Appendix A-7

Structural Calculations for Water Treatment Plant
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1. GENERAL
1.1 Reference Standards
BS8110: Structural use of Concrete
BS 8007:  Code of Practice for Design of Concrete Structures for Retaining Aqueous Liquids

BSCP3:  Code of Basic Data for Design of Buildings: Chapter V: Part 2; Loading Uniform
Building By-laws, 1984

1.2 Design Materials
This calculation is based on the following design materials.

+ Concrete BS 8110  Grade 30 or Equivalent : feu=30 Nfmm®
BS 8007  Grade 30A or Equivalent : feu=30 N/mm’

- Reinforcing Bar  BS 4449  High Yield Deformed Bar Grade 365
or Equivalent: fy=365 N/mm’
(fy: high yield having a minimum characteristic strength)
1.3 Design Ground Level and Ground Water Level
Design Ground Water Level {(GW1.)
GWL=
1.4 Minimum Concrete Cover

Minimum concrete cover on the outer reinforcement shakl be as foliows.

- Cast against and permanently exposed to earth 75mm
- Exposed to earth, weather or water 50mm
- Not exposed to weather or contact with the ground:

slabs, walls, beams, girders, columns 40mm

1.5 Crack width control
Crack width control shall satisfy the requirements of the BS 8007:1987.

1) Allowable crack width: 0.2mm (Section3.2.2 of BS 8007)
2} Applicable Structure; Pit and Basin
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1.6 Design Loadings

1) DEAD LOADS : (DL)
Unit Weight of Materials

Water : 10 KN/mi’
Seil ;18 kN
Plain concrete : 23 kN/m®
Reinforced concrete : 24 KN/’

2) LIVE LOADS (Imposed Loads) : (LL)

3) EARTH PRESSURE / WATER PRESSURE : { EF/WP)

1.7 LOAD COMBINATIONS

t) Load combinations and Load factors for Pit/Basin based on BS 5950, B2 3110 and
UBC are applied.

Pit & Basin
1.4 (DL) + 1.6 (LL) + 1.4 (EP)}
14(DL) + 1.6 (LL) + 1.4 (EP + WP)

Remarks : The stability of the structure shall be checked for
non-factored load combinations.
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2.2 DESIGN OF WALL & sLaB O — @

2.2 [IPOEKTUPOBAHUE CTEHBLI W NAWTH
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2.21 CALCULATION OF WALL (W60)

{AT+355.800)

1) DESIGN LOAD { Water Pressure }

g HML

H=T.Bm hw=86

5 m

AT+365.800

qw

2) FACTORED STRESS (W60

My2 .
Myl ——— O _
u ;
2
!
W
Mxt . Ox
ly

oD

hw =
vw:

qw=yw - hw =

Ix =
ly =
A=
w=qw =
Factored Load
w=14 « w =

W b=
w - x =

SEEFig.2
Ml = 0.040 x 38448 =
Mx2= 0.010x 38448 =
Myl = 0.033x 38448 =
My2= 0012x 38448 =
Ox= 03x 5H5=
Qy= 025x 5015=

6.50 m
10,8 KN/m3

65.0 KN/m2/m

6.50 m
720m

1.1

B5.0 KN/m2im

91.00 KN/m2im

38448
5915

153.8 (KN - m/m)
384
126.9
46.1

207.0 (KN/m)
1479
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5 4) CHECK OF CRACKING OO 2.6
W50 [ VERTICAL:BOT. )

a) CHECK OF MINIMUM REINFORGEMENT { BASFD ON 2.6.2.3 OF BS8007 )

3} DESIGN OF SECTION
a) VERTICAL : BOT {AT+355.600)

My= 1538 KN-m SECTION b: 1% mm SURFACE ZONE : di= 250 mm
Vu = 2070 KNm
dv= B40 mm

dh= 820 mm

b = 1000 mm fy = 365 Nimm?2
D= 900 mm feu = 30 Nimm2 in. p=
oo ohomm Min. p = 0.0035 ( 0.35% )
As(very= prb-di= 875 mm2
[REQUIRED RE-BAR | Asther)=  prbedi= 875 mm2
K =Mu/fou b+ 042) = 0007 <0.156
Z1=d- 105+ /1025~ K03 = B USE; VERTKAL D2 @20  (As= 1900 mw2)
227084 = USE, HORIZONTAL D22 @200 (As= 1900 imm2)
As1 =Mul095-Fy - 2 = 55 mm2
Asmin =0.0013 - b - D = 1170 mm2 bl CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES
[ 2. ]
USE. D2 @20 ids= 1900 mm2) BASED ON 3.2.2 OF BS8007
Ver. Mu= 1538 KN-m M= 109.9 KN+m b= 1000 mm
{ CHECK OF SHEAR STRESS | Hor.  Mu= KN-m M= 0D KNm - D= S0 mm
V= Vulb - d) = 025 < A4Nmm2 OK df';z ?gg Nimmo
(100 - Asy(b - d) = 023 < 30 e 30 Mimm2
K =M/ {fourbetv2 = 00052
Vo= 079+ {(100 - A V(b + dJMI3 - (400G 1M - (11.25) - (foul251MI3 21 = dy - §0°5"+ F(0 0 ol - g
= 04l Nfmm2 > V=025 Nmm2  OK 72 = 0.85-dy : : - 798
Z-= 798
AS=Mify-2Z = 10594 mm2

b} HORIZONTAL : TOP/END
USE; D22 @200 (As= 1900 mm2)

Mu = 1269 KN-m
V= 1479 KN HORIZONTAL
_ ) K =M/ (fourbedh®2) - 0
b= 1000 mm fy=  365Nmm2 Z1 =dh - [0.5 + 4| 0.25—KI0.9) - 0
b= 600 mm feu = 30 Nfmm2 72 = 095dh = ]
d = 520 mm Z = 0
{ REQUIRED RE-BAR | As=Mify-2 0 mm2
K =Mu/f{fou - b + d*2) = 0016 <0156 . .
B Rk ; oge USE; D22 @200  (As= 1900 mm2)
72=096 - d = 4w
7= : 494
Rl =MOM095-f- 2 L o) CHECK OF CRACK WIDTH {BASE ON APPENDIX A OF BSB0O7 )
Asmin=00013 + b+ D = 780 mm2 1} CRACK SPACING
USE; D2 @GN0 (A= 1900 mma) Smax(v} = (fettb) (e/2p(V)) = 96974 mm
. Smax(H} = (fcbifo)- (p/2p{H)) = 9697 mm
[EHECK OF SHEAR STRESS ] Where fclfo= 067  plVi=  Ash-dl = 00076
Hy = A= 0007
V= vuip - d) = 028 < 44Nmm2 OK pHy=  Asb-dl = 00078
g‘o%?, . Asilb - d) = 003; < ;s,g -~ 10 2) CRACK WIDTHS ARSSING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

7 Wmax(V)= Smax{V)-(a/2)-T1 = 018 < 0.2 mm
Vo= 079 - {100« As )b« d)*H3 - (400K JM/4 - (1/11.25) = (fou/25)M/73 - . . -
. 048 Nimz > Vo028  Nimm2 Wmax({H)= Smax{H)+(a/2)-T1 p1g < 02 mm

Where ; a: COEFFICIENT OF THERMAL EXPANSICN OF MATURE CONCRETE

a= 1E-05
Ti= 40 from TABLE 4.2
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20
W60 {HORIZONTAL:END }

27

a} CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 )

SECTION b= 1000 mm SURFAGE ZONE : d1=
D= 600 mm
dv= 540 mm
dh= 520 mm

Min. p= 0.0035 { 0.35% )

As(ver}= p-b-di= 875 mm2
As(her}= p-b-di= 875 mm2
USE ; VERTICAL D 20 200

USE; HORIZONTAL D20 @& 200

250  mm

As= 1570 mm2

(As= 1570 mm2)

b) CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBRLITY LIMIT STATES

{ BASED ON 3.2.2 OF BS8007 )

Ver, Mu = KN'm M= (.0 KN-m b= 1000 mm
Hor. Mu= 12689 KN-m M= 905 KN'm D= 600 mm
dv= 540 mm
dh= 520 mm
fy= 130 Nmm2
fou = 30 Nimm2
VERTICAL
K=M/ (fu-b-dv2) = 0
Z1 =dv - [0.5+4(0.25—KN0.9) = i}
22 = (.95 dv = 0
Z= 0
As =M/fy-2Z = 0 mm2
USE; D20 @ 200 (As=__ 1570 mm2}
HORIZONTAL
K =M/ (fecu-b-dh*2} = 0.0112
Z1 = dh -~ [0.5+{0.25—K/0.9)] = 513
22 = {.95¢h = 494
Z= 494
As =M /fy-2 = 14108 mm2
USE ; D20 @ 200 {As= 1570 mm2)
¢) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BSB007 )
1) CRACK SPACING
Smax(V) = (ictib)- (p/2p(Vi) = 10635 mm
Smax({H) = (fclib)- {p/2p{H)} = 10835 mm
Whare ; foifb = 067 p{vi= Ash-dt = (.0063
p(H} = Asib-dl = 0.0063

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

.19
0.19

Wmax(V)= Smax(V)-{@/2)-T1
Wmax(H)= Smax{H)-{@/2): T1

< 0.2 mm
< 0.2 mm

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= {E05
Ti= 35 iromTABLE 4.2

2.2.2 CALCULATION OF SLAB {S60)

{AT+355.800)

1) DESIGN LOAD & FACTORED STRESS

Qyl
My1} |

21 DESIGN OF SECTION

Mu = 1196 KN-m
Vu = 2081 KN/m

b = 1000 mm

D = G600 mm

d = 540 mm
| REQUIRED RE-BAR |

K =Mu/(fcu - b - d*2)

Z=d- [05+4(0.25—KDH

22=095-4d

Z=

As1 =Mu/095-fy - 2
Asmin=00013+b-D

[ CHECK OF SHEAR STRESS |

Vo=Vl - d)
{100 - AsM(b - d}
400/d

X0

hw

t

YW

yC

w=yw » hwiye - t

Jx

X Iy
A

w w
w=14 -w

w o 1x"2

w e lx

SEE Fig.2

Mx21 = 0083
M2 = 0040
Myl = 0057
My2 = 000
Qx = 0.52
Qy = 0.46
= 365 Nimm2
fou = 30 Nimm2

USE ; D2

6.50 m

0.60 m

10.0 KNim3
24.0 KNim4
79.4 KNIm2im

LLI I [ L |

360 m
6.90 m
1.92

uouon

= 794 KN/m2Zm
= 111.16 KN/m2/m
14406
400.2

% 1440.6
x 14406
% 1440.6
x 14406

118.6 (KN - m/m)
57.6
821
144

nonowo

x 4002
x 400.2

208.1 (KN/m)
184.1

= 0.014 <0.156
= 532
= 513

513
=  §72 mm2
= 780 mm2

@ 200 (As= 1570 mm2)

0.39
0.29
0.7

< 44 Nmm2 0K
< 30
< 10— 10

Vo= 079+ {{ 100« As¥(b « d Y*1/3 » ( 400/d }*1/4 - {1/1.25) - {fcuf25)*113
> V=035 Nmm2

= 045 Nmm2

OK

2-8



gL'V

3) CHECK OF CRACKING D)
SLAB {S60)

3) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2,6.2.3 OF BS8007 }

SECTION b= 1000 mm SURFACE ZONE : 4= 250 mm
D= 600 mm dB)= 100 mm
d= 540 m
Min. p=0.0035( 0.35%)
As(lopl= p-b-diT)= 875 mm2
As(boty= p-b-d{B)= 350 mm2
USE; TOP D20 @ 200 {As = 1570 mm2}
USE; BOTTOM D20 @ 200 {As= 1570 mm2}

bl CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICI

{ BASED ON 3.2.2 OF BS8007 )
Top  Mu= 1196 KN'm M= B854 KN-m b= 1000 mm
Bott. Mu= 821 KN-m M= 586 KN-m D= 60 mm
d= 540 mm
fy= 130 Nimm2
fou= 30 N/‘mm2
TOP
K =M [ {fou-b-d*7} = 0.0098
Z1 =d - [05+ {10.25—KN09Y = 534
Z2 = 0.95-d = 513
Z = 513
As=MIFy-Z = 12808 mm2
USE; D2 @200 (As= 15710 mm2)
BOTTOM
K =M/ {furb-d*?) = 00067
Z1 =d-[05+/(0.25—K09) = 536
72 =095+ = 513
Z= 513
As =M Ify-2 = 878689 mm2
USE; D20 @200 (As= 1570 mm32)
¢) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )
1) CRACK SPACING
Smax(T) = (fctif}- (g/2p(T)) = 106835 mm
Smax(B) = (fct/fb)- (p/2p(B)) = 4268 mm

Where  fctfb= 067  p(M= Ash-d(T) = 00063
plBi= Ashb-diB) = 00157

29

2.2.3 CALCULATICN OF FOOTING SLAB (FS90)

(AT+352.800)

1) DESIGN LCAD & FACTORED STRESS

EBILITY LIMIT STATES

%
i, Ra

L=4 65m

(3@1.55m)

Mo-0.65C

A e
126

1=4.65m
1 [3|@1.55;n) ‘

—-ll-—ql--—u-——?—'

L1

2] CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax(T)= Smax({T)+{a/2})-T1 = 0.13
Wmax(B)= Smax(B}* (a/2}-T1 = 0.05

<
<

0.2 mm
0.2 mm

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-08
Ti= 256 from TABLE 4.2

'&W strip
T 1 iMdestp

Caﬁn:n sirip

BOT:
TOR:

= Design load
Sand :

F.Slab :

» Fatlored Load
+ Pile Reaction:

« Factored siress

010
Ds
w1=17.0- Ds - L1
of
w2=240-D-11
w =14 (wi+w2)
Ra
Ra'=14 - Ra
L

C={2/9 - Ra' - L1112 - w' - L*2)
Mo=(1/3 - Ra' = L)-{1/8 - w' - L*2)

» Culumn strip

M,=13-C
Mo-0.65C

Vu=Ra'-1/2-w-L

1

Mu1=0.375 - (1.3 - Cy(144 - L1}
Mu2=0.375 - (Mo-0.65 - C)A1/4 - L1)

2-10

24m

68.1 KNim
09 m

36.1 KNfm

145.8 KN/im
525 KN/pile
735 KN/pile

465 m
496.6 KN - m
7449 KN = m

B456 KN - m
4221 KN m
[ 395.8]KkN

1.67 m
579.8[KN * m
379.2|[KN * m

oo



2} DESIGN OF SECTION DID)]

a) HORIZONTAL : BOT/END

M = 5799 KN-m
Vu= 3958 KNm

b = 1000 mm fy = 365 Nimm2
D= 900  mm fou = 30 Nfmm2
d = 840 mm

{REQUIRED RE-BAR ]

2-10a

Revised all sheet

K = Mu/{fou - b - d*2) = 0027 <0.156
21=d- [0.5+J{0.25—K09) = 84
22=095-d = 798
Z= 758
As1 =Mu/D85fy -2 = 2006 mm2
Asmin = 00013 - b+ D s 1170 mm2

USE: D25 @100  (As= 4910 mm2)
[ CHECK OF SHEAR STRESS |
V = Vuiib - d) = 047 < 44 NIom2 OK
{100 « Asib + d) = 058 < 30
400/ = 05¢< 10 — 10
> Vo= 0.79 - {{100 - As b - d)A/3 « 400/t 1M - (11.25) + (foul25)M13
3 = 056 Nmm2 > V=047 Nmm2  OK
b) HORIZONTAL : TOPICENT
Mu= 3792 KN-m
Yu = 3958 KNIm
b= 4000 mm fy = 365 NImm2
D = 800  mm feu = 30 Nfmm2
d = 820 mm
[REQUIRED RE-BAR |
K =Mu/(icu - b - d*2) = D019 <0.156
Zi=d - |05 +(0.25—K0.9)| = 803
72=095- ¢ = 779
Z= 779
As1 =Muf0.95-fy - Z = 1404 mm2
Asmin=0.0013 - b+ D = 1170 mm2
USE: D22 @100 (As=_ 3800 mm2}
[ CHECK OF SHEAR STRESS |
Vo= Vui(b - d) = 048 < 44 Nmm2 OK
(400 « As¥(b - d) = 046 < 30
400/d = 05< 10 — 10

Vo= 0.79 - {{ 100 - As V(b - d }*/3 - (400K A1/ + (11.26} - {fouf25)™/3

= 052 Nimm2 > V=048 Nmm2

OK

3) CHECK OF CRACKING D 211
FOOTING SLAB {FS90)

8) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 }
SECTION b= 1000 mm SURFACE ZONE : &M= 250 mm
D= 90¢ mm diB)= 100 mm
d= T mm
Min.p= 00035 ( 0.35% )

As{lop}= p-b-dT)= 875 mm2
Asbofk=  p-b-d{B) = 350 mm2

USE ; TOP D22 @100 (As= 3B00 mm?)
USE,  BOTTOM __ D25 @100 (As= 4910 mm2)

b) CHECK OF STEFL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES
BASED ON 3.2.2 OF BS8007 3

Top Mu= 3782 KN-m M= 2709 KN-m b= 1000 mm
Bott. Mu= 5798 KN-m M= 4142 KN-m 0= 900 mm
d= 840 mm
fy= 130 NNmm2
fou = 30 Nimm?2
TOP
K=M/{[foub-d2) = 00128
Z1=d-[05+/(025—K0I9M} = 828
22 = (.95-d = 798
Z = 798
As=MJfy-2 = 26113 mm2
USE ; 22 @ 100 {As= 3800 mmZ
BOTTOM
K=M/{ [foub-d"2) = 0.0196
29 =d-[05+ 4 (0.25—K0I) = 821
22 =0.95-d = 798
Z= 798
As=MIfy-Z = 39927 mm2

USE; D25 @100 _ {As= 4910 mm2)

c) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8047 )

1) CRACK SPACING
Smax(¥) = (fct/f) (9/2p{T}) = 48487 mm
Smax(B) = (fet/b)- (9/20{B)) = 1706  mm
Where : fotb= 0.67  p(T)= Asb-dT) = 00952
plB)= AsbéB) =  0.049¢

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

006 < 0.2 mm
09?2 <« 0.2 mm

Wmax(Tj= Smax(T)+(a/2}-T1 =
Wmax(B)= Smax{B)+(0/2)- T1 =

Where ; a: COEFFICIENT QF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
T= 25 from TABLE 4.2
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3.2 DESIGN OF WALL & SLAB @ _ @
32 [IPOEKTUPOBAHUE CTEHB U NAWUTH
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SECTION A-A/PA3PE3 A-A
S=1/200

