8672 2133 1210
Top ring beam 18.46 215 1166 0.70 1755 20.69 3.63
Side wall 18.46 15.12 1164 0.70 12320 1839 2265
Middle ring beam ‘ 16.26 2867 1144 0.70 2137 1881 3.98
Inclined wall 15.49 8.59 1141 0.70 6863 17.84 12.24
Bottom ring beam 14.86 5.06 1128 0.70 3094 18.79 8.70

32741 wmti §1.30
Moment due to wind on staging @bottom of fotting

Ht. Area  pressure coefficient force LA Moment
On braces m m2 Nim2 C; N m tm
1st brace from top h 10.92 4.54 1257 1.00 5704 12.995 7.41
2nd brace from top hii 7.28 4.54 1140 1.00 5173 9.355 4.84
3rd brace from top -hiii 3.64 4.54 1140 1.00 5173 5715 298
4th brace from top hiv 0 0.00 0 1.00 0 0 0.00
5th brace from top hv ¥} 0.00 i) 1.00 0 ] 0.00
6th brace from top hwvi 0.00 0.00 0 1.00 0 0 0.00
7th brace from top hvii 0.00 0.00 0 1.00 0 ] 0.00
On columns 14.01 29.42 1199 1.60 56423 9355 5278
72474 wmsi  §7.99

Total moment at hottom of footing  wmti+wmsi mbwi 130.00 tm

Moment due to Selsmic force at ground level
Horizontal seismic coeff sbe*sei*al alpha0 0.03
Moment at the base alpha0*({tw+ww)*(hc+brd+(ish+swh+0.5*h)/2) +wwi*hc/2)
mbse  158.28 Im
seismic moment governs
Design moment

At the base Max{mbse,mbw) mb  158.28 im

Al the bottom of footing max(mbwi,mbse} mbi  458.28 tm
1.6

weight of ring beam pitds*rb*(rd-dr)*2.5 wrb gt

weight of raft pi*fds*brdr2.5 wr 24 t

Weight When Tank full  ww+wt+wr pfuil  368.90 t

When tank Emply wiwr p 202 t

Section modulus of raft pi*{{ds+br}*4-(ds-br)*4}/32/(ds+br) F4 31.94 m°



Area of raft pi*ds*br ai  27.65 m?
Chek for stability

Tank empty condition  (witwr+wrb)/ai-mbifz Mist 2.64 tsgm
Safe

Max. pressure on soil  (ww+wi+wr+wib)aitmbifz mss 18.58 t/sgm

Tank full condition fwwwitwr+wrb)/fai-mbifz miss 8.67 t/sqm

Pressure on soil when  (ww+wi+wr+wrb/ai Safe msnw 13.63 t/sgm

there is no wind Safe

Design of columns

Weight of tank & wt of water wttwny W 345 t
Wind reaction on leeward column

{mb*ds/2)/(nc/2*(ds/2)*2) w 19t
Total load on wind ward column
Tank empty condition  wt/ng-rw nfc 1048 t

Column is under Compression

Total horizontal wind on tank & Staging

(Wiitwii/10%4 hwy 10.36 t
Horizontal wind reaction on each column hwinc hwr 173 &
min. eccentricity momeni=cl *0.02 1.53 1.563 tm
due to .wind moment  hwr*(hs+bred)/2 3.14 tm
Moment in the columns As per DEVDAS MENCN , cm 4,02 tm

design M=1.15*sqri{Mx*2+My*2)
Design of Leeward column

Load on Leeward cotum:{ww+wtinc+rw cl 76.64 t

Factored Load on Leeward column

1.5%DL+IL)+WL 1.54DL+WL)+IL 1.24DL+WIiL+IL)

105 101 92 factcl 105 t
Puf(fck*BD} factel*10*103/(g*cb*2*1046) 0.29
Mu/fckBD*2 cm*10*10%6*1.5/(g*cb*3*109) 0.06

Area of steel
MAX((ci*1.5*10000-0.4°9°ch* 1000*ch* 1000)/(0.67*415-0.4*),0.8*ch*cb 104, ps g  chA2 10°4)/100
ast 9.80 cm2

Spacing of 8 mm dia lateral steel MIN(16*sd,cb*1000,48*8)