CALCULATION OF (FS90)SAME AS(D-(DSECTION REFER TO PAGE 2-3
PACUET(F$90) TAK XE, KAK PA3PE3(D-OCM CTP. 2-3 §=1/80

-0 samcas@ -®
B - (3) TAK XE KAK(q) — (8




pI-L'V

39

3.2.1 CALCULATION OF WALL (W60} D

(AT+357.100)
1) DESIGN LOAD { Water Pressure )

- : hw= 435m
HWL _ yw=  10.0 KN/im3
qw=yw+ hw= 435 KNim¥m
H=5.1m ’ hw=435 m
|, AT+357.100
qw

21 FACTORED STRESS (WE()

My2
Myl —— _ k= 435m
g A y= 4900m
My 2 Ix A= 207
w=qw = 43.5 KNim2im
| Factored Load
LN Lo w w=i4-w=  60.80 KNim2m
Ml 1 Qx
ly wx"2 = 11524
wrilx= 2649

SEE A1
Mxi= 00B8x 11524 = 1014 (KN - m'm)
Mx2= 0010x 11524= 115
Myl = 0068x 11524= 784
My2= 0027x 11524= HA
My3= 0068x 11524 = 784
Qx= 047x 2649= 1245 (KN/m}
Qy= 026x 2649= 689

3) DESIGN OF SECTION
a) VERTICAL : BOT (AT+357.100)

Mu= 1014 KN'm
Vue= 1245 KNm
b = 1000 mm fy = 365 Nimm2
b= 600 mm feu= 30 Nimm?
d = 840  mm

| REQUARED RE-BAR |

K =Mu/{fcu - b - d*2)
Zi=d- [05++(0.25— K09y
Z2=095-d

Z=

AsT =MuN95fy 2
Asmin=0.0013 - b- D

0.012 <0156
533
513
513
570 mm2
780 mm2

n M n

USE; D 20 ] 200 {As = 157C mm2)

[ CHECK OF SHEAR STRESS |
V= Vulbrd) = 023
(100 - As)i(b - d) = 029
400/d = 07

Vo= 0,79 - {{100 - As¥{b - d )13 - {400 14
= 045 Nmom2 > V=023 Nmm2
b) HORIZONTAL : TOP/END

My = 784 KN'm
Vu= 689 KNm

365 Nfmm2
30 Nimmi2

b = 1000  mm
D= 600 mm
d = 520 mm

g
n

[REQUIRED RE-BAR |
K =Mu/{fcu - b - d*2)
Zi=d« [05+(025—K0.9)
Z2=085-d
zZ=
As1 =Mu/f095-fy - Z
Asmin=00013-b- D

USE ; D2¢

< 4.4 Nimm2 OK
< 30
< 10 - 19

- {171.25) - (fouf25)*1/3
COK

0.010 <0.156 -
514

494

494

457 mm2
780 mm2

@ N0 {As= 1570 mmd)

wowon

nou

[ CHECK OF SHEAR STRESS |

0.13
030
08

V = Vufib - d)
{100 « As){b - d)
400/d

®oaon

Vo= 0,79 - §{100 - As¥{b + d)¥*1/3 - { 400/d P14 -

= 045 Nmm2 > V=013 Nmm2

< 44 Nlmm2 COK
< 30
< i0 - 1.0

(111.25) * (fow25)*1/3
0K

39
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3) CHECK OF CRACKING @2

W60 ( VERTICAL:BOT. )

a) CHECK OF MINIMUM REINF EMENT { BASED ON .3 OF BSS007
SECTION b= 1000 mm  SURFACE ZONE: dl= 250 mm
D= 600 mm
dv= 540 mm
dh= 520 rmm
Min. p= 0.0035 { 0.35% )
Asfver)= p-b-di= 875 mn?
Asfher)= prb-di= " 875 mm2
{As= 1570 mm2)

b

USE; VERTICAL D20
USE ; HORIZONTAL D20

@ 200
@ 200

{hs=s 1570 mm?]

K OF STEEL STRESS N DIREGT OR FLEXURAL TENSI ERVICEBILITY LIMIT STATES
{ BASED ON 3.2.2 OF BSA007 )
Ver. Mu= 10M4 KN-m M= 724 KN-m b= 1000 mm
Har. My= 784 KN'm M= 56.0 KN-m = 600 mm
dv= 540 mm
dh= 520 mm
fy= 130 Nmm2
feu= 30 N/mm2
VERTICAL
K=M/ (fcu-b-dv'2) = 0.0083
Z1 = dv « [0.5 + 4 {0.25-K0.9)] = 535
Z2 = 095 dv = 513
= 513
As=MIlfy-2Z = 10856 mm2
USE; D20 @200 (As= 1570 mm2)
HORIZONTAL
K=M/{[fu-b-dh"2} = D.0069
Z1 = dh - [0.5+ 4 {0.25—K/0.9)] = 516
Z2 = 0.95-d = 494
Z= : 494
As=MIfyeZ = 872 mm2
USE; D20 @200  {As= 1570 mm2)

c} CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF 858007 )

1) CRACK SPACING

Smax{V) = (iciv) - (@/2p(V})
Smax(H} = (fet/fb)- (of2p(H))

Where ;fctib= 067 p{V]=  Ash-di
pHl=  Asb-dl

Wmax(V}= Smax(V}-{a/2)' T1
Wmax({H)= Smax({H)+{a/2}- T1

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a= E-05

10635
1063.5

0.0063
0.0063

B

0.19
019

Ti= 35 fromTABLE42

mim
mm

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MGVEMENT

< 0.2 mm
< 0.2 mm

435 m

0.50 m

10.0 KN/m3
24.0 KNimd
555 KN/m2/m

420 m
900 m
214

oo

4

55.5 KNim2/m
77.70 KNim2/m

n

1370.6
3283

1370.6
1370.6
13706
1370.6

113.8 {KN * mim)
56.2

781

13.7

LI

x 3263
X 3263

169.7 (KN/m)
1501

N

0.020 <0.156
430
418
418
785 mm2
650 mm2

nou

@ 20 {As= 1570 mm2)

3.2.3 CALCULATION OF SLAB (S50} @2
{AT+357.100)
1) DESIGN LOAD & FACTORED STRESS
hw
t
W
¥C
w=yW - e - t
I
(550 W i Wy
My1y A
w W
wsld ' w
W X2
Wl
SEEFig2
Mxi = 0.083
M2 = 0041
Myl = 0057
W2 = 0010
Qx = 0852
Qy = 046
2) DESIGN OF SECTION
Ma= 138 KN'm
Vu= 1697 KN/m
b= 1000 mm fy = 365 Nimm2
0= 500 mm feu= 30 Nimm?2
d= 440 mm
[ REQUIRED RE-BAR |
K =Mu/fou + b - d"2)
Zi=d -+ [0.5+4{0.235—K09)
22=095d
Z=
As1 =Mul0.95-fy - Z
Asmin=00013-b - D
USE; D20
[ CHECK OF SHEAR STRESS |
Vo= Vol d) = 038
(100 - Asyib - d} = 036
400/ = 09

Vo= 079 ¢ [( 100 - As)¥(b + dW™/3 - (4004 Yi/4
V=039 Nimm2Z

= 048 Nmm2 >

< 4.4 Nimm2 OK
< 30
< 10 — 1.8

- (11.25) + (feuf25173
OK
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3) CHECK OF CRACKING 22 314
SLAB (550

a) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 )
SECTION

1000 mm  SURFACEZONE: d{Ty= 250 wmm
560 mm dB}= 100 mm

b
D
d 440 mm

mun n

Min.p = 0.0035 { 0.35%)

Asftop)= p-b-diTi= 875 mm2
As{boti= p+b-d(B}= 350 mm2

USE; T0P D20 @200 {As=_ 1570 mm2
USE; BOTTOM D20 @20 (As= 1570 mm?2

b) CHECK OF STEFL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES
{BASED ON 3.2.2 OF BS8007 )

Top Mu= 1138 KN-m M= 813 KN'm b= 000 mm
Bott.  Mu= 7B1 KN-m M= §58 KN-m D= 500 mm
d= 440 mm
fy= 130 Nimm2
feu= 30 Nimm?2
TOP
K =M/ [feu-b-d*2}) = 004
1 =d- {05+ (0.25~KN9) = 433
22 =095-d = 418
z= 418
As =M /-2 = 14961 mm2
USE; D20 @200 [As= 1570 mmi?)
BOTTOM
K =M/ {fcu-b-d*2}) = 0.0096
24 =6 [05+4(025—K0IY = 435
22 =095-¢ = 418
1= 418
As =M Ify-2 = {0269 wm2

USE; D20 @20 (As= 1570 am2)

¢) CHECK OF CRACK WiDTH {BASE ON APPENDIX A OF BSBOO7 )

1) CRACK SPACING
Smax{T}= (ietfb) - (p/2p(T) = 10635 mm
Smax(B) = {fctTb}: (w/2p(B)) = 4268 mm

Where ; fctfb= 667  p{Th=  Ash-d(T) =  0.0063
fB}=  Ash-d{B) = 00157

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Winax(T)= Smax(T}-(a/2}-T1
Wmax(B)= Smax(B)-{a/2}:T1

613 < 0.2 mm
605 < 0.2 mm

Where . o : COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E05
Ti= 25 from TABLE 4.2

3-15
3.3 DESIGN OF WALL & sSLAB (D — (@
3.3 (POEKTUPOBAHWUE CTEHH WU NAUTHI
D22-e200(VER,>
3
v+361,400 e meeem
YH. Wl +(360,800)
D22-8200¢HIR,
2 = L s500 1750
A8 0ocTyps D22-8200
32357700 | 32-@2DOCEND)
g | D32-8200¢ALLY
& S D32-B100(CENT.)
seamnam N ILE, __
o
5 iﬂ/ \/,_ l | ‘Er/ ==
_ /D32-8200¢CENT,>
D32-RIIMENDY | 750 2750
800 5000 600
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3.3.1 CALCULATION OF WALL (W60

(AT+355.800)

1} DESIGN LOAD & FACTQRED STRESS

3-16

H= 656m
I hw= 5.00m
K ZHWL yw= 10,0 KNim3
+ Design load
H=5.6m hw=5/0 m qw=yw - hw= 100 x 500 = 50.0 (KNim2/m)
- Factored Load
b w=ld-qw= 14 X 500 5 70.00 (KN/m2im)
777 qw  AT+355.800
Mu = 1/6-w'-hw*2 = 291.7 {(KN-m/m)
Vu= 12w hw = 175.0 (KN/m)

2) DESIGN OF SECTION

Mu= 2917 KN'm
Vu= 1750 KNim

b = 1000 mm fy = 365 Nimm2
D = 1200 mm feu = 30 Nimm2
d = 1140 mm

[REQUIRED RE-BAR ]

K =Mu/{fou - b - d*2)

Z1=d - [0.5+ (025K
2=095-d

Z=

As1 =Mul095-fy- 2
Asmin=0.0013-b - D

USE ; D22
[ CHECK OF SHEAR STRESS |
V= Vulb-d) = 015
{100 - As)fib - d) = 0417
400/d = 04

Vo= 0.79 « {100 = As)( b - d WM - { 400/ )M/4
= 037 Nmm2z > V=015 Nmm2

0.007 < 0.156
130
1083
1083
777 mm2
1560 mm2

200 As= 1900 mm2

< 4.4 Nimm2 0¥
< 30
< 10 — 10

+ (114.25) - (fow26)M73
K

3) CHECK OF CRACKING
W80 { VERTICAL:BOT. )

2) CHECK OF MINMUM REINFORCEMENT [ 8BASED ON 2.6.2.3 OF BGB007 )
SECTION b= 1000 mm  SURFACE ZONE: di= 250 mm

D= 1200 mm
dv= 140 mm
dh= 1120 mm

Min. p= 0.0035 { 0.35% )

875 mm2

As(veryz  pebedl
a1 875 mm2

Asfher)= p'b*

USE;  VERTICAL D22 @200 fAs= 1900 mm2}
USE ; HORIZONTAL D22 @200 (As= 1900 mm2)

37

bl CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{ BASED ON 3.2.2 OF B3S8007 }

Ver. Mu= 2917 KN-m M= 2084 KN-m b= 1000 mm
Hor. Mu= 00 KN'm M= 00 KN-m D= 1200 m™mm

dv= 1140 mm
dh= #1200 mm
fy= 130 Nimm2
fou = 30 Nimm2
VERTICAL
K =M { [fcu-b-dv*2} = 0.0053
Z1 = dv + [0.5 + 4 {0.25—K/0.9)} = 132
Z? = (0.95-dv = 1083
1= 1083
As=MIfy-27 = 1480.2 mm2
USE ; D22 {200 {As= 1300 mm2)
HORIZONTAL
K =M/ (fousb-dh*2) = 0
2y =¢h - 105+ 4 [0.25— 0.9 = 0
22 = 095-dh = 0
= 0
As =Mty Z = 0 mm2

USE; D22 @ 200 {As= 1900 mm2}

¢) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )

1) CRACK SPACING
Smax{V} = (fet/fb)-(@/2p(V} =  969.74 mm
Smax(H) = (fotib)-{f2p{H)} = 968.7  mm
Where ; filb = 0.67  p{Vi=  Asiedl = 0.0076
pHY=  Agh-dl = 0.0076

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax{V)= Smax(V}+(0/2}-T1 = 020 < 02 mm
Wmax(H)= Smax(H)- (a/2)-T1 = 020 < 0.2 mm

Where | 0 : COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-D5
Ti= 42 fromTABLE4.2
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3.3.2 CALCULATION OF WALL {W60}

(AT+356.700)

1) DESIGN LOAD TORED STRESS

hwi=4|1m
H=5.6m hw=5)0 m
w AT+356.700

7 aw  AT+355.800

2) DESIGN OF SECTION
Mu = 160.8 KN-m

Vu M7 KN/m

b = 1000 mm fy

D= 600 mm fcu

d = 540 mm
[REQUIRED RE-BAR |

K =Mu/{fcu - b - d*2)
Zi=d: [05+(0.25—K09Y
Z2=0495-d

A

As1 =Mu/095-fy - 2
Asmin=0.0013-b-D

TRl

[

H=
hwi=
ywi=

318

56m
41m

* Design load
qwl =ywl - hwi=

10.0 KNfm3

100 x 410

.t

4.0 (KN/m2/m)

« Factored Load
wi=14-qwi =

Mu = 16-wl-hwi*2

Vu= 1/2:w1-hwi

365 Nim2
30 Nfmm2

14 x 410 57.40 (KN/m2/m)

60.8 (KN m/m)

117.7 (KN/m}

0.018 < 0.156
529
513
513
804 mm2
780 mmZ

wonon

D22 4] 200 {As=_ 1900 mm2)

3) CHECK OF CRACKING @-@ 3419
W60 ( VERTICAL:TOP)
) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 QF BSBO07 }
SECTION b= 1000 mm  SURFACE 20NE: di= 250 mm
D= 600 mm
dv= 540 mm
dh= 520 mm

Min. p= 00035 ( 0.35%)

875 mm2

As (ver) = p-b-di=
dl= 8% mm2

Asther)=  p-h-

USE; VERTICAL D22 @ 200 {As= 1800 mm2)
USE ; HORIZONTAL D22 @ 200 {As= 1900 mm32)

b) CHECK OF STEFk STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{BASED ON 3.2.2 OF BSB007 )
Ver. My= 1608 KN-m M= 1149 KN'm b= 1000 mm
Hor. Mu= 00 KN-m M= 00 KN'm D= 600 mm
dv= 540 mm
dh= 520 mm
fy= 130 Nfmm2
for= 30 N/fmm2
VERTICAL
K =M/ (fou-b-dv*2) = 0.0131
Z1 =dv - [05+ 4 (0.25—KI0.9) = 532
22 = 0,95dv = 513
Z= 513
As=MIk-Z = 17229 mm2
USE; D22 @ 200 {As= 1900 mm2)
HORIZONTAL

K =M/ (feu-b-dh"2)

21 =dh - [0.5+ 4 {0.25—K0.9)]
22 =0.95-dh

Z=

As=M/fy-Z

nouon
=== N )

mm2

USE; D22 @& 200 (As= 1900 mm2]

¢} CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )
1) CRACK SPACING

USE ;
[ CHECK OF SHEAR STRESS |
V= Vullb - d) = 022 <«
(100 - As){b - d) = 03 <«
4004 = 07 =<

44 Nimm2 OK
30
10 = 10

Vo= 079 - {( 100 - AsM b - d 1973 - (400 MM - (1/1.25) - {fow/2511/3
CK

= 047 Nmm2 > V=022  Nimm2

Smax(V) = {fctfo) -{p2p(V]}
Smax{H) = (fetfb) -{g/2p(H))

Where ; fetib = 0.67  p(V}=
piH} =

Ash-di
Asfb-d1

969.74
969.7

0.0076
0.0076

mm
mm

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wimax(V}= Smax{V)- (/2}-T1
Wmax({H}= Smax{H}- {a/2)- T1

0.17
0.17

<
<

02
0.2

mm
mm

Where ; o : COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a= 1E-05
T= 3%

from TABLE 4.2
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320 3-20a

3.3.3 CALCULATION OF FOOTING SLAB {FS100}
{AT+355.800) 2) DESIGN OF SECTION

1} DESIGN LOAD & FACTORED STRESS

a) HORIZONTAL : BOT/EI

Mu = 10738 KN-m

» Design load =
b =  tom Vu= 4910 KNm
w w=40-D-11 = 445KNim = =
%I’ﬁ"ﬁ“‘ﬁ?{é + Faclored Load w=1d-w =  581KNim by e m oo e Nmma
-l » Pite Reaction Ra = 275 KNipile d = 40 mm
. -:‘ﬁm Ra=14-Ra = 385 KNipile
] . REQUIRED RE-BAR
(6@1.6m) Factored stress L . %6 [ K =Mu/{fcu « b]- ) = 0.041 <D.156
Mo-0.65C C=(2/5 - Ra'« LH1M2-w' - %) = 10320KN-m %;3355'9'3+ﬂ 025 K0S N gg
e Mo=(35 « Ra' - L1/8 - w - L) = 154B0KN-m 7=  am
‘ _ _ As1 =Mu/095-fy- 2 = 3468 mm2
M=12-C = 12384KN-m in= b =
L=9!::; Mo0.650 = BTTOKN-m Asmin=0003-b - D = 1300 mm2
A caq. Vu={4i2 « Ra} {12 - w - L) =[_491.0]kN USE; D32 @ 100 fAs= BO40 mm2}
i 't/ T 1:;[?_ - Culuimin strip
Ul - . R = 173 m
e &.04 ¢ 7( BOT: Mu1=0375 « (1.2 - C(14 - 11} =[ T0738]KN + m [ CHECKOF SHEAR STRESS }
YA b TOP: Mu2=0.375 « (Mo-0.65 - CM{1#4 - L9} =[_7605|KN - m V= Vull - d) = 052 < 44 Nimm2 0K
i i {100 + As)(b » o) = 088 < 39
' ! ) 4 = . Q9 -
I - —-I—-!p"u—n— !—-*-1||--c-m" = 0 Mo h "
u RN : Midle srp Vo= 079 - J(100 + AS Wb + d 1M/ - (400d 114 - (11.25) - (fcu.'25)"1f3
_'_f'?'T'T', ¥ ouwman 064  NmmZ > V=052 Nmm2

b) HORIZONTAL ; TOP/CENT

Mu = 760.5 KN-m
Vu = KNim
b = 1000 mm fy = 365 Nfmm?
D= 800 mm fou= 30 Nimm2
d = §20 mm
I REQUIRED RE-BAR.}
K =Mu/{feu - b - d*2) = 0.094 <0.156
Z1=d - [0.5+4{0.25—K0.9)] = 459
22=095-d = 4
2= 459
As 1 =Mu/095-fy-Z = 4783 mm2
Asmin =0.0013-b-D = 780 mm2

USE ; D32 @ 100 {As=__8040 mm32)

[ CHECK OF SHEAR STRESS |
V=Vulbd = 000 < 44 Nimm2 0K
{100 - As)i(b - d} = 165 <« 30
400/d = 08 <« 10 - 1.0

Vo= 0.79 - {1100 - As)(b - d JI*/3 - {400/ Y*1/4 - (11.25) - {fou/25)M13
= 078 Nimm2 > V=040 Nimm?2 oK
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3) CHECK OF CRACKING @@ 321 41
FOOTING SLAB (FS)

) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 )

SECTWON b= 1000 mm  SURFACE ZONE: dM= 250 mm
D= 1000 mm daBj= 100 mm
d=  B40 mm

Min. p=0.0035 { 0.35%)

As(lop)=  p-b-dM)= 875 mm2
Asfbot}= p-b-dB)= 30 mm2

USE: TOP__ D32 @ 106 (As= 8040 mm2)
USE. _BOTTOM __ D37 @ 100 _(As= 6040 mm2] 4. RAPID SAND FILTER
b} GHEGK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVIGEBILITY LIMIT STATES 4. CKOPbIV MECYAHbBIA dUNLTP
BASED ON 3.2.2 OF BSA007
Top Mu= 7606 KN-m M= 5433 KN-m b= 1000 mm
Bott  Mu= 10737 KN-m M= 7669 KN-m D= 1000 mm
d= 840 mm
fy= 130 Nimm2
fou= 30 Nimm2
TOP . .
K =M/ (fub-d?) < 00257 Sections 6 and 7 are the same as Section 5
21 =d-[05+/(025—K08) = 815 ' Pazaens 6 u 7 ABNAIOTCA Takumu e, Kak 1 Pasnen 5
72 = 0.95+d = 798
Z-= 798
As=MIK-Z = 52371 mm2
USE; D@ 100 . (As= 8040 mm2)
BOTTOM
K =M/ [fousb-d*2) = 0.0362
Z1 =d - [05+4(0.25—K09) = 805
7 = 085-d = 798
Z= 798
As=Mity-2Z = 73925 mm?

USE ; D32 @ 100 [As= 8040 mm2}

¢) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )

1) CRACK SPACING
Smax{T) = {fctifb}: {p/2p{T) = 33292 mm
Smax(B) = {felib)- (w20{B)} = 1333 mm
Where ; fotfb= 067 p{T)=  Ashb-d(T) = 00322
pB)= Ashbd{B) = 0.0804

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax{T}= Smax{T)-(a/2}- T1
Wmax(B)= Smax(B)-{a/2)-T1

004 < 0.2 mm
a2 < 0.2 mm

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-06
Ti= 25 fom TABLE4.2
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4.2.1 CALCULATION OF WALL (W80}

H=6.8 m

(AT+354.600)
13 DESIGN LOAD { Waler Prassure )

7 HWL

hw=510 m

gw  AT+3B4.600

21 FACTORED STRESS {W6(}

My1

My2

]
Pl T

W
Mxt !

&®

4§
hw==  500m
yw== 10,0 KN/m3
gw=yw-hw = 500 KNm2m
Ix = 500 m
ly= 1260m
A= 252
w=qw =  50.0 KNIm2/m
Factored Load
w=14 - w = 70.00 KNim2im
w b2 = 17500
wlx= 3500
BEE Fi,
Mx1= D105 x 17500 = 183.8 (KN - m/m)
M2= 0013x 17500= 228
Myl = 0082x 17500 = 1435
My2= 0026x 17500= 455
Qx= 050x 3500= 1750 (KN/m)
Qp= 028x 3500= 980

3) DESIGN OF SECTION

a)

b}

VERTICAL : BOT {AT+354 600}

Mu = 1838 KN-m

Vu = 75 KNim

b = 1000 mm fy =
D= 600 mm fou=
d = 540 mm

| REQUIRED RE-BAR |

K =Mu/(fc » b « d*2)

Z1=d - [0.5+/(0.25—K/I0.9)
22=085-d

7=

As1 =Mu/095-fy -2
Asmin=0.0013-b- D

LSE ;

[ CHECK OF SHEAR STRESS |

Y = Vulb -« d)
(100  Asjib * )
400/d

365 Nimm2
30 Nimm2
= 0021 <0.156
= 57
= 513
513
= 1033 mm2
= 780 mm2
0@ 100{As= 3140 mm2}
0@ 200 {As= 1570 mm2}

032 < 4.4 Nimm2 OK
0.58 < 30
0.74 < 10 — 1.0

Ve= 079 (100 + As){b - d /3 - (400 )*1/4 « {111.26) « (fcu/25)*1/3

= 0.56 Nfmm2 > V=

HORIZONTAL : TOP/END

Mu = 1435KN‘m
Vy = 98 KN/m

1000 mm fy
600 mm fe
520 mm

b =
D =
d

[REQUIRED RE-BAR |

K =Mu/lfu - b - d*2)
Z1=d -+ [05+4(025—Ki0.9N
Z2=095-4d

Z=

Ast =Mu/D95-fy« Z
Asmin=0.0013 - b+ D

USE ;

[ CHECK OF SHEAR STRESS

V= Vuiib -+ d)
{100 - AsM{b - d)
4001

o

0.32 Nfmm2  OK

365 Nimm2
30 N'mm2

0018 <0.156
510
494
494
B38 mm?2
780 mm2

wofon

3148 mm2)
1570 mm2}

100 (As =
200 (As=

=]

[XEX]
28

0.19 < 44 Nimm2 OK
060 < 30
077 < 1.0 — 10

Vo= 079+ {(100 - As (b« d)M/3 - (400/d )*1/4 » (11.25) « (feuf2511/3

= 0.57 Nimm2 > V=

0.1¢ Nimm2 0K

4.9

Bottom
Top

Top/End
Center,BoVEnd
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4y CHECK OF CRACKING G0 4-10

411
W60 { VERTICAL:BOT.HORIZONTAL:END
2. 5
2] CHECK OF MINIMUM REINFORCEMENT ( BASED ON 26.2.3 OF BSB007 | 423 CALCU&IE_‘S%; SLAB (580) &S
SECTION Dh - 1% m SURFACE ZONE : dt= 250 mm 1} DESIGN LOAD & FACTORED STRESS
dv= 540 mm i
= + Design lpad
dh= 520 mm D = 10m
o w ws240:D+Li = 396 KNm
Min.p= 0.0035 { 0.35%) W + Factored Load w=14:w = 564 KNim
~ - + Pile Reaction Ra = 262 KNipiie
As(ver}= p-b-di= 875 mm2 Ra Ra'=14-Ra = 367 KNipile
As(her)=  prb-di= 875 mm2 L=8.15m ] . ?
USE; VERTICAL D20 @100 {As= 3140 mm2} (o153 " Factored stress L = 815m
USE ; HORIZONTAL D2 @1 fAs= 3140 mm2} Mo-0.65C C=(25 - Ra' - L{1M2 + W - L%} = BBBOKN-m
A e Mo={35 - Ra' - L-{1/8 - w - L*2) = 13333KN-m
1.2C
1) CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBH ITY LIMIT STATES M,=12-C = 10667KN-m
{ BASED ON 3.2.2 OF BS8007 ) ; L=8.15m Mo-065C = 7556 KN -m
Ver. Mu= 1838 KN-m M= 1313 KN-m b= 1000 mm | t5@1.ﬁf,m) V=42 - Ra {102 - W 1) =KN
Hor.  Mu= 1435 KN-m M= 1025 KN-m d[;: ggg m - o + Gulumn stip
de= S0 mm d A / e ;’ g L= 165m
- 1% 2] BOT: MU1s0.375 - (1.2 - CY14 - L) =] OBG7JKN + m
'cfz: 1;3 mmg —'!F'::-"F A TOP: Mu2=0.375 » (Mo-0.85 - C){1/4 - L1} =[__6868]KN - m
VERTICAL i
K =M/ {foubedvi2} = 0015 i
Zi=dve 05 +4(025—KOB = 53 e . . - Fum s
72 = 0.95dv = 513 L I - Mde siip
zs= 513 SR A T i
As =M [fy-2Z = 10688 mm2 [ um ot
USE; D20 @100 {As= 3140 mp2)
HORIZONTAL
K =M/ (fourbedhn2) = 001%
21 = ¢h + 0.5 + ¥ {0.25—K/0.9)} = 513
22 = 095-dh = 454
Z= 494
As=MIfy-Z = 15061 mm2

USE; oX @100 (As= 3140 mm2}

€) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BSBO0OT )

1) CRACK SPACING
Smax(V) = {fcbifb)- {@/2p(\)) = 5375 mm
Smax{H) = (fct/fb)- {g/2p{H)) = 53T mm
Where ; fctfb= 067 p{V)=  Ashb-dl 0.0126

piHi=  Asb-dl = 00126
2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wrmnax{Vi= Smax(\Vi-[of2)- T1
Wmax(H)= Smax{H)+(w2)- T1

009 < 0.2 mm
009 < 0.2 mm

w

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
Ti= 35 from TABLE 4.2
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12 3) CHECK OF CRACKING EME) 413

2) DESIGN OF SECTION (%-Direction) FOOTING SLAB (FS80)
a) CHECK OF MINIMUM REINFORCEMENT ( BASED ON 2.6.2.3 OF BS8007
a) HORIZONTAL ; BOTEND
SECTION b= 1000 mm  SURFACE ZONE: dl= 250 mm
Mu = 8697 KN'm D= 1000 mm d®= 100 mm
Vu = 807.7 KN/m d= 840 mm
b= 1000  mm fy = 365 Nimm?2 Min.p = 0.0035 ({ 0.35%)
D = 1000  mm fou= 30 Nfmm?2
d = 940 mm As(top)= p-b-dM= 875 mm2
hoit=  p+be-d{B)= 350 mm2
[REQUIRED RE-BAR | As ool = p- b diE) i
K =M tfcu - b - d"2} = 0.037 «<0.156 USE ; TCF D32 [} 100 {As= 8040 mm2)
Z1=d - [0.5+J(0.25—KI09) = 900 USE; BOTTOM D32 @ 75 [(As= 10720 mm2)
72=085 - d = 89
z= 893
As1 =Mul085-fy - Z = 3132 mml - b} CHECK OF STEEL STRESS N DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES
Asmin=00013 - b-D = 1300 mm2 { BASED ON 3.2.2 OF BSB07 |
USE; D32 75 As= 10720 min2 Top  Mu= 6869 KN-m M= 4906 KN-m b= 1000 mm
D25 @ 200 {Y-Direction) Bolt. Mu= 9537 KN-m M= 6926 KN-m D= 100¢ mm
d= 640 mm
[ CHECK OF SHEAR STRESS | ' fy= 130 Nimm2
fou = 30 Nfmm2
V=Vulb-d = 054 < 44 Nlmm2 OK TOP
{100 - As)ib - d) = 114 < 30 K =M/ [feurbed*2) = 0.04
400/d = 04 < 10 - 10 Z1 =d - [05+/(025—K09) = 610
72 = 0.95-d = 608
Vo= 079 - J{100 - As (b » ¢ )}MI3 - (400/d A - (17125} + (fcuf25)113 7 = 808
= 070 NmmZ > V=059 Nmm2 0K As=MIty-2Z = 6207 mm2
' USE: D32 @ 100  {As= B8040 mm2)
b) HORIZONTAL : TOPICENT
BOTTOM
My = 686.9 KN-m K =M/ (fcu-b-dh2) = 0.056
Vu = KNim 71 =d - [05+4(0.25—K09 = 587
72 = 095-d = 608
b = 1000 mm fy = 365 Nfmm2 Z = 597
D= 1000  mm fou= 30 Nimm2 As=MIify 2 = 8924 mm?
d = 920  mm
USE; D3 @ 75 {As= 10720 mm2)
[ REQUIRED RE-BAR |
K =Mul{fou - b - d*2} = 0.027 <0156
gf g 55“"3 +4(0.25— K9 = 3?1 £) CHECK OF CRACK WIDTH {BASE ON APPENDIX A OF BS8007 )
= 874 1) CRACK SPACING
As1 =Muf095-fy - 2 = 2266 mm2 !
Asmin=00H3-b-D = 1300 mm2 Smax(Th = (fetb) - {w/2p(T)) = 33282  mm
BY = (fcUb}- (0/20{B = 1000
USE; D 10 (As= 8040 mm2 Smax(B) = (cto}- (0/20(E1) o
D2 @ _ 20 (f-Direction} Where  lctfb= 067 pM= Asb-d(f) = 0.0322
plBi=  Asib-d(B) = 0.1072
[ GHEGK OF SHEAR STRESS |
2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT
V= Vulb-d = 000 < 44 Nimm2 0K
{100 - AsM(b -+ d) = 087 =< 30 Wmax(T)= Smax(T)- (ar2)-T1 = 004 < G2 mm
400/d = 04 < w - 10 Wmax(B}= Smax(B}-(0/2)- T1 = 001 < 02 mm
Vs 079« [(100 - As V(b « dJ1/3 + (400/ M4 - (111.25) - (ef25)M73 Where ; o : COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE
= 0B84 Nmm2 > V=000 Nmm2 oK
a=  1E-05

Ttz 25 from TABLE 4.2
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2.2 DESIGN OF WALL & FOOTING

2.2 [POEKTHPOBAHWE CTEHH 4 OCHOBAHKY

D20-22H0C(VER,)

5-5

B0 1] e bD
[=)
(=]
D
v+354,600
T+334.000 ;
3
o
¥ 8
[=] o+
[=]
Tp]
]
v+350,000 o "._
o r X/
al 0 } }
Z+345 800 . \\ r' o o
I ._= 20-8200 S
/ ; (Y-DIR,TOP Dp-B100
8 & DR BOT
=
600 500 | 300 300 [250 | 300 300,150 600
4 11004 4Q

®-®

3=1/100

5.2.1 CALCULATION QF WALL (W80}

(AT+350.000)

11 DESIGN LOAD & FACTORED STRESS(Walter Pressure}

(INSIDE}

oHWL _ +353.500

H=4.6m
hw=3.5m

aw D 4350000

H= 4Bm
hws 350 m
yw=  10.0 KNfm3

«Design load

qw =yw-hw= 104

= Factored Load

w=14-qw= 14

~Factered stress al

X 3.50
X 350
+350.000

Mu = 1/6-w': hw"2 =

= 3.0 (KN/m2/m}

= 49:00 (KNim2/m)

100.8 {KN-m/m}

Vus 1/2-w'-hw = 85.8 {KN/m)
2 DESIGN OF SECTION {INSIDE/VERTICAL BOT )
Mu = 1000 KN-m
Vy = 858 KN/
b = 000 mm fy = 365 Nimm2
B = 800 mm feu = 30 N/mm2
d = 740 mm
[ REQLHRED RE-BAR ]
K =Mu /(feu-b-d*2) = 0.006 <0.156
Z1=d-[05+ 4 (0.25—K0.9) = 735
22=0.95-4d = 703
Z= 703
AsT =Muf0.95-F-Z = 410 mm2
Asmin = 0.0013+b-D = 1040 mm2
USE ; D20 a 200 {As= 1570 mm2)
[ CHECK OF SHEAR STRESS |
V = Vufb-d) = 012 < 4.4 Nimm2 OK
{100 As)(b-d} = 021 < 30
400/ = 05 < 10 — 10

Vo= 0.79-{ 100~ As }{ b-d J}*1/3+( 400/d 14144 - {1/1.25) - (fou/26)*1/3

= 040 Nmm2 >

V=012 Nimm2

COK

5-6
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3) CHECK OF CRACKING ®-®
WE0 { INSIDE/VERTICAL:BOT } (AT+350.000)
GHECK OF MINIMUM REINFORCEMENT ( BASED ON 26.2.3 7
SECTION b= 1000 mm  SURFACEZONE: di= 25 mm
D= 80 mm
dv= 740 mm
dh= 70 mm
Min. p= 0.0035 { 0.35%)
As (ver.) = pebedi= 875 mm2
As ther) = p b dt= 875 mmz2
USE; VERTICAL D20 @20 _(As= 1570 mm2)
USE, HORIZONTAL D20 @20 [hs=__1570 mmd)

b} CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{BASED ON 3.2.2 OF BS8007 }

Ver, Mu= 1000 KN-m M= 715 KN-m b= 1000 mm
Her, Mu= 00 KNm M= 00 KN-m D= 800 mm
dv= 740 mm
dh = 720 mm
fy= 130 N/mm2
fou = 30 Nfmm2
VERTICAL
K=M/ (fou-b-dv*2}) = 00043
21 =dv+ [05+4(0.25—K0.9) = 736
Z2 = 095-dv = 703
Z= 703
As=Mify-Z = 78191 mm2
USE ; D 20 @ 200 (As= 1570 mm2)
HORIZONTAL
K =M/ [fou-b-dh*2) = 1]
21 = dh « [05+ 7 0.25—K/0.9)| = 0
22 = 0.95+dh = 0
Z= 0
As=M/ty-Z 0 mm2
USE ; DA {200 (As=__ 1570 mm32)
¢) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BSBOOY )
1) CRACK SPACING
Smax{V) = (fctfb) - {r2p(V}) = 1066.9 mm
Smax(H) = (fet/fb) - (@/2p(H)) = 10869 mm
Where ; fctfib = D67 pVy= Asfb-d1 = 0.0063
p{H) = Asb-di = 0.0063