8 mm 256 mm
Design of wind ward column (Empty condition)
Load on wind ward column 10.48 t

ten 0.00t

Tu/ickBD IF{nfc>0,0,+ten*1024*1.5/(g*(ch*1000}*2)) 0.00
Mu/fckBD2 cm*10*106*1.5/(g*cb*3*1049) 0.00
Ast required sp*g*cb*chb*100 astr 0.00 cm2
Area of steel required clas 9.80 cm2
Area provided pi*{sd1()*2/4*nb clasp 16.08 cm2
Tensile stress ABS(ten)*10000/(cb*2*1048-clasp*100+(mi-1Y*clasp*100)

ts 0.00 nfmm2
column under compression

Desian of brace

Factored Moment in the brace
2%em*1/SIN(2*PI{}/nc)*10*1.5 bm  139.25 knm
(0.36*g*breb*1000*0.479*((bred-ceb-dib/2000)* 1000)4240.8)/10%6
Mulim  304.22 Knm
Area of compression steef required

IF{bm>mulim, (bm-mulim)*1043/(fsc*(bred-2*ceb-2*dib/2000)),0) asc 0.00 mm2
(brcd-cob-dib/2000)*breb*g/415%1046 aai 10735
breb*g*10%9/(0.87%415%2) aaii 60066

Area of tension steel required
MAX{(aal-SQRT(aai"2-(4*aaii* MIN(bm,mulim}))2+asc*fsc/(0.87*415),0.85/415'bred " breh 10°6)

asb 846 mm2
Shear in the brace bm*2/bri+(bri*bred*breb)*2.5*10*1.5/2 sfb 109.78 Kn



Length of brace
Shear stress
% of steel

Allowable stress
Area of stirrups

Balance Shear force
Spacing of stirrups

{ds*SIN(pi/nc)) brl
sfb*1 043/ (breb*(bred-ceb-dib/2000)*108) towu
PI()*dib 2*nif4/(hreb*(bred-ceb-dib/2000)*1046)*100

ptb

MAX(0.8*g/(6.89*pth),1) beeta
0.85"sqri(.8*g)*(sqrt{1+5*beeta)-1)/(6*besta)

towch

2 pitdiib*diib/4 asvb

275 m
0.74 nfmm2

0.63 %
5.49

0.55 nfmm2
157 mm2

IF(towu<toweb,0,(towu-towceb) breb*(bred-ceh-dib/2000)*1043)

vush

28.42 Kn

IF{towru<lowch,asvb*d15/(breb® 1043°0.4), MIN(0.87°415 asvh* {bred-ccb-dib/2000)/vush,asvb*415/(brab* 1043°0,4))

sib 543 mm
Spacing of stirrups MIN(sib,0.75*(bred-ceb-dib/2000)*1000,450) 371 mm
Design of ring beam
Total wt an the tank {witww)i(pi*ds) wsi 26.61 t/m
Dia of ring beam dia 550 m
central angle by brace chord gang 60deg 1.05 rad
Coffs for support moment ci 0.089 241,
coeff for span moment cii 0.045 +2 IS
coeff for torsional moment ciii 0.009 +1/2(COs
angle @ max shear phi 0.222 12.73 deg  +ASIN(2/q
span of beam pi*diafnc g 2.88 m
support moment wsi*{dia/2)*2*ci*2*pilnc Mst 18.74 tms
Torsional moment wsi*(dia/2)*2*ciii*2*pifnc T 1.91 tms
BM due to torsion T*(1+rd/rb)/1.7 Mtb 2.99 ims
Span moment wsi*(dia/2)*2*cii*2*piinc Msp 94.99 Knm
Max fact span moment (Mtb*10/3+Msp)*1.5 157.42 Knm
Total moment (Mst)*10 tm  187.37 Knm
Eff. depth reqd SQRT(tm*1.5*1000000/(.137*g*rb*1000))F 000
derd 0.39 m
Effective depth provided dp 0.66 m
check: OK
Mulimit {0.36*g*rb*1000*0.478*({rd-0.04)*1000)*2*0.8)/10"6
mulrb 238.81 Knm
dp*rb*g/415*10%8 aair 21535
ro*g*10*9/(0.87%41542) aalir 90099
Steel @ support
Area of tension sleel  MAX{(aair-SQRT{aair*2-{4*aaiir MIN{Im*1.5,mulrb))) ) 200 +ascr'fsci{0.87 4 16)1 160,0.85/4 15 b rd*10°4)
required asti 12.48 cm2
Area of compression  IF(tm™1.8>muirb,(tm*1.5-mulrb)*10*3/(fsc*dp)H100,0) 1.80569
steel required . ascr 0.00 cm2

Steel @ mid span
Area of tension steel
required

Area of compression
steel required

Check for Shear
Shear @ support
Stress

distance @ max shear
Shear @ max torsion
equivalent shear
shear stress

% of stee!