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax{V)= Smax{V}-{a/2y T1
Wmax{H)= Smax{H)-(a/2)-T1

017
0.7

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a=  1E-05

Ti= 32 from TABLE 4.2

<
<

02
0.2

mm
mm

57

H=4.6m

5.2.2 CALCULATION OF WALL {W50a)

{AT+350.900)

1) DESIGN 1.0AD & FACTORED STRESS(Water Pressure

. _ {INSIDE} H= 460m
hw=250m
HWL  +353.500 yw= 10,0 KN/m3
= +Design load
w=2.6m aweywhw= 100 x 260 = 26.0 (KNm2m)
aw v +350.800
(4\ 0.0m »Factored Load
) w=14-qw= 14 x 260 = 36.40 {KN/m2im}
L 8 4350.000
-Factered stress at ~ +350,900
My = 1/6-w'-hw*2 = 41.0 (KN-mhm)
Vu = 1/2-w'-hw = 47.3 (KNhn)

2} DESIGN OF SECTION {INSIDE/VERTICAL TOP)
Mu= 410 KN'm
Vu = 47.3 KN/m
b = 1000 mm fy 5 365 Nimm2
D = 500 mm fou = 30 Nimm2
d = 440 mm

[ REQUIRED RE-BAR |
K =Mu/ {feu=b-d"2) = 0.7 <0.156
Z1=d- {05+ 47 1.25—KI0.8) = 437
22=095-d = 418
Z= 418
AsT =Muf0.95 fy-2 = 283 mm2
Asmin =0.0013-b-D = 650 mm2
USE ; D20 @ 200 {As= 1570 mm2)
[ CHECK OF SHEAR STRESS |

V= Yulib-d) = 011 < 44 Nimm2  OK
{100-As)/(b-d) = 036 < 30
400/d = 08 < 10 — 1.0

Vo= 0.76-{( 100-As )f{ b-d }*1/3-{ 400fd }*1/4(1/1.25) - (foul25)*1/3

= (48 Nmm2 > V=011

Nimm2

OK

5-8
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3) CHECK OF CRACKING ®® 29 5-10
W50a [ INSIDENVERTICAL:TOP ) {AT+350.900)

a) CHECK OF MiNIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 )

SECTION b= 100 mm SURFACE ZONE : dl= 250 mm
D= 500 mm

5.2.3 CALCULATION OF WALL {WB80) ®-®
(AT+350.000)

1} DESIGN LOAD & FACTORED STRESS(Soil Pressure

q: Live Load
dy = 440 mm {OUTSIDE) Ko: Casfiicient of soil pressure at rest
dh= 420 mm yi=  18.0 KN/m3 q = 5.0 (KNfmi2/m)
‘ . g w7 +354.000 y2z B0 KNN3 Ko = 0.5
Min.p=0.0035 { 0.35%) yw= 10,0 KNim3
3
As {ver) = p-bdi= 875 mm2 < LU ~ Design load
Asfher}=  prbedi= 875 mm2 H Sle g  +362000 10 = Kog = 2.5 [KNim2/m)
M = q1 = Ko-yi-hi = 18.0
USE; VERTICAL D2 200 As= 1570 mm2 v q2 = g1+Ko*y2+h2 = 26.0
USE; HORIZONTAL D20 @300 {As= 1570 __mm?) S L aw = ywh2 = 200
Sg= 42 +qw = 46.0
gz Tw D as000
b) CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES w «Facterett Load
{ BASED ON 3.2.2 OF BS8007) [ wl={4+qo = 3.5 (KN/m2m)
Ground Water Level at +352.000 w2=14-Iq = 844
Ver. Mu= 40 KN-m M= 293 KN-m b= 1000 mm
Hor. Mu = 0.0 KN-m M= 00 KN-m D= 500 mm H= 46m -Factered strass at  +350.000
dv= 440 mm hi=  200m Mut = 1/2-wi-h"2 = 28,00 (KN-m/m}
dh= 420 mm h2= 200m VU1l = wi<h = 14.00 (KN/m}
fy= 130 N/mm2 h=h1+h2= 400 m Mu2 = 1/6-w2-h*2 = 171.73 (KN-m/m)
fous 30 Nimm2 VU2 = 1/2-w2-h = 128.80 {KN/m)
VERTICAL
K =M/ {feu-b-dv*2) = 0005 Mu = Mut +Mu2 = 199.7 (KN-mim}
1 = dv - 05+ (D.25— K9 = 438 Vi = Vol + Vu2 = 1428 (KN/m)
22 = 0.95-dv = 418
Z = 418
As=Mify-Z = 53807 wmm2 2) DESIGN OF SECTION (QUTSIDE/VERTICAL TOP}
USE ; D20 @200 {hs=_ 1570 mm2) Me = 1997 KN-m
Vu= 1428 KN/m
HORIZONTAL
K =M/ (fu-b-dh"2) = 0 b = 1000 mm fy = 385 N/mm2
Z1 = dh - [0.5+ 4{ 0.25—Ki0.9) = 0 D = 800 mm fou = 30 Nfmm2
22 = 0.95-dh = 0 d = 746 mm
Zs 0
As =M ify-Z = 0 mm2 [ REQUIRED RE-BAR |
K =Mu/ {fou-b-d*2) = 0012 <0.156
USE; D20 @200 (As=_ 1570 mm2) Z1=d- [0.5+ 47 0.25—KID.9) = 730
72=095d = 703
= 703
) CHECK OF CRACK WIDTH {BASE ON APPENDIX A OF BSBA(7 ) As1 =Mui095-fy-Z = 818 mm2
Asmin = 0.0013-b-D = 1040 mm2
1) CRACK SPACING
USE D20 @ 200 {As= 1570  mm2)
Smax(V) = (fctifo}- (@/2p(V}) = 10668 mm
Smax{H) = (fctfb}- (@r2pH)) = 10668 mm
| CHECK OF SHEAR STRESS]
Where ;fctfb = 067 plv) = Ashedl = 0.0063
plH) = Ashbedl = 0.0083 YV = Vulibed) = 018 < 44 Nimm2  OK
(100 As)i{b-d) = D21 < a0
2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT 400id = D5 < 10 — 10

Wmax(V)= Smax(V)-{a/2)-T1 = 017 < 0.2 mm Ve = 0.79+{( 100+ As J{ b-d )}M173~{ 400/d YM/&-(1/1,25)« (fouf25)M13
Wmax(H)= Smax(H)- (0/2)-T1 = 017 < 0.2 mm = 040 NmmZ > V=019 Nimm2 OK

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a=  tE-05
Ti= 32 fomTABLE 4.2
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3} CHECK OF CRACKING @®

W80 (OUTSIDENVERTICAL:BOT ) (AT+350.000)
a) GHECK OF MINIMUM REWFORCEMERNT { BASED ON 2.6.2.3 OF BS8007 }

SECTION b= 1000 mm SURFACE ZONE : di= 250 mm
D= 800  mm
dv= 740 mm
dh= 7260 mm
Min.p= 00035 ( 0.35%)
As (ver) = peb-dt= 875  mm2
As {her.) = p-bedt= 875  mm?2
USE; VERTICAL D20 @200 (As= 1570 mm2)
USE; HORIZONTAL D20 @200 (As= 1570 mm2)

bl CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{ BASED ON 3.2.2 OF BSB007 )
Ver. Mu= 1987 KN-m M= 427 KN-m b= 1000 mm
Hov. Mu= 04 KN-m M= 00 KN-m D= 800 mm
dv= 740 mm
dh= 120 mm
= 130 N'mm2
fou= 30 Nimm2
VERTICAL
K =M/ {fcu-b-dv*2) = 00087
21 = dv - [0.5+ 4 [D.25—KI09) = 733
22 = 0.95-dv = 703
Z= 703
As=MIK-2Z = 15611 mm2
USE ; D20 @200 (As=__ 1570 mm2)
HORIZONTAL
K =M/ (foub-dn2) = 0
Z1 = dh - [0.5 + ¥ ( 0.25 —K/0.5)} = 0
22 = 0.95-dh = 0
Zs 0
As=Mify-2 0 mm2
USE ; D 20 @200 {As= 1570 mm2}
¢) CHECK OF CRACK WIDTH {BASE ON APPENDIX A OF BS8007 )
1) CRACK SPACING
Smax{V} = (fetfb}: (pr2n(\V1) = 10669 mm
Smax{H} = (fetfb}- (p/2p{H)) = 10669 mm
Where ; fcifb = 0.67 pivy = Ashb-dl = 0.0063
pfH) = Asfhd! = 0.0063

2) CRACK WIDTHS ARISING FORM RESTRAWED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax{V}= Smax{V}*{a/2)-T1
Wmax(Hy= Smax(H)+{a/2)-T1

017
017

<
<

0.2 mm
0.2 mm

Where ; o: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
Ti= 32 from TABLE 4.2

524 CALCULATION OF WALL (W50b)

{AT+350.800)

1} DESIGN LOAD & FACTORED SYRESS(Sofl Pregsure)

5-12

q: Live Load
{QUTSIDE) Ko: Coefficient of soil pressure al rest
yi=  18.0 KNIm3 q = 5.0 {KN/m2im)
- o 354000 y2= B0 KNm3 Ko = &5
W yw= 100 KNim3
: o = Design load
H N ql h 7 +352.000 ge = Ko'q = 2.5 (KN/m2/m)
< = o ¥ ql = Ko-y1-h1 = 180
W q2 = ql+ko+y2-h2 = 224
[ e gc%»rasosm qw = yw*h2 = 10
! Ig=qZ+aw = 334
B 4350,000
*Factered Load
wi=14-q0 = 3.5 {KNim2/m)
Ground Water Level al +352.000 w2=14-Iq = 46.8

H=  46m +Factered stress at ~ $350.900
= 200m Mu1= 1/2-w1-h*2 =
h2= 118m Vul=wih =
h=ht+h2z= 3.10m Mu2 = 1/6-w2-h"2 =
Vu2 = 1/2:w2:h =
Mu = Mu1 + Mu2 =
Vu = Vul + Vu2 =
2) DESIGN OF SECTON {OUTSIDE/VERTICAL TOP)
Mu = 917 KN'm
Vu = 833 KNim
b = 1000 mm fy = 365 Nimm2
D = 500  mm fou = 30 Nfmmz2
d = 440  mm
[REQUIRED RE-BAR |

K =Mu/(fcu-b-d*2)

Z1=d {05+ 4 [0.25—KI0.9)]
22=095-d

=

As1 =Mu/0.85-fy-2

Asmin = 0.0013-b-D

4.018 <0.156
432
418
418
633 mm2
B50 mm2

i non

USE; D 20 @ 200 (As= 1570

16.82 (KN -mfm)
10.85 {KNfm)
74.89 (KN-mim}
72.48 (KNim)

91.7 (KN-m/m)
83.3 (KN/'m)

mm2

[ CHECK OF SHEAR STRESS |

V = Vu/ib-d)
{100~ As)i{b-d)
400/

oo

019 < 4.4 Nimm2 OK
¢36 < 30
09 <« 10 — 10

Vo= 0.79-{( 100-As ) b-d }}*1/3-{ 400¢d }*1/4 - (1/1.25) - (feu/25)*1/3

= 048 Nmwm2 > V=018

Nimm2 OK
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3) CHECK OF CRACKING 8®

W50b {OUTSIDENVERTICAL.TOP ) {AT+350.900)
a) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007

SECTION b= 1000 mm SURFACE ZONE : dt=
= 500 mm
dv= 440 mm
dh= 420 mm

250

mm

5.2.6 CALCULATION OF FOOTING SLAB (FS70}

[AT+350.000)
1) FACTORED SYRESS

-— o +354.000
Min. p= 00035 { 0.35%)
H3$4.6m h=4.0m
As {ver} = prb-dt= 875 mm2 1
As {her.} = p*b-di= B75 mm2
USE; VERTICAL D20 200 As=__ 1570 mm2 | L 4350.000
USE; HORIZONTAL D 26 @200 {As=__ 1570 mm32} »Factered stress at  +350.000
from Momen! of Inside of Wall { refer to para75.2.1)
b} CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES [
{ BASED ON 3.2.2 OF BS8007 } : Mepom = 100.8 {KN-m/m)
Mu qapy
Ver. Mu= 917 KN'm M= 655 KN-m b= 1000 mm
Hor. Mu = 00 KN'm M= 0.0 KN-m D= 500 mm from Moment of Cutside of Wall { refer to para.7.2.3)
dv= 440 mm [
dh= 420 @m Mugon, =  192.7 (KN-mim)
fy= 130 Nimm2 T Mt mon
fou= 30 Nimm2
VERTICAL
K =M/ (fou-b-dv'2) = 00113 2) DESIGN OF SECTION
21 = dv - 0.5+ (0.25~ KO8 = 434 BOT ToP
22 = 0.95-dv = 418 Mu = 1987 KN'm { 100.0 KN-m}
Z = 418 Vu = KN/m
As=M/ffy-2 = 12055 mm2
b = 000 mm fy = 365 Nimm2
USE ; D2 @ 200 {As= 1570 mm2) D= 700 mm feu = 30 N/imm2
d = 640 mm
HORIZONTAL
K =M/ (fousb-dh*2} = 0 [ REQUIRED RE-BAR }
Z1 =dh - 05+ {0.25—K/0.9)] = ] K =Mu/{fcu-b-d*2) = 0.016 <0.156
22 = 0.95-dh = 0 Z1=d-[05+ J{0.25—Ki0.9) = 628
z= 0 72=095-¢ = . 608
As =M /Sfy-2 0 mm2 Z = 608
As1 =Mu/0.95-fy-Z = 947 mm2
USE ; D20 ) 200 (As= 1570 mm2} Asmin = 0.0013+b+D = B0 mm2
USE ; D20 @ 100 {As= 3140 wm2) BOT
) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BSBOOT | (D20 @ 200 As= 1570 mm2) TOP
1) CRACK SPACING { CHECK OF SHEAR STRESS)
Smax(V} = {fct/fb)- (pr2p(V)) = 10669 mm V = Vulbd) = 000 < 4.4 Nimm2 OK
Smax(H) = (fet/fb)- (p/2p(H)) = 10868 mm {100~ As}(b-d) = 049 < 30
400/d = 08 < 1.0 — 1.0
Whera ; fctffb = 0.67 piv) = Asb-d1 = 0.0063
p(H) = Asb-dl = 0.0063

Ve= 0.79-{( 100-As )/ brd Y1*1/3-( 400/d }*1/4~(1/1.25) * (few25)M73
V=000 Nimm2 OK

= 05 Nmm2 >

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax(V)= Smax(V)-(o/2)- T1 = 017 < 0.2 mm
Wmax(H)= Smax{H}- [a/2}-T1 = 017 « 0.2 mm

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
T= 32 from TABLE 4.2

5-14
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3} CHECK OF CRACKING @&
FOQTING SLAB (FST0

a) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BSB007 )

SECTION b= 1000 mm SURFACE ZONE : dT= 250 mm
D= 700 mm dBj= 100 mm
d= 640 mm
Min. p= 00035 ( 0.35% )
As{top)=  p-b-dM= 875 mm2
As(boy= prb-dB)= 350 mm2
USE ; TOP D20 @200 (As= 570 _mm2)
USE; BCOTTOM D20 @100 {As= 3140  mm2)

b) CHECK OF STEEL STRESS IN DIRECT OR FLEXURA] TENSION FOR SERVIGEBILITY LIMIT STAT

( BASED ON 3.2.2 OF BSB007 )
Top Mu= 1000 KN-m M= 715 KN=m b= 1000 mm
Bott, Mu= 1997 KN-m M= 1427 KN-m D= 700 mm
d= 640 mm
fy= 130 Nimm2
fou = 30 Nimm2
T0P )
K=M/(feu-b-d"2} = 0.0058
Z1 =d - [B5+4({0.25—K0DI) = 636
Z2 = 0.95-d = 608
Z = 608
As=MIfy-2 = 90408 mm2
USE ; D20 @200 {As= 1570 mm2)
BOTTOM
K=M/ {fou-b-d2}) = 00116
Zt =d - [05+4(0.25—KOI Y = 632
Z2? = 0.95.d = 608
Z= 608
As=MJfy-Z = 1805 mm2
USE ; D26 @100 {As= 3140  mm2}
¢} CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )
1} CRACK SPACING
Smax{T) = (fctib)- {e/2p(Th = 10669 mm
Smax(B) = {fctb)- {9/Zp(B}) = 2134 mm

Where ; fct/fb = 0.67 p{T) = Ashb-d(T} =  0.0063
p{B)=  Ash-diB} =  0.0314

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax(T)= Smax(T)~ (w2)-T1
Wmax(B)= Smax({B}-(a/2)-T1

013 <
003 <

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a= 1E-05
T= 25 fom TABLE 4.2

0.2
0.2

mm
mm

515

6. SLUDGE THICKENER
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62 DESIGN OF WALL & FOOTING SLAB

6.2 NPOEKTUPOBAHUE CTEHLI U NAUTH OCHOBAHUS
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6.2 DESIGN OF WALL & FOOTING SLAB

6.2 MNPOEKTUPOBAHUE CTEHH U MAUTH OCHOBAHKA
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66 31 CHECK OF CRACKING 99

6.2.1 CALCULATION OF WALL (W50 (C)XC)] W50 ( INSIDE/VERTICAL:BOT )
(AT+351.000)
13 DESIGH LOAD & FACTORED STRESS Walar Presalls a) GHECK QF MINIMUM REINFORCEMENT [ BASFED ON 2.6.2.3 OF BS8007 )
SECTION b= 1000 mm  SURFACE ZONE: di= 250 mm
(INSIDE} H=  38m cﬁ; igg m
i hw= 350 m dhi= 420 mm
SHWL,  +354.500 yw= 10,0 KN/im3
Desl bad Min.p=0.0035 { 0.35%)
H=3.8m hw=3.5m aw=ywhw= 100 x 350 = 35.0 (KNim2/m) As(ver}=  p-b-dl= 875 mm2
Faclored Load As (her) = p-brt#1= 875 mm2
. - w=ld-gw= 14 x 350 = 49.00 (KN/m2/m) USE;  VERTICAL D20 200 As= 1570 mm2
ow +351.000 - =
1SE;  HORIZONTAL D20 @ 200 (As= 1570 _mm2)
+Faclered stress at ~ +351.000
b) CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES
Mu = 1/6-w'-hw"2 = 100.0 {(KN-mim) { BASED ON 3.2.2 OF BS8007 }
Vu s 42-w'-hw = 85.8 (KN/m) Ver. Mu= 1000 KN*m M= 715 KN-m b= 1000 mm
Hor.  Mu= 00 KN-m M= 0.0 KN-m D= 50 mm
dv= 440 mm
dh= 420 mm
fy= 130 Nimm2
fou = N
. 2} DESIGN OF SECTION {INSIDE/VERTICAL BOT.) VERTICAL . 3 Nimm2
! _ K =M/ (fourb-cv2) = 0.012
= Mu = 1000 KN-m 1 =dv- [05+ 4 (0.25—-K0.9) = 434
w Vu= 858 KN/m 22 = (.95-dy E 418
7 = 43
b= 1000 mm fy = 365 Nimm2 = . =
D= 500 mm fou = 30 Nimm2 ho=Mly-2 s mm2
d = 40  mm USE ; D20 @ 20 {As= 1570 mm2
[ REQUIRED RE-BAR | HORIZONTAL
K = Mu/ (fou-b=d*2) = 0.017 <0.156 K =M/ {fcu-b-dh2) = n
21 =d- 0.5+ [ 0.25— KO = 4 Z1 = dh - [0.5+ 4 0.25—KID.9) = ,.
22=095d = 418 72 =0.95-dh =
Z= 418 7 = i
As1 =Muf0.95-fy-Z = 690 mm2 AS=MIfy-2Z = o mm2

Asmin = 0.0013-b-D 650 mm2

USE, D20 @ 200 (As= 1570 mm2)

USE; 020 @ 200 {As= 1570 mm2

) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BSB00T )

[ CHECK OF SHEAR STRESS | .
1) CRACK SPACING
V = Vuib-d) = 019 < 4.4 N'mm2 OK )
{100~ As){b-d) = 038 < 3.0 Smax{V) = {fe¥f)- (o/2p{V)) = 10669 mm
400¢d = 0% <« 10 — 1.0 Smax({H) = (fell) - (p/20{H}) = 10668 mm
Vo= 0.79-{{ 100-As )4 b-d }}*1/3-{ 400/ }4$/4- (1/1.25)- [fcu/25)M /3 Where ; fclifb = 067  p(Wi= As/b-dl = 0.0063
= 048 Nmmz > V=019 Nmm2 oK p{Hy = As/b-di = 0.0063

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

017 < 0.2 mm
017 < 0.z mm

Wmax{V)= Smax(V}{a/2): T1
Wrmax(H)= Smax{M) - (a/2)-T1

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
Ti= 32 fromTABLE 4.2
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68 3) CHECK OF CRACKING @-@)

6.2.2 CALCULATION OF WALL (W50} @@ W50 { OUTSIDE/VERTICAL:BOT )
{AT+351.000}

1) DESIGN LOAD & FACTORED STRESS{Soil Pressure]

8) CHECK OF MINIMUM REINFORCEMENT [ BASED ON 2.6.2.3 OF BS8007 }

SECTION b= 1000 mm SURFACE ZONE : di = 250 mm
q: Live Load = 500 mm
Ko: Coefficient of soll pressure at rest dv= 440 mm
yl=  18.0 KN/m3 q = 5.0 {KN/mz2/m} dh= 420 mm
{OUTSIDE) . y2= 8.0 KN/m3 Ko = 0.5
yw= 10.0 KN/m3 Min.p= 00035 ( ¢35%)
B q 7 +354.200
| - Design load As {ver) = p-bedl= 875 mm2
e Moo a0 = Kog = 2.5 {KNim2/m) Asfher}=  p-b-di= 875 mm2
H < g1 = Koy1+h1 - 180 _ .
et 7 #3522 q2 = q1+Ko=y2-h2 = 228 USE; VERTICAL D20 @200 {As=__ 1570  mm32)
" hz o P qw = yw-h2 = 120 USE; HORIZONTAL D2 @200 {As= 1570 mm2)
W Ig=q2+qw = 348
747 Tz bw 4 351000
ks * Facterad Load b) CHECK OF STEEL STRESS iN DIRECT OR FLEXURAL TENSIQN FOR SERVICEBILITY LIMIT STATES
wi=14-90 = 3.5 (KN/m2/m) { BASED ON 3.2.2 OF BS8007 )
Ground Water Level at +352,200 w2=14-Ig = 48,7
Ver. Mu= 1011 KN-m M= 722 KN'm b= 1000 mm
H= 38m -Faclered stressat ~ +351.000 Hor. Mu = 00 KN-m M= 00 KN-m 0= 500 mm
M= 200m Mu1 = 1/2-w1-h*2 = 17.92 (KN-mdm) dv= 440 mm
h2= 120m Vul = wi-h = 11.20 (KN/m} dh= 420 mm
h=h1+h2= 320 m My2 = 1/6-w2-h"2 = 83.15 (KN-m/m) fy= 130 N/mm2
Vu2 = 1/2-w2-h = 77.95 (KN/m) fou = 30 N/mm2
VERTICAL
Mu = Mu1 + Mu2 = 101.1 {KN-m/m} K =M/ [fcu-b-dv2} = 0024
Vu = vl +vu2 = 89.2 (KN/m) Z1 = dv - [05+47(0.25—KI0.9) = 434
Z2 = 0.95+dv = 418
= 418
2) DESIGN OF SECTION (OUTSIDENVERTICAL BOT.) As=M/Ify-2 = 13285 mm2
Mu = 1011 KN-m USE ; D20 @200 {As= 157  mmZ}
Vu= 8352 KNm
HORIZONTAL
b = 1000  mm fy = 365 Nimm2 K =M/ {fcu-b-dh*2} = 0
D= 50 mm fou= 30 Nimm2 Z1 =dh - 0.5+ (0.25—K/0D9) = 0
d = 440  mm 22 = 095-dh = 0
Z= 0
[REQUIRED RE-BAR | As=MIty-2Z 0 mm2
K = Mu/(fou-b-d"2) = 0.017 <0.156
Z1=d-[05+ 4 {0.25—K0.9)] = 4N USE ; D20 @ 200 {As= 1570 _mm2}
Z2=0895-d = 418
L= : 418
As1 =Mu/0.95-fy-Z = B97 mm2 c) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )
Asmin =0.0013+b+D = 650 mm2
1) CRACK SPACING

USE ; b @ 00 (As=_ 3140 mm2)

Smax(V) = (fctib)- (g/2p{V}) = 1066.9 mm
Smax(H) = (fotTb)- (@/2p{H)) = 10669 mm
[ CHECK OF SHEAR STRESS |
Where ; fclifb = 067 p{V) = Asb-dt = 0.0063
Vv = Velb-d) = 02 < 4.4 Nimm2 0K piH) = Ash-dt = 0.0063
{100+ Asi(b-d) = 07 < 30
400/d = 09 < 10 — 10 2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT
Vo= 0.79-{{ 100-As A bd I3+ 400/ MM~ (1/4.25)- (four25) 113 Wmax{V)= Smax(v){@/2)-T1 = 087 < 0.2 mm
= 080 Nmm2 > V=020 Nmm2 oK Wmax(H)= Smax(H)*{@/2)-T1 = 047 < 02 mm

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a=  1E5
Ti= 32 from TABLE 4.2



6.2.3 CALCULATION OF FOOTING SLAB (FS70)

(AT+351.000)

U FACTORED STRESS

" o7 +354.200
3.8m h=3.2m
_— 54351000
«Factered stress at ~ +351.000
[ from Moment of Inside of Wall { refer to para.5.2.1)
Zi Mugom = 100.0 (KN-m/m)
MU romy
[ from Maoment of Ouriside of Wall { refer to para.5.2.2 )
& Mu =5 101.1 {KN-m/m)
— [Mugon
2) DESIGN QF SECTION
BOT TOP
Me = 1011 KN-m { 100.0 KN-m }
Vu = KN/m
b = 1000 mm fy = 365 Nimm2
B = 700 mm fou = 30 N/fmm2
d = 640 mm
|REQUIRED RE-BAR ]
K =Mu/({fcu-b-d*2) = (.008 <0.156
Z1=d" [05+ /{0.25—KD.9) = 6
22=0.95-d = 608
Z= 608
As1 =Mu/085-fy-Z = 479 mm2
Asmin = 0.0013-b-D = 910 mm2
USE ; D 20 @ 200 {As=- 1570  mm2} BOT
(D20 @ 200 As= 1570  rm2} TOP
[ CHECK OF SHEAR STRESS]
V = Vulfb-d) = 000 < 4.4 Nimm2 OK
{100+ As)i{b-d) = 02 < 30
400/ = 08 < 10 — 1.0

V= 0.79-{{ 100-As )} b-d )}*1/3+{ 400/d 174 -{1/1.25)« {fcul25)*1/3
= 042 Nmm2 > V=000 Nmm2 OK

610

3) CHECK OF CRACKING @@
FOOTING SLAB (FS70)
a) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BSS007 }
SECTION b= 1000 mm SURFACE ZONE : diT} = 250 mm
D= 700 min diB} = 100 mm
d= 640 mim
Min.p= 00035 { 0.35%)
As {top) = p* b d(Ty = 875 mm2
As {bot) = 9= b+ d(B)= 350 mm2
USE; TOP D 20 @200 (As= 1570 mm2}
USE ; BOTTOM D 20 @200 mn2)

{As= 1570

b} CHECK OF STEEL STRESS IN DIRECY OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

BASED ON 3.2.2 OF BSBO07
Top Mu=100.0 KN-m M= 715 KN-m b= 1000 mm
Bott. Mu= 1011 KN-m M= 722 KN'm D= 700 e
d= 640 mem
fy= 130 Nimm2
feu= 30 Nimm2
TOP
K=M/(fub-d"2) = 0.0058
21 =d - [0.5+ 4 ({0.25—K/ID9)] = 636
22 = 095+d = 608
Z= €08
As=M/[fy-2Z = 904.08 mm2
USE ; D26 @ 200 {As= 1570 mm2)
BOTTOM
K =M/ [fou-b-dh2) = 0.0059
Z4 =d - [05+ Y (0.25—KDON = 636
72 = 0.95-d = 608
Z = 608
As=M/!fy-2 = 91336 mm2
USE; D20 @ 200 {As= 1570 mm2}
) CHECK OF CRACK WIDTH (BASE CON APPENDIX A OF BSB007 }
1} CRACK SPACING
Smax{T) = {fct/f}- (p/2p(T} = 1066.9 mm
Smax(B) = {fot/fby- (@/2p(B)) = 4268 mm
Where ; foih = 0.67 p(T}= Astb-d(T) 0.0063

oBl=  Ash-d(B) = 00157

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

0.13
0.05

Wmax(T)= Smax{T)- (w2} T1
Wmax(B)= Smax{B)- (o/2)-T1

Where ; o : COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E05
Ti= 25  fomTABLE 4.2

< 0.2
< 0.2

mm
mm
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7.2.1 CALCULATION OF WALL (W90) -G

{AT+347.000)
11 DESIGN LOAD & FACTORED STRESS{Water Pressure
7.2 DESIGN OF WALL & FOOTING
72 T[NPOEKTWPOBAHWE CTEHH W OCHOBAHWA
) {INSIDE) H= 560m
hw= 3.50m
oHWL  +350.500 yw= 0.0 KN/m3
H=5.6m - Design load
hw=3.5m qw=yw-hw= 100 x 350 = 35.0 (KNMm2/m)
D20-B200<VER,) D20-B200KVER,>
«Faclored Load
600 w=ld-gv= 14 x 350 =  40.00 {KNim2m)
§ 08 ﬁ‘* aw O +347000
w+352,600 Q \LN -Factered stress at ~ +347.000
_Z+352.200
o Mu = 1/6-w'-hw"2 = 108.0 (KN -m/m})
(w60h) -usun =4 w6l
o Vu= 12-w-hw = 858 (KNm)
o o v+350.500 D20-2100 ’
g & — — VERD
9 = =
o o D20-@200¢HOR,> k-] D20-£200 o
Fal — T 7 o
D) o )
" D20-8200 00 ip| Dao-e200 o "
™ — b=y 21 DESIGN OF SECTION {INSIDENVERTICAL BOT.)
(m)/f (X-DIR,> g
-rswn -wen Mu = 1000 KN'm
v+347,000 ] \ / /| L. i Vu= 858 KNim
- N |
- 5 | }// ( ( _/ L] b= 1000 mm fy= 365 N/mm2
L o D= 900 mm feu = 30 Nimm2
p20-2200 o d = 840 mm
CY-DIR,TOP> E
= 2018100 [REQUIRED RE-BAR |
g qr-pIR,BOT> K =Mu (feurb-d2) = 0.005 <0.156
L Zt=d- |05+ 4 (0.25—KI0.9) = B36
6 0 00
00 L300 300 300 B0 600 79=095-d = 798
500 500 Zz-= 798
As1 =Mu/095-fy-Z = 362 mm2
Asmin = 0.0013-b-D = 1170 mm2

USE ; D20 @] 200 (As= 1570 2)
_ mm

[ CHECK OF SHEAR STRESS |
V = Vukb-d) = 010 < 44 Nmmz 0K
{106+ As)ib-d) = 019 < 3.0
400/ = 05 < 10 — 1.0

Ve= 0.79+{( 100-As J{ b-d }}*1/3-{ 400/d }*1/4 -{1/1.25) - (feu/25)"1/3
= 038 Nmmz > V=010 Nfmm2 OK
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3) CHECK OF CRACKING ae-a
W0 ( INSIDENVERTICAL:BOT ) (AT+347.000}
a CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 }
SECTION b= 1000 mm- SURFACE ZONE ; dl= 250 . mm
D= 900 mm
dv = 840 mm
dh = 820 mm
Min. p = 0.0035 { 0.35%)
As {ver} = peb-di= 875  mm2
As {her} = p b-dl= 875  mm2
USE ; VERTICAL D20 200 As= 1570  mm?
USE; HORIZONTAL D20 @ 200 (As=_ 1570 mm?)

b) CHECK OF STEFL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

( BASED ON 3.2.2 OF BS8007 )
Ver. Mu= 1000 KN:m M= 7i4 XKN-m b= 1000 mm
Hor. Mu = 00 KN:m M= 00 KN-m D= 800 mm
dv= 840 mm
dh= 820 mm
fy= 130 Nimm2
fou= 30 Nimm2
VERTICAL
K =M (fou-b-dv?) = 00034
21 =dv * [0.5+/10.25—K0.0% = 837
£2 = 0.95-dv = 798
Z = 798
As=MIl-Z = 68826 mm2
USE ; D20 @200 {As= 1570 mm2)
HORIZONTAL
K =M/ (fou-b-dh*2) = 0
21 =dh - [0.5+ ([ 0.25—KDI)] = 0
Z2 = 0.95-dh = 0
Z= 0
As =M Jfy: 2 6 mm2
USE; D20 @ 200 (As= 1570 mm2)
t) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )
1) CRACK SPACING
Smax(V) = (fct/fb}- (9/2p(V}) = 106869 mm
Smax(H) = {fct/fb}- (p/2p{H)) = 10669 mm
Where ; fcbifb = 0.67 piv)= Ashb-d1 = 0.0063
p(H} = Astb-di = 0.0063

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax{V)= Smax(V}-{a/2): T1
Wmax(H)= Smax(H)- (o2} T1

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a=
Ti=

1E-05
32 fom TABLE 4.2

017
0.17

<

<

0.2
0.2

mm
mm

7.22 CALCULATION OF WALL (W60a)  @0-@

(AT+347.900)

1) DESIGN LOAD & FACTORED STRESS(Water Pressure

H=5.6m

[INSIDE) H= 560m
hw= 260m
oHWL___ +350500 yw=  10.0 KNfm3
hw=2.6m =Design ipad

qw=yw-hw= 100 x 2.60 26.0 (KN/m2/m)

awy, v 47900

0.9 m *Factored Load
¥ w=ld-qw= 14 x 260 = 38.40 (KN/m2/m)
+347.000

Factered stress at ~ +347.900

hiu = 1/6-w'-hw"2

41,0 {KN-m/m)

Vu=1/2-w'hw = 47.3 (KN/m)
2) DESIGN OF SECTION {INSIDE/VERTICAL TOP)
Mu= 410 KN-m
Vu= 473 KN/m
b = 1000 mm fy = 365 Nmm2
D= 600  mm feu = 30 N/mm2
d = 540  mm
[ REQUIRED RE-BAR |
K =Mu/{feu-b-d*2) = 0.005 <(.156
Z1=d-[0.5+ y(0.25—K/0.9)] = 537
Z2=0.95+d = 513
Z= 513
As1 =Mu /0.95-fy-2 = 231 mm2
Asmin =0.0013-b-D = 780 mm2

USE ; D20 @ 200 (As= 1570 mm2}

[ CHECK OF SHEAR STRESS |
V = Vulb-d) = 009 < 4.4 Nimm2 CK
(100-As)ib-d) = 029 < 3.0
400/d = 07 <« 10 — 1.0

Vo= 0.79-{( 100-As /{ b-d }*/3+( 400/d Y114 ~{11.25} - (feu/25)*113
= 045 Nmmz > V=008 Nmm2 oK
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3) CHECK OF CRACKING (0-00

W60a ( INSIDE/VERTICAL . TOP ) (AT+347.800}
a) CHECK OF MINIMEIM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 }

7.2.3 CALCULATION OF WALL (W80)

(AT+347.000)