Allowable stress

Area of stirrups

MAX((aair-SQRT(22 1"2-{4*aali MIN{Ms p+MIb* 10)* 1.5, mutrb))}}}/200 +ascrs*fsc/{0.87*415)/100,0.85/4 15*rh*rd* 1044)

astii 6.91 cm2
MAX(IF{Msp*1.5>mulrb,(Msp*1.5-mulrb}*10*3/{fsc*dp)/100,0),0)

ascis 0.00 cm2
wsi*igf2 vs 38.32 tons
vs*1.5/(rb*dp*10) tow 1.93 n/mm?2

X 061 m

vs*( Igf2-x)*2/lg vt 22.05 tons
vi+1.6*Tih ve 28.83 tons
ve*1.5/rb*dp*10) towii 1.45 nfmm2
pif)*dii*2/4*d71/(rb*10%4*dp) pt 0.47 Safe
MAX(0.8*g/(6.89*pt),1) beetar 7.37
0.85*sqri(.8*g)*(sqrt(1+5*heetar)-1)/(6*beetar)

towc 0.48 n/mm?2
2*pi*di*difa asv 226,19 mm2



Balance Shear force  (@max(tow,towii)-towe)*rb*dp*103
vus

Spacing of stirrups

430.26 Kn

IF(@max(tow,towii}<towc,asv*415/(rb*1043*0.4),MIN(0.87*415*asv*dp/vus,asv*415/(rb*1043*0.4)))

S|
Minimum transverse steel

126 mm

(asv/(T*1.5*10000000/((rt*1000-50)*{dp*1000-25)*.87*415)+vus*1000/(2.5(dp*1000-25)* 87*415)))

3v 214 mm
Spacing of stirrups MiN(si,sv,0.75*dp*1000,300) 126 mm
Side face reinforcement on each face
IF(rd>0.45,0.1*rb*rd/2*100,0} 1.6875 cm2
Design of Raft
Total load on raft including self wt
wwtwitwrb twr 352481t
Area of raft reqd (twr+wr)fsbe + wind load area 2511 sqm
Width of raft reqd areaf(pi()*ds) 1.45 m
Upward pressure bwriai+mbifz q 17.71 ttm2
safe
Maximum B. M q*{br-rb)*2/8 Mmax 2.93 tm
Eff.depth reqd sqri(Mmax*1.5*10*7/(0.138*g*1000)) dreqd 0.10 m
Eff depth provided dre 028 m
Reinforcament
1000*dre*1000*g/fy aa 20530
10A7*1000*g/(0.87*fy*fy) bb 2002192
Arga of steel(Radial)  (aa-@sqrt(aa*2-4*bb*1.5*"Mmax))/200 asr 4.38 cm2
Spacing of radial bars  10*pi{)*db*2/4/asr 259 mm
Circumferential steel  1.25%asr asfi 5.03 cm2
Spacing of circular rings 10*pi()*dbin2/4fasri 225 mm
Check for Shear: .
Cantilever Projection  (br-rb)y2 . | 0.575 m.
length of tapered portionl-a li 0.076 m
Critical section is @ distance 'd' from face of ring beam
Shear force @ critical section q*(l-dre} sf 5151t
depth @ critical section IF{{a>dre),dre,{(de+(Li-dre+a)*(dr-de}/Li}-cr-db/2000})
de 0.28 m
Shear stress sf*1.5*1000/(1000*{dc*1000-60)) tv 0.35 nfmm?2
% of steel, pt ptr 0.23
* I 115 T A D 17-1- 71 15.40
Allowable shear stress ir0.85*sqri{.8*g)*(sqri{ 1+5*beetai)-1)/(6*beetai)
Safe tc 0.35 N/fmm2
Check for edge depth
BM@ 12 gH{lir2)r2r2 bml 0.01 tm
depth reqd sart{bm(*1.5*1047/.138*g*1000)) 6.72 mm
depth @ the section de+(dr-de)f2-cr-db/2000 0234 m
(i.e. @ li2)
shear force @ section ¢'1i2 0.66t
Shear stress i 0.04 nimma2
Safe
g
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Quantity of corerete

Tank portion
IyTop slab/dome IF{h=0,{pi*(td+2*swt)*2/4*1st) (2*pi*((td/2)*2 +h 2)/(2*h)*h*tst)) 6.90
ifjtop ring beam pi*(id+rby*trb*trd 1.9
jii)side wall pi*(td+swiyswh*swt 12.11
ivimiddle ring beam pi*(td+mrb)*'mrb*mrd 3.68
viinclined wall pi*{(td+ist)+ds)/2*ist*sgri({ish 2+({(td+ist-ds)/2)*2) 10.03
vi)boitom ring beam pi*ds*brb*brd 6.61
viijboltem slab/dome  @if{bdh=0,pi*(td+2*swit}*2/4*bst, 2*pi*({ds/2)*2+bdh*2)/(2*bdh)*bdh*bst) 5.32
46.50 m3
Staging
viiijcolumns nc*cb*cb*(sh+df-0.15-brd) i1.76
ix)bracings bri*brb*brd*ne*ns 25,24
37.00 m3
Foundation
Ring beam on raft pi(y*ds*rb*{rd-dr) 3.11
Raft pi(y*ds*ortdr 9.68
12.79 m3
Total quantity of concrete cq 96.29 m3
Quantity of steel
staging
Cofumns
main sleel nb*ne*(sh+df-0.15-brd+dr+, 3)*pi()*(sdH 000)*2/4*7 .8 0863t
Sec steal IF{nb=8,2*nc*4*cb*((sh+df-0.15-brd+dr}*1000/F57 *PI()*(8/1000)"2/4*7.8,
nc*4*cb*((sh+df-0.15-brd+dry* 1000/F57 Y PI{)*(8/1000}"2/4*7.8)
0.27 t
080t
Braces
main steel 2'ni*{brl-cb+2*56di/1000) nc*ns*pi*{dib/1000)*2/4*7.8 1.321 ¢
Stirrups ns*nc*bri*1000/s1i*4*pi()* (diib/1000)*2/4*2*(brcb+bred-2*cob) 7.8 1,228 t
255t
Ringheam @ raft
Topsteel pify*ds*pi{}*{dil/1000}*2/4*hs*7.8 019 t
Bottom steel pi()*ds*isb*pi()*(diii/1000)42/4*7.8 0.1t
Stirrups P diIFTO00y 2/ 2 pi()*ds* T0007spi 2 (rb +rd-2°ccrp) 7.8 0.55
Sideface reinforcement pi()*{sfd/1000)*2/4*nsr*2*pi()*ds*7.8 011t
0.96 t
RingRaft
Bottomsteel
Radial pi(yds*1000/space*brpi{)*(db/1000)42/4*7.8 0421
Circumferential pi(y“ds*pi{y*{dbi/1000)*2/4*br*1000/spacei*7.8 0.12 t
Topsteel pi(y*(f107/1000)*2/4*pi()*ds*br*1000*2/{108*7.8 0.24 t
0.488 t
Total quantity of steel s 480t




Design of Intze tank
Data :- |
Capacity of tank va 1521k \' 150(KI
Tank diameter OK td 8.00|m
Diameter of staging ds 5.50|m
Internal shaft diameter isd 0.00|m
Side wall helght swh 2.35\m
Inclined wall Vertical height fotal Ht 39 ish 1.25[m
Rise of top dome h 1.25im
Rise of bottom dome bdh 0.95lm
Allowable siress in steel rst 130{n/mm?2
Grade of concrete g J0{N/mm?2
Height of free board hfl  ©0.30[m |
Angle of inclination of inclined wall th 45|Degrees
Volume of concrete
Concrete vol. of top dome sttt ] 6.50|cum
Concrete volume of top ring beal pi{)*{td+frb) *rb*trd 1.96|cum
Concrete vol. of verfical wall pill*{id+ [ti+tii) £2)* {i+1i5) ) 2* [swh-trdi) 10.82|cum
Concrete vol. of middle ring bearpi{}*{td+mrb)*mrb*mrd 3.58[cum
Concrete vol, of conical shell pi{)*({d/2+ds/2)*stish/SIN(th*PE[)/180) 9.37|cum
Concrefe vol. of boltorn dome  |sti*bst 5.32|cum
Concrete vol. of boltom ring beaipi()*{ds)*brb*brd 4.61 [cum
Concrete vol. of balcony bw*0.1*pi(}*{td+mrb+hw) 0.00|cum
Tolal volume of concrete ] 44.56|cum
Volume calculations

Volume of cylindrical portion pi{)*(1d/2) A2* [swh+mrd) 133
Yolume of conical portion pif)/3*([ta/2)A2+ (id /2% ds/2)+(ds/2)A2)*ish 45lvep
Volume of bottom dome porfion [PI{}/6*(3*(ds/2)A2+bdhA2)*bdh -12{vbdp
Yolume of internal shaft Pi()*isdA2/4*{swh+ish-bdh-hf) 0

| volume of water va 167kl
Allowable sfréss in concrete under bending cbc 10.0{N/mm2