@-@

1) DESIGN LOAD & FACTORED STRESS(Sail Pressure

SECTION b= 1000 mm SURFACE ZONE ; di= 250 mm
= 600 mm q: Live Load
dv= 540 mm {OUTSIDE) Ko: Coeflicient of soil pressure at rest
dh= 520 mm yl= 180 KNim3 q = 5.0 (KNfm2/m)
) & _+352.200 y2= 8.0 KN/m3 Ko = 05
Min. p= 0.0035 [ 0.35%) " yw= 0.0 KN/m3
As(ver)=  prbedi= 875 mm2 < ht v - Design foad
As (her.) = prbodt= 875 mm2 H “le\qt 7 +350.200 0 = Ko-q = 2.5 (KNim2/m)
= q1=Ko-yi-hi = 18.0
USE;  VERTICAL D20 200 As= 1570 mm2 < " q2 = qi+Ko-y2+h2 = 0.8
USE, MORIZONTAL D20 __ @200  (As= 1570 mm2) < L qw = ywrh2 = 320
<] Sq=q2 +qw = 62.8
- T G D +347.000 .
b) CHECK OF STEEL STRESS IN DIRECT. OR Fi EXURAL TENSION FOR SERVICEBILITY LIMIT STATES w® .Factered Load
{ BASED ON 3.2.2 OF BSBOOY } [ wi= 14-q0 = 3.5 (KN/m2/m)
Ground Water Leval at +350.200 w2=14- = 879
Ver. Mu= 410 KN-m M= 203 KN-m = 1000 rum " erieveldl & a
Hor. Mu = 00 KN-m M= 0.0 KN-m = 6800 mm H= 56m ‘Factered stress at ~ +347.000
dv= 540 mm hi=  200m Myl = 1/2+wl-h"2 = 47.32 (KN-m/m)
dh= 520 mm h2=  320m Vul= wih = 18.20 (KN/m)
= 130 Nimm2 h=hi+h2= 520 m Mu2 = 1/5-w2-h"2 = 398.23 (KN-mim}
fou = 30 Nimm?2 Vu2 = 1/2-w2+h = 228,59 (KNim)
VERTICAL
K =M1 {fcub-dv'?) = {.0033 Mu = Mut + Mu2 = 4435 {KN-m/m}
Z1 =dv - [05+J(0.25—KI09) = 538 Vu = vl + V2 = 246.8 [KNIm)
22 = 0.95-dv = 513
Z = 513
As =M/ fy-2 =403 mm2 2) DESIGN OF SECTION (OUTIDEVERTICAYL BOT)
USE ; D 20 200 {As= 1570 mm2) My = 4435 KN-m
Vu= 2468 KNm
HORIZONTAL
K =M/ {feu-b-dh*2) = 0 b = 1000  mm fy = 365 Nimm2
Z1 =dh - [05+ 4 (0.25—KO8) = 0 D = o0 mm fou= 30 Nimm2
72 = 0.95-dh = 0 d = B4 mm
Z= : 0
As=M/ty-2 0 mm2 [ REQUIRED RE-BAR |
K =Mu {fousb-d*2) = 0,021 <0156
USE ; D 20 @220 {As= 1570 _mm2) Z1=d- [0.5+4(0.25—K0.9)] = 820
22 =0.85-d = 7%
‘ 7= 708
) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 ) As1 = Mu/B.95-ly-Z = 1603 mm2
Asmin = 0.0013+b+D = 1470 mm2
1) CRACK SPACING
USE: D20 @ 100 {As= 3140 mm2)
Smax(V} = (fctfb)-(pi2p(VI} = 10669 mm
SmaxiH) = (fetifb)-(wi2p(Hh = 10869 wm
{ CHECK OF SHEAR STRESS
Where : focttfo= 067 piV) = Ash-di = 00063 :
plH) = Asib-dl = 0.0063 ¥ = Vu/(bed) = 029 < 44 Nimm2  OK
(100 -AsM(b-d) = 037 <« a0
2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT 400/ = 05 < 10 — 10

Wmax(V)= Smax(V}-(a/2)-T1
Wmax(H)= Smax(H)- (a/2)-T1

07 < 02 mm Vo= 0.79-§( 100-As Y bd J1M/3-( 400/ M4 - (11.25) - (fous25)M/3
07 < 02 mm = 048 Nmm2 > V=029 NmmZ CK

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a=  1E05
Ti= 32 from TABLE4.2
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3) CHECK OF CRACKING a0-0
W90 (QUTSIDE/VERTICAL:BOT ) (AT+347.000)

&) CHECK OF MINIMUM RE{NFORCEMENT ( BASED ON 2.6.2.3 OF BSA007

SECTION b= 1000 mm SURFACE ZONE : di= 250 mm
= 900 mm
dv= 840  mm
dh= 820 mm
Min. p= 00035 { 0.35%)
As [ver)= prbdl= 875 mm2?
As (her) = pb+di= 875 mm2
USE ; VERTICAL D 20 @100 (As= 3140 mm2)
USE ; HORIZONTAL D20 @ 200 (As= 1570 mm2)

b) CHECK OF STEFL. STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{ BASED ON 3.2.2 OF BS8007 )
Ver. Mu= 4435 KN-m M= 368 KN-m b= 1000 mm
Hor. Mu = 00 KN-m M= 00 KN-m D= 900 mm
' dv= 840 mm
dh= 820 mm
fy= 130 Nimm2
fou = 30 Nlmm2
VERTICAL
K=M/ (feu-b-dv'2) = 0.015
21 =dv - [0.5+ [ 0.25—K/0.9) = 826
22 = 0.95-dv = 798
= 798
As=MIfy-2Z = 30538 mm2
USE ; D20 @100 {As=__ 3140 mm2)
HORIZONTAL
K =M/ {fcu-b-dhr2) = 4]
21 = dh - [0.5 + ¥ { 0.25—Ki0.9)] = 0
22 = 0.95-dh = 0
2= 0
AA=MIik-Z = 0 mm2
USE ; D20 @20 (As= 1570 mm2)
c) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )
1) CRACK SPACING
Smax{V) = {fcbifb}-(9/2p{V}) = 5334  mm
Smax(H) = (fotb) - {p/2p{H}) = 10669 mm
Where ; fclfb = 0.67 p{V}= Asb-dl = 00126
pH) = Asb-dl = 0.0063

2} CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wrmax{V)= Smax{V]-(a/2}-T1
Wmax(H)2 Smax{M)+(a/2)-T1

Where ; ¢ : COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
Ti= 32

from TABLE 4.2

009
017

< 0.2
< 0.2

mm
mm

1.24 CALCULATION OF WALL (W60b)

-

(AT+347.900)
1} DESIGN LOAD & FACTORED STRESS(Sail Pressure)

{OUTSIDE)

xy +352.200

ql

M 9
o +350.200

nz ¥
Y&

EINXX XY

A\
N

-~

£
ofo +347.900

B ead7.000

Ground Water Level al +350.200

H=
h1=
h2=

h=h1+h2=

586m
2.00 m
230 m
430 m

q: Live Load

Ko: Coefficieni of soil pressure af rest

yi=  18.0 KN/m3 q
y2= 8.0 KN/m3 Ko
yw= 10.0 KN/m3

*Design load
go = Koq
gl = Ko-y1-ht
02 = qi+Ko-y2-h2
qw = yw-h2
n=qg2+aqw

*Factered Load
wi=

= 1o
we=

14-
14-%q
-Factered stress at  +347.900
Mui = 1/2-w1-h"2
Vuiz wi+h
Mu2 = 1/6-w2-h*2
Vu2 = 1/2-w2-h

[ Mu = Mu1 + Mu2
Vu = Vul +Vu2

21 DESIGN QF SECTION {OUTIDE/VERTICAL BOT)}

My = 2489 KN-m
Vu =

nmununmn

i nw ton

in n

5.0 {(KN/m2/m)
0.5

2.5 (KNim2/m)
180
272
230
50.2

3.5 (KNIm2/m)
703

32.36 (KN ~m/m)

15.05 (KNIm)
216.58 (KN>mim)
151.10 (KN/m}

2489 (KN-m/m)
166.2 (KN/m)

166.2 KN/m

b = 1000 mm fy = 365 Nimm2

D = 600 mm fou = 30 Nimm2

d = 540 mm
[ REQUIRED RE-BAR )

K = Mu f (feu-b-d*2) = 0028 <0156

21 =d- [0.5+ 4 (0.25—Ki0.9) = 5

22=095-d = 513

z= 513

As1 =Mu/0.95-fy-2Z = 1399 mm2

Asmin = 0.0013+b-D = 780 mm2

USE; D20 @ 100 {As= 3140  mm2)

[ CHECK OF SHEAR STRESS |

V = Vulibd) = 43 < 4.4 Nimm2 OK

(100- As)/{b-d) = {58 < 3.0

400/d = 07 < 0 - 1.0

Vo= 0.79+{( 100-As }{ b-d }}*1/3-{ 400/d YMid - (111,25} (fous25)44/3

= D56 Nmm2 >

V=03

N/mm2 OK
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3) CHECK OF CRACKING 19-G0

W650b (OUTSIDENVERTICAL:BOT ) (AT+347.900}
a) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BSBOO7 }
SECTION b= 1000 mm SURFACE ZONE : di= . 250 mm
D= 600  mm
dv= 50 mm
dh = 520 mm
Min. p=0.0035 | 0.35%)
As (ver.} = p+brdi= 876 mm2
As (her} = prb-di= 876 mm2
USE ; VERTICAL D 20 @100 {As= 3140 mm2)
USE; HORIZONTAL D20 @200 fAs= 1570 mm2)

b} CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{ BASED ON 3.2.2 OF BSBOGT }
Ver. Mu= 24885 KN-m M= 1778 KN'm b= 1000 mm
Hor. Mu= 0.0 KN-m M= 0.0 KN+m D= 600 mm
du= 540 mm
dh= 520 mm
fy= 130 N/mm2
fou= 30 Nimm2
VERTICAL
K =M/ (fcu-b-dv'2) = 0.0203
21 =dv 0.5+ 4 (0.25—K0D.9Y = 528
Z2 = 0.95-dv = 513
Z= 513
As=MI[fy-Z = 26661 mm2
USE ; D 20 @100 (As= 3140 mm2
HORIZONTAL
K =M / {fousb-dh*2) = 0
Z1 = dh - [0.5 +/(0.25—K0.9) = 0
Z2 =0.95-dh = 0
2= 0
As =M I fy-2 ¢ mm2
USE ; D20 @200 {As= 1570 mm2)
¢] CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BSB007 )
1) CRACK SPACING
Smax(V) = {fctifb}- (@/2p(V)) = 533.4 mm
Smax({H) = {fctifb} - {w/2p(H)} = 10669 mm
Where ; fclifb = 0.67 p[v) = Ash-di = 0.0126
p{H) = Ashb-dt =  0.0083

2} CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax{V)= Smax(V)(a/2) T4
Wmax(H)= Smax(H}-+ {w/2)- T1

Where ; o ; COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a= 1E05
= 32  from TABLE 4.2

0.09
0.17

<
<

02
0.2

mm
mm

7-13

7.25 CAI CULATION OF WALL (W60b)
(AT+348.700)

@

1) DESIGN LOAD & FACTORED STRESS{Soi Pressure}

q: Live Load
[OUTSIDE) Ko: Coefficient of soil pressure al rest
yi=  18.0 KNim3 q = 5.0 (KN/m2/m)
b 7 +352.200 y2=  B{ KN/m3 Ko = 05
| yw= 10.0 KN/m3
i LU +Design load
H q 7 +350.200 ge = Ko-q = 2.5 (KNim2/m}
le—h = $h2 voaw qi = Ko-y1-hi = 18.0
Lq’o Wz 4 4348.700 q2 = q1+Ko-y2-h2 = 240
I qw = ywrh2 = 150
[ Iq=a2+qw = 399
54347000
«Factered Load
[ wt=1400 = 3.5 (KN/m2/m)
Ground Water Level al +350.200 w2=14'Iq = 546
H=  56m -Factered sress at ~ +348.700
hi= 200m Mul = 1/2-w1-h"2 = 21.44 (KN +m/m)
h2= 180 m Vil = wi+h = 12.25 (KN/m)
h=h1+h2= 350m Mu2 = 1/6-w2-h"2 = 111.48 (KN -m/m)
Vu2 = 1/2-w2+h = 95.55 (KN/m}
Mu = Muf + Mu2 = 132.9 (KN-mim)
Vu = Vil + V2 = 107.8 (KN/m)
2) DESIGN OF SECTION (INSIDEAVERTICAL TOP)
Mu = 1329 KN-m
Vu = 1078 KNm
b = 1000 mm fy = 365 Mmm2
D= 600 mm fou= 30 N/mm2
d = 540  mm
| REQUIRED RE-BAR |
K = Mu /{fou-b-d*2) = (.015 <0.158
Z1=d-[05+ ¢ (D.25—KO0.9) = 53
Z2=095-d = 513
Z= 513
As1 =Mu /095 fy-Z = 747 mm2
Asmin =0.0013'b-D = 780 mm2
USE ; D20 @ 200 (As= 1570 _ mm2)
[ CHECK OF SHEAR STRESS ]
V = Vullb-d) = 020 < 4.4 Nimm2  OK
{100 As)¥(b-d) = 028 <« kR
400/d = 07 <« 10 — 1.0

Ve = 0.79-{( 100~ As )( b-d }1M/3-( 400/d }*1/4- (111.25) - (foul25)*1/3
K

= 045 Nmmz > V=020

Nfmm2 o/
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3) CHECK OF CRACKING
W60b (OUTSIDE/VERTICAL:TOP }

ae-ao

{AT+348.700)

al CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 )

SECTION b= 1000 mm SURFACE ZONE : di = 250 mimn
D= 600 mm
dv= 540 mm
dh= 520 mm
Min. p= 0.0035 ( 0.35%)
As {ver) = *b-dl= 875 mm2
As (her} = b dl= 875 mm2
USE; VERTICAL D20 @200 {As=__ 1570 mm2}
USE ;  HORIZONTAL D20 @ 200 {As=_ 1570 mm2}

b} CHECK OF STEEL STRESS IN BIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

Wmax({V)= Smax(V)-{a/2)- T1
Wmax{H)= Smax(H) (a/2)-T1

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
Ti= 32

from TABLE 4.2

0.17
0.7

< 0.2
< 0.2

{ BASED ON 3.2.2 OF BSB007 )
Ver. Mu= 1329 KN-m M= 849 KN-m b= 1000 mm
Hor. Mu = 00 KN-m M= 0.0 KN-m b= 600 mm
dv= 540 mm
dh= 520 mm
fy= 130 Nimm2
fou = 30 Nfmm2
VERTICAL
K =M/ (fousbedv2) = (0.0108
Z1 =dv - [0.5+ 4 { 0.25—K/D.9) = 533
Z2 = D95+dv = 513
Z = 513
As=M/fy-L = 1423 mm2
USE ; D20 @ 200 (As= 1570 mm32)
HORIZONTAL
K =M/ {feu-b-dn2) = 0
21 =dh - [05+ ¥ (0.25—KI09) = 0
Z2 = 0.95-gh = 1]
Z = o
As =M/ fy-2Z = ¢ mm2
USE; D20 @ 200 (As= 1570 _mm2}
¢) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )
1) CRACK SPACING
Smax{V} = (fck/Tb) {gr2p(V}} = 10669 mm
Smax(H) = {fctfb) - {@/2p(H} = 10668 mm
Where ; fict/fb = 0.67 piv) = Ashb-dl = 0.0063
pH) = Ash-dl =  0.0063

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

mm
mm

7-15

7.2.6 CALCULATION OF FOOTING SLAB (FS70)

{AT+347.000)

1} FACTORED STRESS

S o +352.200
M35.6m h=52m
S| B 447 000

_ L

— |Mugon

MU rom

+Factered slress al

-

+347.000

[ from Moment of Inside of Wall { refer to para?75.2.1)

Mu rrom

100.0 (KN-m/m)

l from Moment of Qutside of Wall { refer to para.7.2.3)

MU o

2} DESIGN OF SECTION {BOTTOM BAR)

BOT
Mu = 4435 KN-m
Vu = ¥N/m
b = 1000 mm
D = 1000  mm
d = 940 mm
[ REQUIRED RE-BAR |

I = Mu { {fou-b-d*2}

Z1=d- [0.5+/(0.25—KI0.9)

Z2=0.95-d

Z=

As1 = Muf0.95-fy-2
Asmin =0.0013-b-D

| CHECK OF SHEAR STRESS |

V = Vu fjb-d)
{100+ AsY(b )
400/d

443.5 (KN-m/m}

TOP
[ 100.0 KN'm)
fy = 365 Nimm2
fou= 30 Nfmm2
= 0.077 <0.156
= 922
= 893
893
= 1432 mm2
= 1300 mm2
USE; DX @ 100 (As= 3140 mm2} BOT
(D2 @ 200 As= 1570 mm2} TOP
= 000 < 4.4 Mlmm2 0K
= 033 < 10
= 04 < tg — 1.0

Vo= 0.79+{{ 100 As )/ b-d 1173 -( 400/d }"1/4-(1/1.25)- {lml25)"‘1.’3

= 047 N/mm2

»

V=000 Nmm2

7-16
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3) CHECK OF CRACKING a0-0o ' 7-17
FOOTING SLAB (FS570)

8] CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 )

SECTION b= 1000 mm SURFACE ZONE - dn= 250 mm
D= 1000 mm d{B) = 100 mm
d= 940 mm

Min.p=0.0035 { 0.35% }

As (top) = b+ d(T)= 875 mm2
As(boy=  prb-d(BY= 350 mm2
8. DISTRIBUTION CHAMBER
USE ; TCP D 20 @ 200 {As= 1570  mm2) - -
USE ; BOTTOM b 20 € 100 (As= 3140  mm2)

8. PACTIPEOENNTENBHAA KAMEPA

b) CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES
{BASED ON 3.2.2 OF BS8007 }

Top Mu= 1000 KN-m M= 714 KN-m b= 1000 mm
Bott. Mu= 4435 KN'm M= 3168 KN'm D= 1000 mm
d= 940 mm
fy= 130 Nfmm2
fou= 30 Nimm2
TOP
K =M/ (fou-b-d*2) = 00027
Z1 =4 - [05+ L (0.25—KO9 )} = 937
72 = 0.95-d = 293
Z-= 893
As=MIk-Z = §1504 mm2
USE D 20 @ 200 (As= 1570 mmg2}
BOTTOM
K =M f(fcu-b-diz) = 0012
Z1 =d - [05+(025—K09)] = 927
72 = 0.95-d = 893
Z= 893
As =M Ify 2 = 27289 mm2
USE; 02 @ 100 {As= 3140 mm2}
¢) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 |
1) CRACK SPACING
Smax(T) = {fet/fb)- (@/2o(T)) = 10668 mm
Smax(B) = {fct/fb)- (/2p(B}) = 2134  mm
Where ; fctib = 0.67 o= Ash-d(T} =  0.0063
p(Bj=  Ash-d{B} =  0.0314

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax({T)= Smax(T}+{a/2)- T1
Wmax(B)= Smax(B)- (a/2}-T1