Destgn of Top dome I
Data:- | Required
Thickness of top dome Tapered thick 150mm fo 100mm | 0.125/m |
Live load on top dome LI 1.5kn/sgm
Diameter of steel bars Digis Ok dia almm
Area of steel Ast 300|mm?2
Spacing of stee! bars Spp 125[mm 125
Minimum percentage of steel Mpt|  0.240|%
Meridional siress Ms|  0.158In/mm?2
Circumferencial stress cs|  0.079[n/mm?2
| The stresses are compressive and with in permissible limits
Calculations B
[Radious of fop dome ((td/2)a2+hA2)/{2n) |7 Rl 708[m | ]
~Isth 0.569 | cih| os22]T
Surface areq of top dome 2piffRFY o ~ St| 5517isgm
Welght of top dome &finishings | {H*25+0.50) wi 3.63[kn/sgm
Dead and live load per sgm wi+L ot 5.13|kn/sam
Meridional thrust WxR/{1+Cos(th}) M| 19.76|kn/m
Circumferencial thrust fwitri*{cih-1/{1+cth)) ct 2.84|kn/m
Meridional stress M*1000/(t*1000*1000) Ms 0.146|n/mm?2
Circumferencial stress C1*1000/[t1*1000*1000) Cs 0.08{n/mm?2
| The slresses are compressive and with in permissible imits

Min. percentage of steel [IF{td<15,0.24,0.35) | | Mptl  0.240(%




Area of sleel required Mpt*H1*1000*1000/ 100[ Ast 300|mm?2
Spacing of stee] pi{}*(dia)a2/{4)*1000/ Ast Sp 168{ram
|
, Design of Top ring beam
Data:- | | Required
Top ring beam breadth Tensile stress with in limits 0.0 n/mm2trb 0.3¢|m
Top ring beam depth trd 0.25|m 0.15
Dia of steel bars frdls 12{mm
Number of bars trb 6|Nos 4
Area of steel provided Safe Astp 679|mm2  |344
Hoop tension in the top ring beam Ht 45\kn
Tensile stress in concrete tss 0.60|n/mm?2
Provide 2L - 8 tor sfirups at 200 mm ¢/c
Calculations
Hoop tension in the top ring beam mt*Cth*{td/2 Ht|  45Jkn
Area of hoop reinforcement HI*1000/rst Astr|  344|mm?2 -
Tensile stress in concrete
ht*1000/({Irb*rd)* 10A6-+{m-1}*Asip) tss 0.60{n/mm?2
Design of side wall
Data:- | | Required
Thickness of side wall at fop Tension in limils 0.60 fi|  0.200|m
Thickness of side wall at bottom  |Thickness adequale fiif  0.200|m 015
Dia of verical steel on water face bar Dicsis OK vsdl 10{mm
Spacing of bars i wis|  200/mm  [360
Dia of verlical steel on outer face bar dia is OK vsdi 10[{mm
Spacing of bars ofs 200\/mm  |300
Dia of hoop steel bars bar Dia is OK hsd 10[mm
Spacing of bars on each face sphs 200|mm  |300
Vertical steel on waler face WsQs 240{mm?2
Verllcal steel on out side face _0sas 240(mm2
Verlical steel at mid height mhasi 240|mm?2
Total Hoop steel has 480|mm?2
Area of steel provided hasp 785/mm?2
Tensile siress in concrete isc hoop 0.26 bending 0.60|N/mm?2
Maximum hoop tension hopt 51]kn
Maximum moment on waier face -3.94|knim
Cdlculations
Bending moment coefficients from fable 10 of IS: 3370 ( Pt V) i
" [HAZ/IDxl) = swhA2/ (td*(ti+1ii) /2} ‘hdr| 345 |
Height from togMom.Coef Moment|Thikness Ast
ko=|13.45 m knm| mm| mm2
a={1 0.1%swh 0.24 0.00046 0.060 13 3.59
0.2%swh 0.47 0.00199 0.259 28| 15.42
0.3%swh 0.71 0.00384 0.499 39 2971
0.4*swh 0.94 0.00602 0.781 48| 46,52
0.5%swh 1.18 0.00792 1.027 56| 61.21
0.6*swh 1.41 0.00880 1.142 59| 68.02
0.7*swh 1,65 0.00734 0.952 53| 5675
0.8%wh 1.88 0.00170 0.220 261 1312
0.9%swh 2,12 -0.01014 -1.316 63| -78.40
1.0%wh 2.35 -0.03036 -3.94| 109] -234,80




Maximum negative steel WSCIS 240|mm?2
Maximum posilive steel 0sas 240)Jmm?2
Area of steal at mid height mhasi 240{mm?2
Hoop tension coefficlents from table 12 of IS: 3370 (Part V)
T =|Coeff*w*swh*td/2
HA2/[d* hdr 3.45
Height from top Coelff. Force Steel
m kn mm2
i 0 0 0048 5 35 B
O.'swh|  0.24 0.160 15 116]
0.2%swh| 047 0.268 25 194
0.3%wh| 071 0371 35 269
0.4%swh 0.94 0.458 43 331
0.5%swh 1.18 0.524 49 379
0.6*swh 1.41 0.546 51 325
0.7*swh 1.65 0.512 48 371
0.8*swh 1.88 0.408 38 295
0.9*swh 212 0.231 22 167
Maximum hoop steel for both faces has 480|{mm?2
Maximum hoop tension hopt 51[Kn
| I
Design of Middle ring beam
Data:- | |
Depth of middle ring beam Tensile stress with in limits Mrd 0.30|m
Breadih of middle ring beam 1.04 Mrb 0.45\m 0.36
Balcony width | bw| 0.00|m
Dia of hoop sleel bars provided nsdic §6)mm
Number of hoop bars provided nhb 8iNos 4
Area of hoop steel provided hopsp 1608/mm2 |1082
Total hoop tension due to vertical load and water thopt 1411kn
Hoop tensile stress in concrete | hoti 1.04|nfmm?2
Stirups | [Provide 8mm dia @ 200 mm C/C
Cufcutattons— — —
Load due to fop dome[  Isttiwt - ] - 283fkn
Load due to fop fing beam PI[)*(td+ bl i rd*25] _ 49]kn
Load due to cylindrical wall pif)*{td+(Hi+ i}/ 2)* (ti+i}/2*swh*25 303Jkn
Self weight of middie ring beam |pi{)*[td+mib}*mrbomrd*25 90ikn
Welght of balcony and live load |pi{)*(td+2*i+ow}*bw*4,75 0lkn
Total verlical load | vimib|  724[kn
Load per unif length of beam vimrb/{pi{)*td+mrb)) vipm 27|knfm
Horizontal compo. of vertical loadvipm/{TAN[th*pi{)/ 180)) hpt 27 kn -
Hoop tension due to vertical load|hpt*{td+tii) /2 | hoptv 112|kn -
Hoop tension due to water pressu|{10*swh*mrd*{td+tii}/2 hopiw 29[kn
Total Hoop tension on Middle ring beam | fhopt 141 [kn
Area of steel required | thopt*1000/rst hopst]  1082[mm2
Hoop tfensile stress in ring beam  |thopt* 1000/ [mrb*mrd* 108 é+[m-1)*hopsp)
| | | hoti|  1.04[n/mm2
Design of conical Shell
Dota:s | |
Inclined siab thickness Thickness is adequate ist 0.25(m 0.23
Dia of hoop steel bars Tension in limils 0.65 hsdi 12jmm




Spacing of hoop bars on both faces bar Dia is OK| hssp 150|mm 180
Dia of radial steel bars | [ bar Dig is OK rsdi 16|mm-
Spacing of radial bars on bath faces rssp 225(mm (250
Height of the cone | | ish|  1.25|m
Slope of the conical shell in radians thr]  0.785jradians
Total Area of hoop steel required ash 1255|mm?2
Area of radial steel ] asi|  803|mm2
Maxinmum hoop tension rant 163[kn/m
Max, hoo;i tensile stress hits 0.65{N/mm?2
Calculations

Weight of top dome,ring beam,side wall and middie ring beam 724kn
Weght of waler over inclined shell l | l
{PI/3*{{c/2)A2+({bdf 2% G/ 2+ {dis/ 2) A2 ish-(PIf) “Ish2/ 4¥ish)) * 10+ PI)* (1A 2-dsAZ)  4%swh* 10 wwis 858|kn
Self weight of inclined shell pi{)*{td/2+ds/2)*Ist*ish/SIN[th*PI{)/ 180)*25

[ wis|  234[kn
Total load on the conical slkab ' tics|  1814[kn
Total load per unit length tles/{pif)*ds) trio 1051kn/m
Meridional thrust I Hirb/SIN{th*pi(}/180) npi 149 |kN/m
Hoop tension in the shell {10* (swhish-y)+25*ist*COS{thr) )*{ds/2+y/TAN(thr)} /SIN{fhr)
Hoop tension at botom of inclined slab™ |yi = 0.00 tei 157 kn/m
Hoop tension at 1/4 height from botom |ayi = 0.31 afci 162{kn/m
Hoop tension at middle ofinclinedslab |yii = 0.63 teii 163:kn/m
Hoop fension at 3/4 height from bottom ™ |ayii = 0.94 atcii 1621kn/m
Hoop tension ot top of inclined slab vii = 1.25 teiii 158[kn/m