013 < 0.2 mm
003 < 0.2 mm

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

a=  1ED5
Ti= 25  from TABLE 4.2
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8.2 DESIGN OF WALL
LL & FOOTING _ 8.2.1 CALCULATION OF WALL (W100~60 @
8.2 [POEKTUPOBAHUE CTEHBI WM OCHOBAHWA {AT+356.000}
1) DESIGN LOAD { Water Pressure }
500 16200 a0
) <100002 500 hw= 740m
ALDITICMAL BARS T20-PPOOCHOR,/TOP INSIDE) 7 w HWL yw = 10.0 KN/m3
AONOAHUTE AHAS APMATUPA
v 4364400 DE0-@200¢C 0P, BHUTP. BEPX o ¢ qw=yw ' hw = 74.0 KN/m2/m
— H=8.4 m hw=TH m
YHWI +363.,400
b=+ —
§ AT+356.000
]
D20-8200¢VER,) q
J
D20-2200¢HOR,>
8
- -
© = 2\ FACTQRED STRESS {W60)
122-8200
De2-e200 My2
D20-BI00CEND Myl —————_ _ Ix= 740m
D20-B2D0(CENTERD ¢ ] ly= 1020m
D20-8100 2 "‘ A= 138
8 LECET w=qw = 74.0 KN/m2im
21356000 % 3 J AL S @ _J ! Factored Load
& l ' e | i W w=ld - w= 10380 KNim2/m
Dze-e200 Y Py Mxl ;0 Ox
{VER,> - !— fDeD—EEOD(S }%@.ﬁm I ly w -2 = 56731
8 —" / D20-2200¢L> f: DEU—EEUU(VER,) w-lx= 7666
pee-ezo0 M — | oo 2006 on |F D25-e2H
(HOR,> - s / Pl
v+352.901 | (FSIOO} Mxl = 0.052x 56731 = 2950 (KN - m/m)
- ~—— = Mx2= 002x S6731= 681
5 [_ L ] ’\ L i ___] » Myl = D033x 56731 = 187.2
e = R MyZ= 0018x 56731 = 1021
\ Des-e1000L=30003 \, D32-8100
D32-8200 bt Qx= 039x 7656= 2920 (KNm)
259200 | 3800 Qy= Di2x 7666= 920
4400 00} 4400 :
400 1000 9400 1000 400
(920m
S=1/100
LEGEND
S 1+ SHORT DIRECTION
L LONG DIRECTION
3 1 KOPOTKRE HANPAB/EHWE
L+ AMHIE HANPABAEHUE
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2) DESIGN OF SECTION

a) VERTICAL : BOT {AT+355.800)

Mu = 2950 KN'm
Vu= 2880 KNim

b = 1000 mm fy = 365 Nimm2

b= 1000 mm fou = 30 Nimm2

d = 940  mm
[REQUIRED RE-BAR }

K =Muf(fcu » b - d*2 = 0.011 <0.156

Z1=d - [05+ 4/ (0.25—K0.9)} = 028

22=095-d = 893

Z= 893

As1 =Mu/0.95-fy- Z = 953 mm2

Asmin=0.0013- b+ D = 1300 mm2

USE ; D22 @ 200 {As= 1900 mm2)

[ CHECK OF SHEAR STRESS |

V= Vulb-d = 032 < 44 N'mm2 OK

{100 - As)/(b - d) = 0.2 < 30

400/ = 04 < 10 — 1.0

Vo= .79 - {{ 100 - As )b = d)}*1/3 - (400/d Y™ - {1711,25) = (focu/25M13
= 039 NimmZz > V=032 N/mm2 0K

by HORIZONTAL : TOPEND

Mu = 1872 KN-m
Vu= 920 KNm
b = 1000 mm fy = 365 Nimm2
D = 600  mm fou = 30 N‘'mm2
d = 520 mm
[ REQUIRED RE-BAR |
K =Mu/({fcu - b - d*2) = (.023 <0.156
Z1=d- [05+4(0.26—K0.9) = 506
22=095-d = 494
Z= 494
Ast =Mu/095-fy- Z = 1093 mm2
Asmin=00013-b-D = 780 mm2

USE; D20 @ 100 _ {As= 3140 mm2) {Hor./End)

D 20 @ 200 {Hor./Cent.)
[ CHECK OF SHEAR STRESS |
Vo= Vulh - d = 018 < 44 Nimm2 0OK
(100 - As)M(b + d) = 060 < 30
400/d = 08 « 1 — 1.0

Vo= 079« {{100 - As){b - d)}*1/3 - { 400/d Y174 - (111.25) - {few/25)*113
= §57 NmmZz > V=018 Nmm2 oK

41 CHECK OF CRACKING
W100~60 { VERTICAL:BOT.

2] CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 )

SECTION b= 1000 mm  SURFACE ZONE: dl= 250 mm
= 1000 mm
dve= 940 mm
dh= 920 mm

Min. p=0.0035 { 0.35% }

As(ver}= p-b-dt= 875 mm2
As(her)= p-b-df= 875 mm2

USE; VERTICAL D22 @200 (As= 1900 mm2
USE ; HORIZONTAEL D22 @200 {As= 1900 mmg]

b} CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{ BASED ON 3.2.2 OF BS8007 }
Ver. Mu= 2950 KN'm M= 2107 KN*m b= 1000 mm
Hor. Mu= KN'm M= KN*m D= 1000 mm
dv= 940 mm
dh= 920 mm
fy= 130 N/mm2
fou = 30 N/mm2
VERTICAL
K =M/ (fou-b-dv'2) = (.0079
Z1 = dv - [0.5+/7(0.25— K00 = 932
22 = 0.95-dv = 893
Z= 893
As =M/ -2 = 1815 mm2
USE ; D 22 @200 (As = 1300 mm2)
HORIZONTAL

K =M/ (fou-b-dh"2)

Z1 = dh - [05+ 4 (0.25—KI0.9)]
72 = 0.95-dh

Z =

As=MIfy-Z

w nn

SCoooo

mm2

USE ; D22 @200 (As= 1500 mma)

¢} CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )

1) CRACK SPACING
Smax{v} = (feifb) -{p/20{V)) = 96974 mm
Smax(H} = (fetifb) - (e/2p(H)} = 9507  mm
Where ; fctifo = 067 plVi=  Ashb-dl = 00076
p(Hi=  Asmdl = 0.0076

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

019 < 0.2 mm
019 < 02 mm

Wimax(Vl= Smax(V)-(a/2}-T1
Wmax(H}= Smax{H)«(a/2)- T1

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
Ti= 40 from TABLE 4.2
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@-a
W60 (VERTICAL: TOP/HORIZONTAL:END )
2) CHECK OF MINIMUM REINFORCEMENT ( BASED ON 2.6.2.3 OF 838007 |

SECTION b= 1000 mm  SURFACE ZONE: di= 250 mm
= 60 mm
dv= 540 mm
dh= 520 mm

Min. p= 0.0035 { 0.35% )
dl= - 875 mm2
-dl= 875 mm2

As{ver)= p
Asther)=  p-

USE,  VERTICAL D20 @200 (As= 1570 mm2}
USE ; HORIZONTAL D20 @100 {As= 3140 mm2}

oo

b CHECK OF STEEL, STRESS IN DIRECT OR FLEXURAL TENSIQN FOR SERVICEBILITY LIMIT STATES

{ BASED ON 3.2.2 OF BSB007 )

Ver. Mu= 881 KN-m M= 486 KN'm b= 1000 mm
Hor, Mu= 1872 KN'm M= 1337 KN-m 0= 600 mm
dv= 540 mm
dh= 520 mm
fy= 130 Nfmm2
fou = 30 N/mm2
VERTICAL
K=M/T{fcu-b-dv'2) = (.0056
Z1 = dv - [0.5+ /( 0.25—K0.9)] = 537
22 = 0.95-dv = 513
Z= 513
As=MIty-Z = 72874 mm2

USE ; D2 @200 {As= 1570 mm2)

HORIZONTAL
K =M I {fu-b-¢h*2) = 00165
Z1 =dh « [0.5 + ¥ { $.25—KI0.9)] = 510
22 = 0.85-dh = 484
Z= 494
As=M/fy-2 = 20819 mm2

USE ; D20 @100 {As= 3140 mm2)

€) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BSB007 }

1) CRACK SPACING
Smax(¥) = {fetb) - (p/2p(V)) = 10635 mm
Smax{H} = {fotib) - {p/2p(H)) = §31.7 mm
Where ; fcbb = 067 piVl=  Asbedi = 0.0083
pHl=  Ash-dl = 00126

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax(Vl= Smax(V)-{a/2}- T4
Wmax(Hj= Smax{H)- (@/2)- T1

= n19 < 0.2 mim
= 008 < 0.2 mm

Where ; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
Ti= 35 from TABLE 4.2
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8.2.2 CALCULATION OF SLAB {S60) -

{AT+356.000)

1) DESIGN LOAD & FACTORED STRESS
hw
t
YW
¥C
woyw - hwiye - t
ix
Qy1 ]
my1\ 7] A
w w
w14 - w
w - [x"2
Wl
SEE Fig.2
’ Mxt = 0083
Mx2 = 0040
Myt = Q057
My2 = 0028
x = 0,52
Qv = 0.46

X
X
X
X

X

8.9

740 m

0.60 m

10.0 KNim3
24.0 KN/m4
88.4 KN/m2im

[ L | B (R 1

440m
920 m
2.09

88.4 KNfm2im
123.76 KNfm2im

= 2356.0
= 5445

2306.0
239%6.0
2396.0
23%.0

198 9 {KN - m/m)
95.8
136.6
67.1

nm o un

5445
544.5

283.2 (KN/m)
2805
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3) DESIGN OF SECTICN (AT+356.000)
a) X-DIRECTION
Mu = 1989 KN-m (95.8)
Vu= 2832 KiNm
b = 1000 mm fy = 365 Nimm2
D = 600 mm fou = 30 Nimm2
d = 540  mm
[REQUIRED RE-BAR ]
K =Mu/{fcu = b » d"2} = (.023 <0.156
21=d - 0.5+ (0.25—K0.9} = 526
Z2=085+4d = 513
Z= 513
As1 =Mu/0.95-F - 2 = 1118 mm2
Asmin=00013-b-D = 780 mm2
USE ; D 20 @ 100 {As=_ 3140 mm2 {Top}
D 20 @ 200 {Bottam)
[ CHECK OF SHEAR STRESS |
V= Vullb-d) = 052 < 44 Nimm2 OK
{100 - As)(b - d) = 058 <« 30
400/d = 07 < 10 — 1.0
Ve= 079 - {100 - As (b« d W73 - {400/ )™M/ - 171.25) » (foul25\113
= 056 Nmm2 > V=052 Nmm2 oK
b) Y-DIRECTION
Mu = 1366 KN-m {67.1)
Vo= 2505 KNim
b = 1000 mm fy = 365 Nfmm2
D= 600 mm fou= 30 Nimm2
¢ = 520 mm
[RECRHRED RE-BAR }
K =Mu/f{fcu = b - d*2) = 0.017 <0.156
Zi=d - [05+4(0.25—K09)] = 510
22=0.95-d = 494
Z= 484
As1 =Mu/0.95-fy - Z = 797 mm?2
Asmin=0.0013- b+ D = 780 mm2
USE; D20 @ 100 (As= 3140 mm2) {Top/End)
D20 @ 200 {Bot.7AH)
[ GHECK OF SHEAR STRESS |
Vo= Vullb - d) = 048 < 44 Nimm2 OK
{100 - As)/b - d) = 06) < 30
400/ = 08 < 10 — 1.0

Vo= 079 - {{ 100 - As )b = d }}*1/3 - ( 400/d Y114
= 057 Nmm2 > V=048  Nimm2

« {11.25) - (feuf251*1/3
OK

3} CHECK OF CRACKING ) 841
SLAB {S60)

a) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 )
SECTION b= 1000 mm  SURFACE ZONE: HT)= 250 mm
D= 600 mm dBy= 100  mm
d= 540 mm
Min. o= 0.0035 { 0.35% )

As(top)= p-b-d{T)= 875 mm2
As(boty= p-b-dBy= 350 mm2

USE ; T0P 020 @100 {As= 3140 mm2}
USE ; BOTTOM D2 @200 (As= 1570 mm2}

b CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBSITY LWMIT STATES
{ BASED ON 3.2.2 OF BSS007 }

Top Mu= 1989 KNm M= 1421 KN-m b= 1000 mm
Batt. Mu= 958 KN-m M= 684 KN-m D= 600 mm
d= &40 mm
fy= 130 Nimm2
fou = 30 N/mm2
TOP
K =M/ {fou-b-d*2) = 00162
Zi =d-[05+4(0.25—K09) = 530
22 = 0.95-d = 513
Z = 513
As=M/ify-Z = 21308 mm2
USE ; B 20 @ 100 (As= 3140 mm2}
BOTTCM
K =M/ (furb-d*2) = 0.0078
21 =4 - |05+ {025—K/0.9) = 535
Z2 =0.95-d = 513
Z= 513
As=M/fy-Z = 10256 mm2

USE; b 20 @ 200 (As= 1570 mm2)

¢} CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )

1) CRACK SPACING
Smax(T} = (ictfb}- (@f2p(T)) = 53175 rm
Smax(B) = (fctfb) - (w/2p(B)} = 4288 mm

Where; fcifbo = 0.67 p(T)= Ash-d(T) = 00126
p{B)= Ashb-d(B) = §.0157

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATICN MOVEMENT

047 < 02 mm
005 < 0.2 mm

Wimax(T)= Smax(T)+(a/2)-T1 =
Wmax(B)= Smax{B)-(a/2)-T1 =

Where ; a:COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E05
Ti= 25 from TABLE 4.2
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8.2.3 CALCULATION OF FOOTING SLAB (FS100) @ 2) DESIGN OF SECTION
[AT+354.500)

HORIZONTAL : BOT/END
1) DESIGN LOAD & FACTORED STRESS o

+ Design load Mu= 0827 KN-m
Send : Bs = 25m Vu= B335 KNim
wi=170-Ds+ 11 = 723 KNim
F.Slab : o = 10m b= 000 mm fy = 365 Nfmm2
7 w . w=240-D-L1 = 408 KNim D= 1000 mm fou = 30 N'mm2
e - Factored Load w=14-(wi+w2) = 1503 KN/m d = 940 mm
Ra « Pile Reaction Ra = 750 KNipile
Ra'=14-Ra = 1050 KNipile [ REQUIRED RE-BAR ]
l.f@.i K =Mu/{icu - b d*2) = 0.037 <0.156
(3@1.73m) - Factored stress ) 62 Zi=d - [05+ ¢ (0.25—K0.9) = 900
s .2 M Z2=085-4d = 883
Mo 65C C={29-Ra' - LW(1/12-w -1*) = B887KN-m Z = 893
Ai":*a Mo=(1/3 - Ra' - L}-(18 - w' - L*2) = 12850KN-m As1 =Mul085-fy - Z = 3174 mm2
136 Asmin=0.0013 + b« D = 1300 mm2
My=13-C = {1137KN-m
L=5.2m Mo-065C = T7282KN-m USE : D 32 @ 100 {As= 8040 mm2
B@17em) Vu=Ra-12-w-L =[ G3BSIKN )
_'3;?"“?_'1-’(_‘ + Gulumn srip u 0 [ CHECK OF SHEAR STRESS |
Y = 70 m
RS04 /‘/ BOT: Mut=0375 - (13 - CW14 + LT)  =]_BBZTJKN - m V= Vulb - d) = 068 < 44 Nmm2 OK
. . TOP: Mu2=0.375 = (Mo-0.65 - CW(1id - L1) ={ B425/KN-m (100 + As¥(b - d) = 0B85 < 390
i 400/d = 04 < 18 - 1.0
i
i .
— ._n_...',cl'_"f'l‘"""p Ve= 079 - {{100 - As){ b - d)¥*1/3 - (400/d)™M/4 « (171.25) = (feu/25)*/3
Lﬂ» T T ke svip = 084 Nmm2 < V=068 Nmm2 NG
—— b —h—p-h——
i i | iCqumns!n‘p
b} HORIZONTAL : TOP/CENT
Mu =z 8425 KN-m
Vu = KNfm
b= 1000 mm fy = 365 N/mm2
Ds 1000 mm fou = 30 Nimm2
4 = 920 mm
[ REQUIRED RE-BAR |
K =Mu/(ku-b-d2) = 0.025 <0.156
Zi=d - [05+4{0.25—K0.9) = B33
£2=095-d = M
L= 874
As1 =Mu/395-fy - Z = 2120 mm2
Asmin =0.0013-b - D = 1300 mm2

USE; D25 @ 100 (As= 4910 mm2}

| CHECK OF SHEAR STRESS |
V= Vukb - d) = 000 < 4.4 Nimm2z OK
{100 - Aspib - d) = 053 <« 30
400/d = 04 <« 10 — 1.0

Ve= 079« ({100 - As )b - d)M/3 - {400/ M4 - (11.25) - (feuf25141/3
= {54 Nmm2 > V=000 Nmm2 OK
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3} CHECK OF CRACKING )R]
FOOTING SLAB (FS100}

a) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 }

SECTION b= 1000 mm  SURFACE ZONE: 4= 250 mm
D= 1000 mm diBj= 100 mm
d= 840 mm
Min.p= 00035 ( 0.35% )}
Asf{lopy= p-b-d(Ty= 875 mm2
As(boly= p-b-d{B)= 350 mm2
USE; TOP D25 @ 10 {As= 4910 mm2
USE ; BOTTOM D32 @ 100 {As=_ B8040 mm2)

b) CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{ BASED ON 3.2.2 OF BSB007 )
Top Mu= 6425 KN-m M= 4589 KN-m b= 1000 mm
Bott. Mu= 9827 KN-m M= 7019 KN-m D= 900 mm
d= 840 mm
fy= 130 Nimm2
fou= 30 Nfmm2
0P
K =M/ [foub-d*2) = 0.0217
21 =d-[05+4{0.25—K0N9} = 819
22 = 0.95+d = 758
Z= 798
As=M{fy-Z = 44236 mm2
USE; D 25 @ 100 (As= 4910 mm2)
, BOTTOM
K =M/ (fcu-b-d*2) = 0.0332
21 =d-[05+{(0.25~K0aY = 808
Z2 = 095+d = 798
Z= 798
As =M Ify-Z = 6766 mm2
USE ; D 32 @ 100 [As= B8040 mm2)
¢) CHECK OF CRACK WIDTH {BASE ON APPENDIX A OF BS8007 )
1) CRACK SPACING
Smax(T) = (fclfb)- (@26(TH = 4273 mm
Smax(B) = (folffb}: (p/2p(B)) 2 1333

Where ; fctfb= 067  p(T=  Asb-d(T) = 0.019
pB)= Asb-diB) =  0.0804

mm

8-14

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax(T)= Smax(T)-{af2}-T1
Wmax(B)}= Smax(B)-{a/2)- Tt

0.05
0.02

Where ; o : COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-B5
Ti= 25 fromTABLE 4.2

< 0.2
< 0.2

mm
mm

9. SLUDGE DRYING BED

9. MNOBAA NINO KA

9-1
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91 DESIGN OF WaALL & FOOTING

91 TMNPOEKTHWPOBAHUE CTEHH 4 OCHOBAHMA

20
ZAA5P.500 y |
[=
+352,200 &
| ©w+332,000
| 3
7| e
30650
+ o 3
2 [ {

D14-@200¢HOR.}

Di4-B200CVER.)

Di4-8200

\_D14-2200
<Y-DIR.

9.2.1 CALCULATION OF WALL (W20

{AT+360.650}

@@

1) DESIGN LOAD & FACTORED STRESS{Waler Presstire]

{INSIDE) H=  46m
_ hw= 135m
wHWL  +352.000 yw= 10.0 KN/m3
«Design load
H=2.05m hw=1.35m qw=yw-hw= 100 «x 136 = 13.5 {KN/m2/m})
*Factored Load
w=14-qgv= 14 x 135 = 18.80 [KN/m2/m}
777 qw D 4350650
-Factered stress at ~ +350.650
Mu = 1/6-w'-hw"2 = 5.7 (KN-mim)
Vu= 1/2-w'hw = 12.8 (KN/m)
2) DESIGN OF SECTION {INSIDE/VERTICAL BOT.}
Mu = 57 KN-m
Vu = 12.8 KN/m
b = 1000 mm fy = 365 Nimm2
b = 200 mm fou = 30 NAmm2
d = 140 mm
[ REQUIRED RE-BAR ]
K =Mu ! ffcu-be-d*2} = 0.010 <0.156
Z1=d- (5 + { 0.25~K0.9)] = 138
22=095d = 133
Zs 133
As1 =Mu/0.95-fy-Z = 124 mm2
Asmin = 0.0013-b-D = 260 mm2
USE ; D 14 @ 200 (As= 770 mm2)
[ CHECK OF SHEAR STRESS |
V = Vullb-d = 009 < 4.4 Nimm2 QK
{100 -As}i(b-d) = 055 < 30
400/d = 289 > 10 — 29

Vo= 0.79-{ 100-As W b-d J*1/3-( 400/d y*1/4 - (111,25} (fou/25/3
V=008 Nmm2 OK

= 072 Nmmz >

93
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3) CHECK OF CRACKING
W20 { INSIDE VERTICAL:BOT }

-G

2} CHECK OF MINIMUM REINFORCEMENT ( BASED ON 2.6.2.3 OF BSBO07 )

SECTION b= 1000 mm SURFACE ZONE : d1= 100 mm
D= 200 mm
dv= 140 mm
dh= 120 mm
Min.p=0.0035 { 0.35%)
As (ver.) = prb-di= 350  mm2
As (her.) = p*b-di= 350 mm2
USE; VERTICAL D 14 @200 (As= 770 mm2)
USE; HORIZONTAL D14 @200 (As= 170  mm2)

] CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

( BASED ON 3.2.2 OF BSB007 )
Ver. Mu = 57 KN-m M= 41 KN'm b= 1000 mm
Hor. Mu = 00 KN-m M= 00 KN-m D= 200 mm
dv= 142 mm
dh= 120 mm
fy= 130 Nimm2
fou = 30 Nfmm2
VERTICAL
K =M/ {fcu-b-dv'2) = 0007
Z1 = dv- 0.5+ {0.25—K0.9) = 139
22 = 0.95+dv 2 133
Z= 133
As=M/fy«Z = 23713 mm2
USE ; D14 8200 (As= 770 mm2
HORIZONTAL
K =M (fcu-b-gh*2} = 0
21 = dh - [0.5 + 4 { 0.25—KO.9) = 0
72 = 0.95+dh = 0
Z= 0
As=M/Ify-2 = 0 mm2
USE; D14 @200 {As= 770 mm2
¢} CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF 858007 )
1) CRACK SPACING
Smax(V} = {fctifo): (9/20(V)) = 609.09 mm
Smax(H) = {fctfb)- (p/2p{H)) = B09.1  mm
Where ; fctifb = 0.67 iV} = Ashb-dt = 0.0077
plHy = Asfb-dl = 0.0077

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYORATION MOVEMENT

Wmax(¥)= Smax(V}+(a/2)-T1
Wmax{H)= Smax(H}- (a/2}-T1

Where; a: COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E05

0.07
0.07

= 23 from TABLE 4.2

< 0.2
< 0.2

nm
mm
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9.2.2 CALCULATION OF WALL (W20}

{AT+350.650)

@@

1) DESIGN LOAR & FACTORED STRESS(Seil Pressure)

{OQUTSIDE)
g 7 +152.700
<]
<
H ! hehl
le
N & +351.000
"ot hp VA
qo 7 +350.200

Ground Waler Level al +350.200

H=  38m
ht= 155m
h2= 080m

h=h1= 1.55m

q: Live Load
Ko Coefficient of soil pressure af rest

21 DESIGN OF SECTION (QUTSIDE/VERTICAL BOT.)

Mu = 120 KN-m
Vu = 206 KNim
b = 1000 mm fy =
D= 500  mm fou =
d = 440  mm

[ REQUIRED RE-BAR |

K =Mu/{feu-b-d*2}
- Z1=d-[05+ 4 [ 0.25—K0.9)]
Z2=085-d
Z=
As1 =Mu/095-fy-Z
Asmin = 0.0013-b-D

USE;

yviz 180 KN/m3 q = 5.0 {KNfm2/m)
y2= 8.0 KN/m3 Ko = 05
yw= 10.0 KN/m3
«Design Ipad
[ a0 = Ka-q = 2.5 {KN/m2/m)
gt = Ko-y1+h1 = 149
*Factered Load
[ wil=14-qo = 3.5 {KN/m2im}
w2= 1491 = 16.5
Factered stress af ~ +351.000
Mut= 1/2-w1-h*2 = 4.20 {KN -m/m)
Virl = wi-h = 5.43 (KN/m)
Mu2 = 1/6-w2:h*2 = 7.82 (KN+m/m})
vu2 = 1/2-w2:h = 15.14 (KN/m)
Mu = Mu1 + Mu2 = 12.0 {IKN - m/m)
Vi = Vul +Vu2 = 206 (KN/m}
365 Nfmm2
30 Nfmm2
= 0.002 <{.156
= 430
= M8
418
= 83 mm2
= 65 mm2

D20 @ 100 (As=__3140 mm2)

[ CHECK OF SHEAR STRESS )

V = Vu/b-d)
{100- As/(b-d}
400/

005 <
a7y <
08 <

mnn

4.4 Nhnm2 OK
30
1.0 - 10

Ve= 079+ 100-As ¥{ b-d }*1/3-{ 400/ 14114 -{1/1.25) *{fcui25)*/3

= 06t Nmm2 >

V=005 Ninm2

OK

95
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3) CHECK OF CRACKING 420D
W20 { OUTSIDE VERTICAL:BOT }

a) CHECK OF MINIMUM REINFORCEMENT { BASED ON 2.6.2.3 OF BS8007 )

SECTION b= 1000 mm SURFACE ZONE : di =
D= 200 mm
dv= 140 mm
dh= 120 mm

Min. p= 0.0035 { 0.35%)

As [ver.) = p-bdi= 350 mm2
As (her) = p-b-di= 350 mm2

USE; VERTICAL D14 @200

00 mm

= 770 _mm2}

USE ; HORIZONTAL D14 @200

{As
{As = 770 mm2}

b} CHECK OF STEFL STRESS IN IRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{ BASED ON 3.2.2 OF BSG007 }
Ver, Mu= 128 KN-m M= 86 KN-m b= 1000 mm
Hor. Mu = 00 KN-m M= 0.0 KN-m D= 200 mm
dv= 140 mm
dh= 1200 mm
fy= 130 Nimm2
fou = 30 Nimm2
VERTICAL
K =M | [fecu-b-dv2} = 00146
21 =dv - [05+/(0.25—K0.9) = 138
Z2 =0.95+dv = 133
Zz= 133
As =M Ify-2 = 4974  mm2
USE ; D14 @200 {As=__ 770  mm2
HORIZONTAL
K =M / {feurb-dh*2) = 0
21 =dh - [0.5+ S {0.25—KN.9Y = 0
Z2 =0.95-dh = 0
Z = 0
As=MI/fy-Z = 0 mm2
USE ; D 14 @200 {As= 770  mm2

¢) CHECK OF CRACK WIDTH (BASE ON APPENDIX A OF BS8007 )

1) CRACK SPACING
Smax{V) = (fotfb) - {@/2p(V)) = B609.09
Smax(H) = (fctb) - (w/2p{H}) 2 609.1
Where ; fctifo = 0.67 oV = Ashb-dt = 00077
p{H) = Aslb-di = 00077

mm
mm

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

0.07
0.07

Wmax{V}= Smax{V)-(a/2)-T1
Wmax(H)= Smax{H) - (@/2}-T1

< 0.2 mm
< 0.2 mm

Where ; o : COEFFICIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
T= 23 fom TABLE 4.2
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9.2.3 CALCULATION OF FOOTING SLAB (FS20) @@

{AT+350.650)
1) FACTORED STRESS

- o 362200
H#2.05m h=155m
] "B 4350850

:EMU o

|

MU pon

21 DESIGN OF SECTION {BOTTOM BAR)
Mu = 12.0 KN-m
Vu =

KN/m
b= 1000 mm & =
D = 200 mm fou=
d = 140  mm
{ REQUIRED RE-BAR |

K =Mu/(feu-b-d*2)

Z1=d- [0.5 + J{ 0.25—K/0.9)
Z22=0.95-d

Z=

As1 =Mu/095-fy+Z

Asmin = 0.0013-b-D

USE -

Faclered stress al ~ +350.650

from Moment of Inside of Wall { refer to para.$.2.1)

‘ Mupoe = 5.7 (KN-m/m)
from Moment of Qutside of Wall { refer to para,9.2.2)
[ Mugor, = 12.0 {KN-m/m)
365 Nfmm2
30 N/imm2
= 0,020 <0.156
= 137
= 133
133
= 26f mm2
= 260 mm2
D14 @ 200 {As= 770 mm2)

[ CHECK OF SHEAR STRESS |

V = Vulb-d)
{100 As}(b-d)
400/d

000 < 4.4 Nimm2 0K
055 < 30
29 » 1.0 — 28

Vo= 0.79-{( 100-As ¥( b-d ))M/3-( 400/d /4 - [111.25)- (fou/25)"5/3

= 072 Nmmz >

V=000 Nimm2 OK

9-7
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3) CHECK OF CRACKING 4242
FOOTING SLAB (FS20}

a) CHECK OF MINIMUM REINFORCEMENT ¢ BASED ON 2.6.2.3 OF BS8007

SECTION b= 1000 mm SURFACE ZONE ; d(T}= 100 i
D= 200 mm dBj= 160 mm
d= 140 mm
Min. p= 00035 { 0.35%)
As {lop) = p* b d(T = 350 mm2
Asfbolj=  p-b-diB)= 350 mm2
USE; TOP D @00 As= 770 mm3)
USE ; BOTTOM D4 @200 (As= 770 mmd)

b) CHECK OF STEEL STRESS IN DIRECT OR FLEXURAL TENSION FOR SERVICEBILITY LIMIT STATES

{ BASED ON 3.2.2 OF BSB0OT }
Top Mu = KN-m M= 00 KN-m b= 1000 mm
Bokt. Mu= 120 KN'm M= 86 KN-m D= 200 mm
d= 140 mm
fy= 130 Nmm2
feu = 30 Nfmm2
TOP
K =M/ [fu-b-d*2) = 0
Z1 =d - [05+4({0.25—K0.9) = i}
Z2 = 095+d = I}
Z= 1]
As=MIfy-2 0 mm2
USE ; D14 @200 (As= 770 mm2)
BOTTOM
K=M1 (fou-b-d*2} = 00146
21 =d - [05+4{0.25—KI09)] = 138
Z2 = 0.95-d = 133
L= 133
As=M/lfy-2 = 4974 mm2
USE; D14 @200 {As= 770 mm32)
¢) CHECK OF CRACK WIDTH {BASE ON APPENDIX A OF BS8607 )
1} CRACK SPACING
Smax(T} = (fetib)- (@/2p(M} = 609.09 mm
Smax{B} = (fctifb}- (9/2p(B)} = 609.1 mm

Where ; fct/ib = 0.67 M7= Asb-d(Ty = 0.0077
p(B}=  Ashb-d(B) =  0.0077

2) CRACK WIDTHS ARISING FORM RESTRAINED SHRINKAGE AND HEAT OF HYDRATION MOVEMENT

Wmax{Ti= Smax(T)-{w/2)-T1
Wnax(8)= Smax(B}-{a/2)- T1

0.05
.05

Whers ; a: COEFFIGIENT OF THERMAL EXPANSION OF MATURE CONCRETE

o= 1E-05
Ti= 15  from TABLE 4.2

<
<

02
0.2

mm
mm
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Calculation of Pile Foundation

Nunber of Pilas

Celeulation Formuls Ultimate Besring apacity ou = 30-N-Ap- 1 +U- T(li-R ) Ap  :sectionsl sres of & pile (m2)
Aliowsbie Boaring Gupaeity Bearing Pila Ordinary Ra = 1/3-Ru n - clogging ¢oaffisiant {far stee! pile)
Friction Pile Ordinary Ra = 1/4*Ru U : perimatar length of pils {m)
li : pile length {m}
fi : perimater friction (tF/m)
Aliow, Bear
. . Mean File Gross— Ferimetar . | Gohasi Lo .
Pile | Bearing | Embe y Crog. . |Thick] Capacity Structur Number of Piles
Fagitities Length | Strsta |dment N sectional Ares Coef. Longth Conesive | ] " (tf/pile) ¢ Aren | 099 Application
value Soil " —
300 | 400 | 500 3060 | 400! 500 C Pile Size {mm) Pile Size {mm)
m m md | m2 | om2 m | m|m m | vm2 | 300] 400 | 5007 m? ton 300 400 500
Distribuiion Chambar 3 ard 2 1 0.09] 0.16] 0.25 11 1.2 1.6 2] | 3d 2 0 nmbr 412 218 138
sand (@ [} 6] 9 17| 27| 180| 3,700[area| D46] 0.87 1.38
0 0 intrvl 067 0.93 117
7 Sth 3 B | 0.08} 0.1B6| 0.25 11 1.2) 18] 2 5th 3 71 amhr, 232 148 103
sandy- ) 0 D] 16| 25 38 190| 3,700[arsa| 082 1.28] 1.84
clay % [1] 0 intryl. 0.90 1.13 1.35
115 Gth 1 [] 0.090 0.18] Q.25 1] 1.2| 1.6 4 5th 5 7.1 nimbr 181 108 78 500
clay [ @ [6th| 1] 58| 23| 34| 47| 190| 3,700[area| 1.18] 1.74]  2&%] 11.5m
[1] intrvl 1.0 1.32 1.55] 90 piles
rRecalv:ng Wall 1.5 st - 7 | G.0O] 0.16] 0.25 1, 1.2 18| 2 g st | 1.5 4. nAmbr, 49 327 211
sandy- | @ 0 ] g 14 143[ 2,042 aroe 0.2 D44 0.58;
sift % [1] 0 imrvll 053]  0.66] 082
& 5th H [] 0.09; 0.18] 0.25 1M 1.2 16 2 1st a 4.3 nmbr| 184 118 85
sandy- [ @ | 5th 1 7.1] 18] 25 35 143 2,942] sres 0.78 1.21 1.68
day % [1] 0 intruil  0.88 110 128
12 Bth 1 B | 0.ORf Q.8) 0.25 1 1.2] 18] 2 1st 3 4.3 nmbr 108 76 56 500
clay @ | 5th| 45 71y 27| 38| 53 143} 2,842 ares 1.31 1.88 2.55 12m
_ g_ e 1] 5. imril 1141 137] 1,58 56 piles
Iﬁocnnhtlm and 2 18t - 4 0.08} 0.48] 0.25 1] 1.2} 18] 2 18t 2 4. nmbr] 6,088 4,261 2,841
Sedimeritation Basin sandy- [F3] 0 71 10| 15 4,124|42,690 eren 0.68 0.87 1.45
silt _g 0 0 intrvl 082 0.88] 120
8 5th 25| 8 j 0.09| 0.16] 0.25 1] 1.2 18] 2 1:t 2 4.3 nmbr| 2,36B| 1,522| 1,086 400
12,5 | sandy- & | 5th| 25| 7.4| 18| 28| 40| 4,124(42610[arma| 1.74] 2.71] 3.87| B-12.5m
clay @ a 0 intryl| 131 1.64 1.86] 1554 piles
12 Bth 1 B 0.08| 0.36] 0.25 1] 1.2| 1.8 2] @ J 1at 2 4.3 nmbr| 1,776 1,248 BAB
-16,5 clay @ | 5th 4 7.1 24| 35| 48| 4,124|42,610¢ area 2.32 3.38 4.64
Bth 1 5.8 intryl 1.52 1.84 215
[Rapid Sand Fier 4 st 2 4 ) 0.09] 0.18] 0.25 1 1.2] 1.6 2 18t 2 4.3 nmbr| 3,843] 2690 1,794
sandy- @ Q 0 7| 10| 15] 2,564]26,50Q srea 0.67 0.95 14
silt 1] 1] intrvl 0.81 0.87 1,1
8.5 5th F] 8 | 0.09] 0.18] C.25 1] 1.2] 16 2 15t 3 4.3 nmbr| 1,485 281 &7. 400
<11 1 sandy- @ | 5th 2 7.1] 18! 28| 40| 2564|26,900( aree 1.72 2.67 a 9.5-11m
clay 0 0 intrd] 1.30 1.63 RE 1026 pilec
125 Bth t 8 0.09| 0.18] C.25 1 1.2} 1.6 2 1st 3 4.3 nmpr! 1,281 341 13
clay I 5th | 2.5 74| 21| 32| 44] Z2,564)|26,800{ area 2.00 .05 4,
@ el 1|58 intrvil 14111741 204
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4 sides are fixed (due to uniform load)
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