Area of hoop steel required

MAX[MAX(tci,atci,ici,atci, ciil) *1000/rstif{id>15,.35,0.24] max{0. 1 jst/2}*10A4)

ash 1255|mm?2

Deslgn of Inclined slab for bending

Load on the slab per meter [fics/{pi()* (td+ii+ds)/2) lis| 84.393|knfm?2
Bending moment lis*ish/ [SIN{th*PI{)/180}}/10 14.92|knm
BM due to compression; vipm/SIN[th*PI{}/ 180)*(is1-0.045-rsdli/ 2000-ist/2) 2.78knm
, 1 | l | bmis| 17.70[knm
Thickness required for un-crackeqdSgri{bmis*10A&*6/{2*1000)) istr 230|mm
Area of steel required bmis* 10AG/(if(ist>225,175,150)*{ist*1000-45-r5di/2)*0.87)
} w803 mm2
Minimum % of steel 0.240|%
Minimum area of steel asr 400|{mm?2
|[MAX(tci,atci tcii, atcii fciil) *1000/ {ist*1000*1000)
Tensite stress In the conical shell | [ | . his|  0.65|n/mm2

_Design of bottom dome

Thickness of bottom dome 7 o N bst|  0.20|m
Ei_c of stesl bars } . - | 0 B ___bdid  10lmm |
Spacing of steel bars in two layers ibor Diais OK| B ~ Spsi|  200[mm [300
[Minimum percentage of steel ’ Mptil  0.240|%
Areq of steel required asti 480|mm2
Meridional stress Msi 0.45|N/mm?2
Circumferencial stress Csi 0.18[N/mm?2

| The siresses are with in permissible limils
Calculations
Radious of bottom dome {{ds/2)A2+bdh A2}/ (2*bdh) Rb 4.46]m

Sthi | 0.617 , Cthij] 0787

Surface area of boftom dome  |2*pi{)*Rb*bdh Stil  26.5%|sgm




Weight of bottom dome &finishind {bst*25+0.75)*sti wii 153|kN
Weight of water on bottom dome
pi()*l0*[(ds/2)AT‘{swhHsh)-[S"(ds/Z]/\2+bdh~'\2]*bdh/é-(isd}uf\?/tt*|swh+i5h-bdh)} Wwi 809 kN ]
Total unit load on bottom dome | {wii+wwi}/sti twb 36|kN/m?2
Meridional thrust twh*rb/({1+cthi) Mt P01kN/m
Circumferencial thrust twh*rb*{Cthi-1/{1+cthi)) Cti 37 [kN/m
Meridional stress ME*1000/ (st 10A6) Msi 0.45[N/mm2
Circumferencial stress CH*1000/ {bst*10A8) Csi 0.18{N/mm?2
Min. perceniage of steel IF{ds<=15,0.24,0.35) Mpti| 0.240|%
Ared of steel required | Mpti*bst*10000 Astil — 480|mm2
' Design of bottom ring beam
Data:- |
Bottom ring beam depth Depth is adequaie brd 0.85)m 0810
Bottom ring beam breadth Tensite siress with in fimils brb 0.45|m Safe
Number of columns Sheor siress with in max. limit nc §|Nos
Cover fo top steel fowil 08! dd 0.05|m
Dia of bars at support at fop iemnax 1.50 nsdi 20imm
Number of bars for -ve BM nnb 4|Nos
( Dia of bars at Mid span at bottom psdi 16|mm
Number of bars for + ve BM nnp 4{Nos
Dia of bars for hoop tension ssdi 16|mm
Number of bars for hoop tension o brhs 2}Nos
Diai of slimups 1 sdi 12|mm
Spacing of two leg stimups provided 125 <OK 162|mm
Spacing of four leg stirrups 250 325jmm
Thrust from the bottom dome htbd 71[kN/m
Tthrust from the Conical dome htcd 105(kN/m
Net force on the ring heam Beam under comprassion nht 34]kN/m
Hoop compression | Hoc 94[kN
Area of steel at support aif top nast 1113lmm2
Area of steel at mid span at bottom past 766|mm?2
Calculations |
Thrust from the botlom dome  [MIi*Cthi htbd 71[kN/m B
Tthrust from the Conical dome  jnpi*COS({th*pi(}/180) hicd 105|kN/m
Net force on the ring beam hted-htbd nht 34{kN/m
| Beam under compression
Hoop compression nhi*ds/2 HOC]  F3B8KN
Compresive siress hoc*1000/{bro*brd*10A8) hes 0.25|N/mm2 Safe
(. Hoop tension nht*ds/2| Holl  0.00]kN
‘ Tensile stress in the beam hot*1000/([brb*brd* 10A4-hsribi) +{m-1 }*hsrbi]
hst O[N/mm?2
Area of steel required for hoop fension hsrb O[mm?2
Area of steel required in the bottom ring beam hisrbi 765|\mm2
Design for aditional moments when supported on columns
|
Weight of top dome twi*ts 283|kn
Welght of top ring beam pif)* (fd+trb)*trb*irad*25 34ikn
Welght of side wall | pil)*{td+{i+til) 72)*{ti+it) /2 swh* 25 303[kn -
Weight of middle ring beam pi{J{td+mb)*mrb*mrd*25 0kn
Weight of inclined shell | Wis 234]kn B
Weight of bottom dome wihi 153|kn
Weight of water l Wwistwwi 1667]kn
load per meter up o bottom ring beam | 160lkN/m
Self weight of the beam [brb*brd*25 10/kN/m
Total load per meter on bottom ring beam wisi 170[kN/m




Maximum positive bending moment coefiicient cp| 0.045

Maximum negative bending moment coefficient cn| 0.089
Maximum torlion moment coefficlent fc] 0.009 ]
Angular distance for mox, tortien | 0.22 Pomax phil 12,73|Deg
Equi, BM due to Torsion muttipler k= 0.90 8 thita 1.05|Rad
Maximum +ve bending momenficp*wsi*{ds/2)A2%hita pbm| 60.41|kNm
Maximum -ve bending moment|cn*wsi*(ds/2)A2*hita nbm| 119.47|kNm
Maximum tortlon moment tc*wsi*(ds/2)AZ hita 1| 12.08]kNm
Span of beam [ [ lg] 2.88m
Equivalent BM due to torsion T*{1+brd/brb}/1.7 ebm; 20.53[kNm
Total -ve moment at face of support {nbm @ face+ebm at face) 89.5
Total +ve moment atmid span [pbm [{nbm near mid+ebm near mid) 61.6
My=wR[8/2%sing+0/2*cot(0/2)* cosp-1)
T,=wWR*[8/2*C0s6-0/2 Cot(B/2)*sing-0/2+4)
o M, T, Mg T/1.7*(1+b/D)
0.52 60.50 0.00 60.5
of -119.34 0.00 -119.34
0.22 0.00] 1214 10.9
¢ max=
gmax| M, Ty |Me,T/1.7*(1+b/D)
0.05| -84.48 -5.54 -89.5
0.48 59.43 2.40 61.6|using solver
|
absence of Dynamic analysis increase 10% value of static analysis values
Total -ve moment at face of support tebm| 98.41|KNm
Total +ve moment af mid span | tpbm| 67.75|kNm
Total depth required  [SQRT{6*tebm*10A4/(F*brb*1000)} 810|mm f=2.0n/sqmm
Effective depth required ™ . [SQRT({tebm*10A4/[Q*brb*1000)) derd 349 {mm
Effective depth provided dp 7920(mm
Moment of resistance of Balanced section :
[brb*brdA2*10A9*chcn*(1-n/3)/10A6 Mbal 1169 |kNm
% of steel for balanced section 50 n*chc/rst bpt 1.611%
Area of steel required at support nastf  1113imm2
for 8M ]1F(iebm>mboI,{bpt*brd*brd*!0"6/100+{iebm-mbal)*10"\él[rsi*idp-dd)]),iebm*lOf\éltrsi*j*dp)}
Area of steel required at mid sparjipbm*10A6/{rst*j*dp*1000) ] past 766lmm2
for bending moment min steel areq 711 imm?2
Check for Shear
Shear @ support wsi*lg/2 Vs 244 (kN
Shear stress vs*1000/(brib*dp*10A4) tow 0.6%[n/mm?2
Total equivalent shear vs+1.6*T/brb I ve 287 kN
shear stress ve* 1000/ [brb*dp*10A4) towil 0.81|n/mm2
Maximum permissible shear stress termax 1.501n/mm?2
Shear slress is with in max, imit
% of steel nnb*pifjnsdin2/4/(brb*10A&*dp)* 100 pt 0.35(%
from table for Allowable shear stress in beams
i= I 51 th column in table
VLOOKUP{+pt,datal,+i*10 fowci 2.50{Kg/cm2
VLEOOKUP{+pt+.1,datai, +)*10 towcil 2.80iKgfcm?2
Allowable stress towe 0.27|1n/mm?2
Aredt of stirrups 2*0i{)*sdinz2/4 asv 113jmm32
Spacing of two legged stirrups | sv 162[mm
Side face reinforcement on each|IF(lbrd>0.45,0.1*brb*brd /2*100,0} 1.91cm2 o
l i | |
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